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ABSTRACT

Silicosis was the principal occupational disease found by medical
and X-ray examination of 727 workers whose only experience in dusty
trades had been in nonferrous metal mines. A total of 66 cases of
silicosis, 42 classified as first stage and 24 as second stage, were diag-
nosed- among this group of men. The incidence of silicosis increased
regularly with severity and duration of exposure. The 4 cases of
silicosis found among persons with less than 10 years of employment
in metal mines occurred among workers who had an average weighted
dust exposure of more than 22 million particles per cubic foot of air.
Approximately one-half of all persons who had worked more than
19 years in metal mines with an average weighted dust exposure of
more than 18 million particles per cubic foot of air were found to
have silicosis.

When the principal occupational experience of metal mine workers
was taken into consideration, it was evident that the incidence of
silicosis was concentrated among workers at the face (i. e., drillers,
miners, and muckers). Among the group of face workers employed
in metal mines for 10 years or more, 29.5 percent were found to have
silicosis, while all other workers had an incidence of 7.5 percent.

Eighteen metal mine workers had reinfection pulmonary tuber-
culosis, an incidence of 2.5 percent. Nearly 14 percent (9 cases) of
the silicotic workers also had pulmonary tuberculosis whereas only 1
percent of those not affected with silicosis had pulmonary tuberculosis.

Lead poisoning ranked next to silicosis in importance as an occu-
pational disease of workers in the mines studied. About 20 cases of
plumbism causing disability, ranging from a few weeks to 2 months,
had occurred among these workers during the last 5 years. At the time
of the medical examination 75 workers were diagnosed as having
abnormal lead absorption (latent lead poisoning).

On the basis of the data presented, if the atmospheric dust in these
metal mining operations is kept below 10 million particles per cubic
foot, no disabling silicosis should occur and morbidity from lead may

also be expected to decrease.
IX
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HEALTH AND WORKING ENVIRONMENT OF
NONFERROUS METAL MINE WORKERS

INTRODUCTION

Silicosis and other forms of occupational diseases have long been
known to occur among workers engaged in the mining of nonferrous
metal ores.! In 1900, Betts (62) described cases of silicosis among
Utah and Nevada miners which he designated chalicosis pulmonum
or chronic interstitial pneumonia. Other investigations in the
United States? as early as 1914, by the United States Bureau of
Mines in cooperation with the United States Public Health Service
indicated the existence of a serious problem of pulmonary disease
near Joplin, Missouri. Subsequent investigations (63) in the same
general mining area (tri-State district) and elsewhere (66) confirmed
this fact and suggested a silicosis prevalence of 20 or 25 percent
among metal mine workers.

In 1936, the Utah Industrial Commission requested the federal
government to make a study of the nature and prevalence of occupa-
tional diseases in Utah industries. Following a number of con-
ferences, the United States Public Health Service agreed to under-
take such a study with the cooperation of Utah State agencies, such
as the State Board of Health, the Industrial Commission, industrial
organizations, labor groups, and others.

A preliminary survey made during 1937 and 1938 by the United
States Public Health Service and the Utah State Board of Health
showed the number of workers in various industries in the State of
Utah who were exposed to certain materials and conditions which

1Since a complete review of the literature pertaining to this general subject is not given
here, the reader is referred to such recent works as “Silicosis and Asbestosis’’ (A. J.
Lanza, Oxford University Press, New York, 1938); “Review of Literature on Effects of
Breathing Dusts with Special Reference to Silicosis” (Harrington and Davenport, Bull.
No. 400, U. 8. Bureau of Mines, Government Printing Office, Washington, 1937) ; “Sili-
cosis and Allied Disorders,” Medical Series, Bulletin No. I, Air Hygiene Foundation of
America, Pittsburgh, 1937, and ‘‘Pneumoconiosis (Pulmonary Disease Due to Dust),” R,
Teleky, Supplement to Occupation and Health, International Labour Office, Geneva,
January 1938.

2Lanza, A. J.,, and Higgins, Edwin: Pulmonary disease among miners of the Joplin
District, Missouri, and its relation to rock dust in the mines. Tech. Paper 105, Bureau of
Mines, 1915, 47 pp. .

Lanza, A. J., and Childs, Samuel B.: I. Miners’ Consumption: A study of the Diseas
among zinc miners in southwestern Missouri. IE Roentgen-ray findings in miners’ con-
sumption. Public Health Bull. No. 85. Washington, Government Printing Office, 1917,
40 pp.

1



2 METAL MINE WORKERS

might be considered potentially hazardous to health. This prelim-
inary report indicated that the major problems which called for
more detailed investigation were exposure to siliceous dusts, lead and
other metallic dusts, fumes, and gases. The chief industries in which
these hazards might exist were the coal mines, nonferrous metal
mines, and nonferrous metal smelters.

Consequently, legislation was passed in March 1939, authorizing
and directing the State Board of Health, in collaboration with the
United States Public Health Service, and the State Industrial Com-
mission, to carry out a study of these three industries. A prelim-
inary report was published in November, 1940, by the Utah State
Board of Health (70).

The present bulletin represents one phase of this investigation,
* namely that dealing with the health and environment of nonferrous
metal mine workers.

Field work was done in July and August 1939. Occupational and
medical histories and physical and roentgenological examinations
were made on 783 nonferrous metal mine workers. In addition, a
complete oral examination was made by a dentist and the following
laboratory examinations were performed: serological tests for
syphilis, punctate basophilia and reticulocyte estimations, hemo-
globin determinations, routine urinalyses, and spectroscopic exam-
inations of 178 urine specimens.

Engineering studies were made in each mine establishment to deter-
mine the environmental factors which might have a bearing on the
health of workers engaged in particular occupations. In this con-
nection, examinations were made as to the nature and concentration
of various types of dust, especially with regard to total silica, free
silica, and lead, to which the workers were exposed. Studies of
ventilation and humidity were carried out, and exposure to various
gases, such as sulfur dioxide, carbon dioxide, carbon monoxide,
hydrogen sulfide, methane, and ‘others was determined. Also,
methods and facilities for the control of health hazards, already in
use in the metal mines in Utah, were investigated, with the view of
recommending additional control measures where necessary.



SUMMARY
THE WORKING ENVIRONMENT

The present report is based on a study of three representative
metal mines in the State of Utah. The ore and rock encountered
by workers in these mines varied from limestone, containing no
detectable free silica, to quartzite consisting of more than 99 percent
free silica. Since most persons had worked in various locations, it
was difficult to distinguish between those who had had high. or low
free silica exposures. Consequently, for statistical purposes, it was
assumed that all underground workers had been exposed to atmos-
pheric dusts having an average free silica content of 30+10 per-
cent. Particle size determinations of the dust suspended in the at-
mospheres of the various metal mines showed that the dust had a
median diameter of 0.9 micron and that more than 96 percent of all
the atmospheric dust partic]es were of a size which might readily
reach the smallest air sacs in the lungs.

Of the 830 persons working in the metal mines when the engmeer-
ing study was made, less than 1 percent were exposed to average dust
concentrations higher than 30 million particles per cubic foot.
Seven hundred and seventeen, or approximately 86 percent, of the
workers were found to be exposed to dust concentrations between 6
and 30 million particles per cubic foot, and about 12 percent were
exposed to less than 6 million particles. High dust exposures were

“usually associated with drilling, breaking, and handling of ore.
Ventilation in some stopes with air already contaminated with dust
also contributed to the high dust concentrations encountered in these
stopes.

Examples of good mining practice with regard to the control of
the principal sources of dust contamination showed that the dust
can be reduced to concentrations below 6 million particles by proper
use of present control measures, such as wet methods, adequate ven-
tilation, air cleaners or settling chambers, and local exhaust
ventilation.

Gas analyses of mine air showed that toxic gases, or atmospheres
deficient in oxygen, are present at times, but that such conditions are
of a temporary nature so long as adequate ventilation is maintained.
Accidents from this cause can be prevented by constant supervision
and investigation of all working places.

3



4 METAL MINE WORKERS

Extremely high and low temperatures, rapid temperature changes,
dusts of toxic metals, illumination, and poor sanitary facilities in
the mines and in the surrounding communities were found to be
potentially harmful to health in some instances.

HEALTH OF THE WORKERS

The medical study of nonferrous metal mine workers included
783 persons, representing slightly less than one-fourth of the total
number in this occupation in the State of Utah as reported by the
United States Census of 1930. The age distribution of the group
studied was similar to that shown in the Census for all Utah metal
mine workers.

A detailed analysis was made of medical examination findings for
the 727 workers whose entire experience in a dusty trade had been
in metal mines. The remaining 56 workers had at some time in the
past worked for more than 2 years in a dusty trade other than metal
mines, hence their physical condition at the time of the examination
cannot be attributed entirely to experience in one industry. This
mixed exposure group showed an older age distribution and a higher
incidence of silicosis (25.0 percent) than the group working only in
metal mines.

Among the group of 727 metal mine workers there were 66 cases,
or 9.1 percent, affected with silicosis, and 42 cases, or 5.8 percent, diag-
nosed as borderline silicosis. No cases of silicosis were found among
metal mine workers exposed to an average dust concentration of less
than 6 million particles, but this group of workers included only 2 face
workers, each having worked only 1 year underground. Among those
employed for a period under 10 years’ duration, no case of silicosis was
observed until the average dust concentration exceeded 18.0 million
particles. The severity of pulmonary fibrosis among cases with sili-
cosis increased greatly with increasing length of employment.

The silicosis problem among metal mine workers was found to be
most acute for those persons engaged principally at the face, namely,
muckers, miners, and drillers. The combination of a heavy dust con-
centration and a silica content of 20 to 40 percent resulted in a silicosis
incidence of nearly a fourth of the face workers if those with less than
6 years’ employment are excluded.

Eighteen metal mine workers had reinfection pulmonary tuber-
culosis, an incidence of 2.5 percent. Fourteen had minimal and 4
moderately advanced tuberculosis. The 4 who had moderately ad-
vanced tuberculosis were thought to be active; they also had silicosis.
The other 14 were quiescent, apparently arrested or healed. Nearly
14 percent (9 cases) of the silicotic workers also had pulmonary tuber-



SUMMARY 5

culosis, whereas only 1 percent of those not affected with silicosis had
pulmonary tuberculosis.

Lead poisoning ranks next to silicosis as an occupational disease of
workers in the three nonferrous metal mines in Utah investigated.
The health problem as regards lead in these mine workers, like the
dust problem, seems to be essentially one of face workers. About 20
cases of plumbism causing periods of disability ranging from a few
weeks to two months had occurred in the 727 metal mine workers in the
last five years, according to information recorded in their past medical
histories. Seventy-five workers were diagnosed as having abnormal
lead absorption (latent lead poisoning) at the time of examination.

No other form of metal intoxication was observed, possibly because
of the low exposure to the more toxic metals and metalloids, and the
relatively innocuous nature of other metallic compounds such as those
of gold, silver, and copper. 4

Complaints of headaches were much more frequent among metal
mine workers than among Utah coal mine and smelter workers.
However, this excess of headaches was concentrated in the group of
face workers and seemed to be due to inadequate ventilation at the
face; other metal mine workers did not complain of headaches with
appreciably greater- frequency than workers in the other two
industries.

A few cases of mild dermatitis were attributable to contact with
sulfide ores.

The prevalence of the arteriosclerotic-hypertensive group of heart
diseases was approximately the same as that observed in other com-
parison groups of employed industrial workers, but rheumatic heart
disease was slightly more prevalent. No severe cases of cardiac
decompensation were examined.

Only six cases of latent syphilis were observed, which represents an
incidence rate (0.8 percent) less than half that observed in coal mine
and smelter workers, and the State of Utah as a whole.



RECOMMENDATIONS

THE WORKING ENVIRONMENT

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

2. Wet drilling methods, including wet collaring, should be em-
ployed in all mechanical drilling operations. Arrangements should
be made for supplying wet drills with water at the rate of at least 1
gallon per minute and drills should be so maintained that the leak-
age of air into the water stream is minimized.

. 8. All ore and waste rock (muck piles) should be thoroughly wetted
before and during loading.

4. Haulageways and faces should be sprinkled before blasting.

5. Water curtain should be used for preventing the promulgation
of dust disseminated from blasting.

6. A sufficient period of time should be allowed after firing a charge
so that dust and gas concentrations may be reduced to a safe limit
before the next shift is allowed to enter the mine.

7. When wet drilling is not effective in reducing concentrations of
dust to safe levels, it is recommended that such drilling be supple-
mented by adequate general ventilation, or by allowing the use of
local exhaust hoods or traps. Local exhaust ventilation methods have
been shown to reduce the atmospheric dust concentrations to less than
5 million particles per cubic foot ; the present wet methods are seldom
effective in obtaining concentrations as low as 5 million.

8. Dust, fume, and gas control equipment should be maintained at
, its highest efficiency by receiving continual attention.

9. Separate raises should be used for manways and for ore chutes.

10. Wet methods or local exhaust hoods should be employed in the
bucking and crushing of ore.

11. Where it is necessary to use the same air for ventilating more
than one workplace, this air should be passed through settling cham-
bers or air cleaners.

12. Periodic studies of the condition of the working environment.
appear necessary to determine whether the control methods adopted
are really adequate. The work of inspection and review should be
performed by persons trained for such studies.

13. In the communities adjacent to metal mines, methods of sewage
disposal approved by the State Health Department should be adopted.

6



RECOMMENDATIONS 7

14. In the mines proper, safe sanitary practices should be adopted
instead of the present unsafe methods of fecal disposal.

15. Water supplies from contaminated sources should be properly
treated.

16. The recommendations of the American Standards Association
on general sanitation as given in code Z4.1 should be adopted insofar
as applicable.

MEDICAL CONTROL OF OCCUPATIONAL DISEASES AND
. PROMOTION OF THE WORKER’S HEALTH

1. A technically good roentgenogram should be made of every appli-
cant for employment as part of his preemployment physical exam-
ination.

2. Annual medical examinations, including an X-ray study of the
chest, should be made of all employees in order to detect evidence of
active pulmonary tuberculosis and early silicotic changes.

3. No worker should be rejected on preemployment examination or
removed from work to which he is accustomed merely because of a
diagnosis of simple silicosis, but rather the atmospheric dust in which
he works should be brought within safe limits.

4. Every worker with active tuberculosis should be removed at
once from a dusty occupation, put under treatment, and should not
be permitted to return to his former job. If the worker has minimal,
arrested or healed reinfection tuberculosis, he should be allowed to
continue to work but should observe the same precautions as the man
with simple silicosis.

5. Workers whose chest roentgenograms show healed primary tuber-
culosis should not be denied employment in a dusty trade on this
account alone. '

6. Close medical supervision is recommended of all workers in
dusty trades in order to control and prevent common respiratory
infections which are likely to have more serious after effects in
silicotic than in nonsilicotic persons, and also in nonsilicotic persons
exposed to siliceous dust than in those not so exposed.

7. It is recommended that all metal mine establishments provide
conveniently located change rooms with hot and cold shower baths,
drying rooms, and lockers.

8. Persons working in occupations with serious lead exposure
should be examined often enough to prevent the occurrence of dis-
abling lead poisoning. These examinations should include blood
study with regard to reticulocyte counts and basophilic stippling and,
in some instances, also, chemical determinations should be made of the
blood and excreta.

430332—42——2



8 METAL MINE WORKERS

9. All workers should be passed upon by the medical department
when reporting back to duty after absence on account of illness or
injury. It is the responsibility of the physician to determine if the
employee is able to work safely and efficiently.

10. Records of all absenteeism due to illness or injury should be
kept by the mine medical department indicating the cause, nature,
duration, and outcome of such disability. These records should be
tabulated and included in a monthly report which should be studied
and measures instituted to minimize such absenteeism.

11. Employees should be encouraged to report all minor non-
disabling illnesses, particularly gastrointestinal, in order that the
medical department may ascertain whether or not they are due to
lead or other toxic agents.

12. The mine physician should be familiar with the various mine
operatlons He should report to the industrial hygiene or safety
engineer the occurrence of lead poisoning or other toxic effects among
workers in certain occupations.

13. Care should be required of the employee with respect to personal
cleanliness and eating habits to avoid unnecessary ingestion and
inhalation of lead and other toxic agents.

14. It is recommended that silicosis, lead poisoning, and other
occupational diseases be reported to the State Board of Health.



THE WORKING ENVIRONMENT

GENERAL CONSIDERATIONS
NATURE AND SCOPE OF THE STUDY

An important procedure in the search for major factors in the
causation of disease of suspected occupational etiology is a detailed
investigation of the conditions under which the work is performed.
In the present study, investigation of the working environment con-
sisted of an analysis of the various operations and activities involved
in the mining of metal ores, and the sampling and analysis of the
atmospheric dusts, fumes, and gases. In addition, certain data were
obtained on temperature, humidity, air movement, illumination, and
sanitation facilities in this industry. A sanitary survey of the com-
munities surrounding the workplaces was also made.

Knowledge of the potential hazards associated with the mining of
metal ores and the number of persons employed in each occupation
was obtained from a preliminary survey conducted in 1937 by the
United States Public Health Service and the Utah State Board of
Health (1). At this time the Utah State Industrial Commission had
a record of 56 separate active nonferrous metal mining enterprises
employing five or more persons. Under the heading of separate en-
terprises were included, as one mine, all interconnected mining oper-
ations owned by one company, even if portions of the mine were
being operated under mining lease permits by independent operators.
While no accurate data on the total number of workers in 1937 were
available, it was assumed that the total employment in the State was
approaching the 1929 level. The United States Census Bureau
showed 49 copper, lead, and silver enterprises operating 55 mines and
employing 8,182 persons in 1929 (1 zinc and 3 lode gold enterprises
were also reported but no data on employment were given) (2).

Twenty-three of these mining enterprises (including 30 mines em-
ploying 5,390 persons) were visited during the preliminary survey.
Two of these, employing approximately 1,900 persons, were not con-
sidered because they were open pit mines. On the basis of infor-
mation obtained concerning the remaining 21 underground mining
enterprises, three representative metal mines were selected for detailed
study. Insofar as possible, the identity of individual mines has not
been disclosed in this report, and data given relative to a specified
mine field have been considered typical of all mines in that area.

9
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FIGURE 1.—LOCATION OF NONFERROUS METAL MINES AND SMELTERS IN THE
STATE OF UTAH.



METHODS AND INSTRUMENTS USED 11

The location of the principal metal mining fields in Utah is shown in
figure 1, which also shows the location of the principal smelters.

The metal mines studied were operated by three different com-
panies, in three different mine fields. All were underground mines
extracting lead-copper or lead-silver ores, in which gold and zinc
occassionally occurred in sufficient amounts to be considered as sup-
plementary ores. This study did not apply to the mining of iron,
manganese, or mercury ores existing as independent deposits. Com-
pounds of iron, manganese, arsenic, cadmium, selenium, and mercury
occurred in the commercial ores being mined, and both arsenic and
cadmium were being recovered in the smelting process, and were of
hygienic significance there. However, neither the medical nor the
engineering data showed that these elements were occurring in suf-
ficient concentrations in the mines studied to constitute a health
hazard in the mining, crushing or wet concentration of ore. Metal
mining enterprises were so selected that they were representative of
mining conditions which were cold and wet, hot and dry, and inter-
mediate. Wide variations in ventilation practice were also en--
countered.

The preliminary survey had shown that the most frequent potential
exposures to hazardous materials were to siliceous mineral dusts,
metal dusts, noxious gases, and dermatitis-producing substances (skin
irritants). The degree of exposure to these materials was determined
by the following methods of sampling and analysis.

METHODS AND INSTRUMENTS USED IN THE STUDY
FIELD SAMPLING OF DUSTS AND GASES.

The hazards associated with each occupation, and the number of
persons so exposed were obtained from occupational analyses made in
each mine at the time of the first inspection of activities. At this time,
certain typical places were selected for more detailed studies of the
working environment. '

Dusts.—To estimate an occupational dust exposure, the amount of
dust suspended in the air breathed, the nature of the dust, and the
duration of the exposure must be determined. In this study, the
last-mentioned factor was obtained from the occupational history of
each worker, which was recorded at the time of his physical examina-
tion. In measuring the quantity of dust to which each person was
exposed, dust samples were obtained with the all-glass modification
of the Greenburg-Smith impinger apparatus (3), or with the Bureau
of Mines midget impinger apparatus (4), and were counted by the
Public Health Service technique (5), except that the Page modifica-
tion of the Whipple ocular micrometer (6), and either the Sedgwick-
Rafter cell or the Dunn cell (7) were used. Supplementary check
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samples were collected with the Konimeter (5) in all working places
where impinger samples were not collected. Data from Konimeter
samples have not been given in the present report, since this instru-
ment does not accurately measure high dust concentrations, and only
a few selected samples were used in estimating the average exposure
of workers in the less dusty occupations. The dusts from large
volumes of air were collected for chemical analysis, where the at-
mospheric dusts were suspected of containing toxic metals. Samples
for chemical analysis were collected with both the large impinger and
the electro-static precipitator. Impinger samples of lead dust were
collected in a 5-percent nitric acid solution.

To determine the mineral composition of the dusts, samples of set-
tled dust and samples of ore and rock were collected at various loca-
tions and subjected to a chemical and a petrographic examination, as
described later under laboratory procedures.

Since it was important to show that the industrially produced dust
particles suspended in the atmosphere were of a size permitting access
to the lung tissue (8), measurements were made of dust particles col-
lected from the working atmosphere. This was done by taking por-
tions of the dusts collected in the impinger tubes and measuring them
by the technique described by Chamot and Mason (9).

The method employed in calculating the average dust exposure for
an occupation and the weighted average of each worker’s total ex-
posure has been described in Public Health Bulletin No. 217 (5). In
the present study, dust samples were obtained representing each ac-
tivity in a number of dusty occupations, in order to determine the
amount of dust which each activity contributed to the sum total of
occupational exposure. In other cases, samples were taken over a
sufficient time interval to include one or more complete cycles of the
various activities in the duties of an occupational group. In this way,
the average dust exposure for each numerically important occupa-
tional group could be estimated. .

Gases—Mine gases were collected in the standard Bureau of Mines
vacuum flasks and analyzed through the courtesy of the United States
Bureau of Mines at their laboratories (10). Field determinations
were also made with an Orsat apparatus. Carbon monoxide con-
centrations were also determined with a carbon monoxide indicator
(11).

Other determinations—Temperature and humidity readings were
made at the working places with the aid of the standard sling psy-
chrometer; ventilation readings were made with a vane anemometer,
a thermo-anemometer (12), or a Pitot tube; barometric readings with
an aneroid barometer; and illumination readings with a photoelectric
cell illuminometer. )
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LABORATORY METHODS OF ANALYSIS.

In addition to the above determinations two kinds of samples were
collected for analysis; atmospheric samples and samples of materials.
Atmospheric samples were analyzed for lead and qualitatively for
cadmium, copper, arsenic, antimony, and other metals, while material
samples such as settled dust, ores and rocks, were analyzed for lead,
total silica, and quartz. The following methods were used.

Atmospheric lead.—Impinger and precipitator samples were evapo-
rated on the hot water bath down to about 5 ml. in platinum dishes.
Five milliliters of 1:1 sulfuric acid were added and the samples were
carried to fumes of sulfuric acid on a hot air radiator. A few milli-
liters of hydrofluoric acid were added, followed by small amounts of
nitric acid, at intervals, until all organic material had been destroyed.
The sample was transferred to a 250 ml. Phillips beaker and diluted
to 200 ml. It was next treated with hydrogen sulfide and allowed to
stand overnight. The sulfide precipitate was filtered off and dis-
solved into a 125 ml. Phillips beaker with about 10 ml. of hot 1:1
nitric acid followed by hot water. The solution was boiled to eliminate
any sulfur and then neutralized with sodium hydroxide solution.
This was followed by acidifying with acetic acid. The solution was
heated to boiling and lead was precipitated as the chromate by the .
addition of a potassium chromate solution, The precipitate was
allowed to digest overnight on the steam table, and after being allowed
to cool, was collected on a filter paper and washed thoroughly with
water. It was next dissolved with cold 1:9 hydrochloric acid and
washed through the paper into the beaker in which the chromate
precipitation was made.

Potassium iodide, not in too great excess (usually not over one-
half gram), was then added and the liberated iodine was titrated with
0.005 N solution thiosulfate using starch as an indicator (13).

In cases where the lead chromate was considerable, the following
modified procedure was used : The lead chromate was filtered on to a
Gooch crucible, washed, and then dried in the oven at 110° F. and
weighed.

Total silica and quartz—These chemical analyses were carried out
according to the standard methods of rock analysis (13) (14). Lead
was weighed as the chromate.

The free silica or quartz content of these samples was determined
petrographically. A preliminary separation of the sample into frac-
tions of approximately the same size was made by air elutriation.
The Roller Particle Size Analyzer (15) was used for this purpose.
The volume of sample necessary for such a fractionation is about
25 ml. and separations may be accomplished in about 7 hours. The
samples were separated arbitrarily into fractions of 0-4, 5-9, 10-19,



14 METAL MINE WORKERS

20-39, 40-79, and 80+ microns based on the specific gravity of
quartz. According to the theory on which such separations are
based, the sample is fractionated into portions whose particles are
all the same weight. This being the case, the percentage of quartz
particles in a given fraction by count should be equal to the percent-
age of these particles by weight. Thus, the quartz particles were
identified with the petrographic microscope and counted (usually
200 particles in a fraction were counted) and the percentage of quartz
was determined. A summation of the quartz content of all the
fractions of the sample was made and in this way the percentage of
quartz in the samples was obtained (16).



GEOGRAPHY AND GEOLOGY OF UTAH ORE DEPOSITS

The principal ores mined in Utah are lead and copper ores mixed
with ores of zinc and the precious metals. Ries and Watson (17)
state that “the group of lead and zinc ores carrying more or less
gold and silver as well as some copper and iron * * * is found
chiefly in the Rocky Mountains, and is not only of complex character
but differs in form and origin from the eastern deposits. Quartz is
the common gangue material, while arsenic, antimony, and iron are
common impurities.” With regard to copper deposits, they say that
copper ore exists as disseminated “bodies of sulfides deposited by
magmatic waters, in igneous rocks or schists, either in connection with
the preceding type (contact metamorphic deposits) or alone * * *
The country rock is more or less fractured, and the low grade dis-
seminated ore is sometimes present in large amounts. Its commercial
value is due to secondary enrichment, and over it there is a leached
capping of variable thickness * * *. Vein deposits of mixed char-
acter, in which the copper is associated with lead, zine, gold, or silver,
are worked at a number of points in the Rocky Mountains.”

Metal mining is conducted in over half of the 29 counties of Utah.
In many of the counties the mines are small, little more than pros-
pects, with only a few employees doing prospecting or irregular
development.

Approximately 97 percent of the metal mine production of the
State comes from three mining sections known as the Bingham Dis-
trict, the Park City District, and the Tintic District. The location
of these areas is shown in ﬁgure 1.

In 1929, approximately 72 percent of the metal ore produced in
Utah came from the Bingham District, 14 percent from the Park
City District, and 11 percent from the Tintic District (18). How-
ever, open pit mines from which most of the low grade copper ore
is mined were not included in the present study. On the basis of the
production of lead and silver metal, the approximate relative per-
centages of production were Tintic, 36 percent; Park City, 35 per-
cent; Bingham, 26 percent, all other areas, 8 percent.

The relative proportion of the metals secured from the more
important ores is shown in table 1. Obviously, the relative percent-
ages of total production will have yearly variations, but the 1929
figures are a fair measure of capacity production at the present time.
During the life of a mine, the percentage of carbonate and oxide

15
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ores will decrease and the percentage of sulfide ores will increase.
This table has been presented to emphasize the wide variety of metal
ores occurring in Utah metal mines, and to show that any analysis
of Utah ores or rock can only be considered as representative of the
immediate location sampled. Wide deviations from any estimated
average ore analyses may be expected at different working faces.

TABLE 1.—Utah metal production according to the percent derived from
principal ore minerals, 1929

Percent from
Metal ) Ore specified ore
mineral

Silver.._............ Cerargyrite (silver chloride). ... ... .. . . ...
Argentite (silversulfide) . . ... ______ ... ... .
Argentojarosite (basic sulfate of silver and iron)
Native silver (dry siliceousore) . __.___ ... ... .............
Freibergite (silver bearing tetrahedrite). .
Gold..._......._._.. Native, in barite or quartz. . _____.
Sylvanite (zold-silver telluride) .
Lead ......________. Oxidized (oxides and carbonates)
Sulfides.. .. . ... ____________. R
Jamesonite (antimonial lead sulfide) ... . .. . . _ [ ...
QGalena (lead sulfide) .. ... ... ... ...
Plumbojarosite (basic lead ferric sulfate) . .
Waulfenite (lead molybdate) -
Anglesite (lead sulfate) .. ... | ... -
Copper._...__....._. Bornite (copper iron sulfide) -
Chalcopyrite (copper iron sulfide) - --
Enargite (copper arsenic sulfide) .. ____....... FUN I
Tetrahedrite (copper antimony sulfide)...._...... R 7
Malachite (basic copger carbonate)__._
Covellite (coppersulfide). . ... . . e
Chalcocite (copper sulfide)........_...
Chalcanthite (hydrated copper sul(ate)
Cuprite (copper oxide)
Azurite (copper carbonate).. .
Native COPPer. .o oo cmcceaeccecccec|ecmecccamaaean

E1N: 98—

One of the primary purposes of the engineering study was to deter-
mine the exposure of the various workers to silica and toxic metal
dusts. While no attempt will be made to describe the geology of the
areas in detail, the following discussion illustrates the occurrence of
widespread, but nonuniform sources of these materials.

Park City district—Boutwell, in describing the ore deposits of the
Park City district (19), reported that the sediments of this district
are limestones, sandstones, quartzites and shales. The more impor-
tant of these, from the point of view of ore deposits, are the Park City
limestone, and the Thaynes formation, comprising limestones, sand-
stones, and shales. The strata have been arched forming part of the
Park City anticline which has been broken by many faults. These
sediments were intruded by diorite and diorite-porphyry magmas
which metamorphosed them and caused the deposition of metallic
sulfides. Subsequent fracturing occurred and permitted renewed dep-
osition of sulfides. Further faulting presumably gave access of sur-
face waters to the primary ore bodies, causing oxidation of the sul-
fides. This faulting also caused some displacement of the ore bodies.
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Ores are both lode and bedded replacement type. Lode ores occur
in both quartzite and limestone, while replacement ores are restricted
to certain members of the two formations occurring at different hori-
zons. The most valuable and productive deposits occurred in a lime-
stone bed in the Park City formation about 100 feet from the Weber
quartzite. Another very productive horizon was on the contact of
the Weber quartzite and the Park City limestone. As the richer ore
deposits are depleted it becomes necessary to go deeper into the
quartzite to find commercial ore.

Average mill feed ores from this area contain about 15 percent lead
sulfide and 60 percent nonmetallic gangue (45 percent quartz and 15
percent carbonate) (20).

Early returns from mining in this area were high from the time of
its location in 1869 until 1884 when, after the bonanzas had been ex-
ploited, work began on the so-called “bedded” deposits. Yield from
these deposits declined until 1900, when the effect of gradual depletion
of high grade ore was partly offset by the development of relatively
large bodies of lower grade ore at depth. By 1908 nearly all of the
ore tonnage was from “bedded” rather than from fissure deposits
and its bulk was made up of sulfides with little of the richer oxidized
material. With improved milling, zinc became an appreciable factor
in output by 1910 and the yield of this metal has increased, particularly
since 1925. Few bodies of high grade ore have been discovered in the
past two decades (21).

The decrease in the amount and proportion of oxidized ore pro-
duced, and the decrease in grade of lead ore should tend to diminish

the amount and toxicity of lead dust produced per ton of ore mined.
However, since the sulfide ores tend to occur more frequently in the
quartzite or sandstone, while the carbonate and oxide ores occur more
frequently in the limestone deposits, the general trend through the
years has been to increase the silicosis hazard, which probably has
only partly been counterbalanced by an increase in the efficiency of
control measures during this time.

Bingham district—Less information has been published concerning
the geology of the Bingham district than about the other two districts,
and most of this has dealt with the large deposits of low grade copper
ore being worked by open cut methods. However, Fulton (22) and
Lyon (23) show that the history and geology of the field is very similar
to that at Park City except lead-copper ores are more common than the
lead-zinc ores. Ore was discovered at approximately the same time.
The lens-shaped deposits of oxidized ores in the limestone have been
practically exhausted, and the ore now being mined is the deep sulfide
ore which occurs either as beds between the limestone and quartzite or
in fissures in the quartzite.
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- Tintic district—Ore discoveries were made in the Tintic (Eureka)
district in 1869 and developments were started in the western and
southern parts of the district. Developments in the eastern part did
not start until about 1900, after the discovery of commercial ore bodies
having no surface outcrops, and under 500 feet of covering rock.
Since 1918, the principal producing mines have been in this eastern
part of the district. The geology of Tintic area has been described in
detail (24). While its geological history differs from the other two
districts, the present picture is nearly the same from the industrial
hygiene viewpoint. High- and low-grade lead-silver ores exist as
intrusions and large replacements in the limestones, adjacent to faulted
faces of the shales and quartzites. Both ores are completely oxidized
to 1,000 feet below the surface ; for the next 500 feet the sulfide content
of the ore increases until the ores are practically all sulfides. The sul-
fide ore frequently occurs between hanging walls of shales and lime-
stones and footwalls of quartzite. Extensive postmineral faulting has
brecciated a large part of this ore into fine sandy material intermixed
with masses of heavy lead ore. The hanging wall shales have been
altered by mineralizating solutions to a soft grey clayey material and
the limestone areas over the ore bodies are altered by the introduction
of silica and magnesium silicates.

The individual ore bodies, when adjacent to the quartzite fault
faces, have steep dips ranging from 45 degrees to vertical; when
distant from the quartzite fault faces, they are tabular replacements
of flat lying limestone beds. The tabular commercial ore bodies range
in height from 6 to 200 feet.

A typical geological section through the Tintic district is shown in
figure 2.

Only a small proportion of the ore mined in the Tintic district can
be classed as “gold and silver ore,” which Henderson and Dunlop
have defined as “dry and siliceous ores” ® but both metals occur as
valuable enrichments of base ores.

8 Silica rich ores worked for the precious metals, with gold and silver usually free
milling, and associated with relatively little metalliferous minerals, are called “dry and
siliceous ores” by smeltermen.

“A ‘dry’ ore is one that carried so little lead or copper that by itself in quantity it
would not satisfy the requirements for the smelter charge in lead smelting or copper
smelting, respectively * * * Siliceous (silica in excess of iron) gold, gold-silver, and
silver ores containing too little copper, lead or zinc to be classified as copper, lead, zinc,
or mixed ores are called ‘dry’ ores regardless of the ratio of concentration * * * (25).
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FIGURE 2.—TYPICAL SECTIONS THROUGH THE OPHIR FORMATION IN THE TIN-
TIC MINING DISTRICT. (REPRINTED FROM BUREAU OF MINES INFORMATION
CIRCULAR 6370.)



MINING METHODS*

There are many standard methods of mining metal ore, and several
of these methods, or modifications of them, may be used in the same
mining operation. The methods encountered have been described
briefly in the following paragraphs, but no attempt has been made
to give precise technical details. Underground mining operations
may be roughly classified as follows: (¢) Mine development and ex-
ploration, (&) stoping, and (¢) transportation of ore and waste.
Other underground operations, such as maintenance and construction,
are essential but can be considered as supplemental to the actual
mining of the ore.

MINE DEVELOPMENT AND EXPLORATION

Jackson and Hedges (26) have stated that: “The term ‘mine de-
velopment’ is employed to designate the operations involved in pre-
paring a mine for ore extraction. These operations include tunneling,
(shaft) sinking, crosscutting, drifting, and raising.”

In most mines, both exploration and development continue after ore
extraction by stoping has begun, and often nearly to the end of the
life of the mine. Although all of the mines studied had been operating
over 20 years, and some of them for as long as 70 years, both explora-
tion and development were being continued. The development system
in one Utah metal mine is shown in figure 3.

Shafts and adits—Both shafts and adits (haulage tunnels to the
outside) are used for bringing ore to the surface. Since most Utah
mines occur in areas of high relief where much of the deposit lies
above surface drainage, it has been possible in many cases to use the
same tunnel for drainage and haulage. However, in most instances
the original development was by shaft, and later the adits were driven
to a level station. Mines studied included mines with shaft collars
at the surface, mines having both shafts and tunnels opening at the
surface, and mines having underground shafts at the end of tunnel
adits. Two of the mines studied were in the process of sinking new
shafts, or deepening present shafts.

The usual shaft is vertical and of such dimensions, inside the timber,
as to provide for two hoisting compartments and a ladder pipeway.

¢ Metal Mining Practice by Jackson and Hedges has been used as a basis for this
section (26).

20
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Ore is hoisted, in balance, in cars on cages or in skips. Inclined shafts
are used in some cases, especially for underground shafts used for
lifting ore to main haulage levels from sublevels. 1In inclined shafts,
or winzes, skip hoisting through a single hoist compartment is the
most common procedure.

SHAFT #2

FIGURE 3.—DEVELOPMENT SYSTEM IN A UTAH METAL MINE. (REPRINTED
FROM BUREAU OF MINES INFORMATION CIRCULAR 6360.)

A landing, or shaft station, is provided at each haulage level.
These levels are seldom less than 100 feet or more than 200 feet apart
after the shaft has penetrated the ore body. Except in those cases
where the adit or drainage tunnel is on the lowest level, a sump is
usually provided at the lowest shaft station, into which all water
seeping into the mine is drained, and from which it is pumped.
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Adits or haulage tunnels are similar to main haulage drifts. Their
size is governed by the rate of production and the size of the mine car
used. In general, they are high enough to permit suspension of the
trolley wires well above the head of a man standing upright, and of
sufficient width to allow for a manway on one side of the track and
a drainage ditch on the other. Most of the mines studied had at least
two openings to the surface serving as ventilation shafts or tunnels,
although in several cases at least one of these openings was also used
for haulage.

Drifts, crosscuts, and raises—Drifts or haulageways are driven from
the shaft stations through the ore, or through the footwall under the
ore. These drifts are connected by crosscuts on the same level, and the
drifts on different levels are connected by vertical or inclined raises.
Drifts, crosscuts, and raises are driven to facilitate the removal of the
ore from the mine and are usually driven in the native rock, although
they may be driven in ore or along ore fissures.

In a typical system of tunnels, drifts, and crosscuts, openings were
six feet wide and eight feet high. The roof was arched where possible,
and in heavy ground (brecciated rock which is not self-supporting) 10-
inch by 10-inch timber sets were used with six-foot spacing. Drilling
and shovelmg was done simultaneously, the crew in the heading con-
sisting of a miner and one or two muckers, depending on the tramming
dlstance The miner stood on the muck pile to put in the top round
of holes (cuts, relievers, and back holes). Shovelers (muckers) loaded
broken rock into cars and trammed them to chutes for filling, to a
switch station, or to the shaft station for hoisting. When the muck
pile had been removed the miner drilled his lifter holes while the
shovelers laid a platform of lagging to receive the next round. Tim-
bering was done by a separate crew; but when the ground was so
heavy that immediate timbering was necessary, the miner did his own
timbering. The track and the compressed air and water pipe were
advanced by a special crew, and a third crew advanced and cared for
the ventilation pipe. Drawcut rounds were drilled with a jack-
hammer, or if the ground was too hard for a jack-hammer, the miner
used a drifting machine mounted on a horizontal bar. In some of the
mines, drilling and mucking were performed on alternate shifts.

Raises, and the raising method, varied considerably in the different
mines. Insome sections raises required little timbering, while in others
standard square sets completely lagged were necessary. In this case
the raises were usually two sets wide, one set being used for a manway,
a timberway, and for air, water, and ventilation piping, while the
other side was used as an ore chute. A miner, using a stoper drill, and
a mucker worked together in driving the ralses, and kept the chute
lined to within two sets of the top.
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STOPING

The subject of stoping has been comprehensively discussed by Jack-
“ son and Gardner (27) and summarized by Jackson and Hedges (26).
The following discussion is drawn from these references to which
the reader is referred for detailed technical information.

The term “stoping” is applied in a broad sense to the operatmn
of excavating ore by means of a series of horizontal, vertical, or in-
clined workings in veins, or large irregular bodies of ore; or by rooms
in flat deposits. It covers the breaking of ore and its removal from
underground workings, except those driven for exploration and devel-
opment, and the timbering or filling of the stopes for the purpose of
support.

Various methods of stoping have been devised for extracting ore
safely and economically from deposits of different types. The stoping
method, or methods, applied to a given ore body depend on the require-
ments for support of the stope—the maximum area of span of back
and walls that will be self-supporting during the removal of the
ore; the nature, size, and interval between supports required to main-
tain the backs and walls of the excavations; and the requirements for
permanently supporting the overlying and surrounding country rocks
and overburden to prevent their movement and subsidence.

A classification of stoping methods based upon method of support,
adopted by the Mining Division of the United States Bureau of Mines
in 1928 as shown in Bulletin 419 of that Bureau, follows:

A. Stopes naturally supported.
1. Open stoping.
a. Open stopes in small ore bodies.
b. Sublevel stoping.
2. Open stopes with pillar supports.
a. Casual pillars.
b. Room (or stope) and pillar (regular arrangement).
B. Stopes artificially supported.
3. Shrinkage stoping.
a. With pillars.
b. Without pillars.
c. With subsequent waste filling.
4. Cut-and-fill stoping.
5. Stulled stopes in narrow veins.
6. Square-set stoping.
C. Caved stopes.
7. Caving (ore broken by induced caving).
a. Block caving; including caving to main levels and caving to chutes or
branched raises.
b. Sublevel caving.
8. Top slicing (mining under a mat that, together with caved capping,
follows the mining downward in successive stages).
D. Combinations of supported and caved stopes. (As shrinkage stoping with
pillar caving, cut-and-fill stoping with top slicing of pillars, etec.)

430332—42——3



24 METAL MINE WORKERS

Practically all of these methods, and many modifications of them,
were encountered during the present study. Modifications of the
square-set stoping method were most frequently noted. In this

° ,/_ \
n.g—,'a_-_ls‘
i

FIGURE 4.—STRINGER-SET STOPE TIMBERING. (REPRINTED FROM BUREAU OF
MINES INFORMATION CIRCULAR 6851.)

method the ore is excavated in small rectangular blocks, one block
at a time. After each block is removed its place is taken by a set
of framed timber which serves as a temporary support to the sur-
rounding ground. As best employed, square-set timbering is not
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used to permanently support the stope for it cannot hold great
pressures. As soon as possible, waste filling is put in for permanent
support. Stoping is commonly carried upward from a drift, or
laterally from a raise, or both. In one mine where open stopes, a
shrinkage stoping method, and a modified square-set method had
been tried and found unsuitable, a regular square-set and back fill
method had been adopted. This required the driving of a vertical
square-set raise from the footwall at the level where the stope was
to be started to the level above. This raise was the place where the
stope was started and through which waste was dumped from the
level above when filling was wanted. In this mine, ore was trammed
in small ore cars from the active sets to ore chutes. These chutes
lead to ore pockets in the main haulage drift or to crosscuts on the
. lower level. In another mine where combinations of horizontal
square-set stoping and sublevel caving or top slicing were used, the
ore was moved to the loading chutes with dragline scrapers (slushers).
Stulled stopes, which might or might not subsequently be filled with
waste, were developed in some mines. Many other modifications of
standard stoping methods are also used in Utah metal mines. An
example of stringer-set stope timbering is shown in figure 4.

TRANSPORTATION OF ORE AND WASTE .

Transportation concerns the operations involved in the conveying
of ore and waste from the face or stope where it is broken, to the
surface; or the carrying of waste to a stope for gobbing (filling);
but not the handling of the ore in the stopes, which has been dis-
cussed under “Stoping.” It includes loading cars from chutes on
the haulageways and intermediate levels, hand-tramming, animal and
locomotive haulage, scraper transportation, operation of main trans-
fer raises between levels, dumping into shaft pockets, the operation
of skip loading devices, the caging of cars, and the hoisting of ore
in cages or skips.

The transportation facilities which must be provided when under-
ground work is begun may or may not be retained as mine develop-
ment expands and ore production begins.

Hand tramming is frequently the only form of transportation used
in small mines, and is used in larger mines as an adjunct to mechani-
cal haulage systems. For tramming small tonnages of rock and
ore short distances on the main levels, for short transfers on sub-
levels, and in some types of stopes, it may be the most practical
method. It is particularly adapted to prospects and small-scale
operations, such as those conducted by “leasers” (lessees). Small
cars, of 12 to 20 cubic foot capacity, of either the end- or side-dump-
ing type, are usually employed.
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Mules and horses were extensively used for haulage in the past,
but are being replaced by mechanical haulage methods.

Mechanical haulage in the metal mines studied was of two types:
(a) Locomotive, and (&) scraper and slusher. .

Locomotives for underground use were electric powered, and either
of the trolley or storage-battery type. The trolley type was used
for long hauls and heavy trains, while the storage-battery type was
preferred for gathering service from a number of loading points to
a main haulageway or shaft station. Small storage-battery locomo-
tives of the “trammer” type that could be run on the mine cage,
and transferred quickly from one level to another, were used in mines
where the ore came from scattered areas and several horizons.

Scrapers powered by electric or compressed air motors, ordinarily
were employed underground as mucking and loading machines; but
they were also employed as conveying machines, and in some in-
stances, were used to transport ore and rock several hundred feet
from the face to chutes or mine cars.

The force of gravity usually is employed, wherever possible, to
move broken ore from stopes to the haulage levels. Ore-passes from
the stopes terminate at the bottom in chutes, by means of which the
flow of ore into cars can be controlled. Loading chutes are con-
structed in various ways and consist essentially of a framework of
timber, steel, or concrete with gates or other means provided for
holding back the column of broken ore in the raise above. Chute
gates are of many different types (28), but from the industrial health
viewpoint, they are all apt to be sources of dust dissemination unless
a satisfactory dust control method is employed.

Ore- and waste-passes are simply vertical or inclined openings for
the transfer of broken ore to the haulage system, and of waste rock
to the mined stopes. They may be cut in the ore or in the walls of
the deposit, or be timbered openings through old or filled stopes.
From a health viewpoint, the combination of an ore-pass and a
manway in the same opening, even if they are separated by stulls
and lagging, may cause serious dust exposures for men who must
use the manways during or immediately after ore movement.

Hoisting in cages and. skips—Both cage hoisting and skip hoist-
ing were employed in the mines studied. Arrangements for caging
cars at the shaft stations varied. In some mines, stations were cut
on both sides of the shaft. The loaded cars were pushed onto the
cage from one side and the empty cars pushed off on the other. In
other mines, the station was cut only on_one side of the shaft so that
the empty car had to be pulled back off the cage before the loaded
car could be pushed on. Switches and crossovers were provided for
pulling the empties off to one side to allow caging the loaded cars.
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Skip hoisting was employed for moving ore from sublevels to main
haulage levels at a higher elevation. Single compartment, skip-
hoists with self-dumping skips were used in winzes or shafts.
Muckers dumped the ore directly from small tram cars into the skip
buckets. The skip buckets either dumped directly into large tram
cars, or dumped into car loading pockets. Skip hoisting was also
employed in some main shafts, in which case storage pockets and
loading chutes were provided at the shaft stations. At two of the
mines studied, ore was hoisted or lowered in the main shaft to a
tunnel haulage level. At this level station, trains of ten to thirty
cars were made up and hauled by trolley locomotives to the outside.
‘Where skip hoisting was used, this required the loading of cars from
ore pockets opening at this level station.

Hoisting in cages is considerably slower than hoisting with skips,
due to the smaller net load that can be hoisted in a shaft of the same
size, and to the time required for caging cars at the shaft stations and
on the surface, and usually requires more labor. However, cage
hoisting reduces the number of ore transfers, and every ore transfer is
a potential source of dust dissemination. '

A typical shaft “cage” consists of a double deck platform with
boiler plate side shields and doors, and a steel canopy, the latter
affording protection from debris and falling objects when men are
raised and lowered in the shaft. The cages move along fixed guide
rails and are provided with safety devices to prevent falling in case a
hoisting cable breaks. The hoisting cables are strung over sheave
wheels, mounted on the shaft head frame, and are connected to large
driving drums located in a hoist house adjacent to the shaft.

OTHER UNDERGROUND OPERATIONS

M aintenance—A large force of men is required to maintain the elec- .
trical, pumping, piping, and transportation services, and to maintain
timbering in shafts and haulage drifts. The electrical services in a
mine include lighting, telephone lines, signal systems, power wiring,
motor installation and repair, and battery charging. Water pumps
may be necessary to remove ground water, or water which seeps into
the mine. There are also piping systems for compressed air and
water. Transportation maintenance consists of track repair work,
clearing drainage ditches, and the removal of rock and ore ‘which
accumulates along the main haulageways. In some dry mines, it is
also necessary to sprinkle haulageways with water to reduce the dust
concentrations.

Ventilation.—Only one of the mines studied had made any planned
attempt to secure adequate mine ventilation by mechanical means.
The other mines depended upon natural ventilation through shafts, -
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adits, drifts, crosscuts and raises supplemented, in a few cases, by
small fans or blowers supplying air to the stopes; and, in other cases,
by the exhaust from compressed air drills, or from open valves in the
compressed air lines. Where planned ventilation systems are used,
air movement is produced by large surface fans working from the suc-
tion (or return air) side, and located at the collar of a ventilation
shaft, or by underground fans located in a ventilation tunnel (fig. 5).
Air enters the mines through other shafts, or adits, and flows through
drifts and raises to the stopes; and then preferably, from the stopes to
ventilation drifts which are brought together into a single airway
leading to the exhaust shaft. The direction of air currents in the
mine is controlled by brattice doors and partitions, and the velocity
of the currents may be increased by supplementary booster fans (fig.
6). Small auxiliary fans and ventilation ducts are also required for
ventilating blind stopes and dead ends.

Superintendence—The mine foreman has general supervision of all
underground activities. Since it is impossible for him'to personally
supervise so many different operations, he maintains contact with the
miners through shift bosses and level foremen, who are responsible for
the maintenance of scheduled output and all matters of safety in the
sections of the mine under their jurisdiction. In some mines, they
act as timekeepers, and also keep other records.

OUTSIDE ACTIVITIES

Surface transportation.—Ore coming to the surface through shafts
in skip buckets is usually dumped directly into shipping pockets or ore
docks. Ore reaching the surface in caged cars is hand trammed, and
ore from the adits is hauled to the top of the docks and dumped. The
railroad siding is usually beside the ore dock, and railroad cars can
be loaded directly through chutes from the ore bins. In some mines,
the topography prevents building a railroad line near the shaft loca-
tion, in which case the ore is transported from the ore bins at the shaft
head to the loading docks by means of an aerial tramway.

Other activities—Surface maintenance crews repair portable mine
equipment and may do emergency repair work in the mine. Essen-
tial operations include carpenter shops or saw mills in which timbers
to be used in the mine can be cut and framed, electrical repair shops,
and blacksmith shops for repairing ore cars and sharpening drill steel.
The present tendency is to use detachable bits, and to sharpen bits or
steel in automatic sharpening machines.

Most metal mines employ the services of an assayer who makes chem-
ical and fire analyses of ore samples.
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OCCUPATIONAL CLASSIFICATION

An occupational classification of the workers employed in 21 Utah
underground metal mines in 1937, and of the workers employed in
three mines at the time of the engineering study in 1939, is given in
table 2. The number of men recorded for each occupation shown in
the table is an average figure for the stated time. The metal mining
industry is subject to abrupt fluctuations in employment caused by
changes in the state of the market, and in the quantity and quality of
ore available.

TABLE 2.—An occupational classification of the employees of 3 metal mines
studied in 1939 compared with an occupational classification of 21 metal mines
surveyed in 1937

! Data from the files of the Unemployment Compensation Division of the Utah Industrial Commission
showed that at the time of the preliminary survey there were approximately 56 active metal mines in the
State. Of these, 23 were surveyed and found to employ 5,390 persons. Two were open-pit mines employing
1,910 persons which left 3,480 in underground mines.

31
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TABLE 2.—An occupational classification, etc.—Continued

Mines studied in 1939 Total for
. _|preliminary
Section and occupation survey in

Total for : : 1937 of 21
3 mines Mine 1 Mine 2 Mine 3 ‘mines

Transportation, surface................._.. 48
Hoistman.._.____._..__. - 7
Top carman, topman
Tram motorman tramway operator -
Waste dumpman trackman._..__.__._|....... ...
Bin man, ore loader, ore dumper, yard

laborer ... ... ..ol 4
Truck driver, truck driver’s helper. ... 9 |.
Tractor operator. ... .....oocoooeeoc oo -
TeamSter. .. .o ceiecceee e

Maintenance and oonstruction, surface. . ..
(‘ompressormsn L

Painter ..

Tlnsmith boilermaker
Cable mal{er ...................

5
Pumpman, pjpeman, plumber?.. .. ___ 4 |l 3
Carpenter, timber framer, saw mill
operator 3
Fireman, stationary enginee:
General laborer ..............
Battery man?._..
Milling operations__..._.._.___..
Concentration mill foreman. .
Concentration mill operator (dry
crushing, wet flotation). ... __
Concentration mill repairman_

‘Watchman, guard, jmitor._.
Warehouseman._.
Cook, waiter, store clerk.._._. . - 27

088 R Rl ~BLRRS

3 Duties may necessitate underground work.

From table 2 it is apparent that there is a great diversity of occu-
pations in the metal mining industry. A useful classification is on
the basis of underground and surface workers, although many of
the persons classified in the latter group spend part of their time in
the mine. The occupations may also be divided into two other broad
groups, namely, those associated with the actual extraction of the
ore, and the indirect labor required in the mining operations. In
mine 1, 39 percent of the total number of employees were miners
and muckers; in mine 2, 48 percent, and in mine 3, 46 percent were
thus employed. In the 21 mines previously surveyed, 55 percent of
the 3,480 employees were classified as miners or muckers. Since the
actual mining of the ore engages the direct attention of approx-
imately half the total force, and since the drilling, blasting, and
loading of the ore causes the generation of most of the dust in the
mine, the chief interest is with those occupations which are directly
related to or closely associated with the drilling and loading of ore.
The sampling locations for atmospheric dust were so chosen that a
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representative picture of the various environmental conditions was
obtained, samples being proportioned to the various occupations on
the basis of the number of persons in each occupation, the estimated
dustiness of the occupation, and the variation in exposure associated
with the occupation.

Since the duties associated with each occupation tended to vary
with the variations in the type of mining, it has been felt that a
more detailed description of the occupational duties as contained in
the preceding table should be given in this report. Such a detailed
occupational analysis is shown in the appendix.



RESULTS OF ENGINEERING STUDY
VENTILATION, TEMPERATURE, AND HUMIDITY

Ventilation observations were made in some of the stopes, drifts,
and shaft stations to determine the existing atmospheric conditions.
In one mining field the air and rock temperatures were quite low, and
the ore and rock were very wet; in another field, the air and rock
temperatures were between 60° and 70° F. and part of the workings
were comparatively dry; while, in the third area, air and rock tem-
peratures were very high, and both the ore and rock were extremely
dry. In the first two of the areas studied, the primary cause of air
nmovement in the mines was natural ventilation, although this was
occasionally supplemented by air from compressed air lines or from
booster fans supplying stopes and blind-end drifts. In most of the
mines in these areas, there was no evidence of any systematic attempt
to control the flow of air through the drifts and crosscuts. In the
third area, the high temperature and the presence of mine gases had
made the use of systematic mechanical ventilation absolutely
essential.

Natural ventilation depends upon the differential chimney effects
of two shafts, or of a shaft and an adit having surface openings at
different levels; upon the temperature difference between the mine
air and the outside air; upon barometric pressure changes; and upon
wind direction. The last three of these factors are subject to daily
and seasonal variations, and, consequently, the ventilation deter-
minations made at the time of the study are not necessarily repre-
sentative of maximum, minimum or average conditions in the mines.
Natural ventilation is never dependable, and always should be supple-
mented by mechanical methods of ventilation, if all working faces
are to be continually active. This is especially true in Utah mines,
which are subject to inflows of rock-strata gases. (See section on
metal mine gases.) Some dead-end headings and blind stopes were
ventilated by small fans driven by either direct-connected alternat-
ing-current motors or compressed air motors. Galvanized iron pipe
and flexible canvas tubing were used as ducts to carry the air from
the fan to the working face. In other “naturally ventilated” mines
the air exhaust from the compressed air drills was the only available
method for emergency ventilation of a working place. In such
mines, it was common practice for the miners to open the valves on
the compressed air lines before blasting at the end of the shift. By

34



VENTILATION 35

allowing the compressor to run for an hour after the shift had left
the mine, and starting it again an hour before the next shift entered
the mine, it was possible to disseminate and dilute the blasting fumes
and other mine gases. It was also observed that many miners used
air from the high pressure lines to supplement natural ventilation
while mucking ore and timbering.

Mechanical ventilation practice varies, but usually the foul air is
drawn from the mine at one or more points by large fans capping
ventilation shafts, and pure air flows into the mine through intake
shafts located elsewhere. After reaching the mine, the air is bled:
off at various shaft stations and distributed to many points through
the various drifts, crosscuts, and raises. It then flows upward or
downward through the stopes, and then out through other drifts to
the exhaust shaft. Air flow is controlled by the use of ventilation
doors, airbridges, brattice walls and booster fans. In some mines,
air is blown into the air-entries, and in other mines, a combination
positive and negative pressure fan system is used. It is not the
custom in metal mines to provide separate air-ways and haulage-
ways, as is done in coal mines. Consequently, most air-ways also
serve as haulageways, and dust generated in the air-entries by hauling
may be carried through the working stopes, while dust generated
in the stopes may be carried to other stopes and to haulageways
which are used as return air-ways.

Frequent complaints of “bad air” in metal mines were usually
found to be due to physical conditions instead of the presence of
noxious gases.

Proper distribution of air to where it was needed was uncommon in
most mines, and many working faces did not have sufficient air move-
ment to be detected even by close observation of the deflection of a
match flame.

It has been shown (29) that low air velocities, high temperature,
high humidity, and the vitiation of air by increase of carbon dioxide
and decrease of oxygen have an influence on the comfort and pre-
sumably on the health of underground workers.

No specific optimum values for the air velocity, or volume of fresh
air, required in a working place can be given, since both depend
upon the type of stope, or heading, and the rate of contamination
by dust or gases. Moreover, the determination of the actual volume
of air supplied to a working place is extremely difficult because of
the irregularities of the stopes and the difficulty in distinguishing
between useful and turbulent air currents. Section 89 of the Gen-
eral Safety Orders Covering Underground Metal Mining Operations
made effective August 1, 1981, by the Industrial Commission of
Utah states:
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The operator of every mine, whether operated by shaft, slope, tunnel, adit,
level, or drift, shall provide and maintain for every such mine a good and
sufficient amount of ventilation for such men and animals as may be employed
therein, and shall cause an adequate quantity of pure air to circulate through
and into all the shafts, winzes, levels, and all working places of such mine,
and, except in case of an emergency, no man shall be allowed to work in an
atmosphere injurious to health.

It will be noted that no specific recommendations are made as to
either the volume or velocity of air required. McElroy (30) has
reported :

If air conditions are normal and general blasting is confined to the end
of each shift, 50 cubic feet per minute per man ordinarily would be satisfactory
for operating concentrated working places two shifts with a ;ong interval be-
tween shifts, but if the working places are scattered widely requirements would
approach 100 cubic feet per minute * * * Extensive timbering, moderate
production of gas, such as usually accompanies work in sulfide ores, or
moderately high temperatures would individually increase requirements 50 to
100 cubic feet per minute per man. Except under extreme high-temperature
conditions, the requirements will seldom exceed 500 cubic feet per minute per
man, but under such conditions as much as 1,000 cubic feet per minute per man
might be required for satisfactory results.

The volume of air entering a mine affords no information concern-
ing the amount of air furnished at any particular working place.
This is especially true in those workplaces at a great distance from
the main air courses in mines depending upon natural ventilation.
Two mines, in the same area, having mechanical ventilation, supplied
78,000 and 70,000 cubic feet per minute of air, respectively, to their
workings, while a naturally ventilated mine in another area, employ-
ing approximately the same number of men per shift, had an inflow
of approximately 20,000 cubic feet per minute. It is a well-estab-
lished fact that mechanically ventilated mines usually supply more
air per worker than those depending upon natural ventilation, and
are not subject to such severe seasonal fluctuations in ventilation.
Observations of psychrometric conditions in typical working places
are summarized in table 8. This table shows that dry-bulb air tem-
peratures ranged from 43° to 99° F. Considerable seasonal varia-
tion in mines having natural ventilation can be expected, but the
records of a company operating a mechanically ventilated mine hav-
ing an air temperature of 84° F. at the bottom of the main shaft at
the time of the study, when the outside air temperature was 84° F.,
only dropped to 79° F. when the outside temperature dropped to 28°
F. Relative humidities were constantly high, in this mine ranging
from 40 to 96 percent and averaging 82 percent. Lower relative
humidities can be expected in winter, especially in mines having
mechanical ventilation.
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TABLE 3.—Psychrometric observations in 3 metal mines

Dry bulb Relative Air Effective
Mine temperature | humidity velocity temperature
(°F) (percent) (ft/min) (°F.)
Mine 1:
Maximum. ... .. ... 46 97 190
Minimum. ... ... 43 66 20
Mine 2:
Maximum ... ... 71 99 105
Minimum._ .. ... ... 60 86 20
Mine 3:
Maximum. ... ... 99 96 750
Minimum. ... ... L. 78 40 25

SR &3 435

A wide range of air velocities was disclosed in studying the air
movement at typical workplaces. These velocity studies indicated
many readings in the order of 20 feet per minute (practically still
ailr) and several as high as 750 feet per minute. This variation
depends on such factors as the type of ventilation, location and type
of stope, and the necessity of conducting mining operations in “dead
end headings” while driving development tunnels, until airways have
been created by connection with other passages. More than half of
the air velocity observations were found to be less than 50 feet per
minute, and the average in some mines was considerably lower than
this. At the present time, there are no standards for the degree of
air movement necessary in mine workplaces for the removal of
noxious gases and dusts, nor is it possible to make specific recom-
mendations in a general study of this type. As has been previously
stated, the amount of ventilation necessary will vary under different
conditions, and should be determined by a competent ventilation
engineer for each working place in each mine.

Effective temperatures ® both above and below the comfort range
of men performing hard work were observed (31).

Low effective temperatures can be compensated for by the use of
additional clothing. High effective temperatures can be decreased
by reducing the relative humidity of the air or increasing its velocity.
Usually the last procedure is the most practicable.

Usually where it was impossible to reduce the effective tempera-
tures to comfort limits, it was noted that men were allowed frequent
rest periods in cooler or better ventilated locations, and that salt
tablets were used to prevent excessive reduction in the water-salt bal-
ance of the body with the resulting heat cramps.

Where wide differences exist between inside and outside tempera-
tures, and men are moved quickly through shafts or adits, the rapid

S Effective temperature may be defined as that temperature of saturated air which,
moving at a velocity of 15 to 25 feet per minute would produce the same sensation of
warmth or cold as that produced by the combination of temperature, humidity, and air
motion under observation.
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temperature change may have a severe effect on the worker. When
the shaft or haulageway is also used as a ventilation way, and the
direction of travel is opposed to the normal direction of air motion,
the worker may be severely chilled in transit, even though protected
by heavy clothing. This practice offers another reason for the use
- of enclosed man cars, which from the safety viewpoint are always
preferable.

At all mines studied, modern change houses with showers and
clothing drying racks or “dryers” were provided.

ILLUMINATION

Adequate industrial illumination is advisable not only as a means
of lessening eyestrain and saving sight, but also because it increases
working efficiency and decreases the accident rates from such causes
as falls, moving machinery, etc. The lighting of mines presents
~ special problems. Permanent installations of incandescent lights

at all shaft stations and in all hoisting Tooms are required by Utah
State law. The lighting at the working surfaces is by either carbide
or electric lamps worn on the cap. The average intensity of illu-
mination at shaft stations was approximately 10-foot candles, with a
variation from 5- to 30-foot candles. The light from carbide lamps
gave an illumination varying from less than 1 to a maximum of
about 2.5-foot candles at a distance of 3 feet, while electric cap lamps
gave an illumination of from 7- to 14-foot candles at the same dis-
tance. These variations were caused by differences in reflecting
power of different ores, and by the condition of the lamps.

There are no standards for the illumination of working faces in
mines, although every possible means should be used to keep above
the minimum level of 3-foot candles recommended in the Code of
Lighting of Factories, Mills, and Workplaces (32) drawn up by
the Illuminating Engineering Society and approved by the American
Standards Association.

In most instances better illumination and less eyestrain results
from the use of electric cap lamps than from carbide lamps. It is also
obvious that the use of electric lamps decreases the fire hazard in
timbered mines. However, it has been necessary for the Utah State
Mine Inspector to restrict their use to mines having a fan system of
general ventilation, since atmospheres deficient in oxygen may occur
in most Utah mines, If carbon monoxide is not present, a man may
retain consciousness for several minutes in an atmosphere containing
insufficient oxygen to support an acetylene flame. The failure of a
flame cap lamp may serve as sufficient warning to enable ‘the miner
to return to a safe place, while a miner using an electric lamp might
continue into bad air until he lost consciousness. However, this is
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not a condemnation of the electric cap lamp, but it is an indication
that mechanical ventilation should be required in these mines. At
best, the acetylene cap lamp is a poor index of oxygen deficiency
since it requires only slightly more oxygen to remain ignited than a
man needs to retain consciousness. Moreover, the acetylene cap lamp
will not show the presence of carbon monoxide gas. In naturally
ventilated mines, where oxygen deficiencies are known to exist, the
combined use of electric cap lamps and mine safety lamps, as used
in coal mines, should be considered.

ATMOSPHERIC DUST

As previously indicated, the principal factors to be considered in
evaluating the hazard of dust inhalation are the nature and con-
centration of the dust in question, and the duration of exposure.
The duration of exposure was determined from a comprehensive
occupational history of each worker. It is now fairly well estab-
lished that nearly all atmospheric industrial dust is of a size capable
of gaining ready access to the lung tissue. However, a limited
number of dust particles, collected from the air of metal mines, were
measured to show that these dusts were present in the expected size
ranges. The following section of the report on working environment
presents the results of a study of the nature, size, and concentration
of the dust associated with the various occupations involved in the
mining of lead-zinc-copper-silver ores.

SILICEOUS CONTENT OF DUST

Sixteen samples of dust settled out at the breathing level in dif-
ferent working places, or collected in atmospheric dust collectors,
were obtained for the purpose of determining the silica content of
the dust to which metal mine workers are exposed. These samples
were supplemented by eight samples collected in concentrating plants
and sampling mills of smelters processing Utah ores. Table 4 pre-
sents a summary of the sources of the samples obtained and of the
results of the analyses.

TABLE 4.—Silica content of dusts in 3 metal mines

Percent total silica Percent free silica
Number
Location of ) Maxi Mini Maxi Mini
samples axi- ini- axi- ni-
mum mum |AVe™2e | mum | mum | Average

Or'e milling processes!___.__... 12 62.1 9.5 31.8 43.0 1.0 18.7
Mine airways.......__....__... 4 58.7 2.9 43.6 37.0 8.6 22.6
Mine development._._...._.... 4 99.0 4.1 57.9 99.0 2.0 41.3
Stoping (ore breaking) ......... 4 75.7 32.3 54.4 45.0 1.0 23.4

1 Eight ol these samples were collected in ore sampling mills, bucking rooms, and crushing mills operated
in on with tration mills or smelters.

430332—42——4
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Total silica values were determined by chemical analysis while the
percentage of free silica (quartz) in each sample was determined by
petrographic analysis. The methods of analysis are discussed in the
section on laboratory procedures.

It may be seen from table 4 that the free silica content of the dusts
to which the workers are exposed may vary from less than 1 percent
to 99 percent. This is to be expected when we remember that the ore
deposits may lie in quartzite, in siliceous limestone, or in carbonate
limestone, and may vary from narrow veins of ore to large bedded
deposits. In general, the more massive the ore deposit, the lower the
free silica content of the dust will be. Since the same crew of miners
may drive a development drift in quartzite, a development raise
through ore and limestone, and then work out a stope in the ore deposit
between the quartzite and limestone, it is impossible to attribute a defi-
nite average free silica content to the dust to which any individual
worker is exposed during his working life.

It must also be remembered that the average silica content of the
atmospheric dusts will vary in different mines.

The settled dust samples collected in ore milling processes showed
a lower average free silica content (18.7 percent) than those collected
in stopes (23.4 percent), while the samples collected in drift and cross-
cut headings showed the highest average content (41.3 percent).
Drifts and crosscuts are frequently driven through the native rock
while stopes always contain a high portion of ore. The ore and waste
rock are separated in the stope, whenever this is possible, and the rock
is left underground for filling. Since the rock usually contains a
higher percentage of quartz than does the ore, the quartz content of
the dust generated tends to decrease as the ore concentration progresses.

On the basis of these data, which are substantiated by previously
published analyses of ore and rock from these areas, it appears that the
average underground worker is exposed to atmospheric dusts contain-
ing between 20 and 40 percent free silica, but it is also obvious that any
specific worker may have been exposed to atmospheric dust containing
either a higher or lower percentage of free silica.

SIZE OF DUST

Particle-size determinations were made on four impinger samples
representing the dust actually suspended in the atmosphere at the
breathing level of the workers. The method of making these measure-
ments has been described previously (5). The results of the measure-
ments are summarized in table 5.

From table 5 and figure 7, in which the percentage of particles is
shown by size groups, it may be seen that half the dust suspended
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in the different working places in the mines was less than 1 micron ¢
in average diameter and 96 percent were less than 4 microns.’

TABLE 5.—Summary of the size-frequency distribution of dust suspended in the
air of 3 metal mines

'{":E g Percentage frequency of each particle-size group (in microns)
& e~
. e
Descriptlon of sample | £ 2| 22| 0 |0.50|1.00|1.50 | 2.00 2.50 | 3.00 | 3.50 | 4.00 | 4.50 | 5.00
£g|S5  to| to | to|tofto|to|to|tofto]to]|or|z
=5 | &5 /049099 |1.49|1.99|2.49 | 2.99 | 3.49 | 3.99 | 4.49 | 4.99 [more| <
z |2 &
Development work: head-
ing drift throughrock____| 200, 0.97/ 8.5 44.5| 25.0, 8.5 3.5 2.5 1.5/ 1.0{ 0 1.0; 4.0/100.0
Skip dumping pocket at
shaftcollar - .___________ 200, 1.10{ 12.0| 31.5} 29.5| 10.0| 7.5/ 4.5/ 3.5/ .5 0 0 1.0,100.0
Mucking instope.._...._.| 200 .96 10.5] 43.0{ 22.5| 6.0{ 4.0 1.5/ 2.0{ 3.0| 3.0/ 1.0{ 3.5/100.0
Haulageway__..._...._.... 200 .80 19.5] 51.5( 16.5| 4.0/ 4.0/ 2.0| ©0 1.of .5 0 1.0{100.0
Total ... 800/ ... |-.o-a (RN PR RO RO PR DRSO RO R ORI PR SR
Average.._.._.._._..|..... 94| 12.6 42.7| 23.4| 7.3| 4.7| 2.4| 1.7/ 1.4 .9 .5 2.4/100.0

The median ® particle size was 0.94 micron. It is apparent, there-
fore, that the dust particles are of a size capable of gaining access to
the lungs.

OCCUPATIONAL DUST CONCENTRATIONS

A summary of the results of the determinations of the dust ex-
posure in each occupation is given in table 6. It is evident from the
data in this table that the underground occupations of chute tenders,
miners, muckers, timbermen, slushermen, and the surface occupations
of buckers and railroad carloaders are the most important from the
viewpoint of dust exposure. Moreover, those underground main-
tenance and service occupations which require work in active stopes
may also result in comparatively high exposures.

There are a number of reasons why so many dust samples were
taken in studying the exposure of miners and muckers: First, this
group comprised 45 percent of all workers in metal mines; second,
they were exposed, with two minor exceptions, to the highest dust
concentrations; and, third, there were especially wide variations in
the amount and composition of the dust found in these occupa-
tions, because of different mining methods and the different ores
encountered.

6 One micron=0.001 millimeters=-0.00004 inches.

7 The impinger sampling method, the light-field counting technique, and the method used
for determining particle size, give accurate results for the atmospheric dust particles
having an average diameter greater than 0.5 micron. Below this limit the sampling effi-
ciency of the impinger decreases rapidly with decreasing particle size, and the microscopic
system used renders visible only a small portion of the smaller particles actually collected.

8 The median is the middle term in an array, and may be strictly defined as a point on
the abscissal scale of a frequency distribution with 50 percent of the items on either side.
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TABLE 6.—Summary of occupational dust exposure in 3 metal mines

Number of
millions of
. Number of | Number of | dust parti-
Section and occupation men em- samples cles per cubic
ployed taken foot of air
(weighted
average)
Total, all occupations. .. ... .. ... 830 (O N P
Office and general supervision:
Superintendent, assistant superintendent, general fore-
man, manager, engineer, and geologist ... _____.___. 19 220 4.0
Office Worker. .. . il 12 19 2.5
Face operations, underground:
Foreman, mine boss, shift boss, level boss......_...___..__ 21 17 10.5
Miner, driller, machineman. ... .. ... ... __.___._ 173 } 139 2.1
Moucker, hand miner, hand trammer_...._._.._________.__ 203
Sampler. . e 2 1 10.5
Transportation, underground:
Mule skinner, horse tender, trammer 12 3 7.7
Motorman, motorman’s heiper. 34 11 10.5
Hoistman, winze-hoistman... R 18 2 7.5
Hoistman, slusherman..... - 19 7 18.2
Station tender, carman..__ - 6 36 3.8
Cager,cagerider. .__ ...l 6 4 3.8
Nipper, tool nipper, material man and powderman. . R 14 417 15.2
Bin tender, carloader, chute gate tender_._.._________._.__ 4 31.5
Maintenance and construction underground:
Timberman, tunnel maintenance man and shaftman.__... 106 25 18.9
Sanitation man.____________ ... 5 7 7.7
Compressor man._ R N 2 1 7.5
Allothers. . . e 18 417 15.2
Transportation, surf:
oistman..___.. 7 1 3.8
Top carman, topman 15 4 9.4
Tram motorman, tramway operator. . - 13 3 6.0
Binman, ore handler, oredumper_______.__________________ 4 8 17.1
Truck driver, truck driver’s helper, railroad car loader.... 29 2.5
Maintenance and construction, surface:
Compressor IAN .- - oo oo 6 1 3.8
Palnter il 3 19 2.5
Carpenter, timber framer, saw mill operator....__._._____ 14 1 5.5
Fireman, stationery engineer_....._.__ . _._____.________ .. 3 19 2.5
All others .. 65 8 9.8
Milling operations:
Concentrating mill foreman ) 4.5
Dry crusher operator. ... ® 14.3
Flotation mill operator... Q) 4.5
Concentrating mill repairman. _ O] 14.3
Assaying:
Chemist, 8888Yer ..o oo cecccaeeaae . 7 5 5.8
BUCKeT e 4 4 57.9
Miscellaneous:
‘Watchman, guard, janitor and warehouseman._._.._._.___ 8 29 2.5

1 8amples were frequently relpresentative of more than 1 activity, hence no total is given in this column,
t Includes 5 konimeter samples.
3 Includes 2 konimeter samples,
4 Includes 5 konimeter samples.
8 All samples are from concentrating plants operated in conjunction with smelters.
¢ Includes 3 impinger samples from smelter assay office.

The occurrence of dust is expressed in terms of number of particles
per cubic foot of air, which is the customary way of evaluating the
hazard from a pneumoconiosis-producing dust. The metal content
of these dusts is considered in later sections. However, it appears that
if the dust concentrations in all working places are kept below the
suggested minimum concentration which will produce silicosis, the
hazard from dusts of toxic metals will also be eliminated ; atmospheric
gas contamination will be reduced, and the general quality of the mine

air will be improved.
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The sources of dust in metal mines are: (¢) Sources of generation,
such as drilling, blasting, ore breaking, mucking, dumping, or trans-
ferring, which are definable as to time and place of occurrence, and
(b) the return of settled dust to the air by timbering, tramming,
maintenance, and stray air currents. The sources contributing to the
various occupational exposures were as follows:

Office and general supervision—The exposures of workers in gen-
eral supervisory and engineering capacities were received during the
performance of their duties underground. An average exposure of
4.0 million particles per cubic foot was estimated for these occupa-
tions. Workers whose duties were mainly confined to office work
had an average exposure of 2.5 million particles per cubic foot at the
time of this study. This exposure is abnormally high—the average
exposure of office workers usually being less than 1 million particles
per cubic foot—but can be accounted for by the fact that this study
was made during the dry summer season and the office air was con-
taminated by road and yard dust as well as dust from ore bins.

Face operations, underground.—Miners and muckers comprised the
Jargest portion of this group, and were found to have an average ex-
posure of 23.1 million particles per cubic foot. Most of the exposures
of underground bosses and samplers were received during the time
they were in active stopes and headings, but since a large portion of
their time was spent in travel between different workings, their aver-
age exposure was only 10.5 million particles per cubic foot.

Wide variations were found between the amounts of dust created
by different miners and muckers in performing their duties. These
variations were due to several factors, including (a) differences in the
ore and rock being worked, (%) differences in drilling and mucking
practice, (¢) the number of simultaneous operations being performed
in a stope or heading, (d) the amount of fresh air being supplied to
the working place, and (¢) the quality of this air. These factors will
be discussed in the section on control of the dust hazards.

Transportation, underground.—Bin or chute gate tenders had the
highest average exposure in this section, 37.5 million particles per
cubic foot, but this was a numerically unimportant occupational group.
Any point where ore is dumped or transferred is a dust source which
should be controlled.

The exposures of motormen and helpers were highest during load-
ing under chutes or scraper loading stations. Another source con-
tributing to their exposure was the frequent occurrence of drifts used
both for tramming and returning vitiated air to upcast shafts. The
exposure of mule skinners and horse trammers was slightly lower
than that for motormen (7.7 and 10.5 million particles per cubic foot,
respectively). Nippers and powdermen had an average exposure of
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15.2 million particles per cubic foot, partly received in the stopes and
partly while riding in empty mine cars.

Slushermen, or scraper loader operators, might be classed as face
operators. Their high average exposure (18.2 million particles per
cubic foot) was due to their locations above ore dumps or bins at the
foot of inclined stopes where dry ore was handled.

The exposure in the other occupations in this group were not sig-
nificantly high.

Maintenance and construction, underground.—Timbermen were
found to have an average exposure of approximately 19 million par-
ticles per cubic foot. Timbermen are exposed to the dust generated
during drilling and mucking, and also to previously settled dust
thrown into the air while erecting and wedging timber.

Most of the other occupations in this section were grouped together
and given an average exposure based on the mean of all samples repre-
senting these maintenance operations.

Transportation, surface—~The only occupations in this section hav-
ing significantly high exposures were topmen and binmen. The work-
ers in both these occupations were engaged in handling ore, either
dumping it from orc cars to bins or operating chutes from bins to
railroad cars, or both.

Maintenance and construction, surface—While several of the occu-
pations in this group had an average exposure of nearly 10 million
particles per cubic foot, these were primarily shop exposures to dusts
having a very low free silica content. The application of the average
exposure for this group to individual cases must be made with extreme
caution.

Milling operations—The average exposures assigned to occupations
in this group are based on the study of concentration mills operated in
conjunction with smelters, since no concentration mills were being
operated at the mines studied.

Assaying.—Workers in these occupations are subject to the exposures
typical of a chemical laboratory, and also to considerable dust where
ore samples are pulverized in dry grinders. Dust respirators were
used in the bucking rooms studied, and both rooms were equipped
with local exhaust systems. However, due to the high dust concen-
trations associated with these operations, it was obvious that the con-
trol systems were not efficient, so design data on these systems have
not been included in this report. :

METHODS OF MINIMIZING THE SILICA DUST HAZARD

The analysis of dust counts according to occupation suggests the
lines along which attempts to minimize the dust hazard could be
most effectively directed. These suggestions will be presented in the
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same order as was followed in the discussion of dust counts accord-
ing to occupation, but will be given only for those occupations having
significant dust exposures, or which are primary causes of air
dustiness. '

Face operations—Previous studies by the United States Public
Health Service (33) and the United States Bureau of Mines (34)
have shown that drilling, mucking, and blasting are the most impor-
tant primary sources of ‘atmospheric dust contamination in mines.
Utah metal mines are required to use hollow drill steel and wet
methods in all drilling operations, and this practice has been in com-
mon use for at least 15 years. That this method of dust control
has borne results is attested by the estimated average dust exposure
of 23 million articles per cubic foot for miners and muckers. In
a recent study of the health of pegmatite workers (35) it was shown
that dry drilling caused an average dust concentration of 76 to 760
million particles per cubic foot, while wet drilling caused an average
concentration of only 15.5 million particles per cubic foot. Blasting
in Utah metal mines was not a primary source of dust exposure
when all blasting was done at the end of the shift, and from 2 to 16
hours elapsed before the next shift entered the workings. However,
where stopes or headings were poorly ventilated, the fine dust gen-
erated or dispersed by blasting settled close to the face and was redis-

“persed by mucking or timbering operations, unless it was thoroughly

wetted down. One mine made a policy of washing down the walls
and roof upon entering a heading, and thoroughly soaking the muck
pile with water before starting mucking and whenever, thereafter,
that the muck appeared dry. Another mine had been sprinkling
their muck piles for about 6 months. While wet drilling and
sprinkling will not eliminate the dust problem, they will definitely
decrease it, and the proper use of wet methods supplemented by ade-
quate ventilation should reduce dust concentrations to safe limits.
However, even with proper control measures, occasions will occur
when high dust concentrations will be unavoidable for short periods.
In these cases, a filter respirator of a type approved by the United
States Bureau of Mines for use against silica and lead dust should
be furnished the worker, and used by him. Respirators were fur-
nished for this purpose by some operators, but it is doubtful if these
respirators were of much value since the worker seldom had one with
him when it was needed.

Recommendations for improving the ventilation in stopes and
headings, if followed, should reduce the dustiness by dilution or by
flushing the workings with air. Improved ventilation should be
supplemented by better control of the dust at its source. The
Bureau of Mines has shown that increasing the water flow through
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the drill steel of drills in common use in the United States to at least
1 gallon per minute, will reduce dust concentrations during drilling
(36). They explain this as follows:

In most pneumatic rock drills air passes through the drill steel with the
water. Ordinarily some of the high-pressure air supplied to the drill for its
operation escapes into the back end of the drill steel, even when the operating
throttle is not in the blowing position, and travels up to the face of the hole
being drilled. The amount of air escaping is affected by the water flow through
the drill steel; as the water flow through the drill steel increases the air flow
decreases. Mining officials in South Africa concluded that such air leakage,
although probably facilitating removal by the water of the cuttings from the
hole, was responsible for entrapping fine dust and blowing it into the air during
drilling (37). Consequently they have devoted much attention to designing
drills that permit the minimum practical air leakage through the drill steel
and have established regulations on the use of such drills. Canada is also
doing much work along this line, and recent reports state that such drills
are practical and produce about one-fourth the dust concentration of corre-
sponding drills without the “dustless-head” features (38).

While it makes very little difference to the practical operators
whether reduction in dust concentration is caused by increased water
flow or by decreased air leakage, they will be interested in knowing
that they can reduce dust cencentrations, resulting from drilling, by
increasing the water flow through the drill steel, either by increasing
water pressure or by the use of water tubes of larger inside diameter.

Where water is scarce, and insufficient water is available for ade-
quate dust control, the use of dust traps and local exhaust hoods
should be permitted (39).

T'ransportation underground.—The high exposures of slusher oper-
ators and chute tenders were due to the handling of dry ore. These
exposures can be controlled by thorough sprinkling of the ore, by
location of chute tender’s or slusher operator’s stations on the fresh
air side of the ore transfers, by the use of personal respiratory pro-
tective devices, or by a combination of these three methods. The
exposures of motormen and mule skinners at transfer points can
also be reduced by such measures. Their exposures should be further
reduced by sprinkling both loaded and empty ore cars before transit,
and by eliminating the dual use of drifts for haulage and return air-
ways, as is done in coal mines.

Maintenance and construction, underground.—It is probable that
proper ventilation, and a more general application of wet control
methods to processes other than drilling, will decrease the dust expo-
sures in these occupations, but respirators should be used on dusty
jobs until such exposures are reduced.

Surface operations—Bucking rooms should be provided with both
local exhaust ventilation and general ventilation. Chemical analyses
producing toxic dusts and gases should be performed under hoods.
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Top trammers, bin tenders, and railroad carloaders should be pro-
vided with respirators unless their dust exposure can be decreased by
use of water sprays or by mechanization of dumping and loading
processes.

Ore concentrating plants.—The methods of controlling dust in ore
concentrating plants are similar to those used in any occupation
requiring the grinding, crushing, and screening of ore. Wet methods
and local exhaust ventilation are the main means of securing such
control, while personal respiratory protective devices should be used
in the absence of the other control methods. A detailed discussion
on the control of dust hazards in ore concentrating plants in the
State of Utah will be found in a proposed publication dealing with the
health of workers in the smelting industry.

A comparison of the dust control practices—Table 7 summarizes
the results obtained under poorly and well controlled working con-
ditions in Utah metal mines. These are actual results of samples
taken at various locations during the evaluation of occupational
exposures. They are not comparable with the weighted average
dust exposures shown in table 6, but are examples of maximum and
minimum conditions in the occupations described. The control con-
ditions were found in certain places in the mines studied and were
by no means universal. ' '

It is apparent that the dust hazard may be greatly lessened and
in some instances adequately controlled by the extension of the
control methods already employed in these mines.

TABLE 7.—The effect of good and poor practice on the dust concentrations to
which metal mine workers are exposed

Dust concentration (mil-
lion particles per cubic
foot of air)

Operation Remarks

Good prac- Poor prac-
tice tice

Hand mucking: .
Wet stope.......... 2 10 | Lower concentration due to thorough wetting of
muck pile and good ventilation.
Dry stope..co.c..... 5 105 | Lower concentration due to thorough wetting of
muck pile and adequate supply of fresh, clean air.
Mechanical mucking. ... 3 142 | High concentration due to dry mucking and supply
6 of air from active stope.

Drilling. ... ... 43 | Amount of water, state of repair of drill, and ven-
tilation affect dust concentration.

Bucking . ... [eeieeal 33-80 | Local exhaust ventilation system as operated was
insufficient. Respirator necessary. .

General air supply...... .7 6-10 | Effect of spray collectors and settling chambers in

decreasing dust concentration.

EVALUATION OF THE LEAD HAZARD

Attention has been called by previous investigators to the occur-
rence of cases of occupational lead poisoning in the metal mines of
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Utah (40). Since all of the mines studied were producers of lead
ore, and most of the ore extracted contained some lead compounds,
the need for a study of atmospheric lead concentrations was apparent.
However, since both the time and funds available for the study were
limited, and since an extensive engineering investigation was not jus-
tified by evidence of existing cases of lead poisoning, the study of
lead exposures was limited to analyses of drinking water samples
collected from the mine water supplies, and the collection and anal-
ysis of 30 impinger samples and 4 precipitator samples of atmo-
spheric dust at representative locations in the different metal mines.
All but one of these samples were collected underground. One sam-
ple was collected at an obviously hazardous location in a machine
shop. Other potentially hazardous surface occupations were con-
sidered comparable to similar occupations in concentrating mills,
bucking rooms and ore docks operated in conjunction with Utah
smelters, and the data from the study of environmental conditions
in smelters were applied to them.

The atmospheric lead concentrations, shown by analysis of these
samples, are presented in table 8.

TABLE 8.—Atmospheric lead concentrations to which workers are exposed in 3
metal mines

Lead exposure, in milligrams of
Number lead per 10 cubic meters of air
Operation of
samples
Maximum | Minimum | Average

Face operations and skip loading_....__________________ 24 13.5 <0.1 3.7
Other underground operations. .. ._.__.._..___.___._..__ 18 .10 <.1 .2
8pecial surface operations 2. ... . .. __.______... ) U DR S . 6.5

1 Includes 4 samples collected in main haulageways and air returns with electrostatic precipitator.

2 Sample collected beside lathe operator using white lead cutting compound while machining threads.

The threshold value of atmospheric lead (lowest concentration
causing lead poisoning), is approximately 1.5 milligrams of lead per
10 cubic meters of air (41). This threshold value is based primarily
on studies of workers exposed to lead-oxide dusts. The toxicity of
lead-sulfide dust is probably slightly lower than that of the more
soluble oxides and carbonates (42).

Table 8 shows that the exposures of face workers and workers at
skip loading averaged 3.7 milligrams of lead per 10 cubic meters of
air, while the exposures of other underground workers were below
the threshold value. No appreciable lead exposure was attributed
to surface occupations similar to occupations in which it has been
shown that the average lead exposure is less than 0.3 milligrams of
lead per 10 cubic meters of air (43). Determinations of the nature
of the lead compounds present in the atmospheric dusts were not made,
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but analyses of these concentration data on the basis of the principal
type of lead ore being mined, presented in table 9, show that the
average lead concentration was higher in carbonate and oxide stopes
than in sulfide stopes.

TABLE 9.—Variations in atmospheric lead concentration with respect to type
of ore being mined and type of operation

Lead conl%entrg:tions in m}llimms
per 10 cubic meters of air
Type of ore and operation Nsl;r;gﬁzs"f
Maximum | Minimum | Average
Sulfide ore:
Face operations...__._.._..______C s 18 9.3 <0.1 2.7
Skiploading_. .. ... .. ... 3 5.2 4.5 4.8
Oxide or carbonate ore: Face operations.___.__.________ 6 13.5 <.1 6.1
General haulageways and shaft stations: Air entries__._ 2 <.1 <.1 <.1
Air returns to surface - 6 1.0 <.1 .3
Bucking rooms !, __._ 76.4 3.0 34.4
Ore crushing ! 7.4 3.7 55

1 Results are based on samples collected in bucking rooms and crushing mills operated in conjunction
with concentration mills or smelters,

Wide variations in the percentage of lead in the ore are experi-
enced, even within short distances in the same vein. In general, the
grade of ore is lower than that mined in past years, and the ratio
of oxide to sulfide ore being mined is steadily decreasing; both are
factors which tend to diminish the potential lead hazard, but not to
eliminate it.

Occupational lead poisoning will always be a potential hazard in
lead mining, but in the Utah mines studied, this hazard should be
slight if the siliceous dust problem is controlled. Wet drilling,
adequate general and local ventilation, and strict personal hygiene,
will keep the lead problem under control.

The water supplies of the mines studied all showed lead concen-
trations lower than the Public Health Service maximum tolerance
of 0.1 part per million (44). There is some possibility of the ingestion
of lead dust which has settled on lunches, common drinking cups, and
water bags; but the use of metal lunch buckets and individual water
bags with protective caps has minimized this hazard in some mines.

OTHER POTENTIALLY HAZARDOUS EXPOSURES

OTHER TOXIC METALS.

Spectrographic analyses of settled dust samples showed the pres-
ence of copper, silver, manganese, mercury, arsenic, antimony, and
selenium in some, or all, samples, but analyses of atmospheric dust
samples did not show that any of these metals were present in toxic
quantities. In the absence of definite clinical signs of present or
past intoxication from these metals, it seems probable that no
poisoning will occur if the atmospheric contamination is kept at the
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low level which will result from adequate control of the silica and
lead dust hazards. This statement applies only to the type of metal
mines studied and would probably be untrue for mines producing
commercial manganese or mercury ore where other factors would
have to be considered.

NOXIOUS GASES.

Several detailed studies have been made of the noxious gases oc-
curring in Utah metal mines. These studies have shown that the
presence of toxic concentrations of these gases are indications of
abnormal conditions, and that injury resulting from exposure to
these concentrations is usually acute and accidental. However, the
possibility of chronic effects from continued exposures to low con-
centrations of these gases must be considered.

Harrington and Denny (45) report that methane has been found
in a number of metal mines and explosions have been caused by this
gas. Some metal mine atmospheres contain appreciable amounts of
highly explosive hydrogen. Carbon dioxide flows into the mines in
some regions, while in other regions high temperature gases con-
taining a mixture of gases of sulfur (SO,, H,S, SOs), carbon dioxide
and nitrogen have been found at the working faces. The hydrogen
sulfide concentration may be in lethal proportions at blasting time
in some high sulfide metal mines. Carbon monoxide constitutes a
decidedly dangerous hazard in connection with metal mine blasting,
because of heavy charges of dynamite employed, and the use of a
fuse which, in burning, gives off this gas. All of the above gases, as
well as volatile compounds of some toxic metals, may be produced
in mine fires, by the slow oxidation of the ores, or by other chemical
reactions.

The results of gas analyses are shown in table 10. These samples
were supplemented by tests for carbon monoxide made with the
carbon monoxide indicator (11), and for hydrogen sulfide with the
lead acetate tube indicator (46). Significant concentrations of these
gases were not found in the workings investigated, although the odor
of hydrogen sulfide was noticed on several occasions, and the presence
of dangerous concentrations in some worked out sections and drainage
tunnels was known.

The normal or average percentage composition of the air is shown
in the International Critical Tables to be 0.03 percent CO., 20.75 per-
cent O,, 77.08 percent N,, 0.01 percent H,, 0.93 percent Argon, and
1.2 percent water vapor, the last factor being extremely variable and
causing proportional changes in the other constituents. The corre-
sponding partial pressures, and percentages of dry volume at sea
level, are shown in table 10. It will be noted that the percentage
composition of the gas samples collected did not vary appreciably
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from these normal values, but that, since all mine workings were
between 5,000 and 9,000 feet above sea level, the partial pressures
were considerably less. In the absence of appreciable amounts of
toxic gases, the most serious hazard is oxygen deficiency, especially
in the presence of excess carbon dioxide. It is known that acclimi-
tization to the lowered partial pressure of oxygen encountered at
high altitude is accompanied by a decrease in alveolar carbon dioxide
tension, but even in persons who have become so adapted, a sudden
decrease in atmospheric oxygen pressure, an increase in carbon diox-

TABLE 10.—Summary of analyses of mine air samples for gaseous composition
in 3 metal mines

Results of gas analyses !

Baro-

Num- | metric Partial pressures of component Peroentl total dry
Location berof | pres- volume
salm- i«sure
: bles ME. | Carbon Nitro- | Water | Carbon Nitro-
Hg) | gioxide (:g"%en gen | vapor | dioxide O(xy%?n gen
(mm. H )‘ (mm. | (mm. | (per- oepl?t) (per-
Hg) & | Hg)? | Hg) | cent) cent)?
Normal air at sea level 3.___|.__._____ 760 0.2 156.7| 594.0 9.1 0.03 | 20.93 79. 04
A. Results tabulated on an
operational basis irrespec-
tive of mining area
Development work:
Average . _____._....... 7 617 1.7 122.7 | 477.5 15.1 .28 | 20.36 79.36
Maximum_ ... ... 648 57| 128.8| 500.0 28.0 .92 20.83 80.12
Mipimum. .| ... 555 .3 114.7 433.8 4.9 .05 18.96 79. 02
Stoping:
Average. _.._.._......... 8 611 3.3 119.3 | 475.5 12.9 .57 19.94 79. 49
Maximum.__._..___......| ... 652 12.3 | 133.5 | 510.8 29.3 2.12| 20.75 80. 01
Minimum. ... ... .| ... 576 .4 103.2 | 452.7 7.4 .06 19.38 79.15
Haulageways:
Average . _ ... .......... 5 632 1.2 | 127.1| 488.6 15.2 .20 | 20.62 79.18
Maximum.._____._____|.._._._. 649 3.4| 132.0 | 504.0 21.8 .59 | 20.80 79.31
Minimum. ... ... _..._... 578 .5 116.1 | 458.4 7.4 .11 20.10 79.12

Abandoned dead-end raise
near junction with drift___ 1| 633 4.2 | 105.9 | 506.0 16.5 .68 | 17.17 82.15

B. Results tabulated on hasis
of mining area irrespective
of operation

Mine 1:

Average. ... ._......__.. 8 585 3.3 | 1159 | 459.3 6.9 .58 | 20.05 79.37
Maximum______________|. ______. 652 12.3 113.5 | 510.8 7.4 2.12 | 20.83 80. 01
Minimum._ .. _.________|._._...__ 555 .4 103.2 | 433.8 4.9 .06 | 17.87 79.02
Mine 2:
Average. ... _.....__...._ 4 627 4.1 116.0 | 492.3 15.0 .67 18.92 80. 41
"Maximum_ .| 633 5.7 | 120.8| 506.0 | 16.5 92| 19.85| 8215
Minimum. ... |[._...... 621 3.1 105.9 | 483.3 12.4 .51 17.17 79.58
Mine 3:
Average _.___._.___.__.._ 9 645 .6 129.2 | 494.8 20.7 .10 | 20.76 79.21
Maximum._____. .. ... 649 .9 | 132.0 | 504.0 29.3 .15 20.84] 79.38
Minimum___.__________|. ___.___ 637 .3 127.2 489.9 11.9 .05 20. 57 79.11

! Methane, carbon monoxide, and hydrogen reported absent in all samples.
? Nitrogen content obtained by diflerence, value includes other inert gases.
3 International Critical Tables.
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ide pressure, or the presence of small amounts of carbon monoxide
will cause a severe, or even fatal anoxemia.

Haldane (47) has shown that a man may advance for some dis-
tances into an atmosphere deficient in oxygen before he begins to be
seriously affected; for the temporary increase in the breathing may
at first prevent an appreciable fall in the alveolar oxygen pressure.
When the breathing begins to quiet down again the effects of the
atmosphere will develop fully and it may then be too late to turn.

Rosenau (48) states that the limit at which life may be sustained
is about 26,000 feet (barometric pressure of the air is 251 millimeters
and partial pressure of oxygen 52 millimeters, equivalent to 6.8
percent of the oxygen at sea level), but that dyspnea is common
above 12,000 feet, and as the altitude increases, headache, muscular
weakness, apathy, and psychic disorders occur. Twelve thousand
feet altitude is equivalent to a normal barometric pressure of approx-
imately 485 millimeters, and a partial oxygen pressure of 102 milli-
meters. It is the partial pressure which exerts physiological effects,
and it will be noted that the pressure of oxygen in several of these
samples had been reduced to nearly dangerous levels.

The United States Bureau of Mines (49) has reported the presence
of rock-strata gases in the East Tintic mining district and has stated
that fatalities from such rock gases have occurred in the Park City
district and elsewhere (45). The present study confirmed the pres-
ence of these gases and showed that they were present in all mines
studied, although seldom in serious amounts. Such gases were
presumably formed by the absorption of oxygen by sulfide ores, or
its conversion to carbon dioxide by oxidizing ore or decomposing
timber. In the Tintic district the absence of rock-strata gases in
large quantities, at the time of this study, was partly due to the use
of mechanical ventilation, and partly due to the fact that this study
was made in July, August, and September, when sudden barometric
changes are unusual.

McElroy states (49) :

A study of individual inflows in the mines affected shows that the time and
amount of gas inflow is determined by variations of barometric pressure
* * * gnd that the inflows are caused by rapid and extreme decreases in
pressure. Since such decreases are quite prevalent from November to April, and
quite rare from May to September, gas inflows are also quite frequent during the
winter months and happen rarely or not at all during the summer months.

Gases have been reported that contained more than 60 percent
carbon dioxide, whereas other gases were almost pure nitrogen and
so hot that they accumulated in raises. It is expected that air con-
taining a high percentage of carbon dioxide will flow to the lowest
level of a mine. It is the accepted theory that these heavy gases
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settle down through the porous and shattered quartzite and rest, pre-
sumably, on water at an unknown depth. A decrease in the baro-
metric pressure causes an increase in volume of this large body of
gas contained in the quartzite and as the body is confined on the
sides and bottom, the increase in volume tends to raise the level of
the gas.

Since field observations have shown heavy inflows only from shat-
tered and fissured zones, it is concluded that the rate of penetration
of gas into the porous quartzite is so much slower than the rate of
increase in volume that the excess is pushed up through shattered
zones and may rise to working levels where an inflow to mine open-
ings results. As barometric pressure rises the increase in pressure
causes a contraction of the gas body and the level of the gas in the
shattered zones recedes.

A minor example of this type of inflow was given by two samples
collected in a raise heading at 9:20 and 11:40 a. m., respectively.
During this period the barometer fell from 652 to 576 millimeters,
the carbon dioxide content of the air increased from 0.06 to 0.75
-percent, the nitrogen content from 79.2 to 79.9 percent, and the
oxygen content decreased from 20.8 percent to 19.4 percent. In an-
other case air in a worked out area, as sampled through a bulkhead,
showed 8 percent carbon dioxide and only 12 percent oxygen content.

The presence of blasting gases in metal mines must always be con-
sidered. The oxides of nitrogen and carbon monoxide are extremely
hazardous. The occurrence and control of these gases have been
investigated by Gardner (50). Control of this hazard embodies
proper choice of an explosive, correct blasting technic, adequate
ventilation, and use of water in spraying muck piles. Occurrence
of “powder headaches” is prima facie evidence of insufficient control
of blasting fumes. '



SANITARY SURVEY

A sanitary survey made in the metal mines studied, and in the ad-
jacent towns, showed the existence of conditions which may be detri-
mental to health.

The drinking water supply for the workmen in one of the mines, and
for the residents of the camp adjacent to this mine, originates in an
abandoned mine tunnel and in a diamond drill hole. This supply
appears to be protected satisfactorily against contamination at the
source, but slant-jet bubblers should be provided for mine workmen
at drinking water stations, instead of hose bibs or open pipes which
are now used. At another mine, all of the mine’s water supply and
some of the municipal supply comes from a bulkheaded mine drift.
The remainder of the municipal supply comes from two mine tunnels
and a spring. Consequently, while the mine’s supply will require
only protection against contamination at the inlet pipe, the municipal
water supply will not be satisfactory until sterilization equipment has
been installed. In this mine the workmen fill their individual canteens
or jugs from a tap or from the bulkhead overflow.

At the third mine, shaft seepage is used for drinking water. One
shaft is subject to contamination by dust-laden return air. Water is
made available to the workmen at chilled water taps, where they also
fill water bags with artificial ice and chilled water. These bags are
carried into the workings where they become dirty with continued
use. Each worker should have his own container and keep it clean.
The source of contamination of the water supply should be discovered
and eliminated. The water supply of the adjacent town should also be
studied since occasional contamination has been reported.

Waste disposal in some mines and mining towns is unsatisfactory.
The use of open flumes in mine tunnels for the deposition of human
wastes permits the exposure of workmen and the pollution of streams.
The use of chemical cans or boxes, with proper precautions for pre-
venting odors and keeping all wastes covered, is more satisfactory.
Full boxes are hoisted to the surface and dumped. Frequent emptying
of such boxes, and the proper disposal of their contents are essential.

Municipal sewage disposal in metal mine camps consisted of either
the use of septic tanks or the dumping of raw sewage into nearby
streams. Improved methods of municipal waste disposal should be
adopted.

Cases of dysentary and typhoid fever occurred recently in some of
these camps.

Housing facilities seem overcrowded.
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SKIN IRRITANTS AND SOURCES OF INFECTION

Many of the materials handled in metal mining may be irritating
to the skin. In most cases, the use of protective clothing and proper
personal hygiene will eliminate the trouble from this source. The
common policy of wearing work clothes continually until they are
“worn out” is unhygienic. The provision of laundry facilities at the
mines should be considered. Engineering data on skin irritants are
necessarily limited and the reader is, therefore, referred to the medical
section of this report, where it will be noted that the incidence of
dermatoses in metal mine workers is low (p. 96).

The high humidities and absence of sunlight in underground work-
ings make them theoretically ideal environments for the transmission
of air-borne bacteria. Unfortunately, data on the transmission of
bacteria in mines are not available, and fortunately, no crowding in
working places occurs. However, due to these factors, and to the
known susceptibility of silicotics to pulmonary infections, workers
should not enter mines when suffering from an acute respiratory
infection. '

Infections transmitted by contact are a constant nuisance in min-
ing camps. Athlete’s foot, trench mouth or Vincent’s angina, and
other infections may be eliminated by proper hygienic methods.
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HEALTH OF THE WORKERS

GENERAL PROCEDURE OF MEDICAL STUDY
OBJECTIVES

The purpose of the medical observations was (1) to ascertain the
incidence of silicosis, lead poisoning, and other occupational diseases
in metal mine workers in Utah; (2) to correlate the clinical findings
with the environmental findings as determined by industrial hygiene
engineers; (3) to appraise nonindustrial diseases or conditions of
public health importance ; and (4) to make recommendations for pro-
tecting and improving the health of these workers.

PROCEDURE OF MEDICAL EXAMINATIONS

Workers were examined from a metal mine of each of the three
principal metal mining districts in Utah. An effort was made to
examine every employed worker without selection. Those not in-
cluded were either laid off temporarily, on vacation, ill, or were un-
willing to be examined for various reasons. Their cooperation
generally was excellent. In many cases the workers gave up their
free time for the period of the examination.

Temporary medical examination facilities for observation of the
metal mine workers were established in the local Union headquarters,
in a local grade school, and in a mine company’s dispensary. The
operators supplied the necessary furniture, utilities, and heavy wiring
installation for the X-ray equipment. Local officials of the Interna-
tional Union of Mine, Mill, and Smelter Workers delegated a
committee to schedule examinations and urge the men to report for
examination. The management assisted materially in some locations
by permitting workers to be examined on company time.

About half of the metal mine workers presented themselves during
off hours of the day or night shift, and the other half were examined
during working hours. Three or more physicians and a dentist were
present at all times, together with the laboratory staff.

As they came in for their medical examination, the men were
assigned to the physician for physical examination, to the laboratory
technicians for blood sampling, urinalysis, and X-ray, and to the
dentist for dental examination, as expediency required. The com-
plete examination usually required about one hour for each worker.
As the worker entered the examining booth he was requested to strip
to the waist, thus giving the physician ample opportunity while re-
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58 METAL MINE WORKERS

cording the history to observe abnormalities or defects and to form
a tentative opinion of the general physical condition of the man who
was later to be examined more thoroughly. A detailed chronological
record was made of each man’s employment from the time he began
working to the present. This occupational history included, for each
specific occupation and industry, the number of years worked, the
number of days per week, exposure to occupational hazards, and the
type of dust control measures, if any, employed. Care was taken to
record the exact geographic location where each job had been per-
formed, since this might be of value in determining the nature of
past exposures. A typical history of occupations, past illnesses, and
present illnesses or complaints is shown in figure 8. Names were not
entered on these records in order to insure complete anonymity for all
medical findings. It will be observed that the past medical history
contains information concerning the exposure to and contraction of a
number of common diseases and any sequelae resulting therefrom.
Chronic complaints relating to the various systems such as respiratory
and digestive, were also recorded together with injuries and operations.
Symptoms and complaints present at the time of examination were
noted under a history of present illness.

Following this, a physical examination was performed according
to established practice. Beginning with the close inspection of the
head and continuing with the neck, thorax, abdomen, and extremities,
special attention was given to the examination of the respiratory and
cardiovascular systems. Blood pressure was determined by the aus-
cultory method with a mercury sphygmomanometer. Examination
of the abdomen, genitalia, and anal region was omitted unless indi-
cated by the history. A simple neurologic examination was done and
a rough estimation of the psyche was recorded.

The laboratory procedure included taking a single X-ray film of
the chest at 48 inches by a 30 milliampere mobile X-ray unit, and a
fluoroscopic examination of the chest by one of the physicians. Most
of the X-ray films were processed in the laboratories of the Division
of Industrial Hygiene, National Institute of Health, at Bethesda,
Maryland. The films were classified objectively by a group of physi-
cians, and then final diagnoses were made, taking into consideration
the X-ray and physical findings, case histories, and laboratory
findings.

Among those in whom tuberculous lesions were suspected from the
history and physical examination, sputum was collected and sent
to the State Health Department for examination. Blood was drawn
for examination for reticulocytes, hemoglobin (Newcomer), stippled
cells, and a serodiagnostic test. The Kahn test for syphilis was per-
formed routinely by the State Health Department and was checked
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60 METAL MINE WORKERS

by other standard procedures when positive or doubtful results were
obtained. Urine was collected and examined by the sulfosalicylic acid
method for albumin, and the Benedict qualitative test for sugar. If
albumin was present, specimens were centrifuged and examined micro-
scopically for casts, and for red and white blood cells. In addition,
250-cc. specimens were obtained for spectrographic analysis.

After determining the average dust concentrations for each occu-
pation in these industries, the engineers were able to assign a single
average weighted dust exposure value to each worker, based upon his
occupational history, (5) for the purpose of correlating the results
of the engineering study of the environment with the medical study
of the possibly harmful effects of the environment on the worker’s
health.

The physiological effects of the various dusts to which workers
were exposed were studied upon experimental animals by the intra-
peritoneal injection method of Miller and Sayers, as described on

page 98.



CHARACTERISTICS OF THE METAL MINING POPULATION
COMPARISON WITH CENSUS DATA.

In the medical study, 783 male metal mine workers were examined.
They represented about 90 percent of all the persons then employed
in three metal mines located in the State of Utah.

Data from the 1930 census by age are available, for operatives only,
in copper, gold, silver, lead and zinc mines. Persons with duties of a
clerical, technical or managerial nature are not included in the totals
for these mines, which consequently do not agree with figures given
elsewhere in this report.

As shown in table 11 the known age distribution of metal mine
operatives in the State of Utah compares rather closely with the age
distribution of all workers in this study. For example, under 35
years of age there are 53.4 percent in the present study and 52.4 per-
cent in the entire state; 35 to 44 years there are 24.1 and 24.8 percent,
respectively; and 45 years and over there are 22.5 and 22.8 percent.
At the extremes of the age distribution there is a slightly larger pro-
portion in the State of Utah group. When metal mine operatives
in the United States are compared with the present study there is a
smaller percentage under 35 years of age, about the same percentage
in the middle age group, and a greater percentage in the older age
group.

TABLE 11.—Number and percent of metal mine workers according to age for
the United States, the State of Utah, and this study

Number Percent
Age in years United This United This
ni nite

States ! Utah? study 3 States Utah study
Allknown ages. .- --cccaconen 65,197 3,379 783 100.0 100.0 100.0
Under 25. e 11, 5564 768 83 17.7 22.7 10.6
- 16, 770 1,005 335 25.7 20.7 42.8
15,951 837 189 24.5 24.8 4.1
11,920 513 122 18.3 15.2 15.6
9, 002 54 13.8 7.6 6.9

115th Census of the United States (1930), Population vol. V, n})p 118-—119
115th Census of the United States (1930), Population vol.
3 Includes 56 workers with mixed dust exposure.
Note.—U. 8. Census figures include copper mine operatives, gold and silver mine operatives, lead and
zinc mine operatives.

Information concerning the racial distribution of workers in the
mines studied is not available, but it is the opinion of the examining
physicians that the proportion of persons other than native or for-
eign-born white is low.
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62 METAL MINE WORKERS

WORKERS WITH EXPERIENCE IN OTHER DUSTY TRADES.

A group of 56 persons who were working in metal mines at the
time of the study had previously worked more than 2 years in some
other dusty trade. These are therefore excluded from all the follow-
ing tabulations because of the possibility that their physical condition
might be affected by their nonmetal mine experience. Work in
some other nondusty occupation, no matter for how many years,
was not a cause for exclusion. Among these 56 metal mine workers
23 had also worked in coal mines, 24 had worked in smelters, 4 had
worked in both industries, and 5 had worked at other dusty jobs such
as stone cutting, pottery manufacture, and quartz mining. These
persons were older than the average for industrial workers, only 28.6
percent being under 35 years of age. Because of their older age and
varied experience with respect to dust, it is not surprising that the
percent with silicosis is high. Among this whole group 25.0 percent
had silicosis, while for those 45 years of age and over the percentage
was 40.7. All but 1 of these 14 persons with silicosis were 43 years
of age or over. Only 2 had less than 9 years’ experience in metal
mines, and 6 had 20 or more years’ experience.

The 6 persons with mixed dust exposure who had second stage
silicosis had the following experience: A 43-year-old man with pos-
sibly active, moderately advanced tuberculosis had worked 2 years as
a metal miner and 3 years as a laborer in the construction of Boulder
Dam; a 43-year-old man had worked 24 years as a metal miner, 3
years as a coal miner, and 1 year as a quartz miner; a 47-year-old
man with active, moderately advanced reinfection tuberculosis had
worked 19 years as a metal miner and 5 years in a coal mine; a
47-year-old man had worked 29 years as a metal miner and 3 years
in a smelter; a 54-year-old man with quiescent, moderately advanced
reinfection tuberculosis had worked 28 years as a metal miner and
13 years as a coal miner, part of the time in France; and a 56-year-
old man with quiescent, moderately advanced reinfection tuberculosis
had worked 80 years as a metal miner, and 6 years as a coal miner
in England. In most of the above cases the metal mine experience
would appear to have been the predominating influence in bringing
about silicosis.

AGE DISTRIBUTION.

An age distribution of the remaining 727 metal mine workers by
5-year intervals is presented in table 12. The proportion of workers
under 35 years of age is nearly the same for this study as for the
study of pottery workers made by the United States Public Health
Service (51). The former showed 55.9 percent, whereas the latter
showed 55.3 percent. However, the pottery study showed more per-
sons 50 years and older; 14.7 percent, as compared with 12.0 percent
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for metal mine workers. Of the studies made in recent years by
the United States Public Health Service, workers in the following
industries showed an average age greater than for metal mines:
anthracite coal mines (33), pottery (51), iron and steel, granite
cutting, fur cutting, post office, and foundry (52). Workers in the
following industries showed a lower average age: glass, gas, cigar,
cement, rubber, and asbestos textile (52).

TABLE 12.—Number and percent of metal mine workers, according to age

Age in years Workers Age in years Workers
Number | Percent Number | Percent
727 100.0 {| 45t049. .. _________ 61 8.4
3 0.4 50to 54 ______________ 43 5.9
80 11.0 || 55t0 59 .. ____.___ 27 3.7
169 23.3 (| 60to64. ______________ 17 2.3
154 21.2 || 65andover. ... ..._...._._.. 1 .1
98 13.6
7 10.2 Averageage............ 36.0 [.._._..._.

LENGTH OF EMPLOYMENT.

The average number of years employed in the Utah metal mines
was 11.1, whereas in a study of Utah coal mines (53) it was 14.1.
Since the average age in these two industries was nearly the same,
the shorter length of employment for metal mine workers indicates
that these workers did not enter their present industry at as early
an age as did the coal mine workers. From an examination of the
work histories it would appear that a considerable group of metal
mine workers spent a portion of their adult working life in agri-
culture before engaging in industrial employment. The percentage
of workers with 10 years or more of employment was 45.8 for metal
mine workers, which is nearly the same as for the 10,000 industrial
workers (54) who had 45.3 percent in this group. A larger pro-
portion of the workers with 10 years or more of employment was
found among pottery workers (51), 50.1 percent, Utah coal mine
workers (53), 58.7 percent, and anthracite coal miners (33), 72.4
percent.



DIAGNOSIS AND SYMPTOMATOLOGY OF SILICOSIS

Earlier investigations, both in this country and abroad, have shown
that the outstanding occupational disease occurring among workers
in dusty trades is silicosis (55) (56). Inhalation of silicious dust
almost invariably results in silicosis if a certain combination of cir-
cumstances has prevailed during the working experience of a miner
or workers in other dusty occupations. Among these circumstances
are that the dust be of respirable size, that it be present in the atmos-
phere at the breathing level in concentrations exceeding five million
particles per cubic foot on the average, that it be inhaled for a number
of years, and that it contain silica in a free state, such as quartz. If
respirable dust of very high quartz content is inhaled in high con-
centrations, the disease develops and causes disability in a shorter
period of time than if the quartz content and atmospheric dust con-
centrations are low.

As silicosis was the principal occupational disease found in the
examination of 783 metal mine workers, the following general dis-
cussion will be of interest. These cases resemble in many respects
those found by the Public Health Service in previous studies of
anthracite miners (33), pottery workers (51), and pegmatite miners
(35). The relationship between X-ray and other clinical findings is
shown later.

Silicosis has been defined by the Committee on Pneumoconiosis
of the American Public Health Association (57) as “a disease due
to breathing air containing silica (SiO,), characterized anatomically
by generalized fibrotic changes and the development of miliary nodu-
lation in both lungs, and clinically by shortness of breath, decreased
chest expansion, lessened capacity for work, absence of fever, in-
creased susceptibility to tuberculosis (some or all of which symptoms
may be present), and by characteristic X-ray findings.”

A diagnosis of silicosis was based upon three factors:

1. Characteristic lung-field markings as shown by a satlsfactory
X-ray film of the chest.

2. Symptoms and physical findings which support the X-ray find-
ings and exclude other diseases as being the cause of these X-ray
changes.

3. An occupational history which reveals prolonged exposures to
dust containing silica.
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DIAGNOSIS OF SILICOSIS 65
X-RAY EXAMINATIONS (LUNG-FIELD MARKINGS)

The foundation for a diagnosis of silicosis is a characteristic ap-
pearance in the lung-field markings of an X-ray film. A system
developed in other recent investigations of the Public Health Service
(33) (35) (51) is shown in figure 9, which describes diagram-
matically the sequence of bilateral changes in the appearance of
the lung-fields from a healthy chest to advanced silicosis, indicating
increasing degrees of pulmonary fibrosis. The linear phases are char-
acterized by the dominance of the peribronchial or linear pulmonic

SCHEME REPRESENTING THE SEQUENCE OF LUNG-FIELD
MARKINGS IN A TYPICAL CASE OF UNCOMPLICATED
SILICOSIS
NORMAL LUNG MARKINGS &

13T DEGREE EXAGGERATION

OF LINEAR PULMONIC MARK- N
INGS. // This is the range of markings usually seon on
. .

X-ray examination of persons who have never

LINEAR
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sis depending on history, signs, symptoms, and
disability.

FIGURE 9.—SCHEME SHOWING THE SEQUENCE OF X-RAY MARKINGS IN THE
COURSE OF AN UNCOMPLICATED CASE OF SILICOSIS.

markings. Little or no exaggeration of these markings is normally
found in healthy young adults, but they may become exaggerated
normally in older persons due to such factors as arteriosclerosis, re-
peated bronchial infection, excessive smoking, exposure to irritating
gases, and pulmonary congestion often associated with heart diseases.
Beading is often associated with these second-degree exaggerated
linear markings. Such increased markings are also part of the se-
quence of dust-induced changes as shown in figure 9, but may not
be altogether attributable to such exposure. The second-degree
linear change is comparable to the classification more fibrosis than
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usual or commencing generalized fibrosis used by earlier investi-
gators (58). ’

With increasing dust exposure, the lung fields assume a diffuse
granular or stippled appearance, often called ground glass, which
indicates the formation of the minute nodules characteristic of sili-
cosis in the parenchyma of the lungs. Although diffusely dissemi-
nated, this granular appearance is more easily recognized in the
middle thirds and infraclavicular regions, being rather indistinct in
the bases and above the clavicles. The transition to the granular
phase from the linear phase is gradual; when the film is distinctly
granular but the linear markings still predominate, the film is classi-
fied as first-degree granular. This phase, if well established, is
usually, but not always, consistent with a diagnosis of early sili-
cosis. Many cases showing only this degree of change may be re-
garded as borderline silicosis. In other words, the changes designated
as linear are within normal variations when not accompanied by
recognized organic disease (59).

As the minute nodules increase in size the linear markings are
gradually obscured, especially in the middle thirds. This disap-
pearance of the linear markings due to the increasing stippled or
granular shadows has been likened by Irvine (58) to the growth of
leaves on a tree which gradually obscures the branches. Eventually
the majority of the linear markings are obscured, but often heavy
peribronchial markings are seen to persist, extending into the bases
and sometimes the apices. This second-degree granular phase is
characteristic nf early silicosis.

As the nodules continue to increase in size they may be observed as
aiscrete, separate nodules on the flat film. The change from the granu-
lar to the nodular phase is gradual but when many definite, discrete
nodules can be identified the film is classed as nodular. These shadows,
like the granular, are most easily observed in the middle thirds and
infraclavicular regions. If the average size of the nodules tends to be
1 millimeter or less in size, the film is classified as first-degree nodu-
lar; if the nodules are predominantly larger than this, the film is
classified as second-degree nodular. With increasing size of the
nodules, radiolucency indicating emphysema is often observed in the
bases. These distinctly nodular films present the classical picture of
silicosis, provided it is shown that they are not attributable to pul-
monary infection. There may be a tendency for the nodules to cluster
in the outer zones of the infraclavicular regions and middle thirds of
the lung fields.

During the nodular phase, nodules may appear to coalesce to form
conglomerate shadows, which are usually bilateral, and appear fre-
quently in the middle thirds and infraclavicular region, and less often
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in the bases. They may range in size from 6 millimeters to an area
occupying the entirety of one or more lobes. These conglomerate
areas often increase in size and density. Films classified in this phase
are usually consistent with a diagnosis of well-advanced silicosis. Com-
pensatory emphysema is generally present in the bases in this phase,
and areas of vicarious emphysema may be observed throughout the
lung fields, and frequently in the apices. Pneumothorax, a severe
complication in silicosis, is rarely seen in employed workers.

Infection, tuberculous or otherwise, may complicate the findings
in any phase of this sequence of changes as reported by a committee
on the roentgenological appearances in silicosis and underlying path-
ological lesions (59). It is generally characterized by asymmetrical
distribution of shadows, localized discrete densities or string-like
shadows, a mottling lacking uniform density and distribution with ill-
defined borders, and massive shadows of homogeneous density not of
pleural origin.

Considerable care is necessary in the interpretation of massive
shadows in advanced silicosis when tuberculosis or other infection is
suspected. As stated in the report of this Committee (59) :

The differentiation between these massive shadows of infectious origin and the
conglomerate shadows of far-advanced simple silicosis is difficult and not always
possible. Repeated reexamination of the patient for evidence of change in the
roentgenographic appearance of the lesion, penetration of the massive areas by
overexposure to analyze its internal structure, the clinical behavior of the patient,

end repeated bacteriological examination of the sputum may all be necessary
to determine whether an active infection is present.

SYMPTOMS AND PHYSICAL FINDINGS

The symptoms and physical signs of cases of silicosis observed in
this study are discussed in sections dealing with representative case
histories and with relation to degrees of change of pulmonary fibrosis
as shown by the lung-field markings on the X-ray film. These symp-
toms and signs are the same as found previously by the Public Health
Service in studies of pottery workers (51), anthracite miners (33),
pegmatite workers (35), granite cutters (55), and others. In this
connection, it should be remembered that the workers are all employed
and presumably in fairly good health.

According to the Report on Medical Control of the National Sili-
cosis Conference (60), shortness of breath, cough, chest pain,
hemoptysis, and such general complaints as weakness, loss of weight,
digestive disturbances, night sweats, insomnia, dizziness, and edema
of the extremities are common symptoms of complicated silicosis.
Decreased chest expansion, prolonged expiration, and rales are fre-
quently noted on physical examination. Fluoroscopic examination
affords an opportunity. for studying diaphragmatic movement. The
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presence of fibrosis is also usually noted by fluoroscopy but is, of course,
shown in better detail by roentgenogram examination.

Infection may complicate the picture of silicosis at any time, usually
being manifested by pleural pain, fever, night sweats, weight loss,
anorexia, weakness, and a cough producing large amounts of sputum
or blood-tinged sputum. All of these factors must be evaluated in
estimating the degree of disability, if any, in connection with the
diagnosis of silicosis.

DIAGNOSIS

In making a diagnosis of silicosis, or silicosis with superimposed in-
Tection, it is important from the administrative and medico-legal view-
point to classify silicotic workers into groups indicating the degree of
physical impairment or disability, based upon all available evidence,
including symptoms, physical findings, X-ray changes, and labo-
ratory tests. The group of physicians who classified these films later
took all these factors into consideration in reaching a final diagnosis.
For this purpose the cases observed were classified conveniently into
three stages:

1. First stage silicosis.—Slight but definitely characteristic X-ray
changes with little or no evidence of physical disability. This does
not imply, however, that there is not a potential disability in the in-
dividual’s lessened resistance to pulmonary infection and further
harmful dust exposures, or possibly his ability to do unusually
strenuous work.

2. Second stage silicosis.— Moderate to well-advanced X-ray
changes with moderate disability.

3. Third stage silicosis—Well-advanced X-ray changes and well
established or total disability. In some instances these individuals
are capable of doing light work although incapable of heavy manual
labor.

In addition to the three stages of silicosis as defined above, many
workers showed early dust-induced changes on their X-ray films, but
not sufficiently so to justify a diagnosis of silicosis. These were clas-
sified as borderline cases. Their lung-field markings were usually
in an early phase of the granular type, and the workers with those
.markings showed no symptoms or present evidence of disability. The
diagnosis also included a statement as to whether there was evidence
of tuberculous infection, either active or latent, or infections of other
nature.

The differentiation of silicosis from miliary tuberculosis, chronic
fibroid phthisis, cancer, and other conditions has been more fully dis-
cussed in the pottery bulletin (51) where references to the literature
relative to this problem may be found.



SYMPTOMS AND SIGNS IN RELATION TO LUNG-FIELD MARKINGS AND
SILICOSIS

PRESENT COMPLAINTS

With respect to silicosis, the symptoms of dyspnea, frequent
cough, productive cough, chest pain, and weakness were complained
of in the order listed. This is in general agreement with the symp-
tomatology reported in investigations of a similar nature by the
Public Health Service (33) (35), as well as those reported by other
investigators (61) (62) (63).

It should be remembered that seldom have all of these symptoms
occurred at a single time in any individual worker, but they have
often appeared in two’s and three’s, and in combination with other
less frequent complaints. As is to be expected, the occurrence of
symptoms is highest in those workers having the most severe degree
of lung involvement. The prevalence of the various symptoms in
those with conglomerate lung-field markings is three to four times
that of workers with no appreciable pulmonary fibrosis (linear 1
and 2).

Table 13 shows the occurrence of these five symptoms among per-
sons with border-line silicosis, silicosis, and silicosis plus reinfection
tuberculosis compared with persons not affected with silicosis. It
will be observed that the percent of workers complaining of dyspnea
and of frequent cough in the borderline group is more than double
that of the nonaffected group. There is only @ slightly greater
percent of the silicotic group compared with the borderline group
who made these complaints. On the other hand, complaints of
productive cough and of weakness did not show a sharply increased
occurrence until the worker was classified as a silicotic, and com-
plaints of chest pain increased greatly only when reinfection tuber-
culosis was superimposed on silicosis.

There were other infrequently reported complaints which showed
an excess among persons with silicosis and borderline silicosis.
These included night sweats, asthma, and vomiting. Such complaints
as nausea, constipation, colic, and skin diseases, however, showed no
important difference between the groups affected with silicosis and
those not affected. ’

The quartz or free silica content of dust in these metal mines is
commonly between 20 and 40 percent (p. 40), which is about the
same range as found for certain workers in other dusty trades (51)
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(55) (85). It is therefore to be expected in these studies that the
symptomatology and other medical findings will be comparable for
workers with similar average dust exposures.

TABLE 13.—Number and percent of metal mine workers classified on basis of
diagnosis of silicosis and reinfection pulmonary tuberculosis, who complained
of certain symptoms

Silicosis with

Essentially Borderline . :
Symptoms Total negative silicosis Silicosis t{:eliyggi‘::]?;ils
Number of
workers.._....._. 727 619 42 57 9
Number | Number | Percent | Number | Percent | Number | Percent | Number | Percent

Dyspnea _.__._.._. 138 93 15.0 16 38.0 25 43.9 4 4.4
Frequent cough . _. 142 100 16.2 15 35.7 22 38.6 5 55. 6
Productive cough.. 114 82 13.2 8 19.0 21 36.8 3 33.3
Chest pain._._..... 56 43 6.9 4 9.5 7 12.3 2 22.2
Weakness.._....... 30 19 3.1 2 4.8 8 14.0 1 1.1

PAST MEDICAL HISTORY

Pleurisy, pneumonia, and bronchitis were reported almost twice as
frequently by workers with advanced pulmonary fibrosis as shown
by X-ray findings than by those showing first- and second-degree
linear, or normal markings. Among the former group, pleurisy was
reported by 32 percent, pneumonia by 29 percent, and bronchitis by
18 percent, while for the latter group the percentages were 22, 17,
and 11, respectively. Respiratory conditions of this type have shown
a similar percentage increase in recent investigations of other dusty
trades, which suggests the possibility that such conditions may be
interchangeably related with both cause and effect of fibrotic changes
in the lung tissues.

Nearly one-half of all the workers questioned admitted a serious
attack of influenza some time in the past. The percent was only
slightly greater for the silicotic than for the nonaffected group. Dis-
abling colds, digestive disturbances, and loss of weight (6 pounds or
more) during the past year were reported more frequently by persons
with silicosis. One hundred and two gave a past history of acute epi-
sodes of lead intoxication, as discussed on page 85.

PHYSICAL FINDINGS

As regards general appearance, these 727 metal miners were, for the
most part, normal healthy men, but in thirty instances the examiners
were impressed by their unhealthy or cachexic appearance. Nine of
the 30 were affected with silicosis or borderline silicosis, of whom
all but one had silicosis complicated by pulmonary infection. The
remaining 21 showing cachexia were scattered among those not affected
with silicosis, but affected with such conditions as cardiovascular dis-
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ease, latent lead poisoning, hand infections, syphilis, and non-
tuberculous lung infections. As would be expected, most of the 30
were underweight.

Weight deviation.—The percent deviation of each worker’s weight
from the average for men of comparable height and age was calculated
from data compiled by the Association of Life Insurance Medical
Directors and the Actuarial Society of America (64). Arbitrarily,
plus or minus (%) 5 percent deviation from this insurance average
has been considered normal. As seen in table 14, those figures marked
minus (—) represent the percent weight deviation below this “nor-
mal,” whereas those marked plus (+) designate the percent of weight
deviation above “normal.” For comparison, similar data on 877 truck
drivers (65) recently examined by the Public Health Service are
shown in the right-hand column. It was observed that 43.9 percent of
the men having first or second stage silicosis were underweight for
age-height compared with 32.4 percent of the nonaffected group and
30.6 percent of 877 truck drivers.

TABLE 14.—Distribution of percent weight deviations for metal mine workers,
classified by diagnosis of silicosis, and for truck drivers

Percent of workers
. L Diagnosis of silicosis
Percent weight deviation All metal |- Truck
mine | piret and irive
workers soeond Border- Non- drivers
smx:e line affected
727 66 42 619 877
0.6 4.6 (... .. 0.2 0.3
5.5 7.6 | 5.6 6.2
27.1 . 3.8 26.2 26.6 24.1
36. 4 -25.8 42.9 37.2 29.2
20.8 21.2 19.0 20.8 22.1
7.4 9.1 9.5 7.1 10.3
1.4 ... 2.4 1.5 4.4
P N ORI =] 2.5
P 2 P I .5 .9
Average . ________ . ... +.4 -1.8 +2.1 +.6 +4.6
Standard deviation...___._______.__ ... ... 1.8 12.7 10.2 11.8 14.5

1A verages represent the percent the workers fell below or ahove the average for life insurance applicants
of comparable age and height.

As a group, the silicotics fell 1.8 percent below, and the nonaffected
0.6 percent above, the average weight of life insurance applicants of
comparable age and height. The group of borderline cases was
heavier on the average than the first and second stage cases. How-
ever, when the borderline cases are compared with the nonaffected
group, no important differences can be seen from inspection. When
all metal mine workers are considered, they are found to have
weights almost identical to those of life insurance applicants.

430332—42——6
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Physical findings in relation to X-ray findings—In table 15 are
_summarized the more important physical findings in relation to de-
gree of pulmonary fibrosis as shown by X-ray findings. Abnormally
shaped chests were rarely observed. In the 25 workers with barrel-
shaped chests, the abnormality was nearly four times as frequent
among workers with advanced pulmonary fibrosis as in the group
with first- and second-degree linear markings. Abnormal breath
sounds were observed in approximately one-fifth of the workers with
relatively clear chests, and in slightly more than half of those show-
ing positive changes in the chest on X-ray examination. Impaired
or restricted diaphragmatic action, as observed on fluoroscopy, was
noted in 23.8 percent of the normal workers, in 42.2 percent of work-
ers with ground-glass markings, and in 65.8 percent with nodular
and conglomerate markings. Change from normal percussion note,
impaired chest mobility, dyspnea, curved or clubbed finger nails, and
decreased chest expansion were other findings of importance for a
diagnosis of silicosis. Nonpersistent rales, chest lag, pleural rubs,
and retracted supra- and infra-clavicular fossae, while of assistance
in the diagnosis of individual cases, did not show a high degree of
correlation with the degree of lung involvement and are not shown
in the table. The occurrence of a combination of these findings in
individual workers is presented in selected case records (figs. 14, 15,
and 16).

TABLE 15.—Number and percent of metal mine workers classified according to
degree of pulmonary fibrosis as shown by X-ray findings, who were found to
have certain abnormalities on physical examination

Percent of workers Number of workers
. . First- First-
Physical finding _ Nodular Nodular
%’:]%.Stfg_ Ground | and s:)l:%.sdeg_- Ground- | and
gree glass | conglom- gree glass | conglom-
linear erate linear erate
1
Number of workers examined-.___._______|..______.|. ... 617 64 38
AVerage age o - ccocmcacamccccmcccemae]emmcmceen | ceeceeeee e 34.4 43.5 48.8
Abnormal breath sounds......._._.....___. 19.8 42.2 711 122 27 27
Restricted movement diaphragm..._______ 23.8 42.2 65.8 147 27 25
Change from normal percussion note....__ 8.8 26.6 44.7 54 17 17
Impaired chest mobility. . ___..__.____.... 3.2 17.2 10.5 20 11 4
Barrel-shaped chest 2.4 7.8 13.2 15 5 5
5.2 14.1 21.1 32 9 8
7.8 14.1 28.9 48 9 11
18.5 31.2 26.3 114 20 10

It is apparent from these data that not only a smaller proportion
of workers are affected with silicosis, but also less severely than has
been found in certain other studies of metal mine workers, for example,
in the tri-State district of Oklahoma, Kansas, and Missouri (63) and
South Africa (66) investigations. Some of the factors relating to this
are discussed in the following section.



INCIDENCE OF SILICOSIS

RELATION OF SILICOSIS TO DUST CONCENTRATION AND DURATION OF
EMPLOYMENT

The incidence of silicosis among workers in the metal mines is
related both to the length of their employment in that industry and
to the average dust concentration to which they have presumably
been exposed during all their working years in metal mines. The
procedures employed in determining weighted average dust concen-
trations have been described in Public Health Bulletin No. 217 (5).

Table 16 and figure 10 show the result of grouping the 727 metal
mine workers according to weighted average dust concentration in
arbitrary intervals of 6 million particles per cubic foot of air. Each
of these five groups is subdivided into three durations of employment
in metal mines, namely, less than 10 years, 10 to 19 years, and 20 years
and over. A total of 66 cases of silicosis was found on examination
of these men. Forty-two were first stage and 24 second stage sili-
cosis. No third stage cases were observed. Forty-two others were
diagnosed as borderline silicosis.

TABLE 16.—Number and percent of metal mine workers with silicosis according
to years employed in metal mines and dust concentration

Years employed in metal mines
Dust concentration, million Total
particles per cubic foot Less than 20 and
10 10 to 19 over

Number exposed .- ............. 39 17 1 11

0-5.9. e eccccaaeaan Number with silicosis. . 0 0 0 0
Percent with silicosis. ... ..o oo oo feaceaaea

: Number exposed . - 98 44 36 18

6.0-11.9_ e Number with silico 3 0 1

Percent with silicosis.... 31 | 2.8 1.1

Number exposed . .._._...___.... 115 51 43 21

12.0-17.9 o iieaeanes Number with silicosis 7 0 3 4
Percent with silicosis.........._. 6.1 [ .- 7.0 19.0

Number exposed 272 189 56 27

18.0-23.9. - cociiiaaeaas Number with silicosis - 1 11 10
Percent with silicosis. 8.1 0.5 19.6 37.0

Number exposed . .._______. - 187 89 76 22

24.0andover.....__..._.___.. Number with silicosis_. . - 32 3 14 15
Percent with silicosis_.........._ 17.1 3.4 18.4 68.2

I:'umlger expgscc% ................ 7(2% 39: 228 105

. Number with silicosis. ... 30 32
All dust concentrations ! || percont with silicosis............ 9.1 ) 13.2 30.5

1 Includes 2 cases of silicosis among 16 workers with unknown dust concentration,
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From the table it is observed that in concentrations of less than
6 million particles of dust there was no case of silicosis even for
those working the longest period.® In dust concentrations of 6.0 to
11.9 million particles, three cases of silicosis were observed among
persons who had worked 17, 20, and 24 years in metal mines. From
an examination of the working experience of these persons it would
appear likely that for certain periods during past years each had
been exposed to very much higher concentrations of dust than indi-
cated by an average representing his entire working history.

FIGURE 10.—RELATION OF AVERAGE DUST CONCENTRATION AND DURATION OF
EMPLOYMENT IN THE METAL MINES TO THE PERCENTAGE OF WORKERS FOUND
TO HAVE SILICOSIS (FIRST AND SECOND STAGE).

Among those employed for less than 10 years there was no case
of silicosis in the first 3 dust concentration groups; there was one
case in the 18.0 to 23.9 dust group; and there were 3 cases, or 3.4
percent, in the 24.0 million particles and over dust concentration
group. In the 10- to 19-year employment group the percent affected
rose from 2.8 in the 6.0 to 11.9 dust concentration group to 19.6
percent in the 18.0 to 23.9 dust group. Those with the longest
employment, 20 years and over, showed a much larger proportion

® There were only 7 underground workers in this group, 2 of whom were face workers
with one year's experience each.
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affected in each dust group, reaching 68.2 percent among those hav-
ing a weighted average dust exposure of 24.0 million particles and
over. This tendency for silicosis incidence to increase, both with
increasing length of employment and with increasing dust concen-
tration, has been observed in other studies made by the U. S. Public
Health Service in such dusty trades as anthracite coal mining (33),
asbestos textile manufacture (52), pottery manufacture (51), and
mica and pegmatite mining (35).

X-ray findings of silicosis cases.—The increasing severity of lung—
field markmgs of silicotics with increasing years of employment in
metal mines is shown in table 17. Ground-glass lung—ﬁeld markings
represent the maximum degree of involvement found in cases with
less than 10 years of employment. Half of the cases with 10 to 14
years of employment show nodular markings, whereas conglomerate
markings are not found until the 15- to 19-year duration group.
Among persons with over 14 years of employment it will be noted
that there is a steady decrease in the percentage of silicosis cases
showing ground-glass markings and a corresponding increase in both
the percentage showing nodular and the percentage showing con-
glomerate markings. The latter increases more rapidly with length-
ening duration of employment, as has been shown in other studies
of silicosis. In addition to the expected increase with duration of
employment, another factor that probably played a part among the
older workers was the practice of dry drilling until about 1924.
Nevertheless, 14 cases of silicosis, 5 of them with nodular markings,
were found among workers with less than 15 years’ exposure. This
fact, as well as the results of the engineering study, indicates that the
control methods in present use are not sufficient to prevent silicosis,
but if the dust concentration is kept below 10 million particles per
cubic foot of air, it would appear that the silicosis hazard in these
mines would be eliminated.

TABLE 17—Number and percent of first and second stage silicosis cases among
metal mine workers with specified X-ray findings according to years employed
in metal mines .

Number of workers Percent of workers
Years :nlxplgyed in
metal mines
Ground- Conglom- Ground- Conglom-
Total glass Nodular erate Total glass Nodular erate

66 28 24 14 100 42.4 36.4 21.2
0 0 0 [/ R DN PO EO
4 4 0 0 100 100.0 | |
10 5 5 0 100 50.0 50.0 ... _...._.
20 9 7 4 100 45.0 35.0 20.0
11 4 4 3 100 36.4 36.4 27.2
21 6 8 7 100 28.6 38.1 33.3
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E'mployment outside of Utah.—1In the group of silicosis cases just
described, there were 13 men who had worked in metal mines outside
of Utah for more than 2 years at some time in the past. A portion
of their dust exposure was obtained from this experience, although
the exact amount cannot be ascertained. They also had considerable
experience in Utah alone, only 1 for less than 10 years, and 8 for
more than 20 years. On the other hand, only 2 had outside ex-
perience for more than 10 years. When the incidence of silicosis
is computed for those working outside of Utah, the percent affected
is found to be 81.7. Some of this excess in rate may be accounted for
by the older age distribution of men who have worked both in Utah
and outside. The percent of persons over 40 years of age in this
group is 70.8 compared with 28.3 percent for those who had worked
in Utah only. However, the percent affected in the 40-59-year age
group was 37.9 percent and 20.5 percent, respectively, so there appar-
ently still remains an excess of silicosis among those working outside.
This may be due to less effective dust control methods, a greater
proportion of free silica, or other factors.

SILICOSIS BY PRINCIPAL OCCUPATION

Any account of silicosis incidence in the metal mines is incomplete
unless attention is directed to occupational differences. As shown in
table 18, silicosis cases and borderline silicosis cases are concentrated
in a few occupations while in many occupations no one is affected.
It will be observed that there were only one silicosis case and five
borderline cases found among the entire group of persons whose
work experience has been principally above ground, milling opera-
tions excepted. This person with first stage silicosis had worked as
a blacksmith for 23 years and during that time possibly had been
exposed to free silica while sharpening miners’ tools. Cases of sili-
cosis are found in six different underground occupations, namely,
face workers, mule skinners, powdermen, pipemen, shift bosses, and
timbermen.

Table 19 shows the incidence of silicosis and borderline silicosis
by years in metal mines for three broad occupational groups. The
persons affected with silicosis represent 11.2 percent of the face work-
ers (i. e., drillers, miners, and muckers), 7.0 percent of the other under-
ground workers, and 0.9 percent of the surface workers. Only for
face workers were there cases of silicosis among persons with less
than 10 years in metal mines. For face workers and for other under-
ground workers, the percent affected with silicosis was 22.1 and 10.3,
respectively, among those who had worked 10 to 19 years; 55.0 percent
and 23.1 percent among those in the 20- to 29-year group; and 62.5
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percent and 25.0 percent in the 30 years and over group. When border-
line silicosis is included, the percent affected rises to 33.6 for face
workers and 15.4 for other underground workers in the group who had
worked 10 to 19 years, and 75.0 percent and 38.5 percent in the group
who had worked 20 to 29 years.

TABLE 18.—Metal mine workers by principal occupation according to years
employed in metal mines, and diagnosis of silicosis

Number employed Number affected

Years employed in metal mines Diagnosis of silicosis
Principal occupation

First and
Total |Under10| 10to19 [ 20884 | seoong | Border-
over stage line
Total. ... 727 394 228 105 66 42
Underground workers....._...._._.___.... 513 321 143 49 52 27
8Ce WOTKerS. . .. .ooooocooioooes 253 104 28 43 21
Transportation worke .
otormen....... - 20 18 2 0 0 0
Hoistmen.... - 19 11 4 4 0 1
Mule skinners. R 11 4 4 3 1 0
Cagers.. ... .ciciieaaan 6 0 5 1 0 1
Other transportation workers..... 8 2 2 4 1 1
Maintenance workers:
Timbermen..........ccocoacooooo. 37 26 8 3 4 0
Pipemen and trackmen___.________ 6 2 4 0 1 1
Sanitation and ventilation men_.. 5 1 3 1 0 1
Other maintenance workers_.._... 8 4 2 2 0 0
Supervisors and shift bosses... - 8 0 5 3 2 1
Burface workers._.__.__.__.___.._. - 115 41 48 26 1 5
Superintendents and engineers..._____ 17 12 2 3 0 0
Blacksmiths 13 3 7 3 1 (1]
Clerks...._. 11 2 7 2 0 0
Electricians.. 10 4 3 3 0 1
Carpenters. . 10 3 5 2 0 0
ahorers.._._......_._.__ 8 3 5 0 0 0
Machinists and mechanics 8 0 4 4 0 0
Topearmen.._........... 6 2 3 1 0 1
Hoistmen. .. 5 0 1 4 0 1
Chemists. ... - 5 2 3 0 0 0
Truck drivers...._...._.. R 5 4 1 0 0 0
Other surface workers. .. -- 17 6 7 4 0 2
Milling operations.___....._. - 13 2 4 7 1 1
No principal occupation._ ... ._.__.___ 86 30 33 23 12 9

Since face workers, both proportionately and numerically, have the
greatest problem of silicosis, this occupation will be examined in
more detail. Of the 385 workers in this group, 88.2 percent were
exposed to an average dust concentration of 20 million particles and
over, compared with 24.8 percent for other underground workers
and 4.3 percent for surface workers. Samples of dust collected at
the face showed a free silica content of approximately 20 to 40 per-
cent (p. 40). This should be remembered along with the fact that
the average dust concentration for face workers was 23.6 million
particles. As shown in figure 11, this combination of a heavy dust
concentration and a high silica content resulted in a silicosis inci-
dence which affected nearly a fourth of those who had worked in
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metal mines for over 6 years, and all 4 workers who had been em-
ployed for 34 years and more. The increase in the percent affected
is especially great when those with over 13 years’ employment are
compared with those having over 6 years. Since the population
exposed to risk is rather small for those working more than 20 years,
not too much dependence should be placed on the percent affected for
these particular groups, but the trend toward an increasingly serious
problem is unmistakable. Whereas conglomerate lung-field mark-
ings were not present in any of those affected, when the duration of
employment was less than 15 years, these markings indicating marked
pulmonary fibrosis, were observed among 55 percent of those with
experience of 20 to 29 years.

TABLE 19.—Number and percent of metal mine workers with silicosis accord-
ing to broad occupational group and years of employment

. Number affected Percent affected
. Num- Silicosis Silicosis
Principal occupation and years in metal | ber
exposed
e | Bora e | Bord
an order- an order-
Total | second | line | TO%! |second | line
stage stage
Total:
Face workers. ... ......___..._.... 385 64 43 21 16.6 11.2 5.4
Other underground workers 128 15 9 6 1.7 7.0 4.7
Surface workers...._.__.._. 115 6 1 5 5.2 .9 4.3
Under 10 years:
Face workers_.._._........_.__..___. 253 8 4 4 3.2 1.6 1.6
Other underground workers - 68 1 0 1 L5 0 L5
Surface workers. ... .....___..__..._..____ 41 0 0 0 0 0 0
10 to 19 years:
Face workers._._.____.____.._..__.___.._. 104 35 23 12 33.6 22.1 1.5
Other underground workers. .. - 39 6 4 2 15.4 10.3 5.1
Surface workers.____._.____._. 48 5 0 5 10.4 0 10.4
20 to 29 years:
Face workers.._._.___.. e 20 15 11 4 75.0 55.0 20.0
Other underground workers 13 5 3 2 38.5 23.1 15.4
Surface workers 18 0 0 0 0 1] 0
30 years and over:
Faceworkers. _.._..__._.....____i._. ... 8 6 5 1 75.0 62.5 12.5
Other underground workers - 8 3 2 1 37.5 25.0 12.5
Surface workers. ... ... 8 1 1 0 12.5 12.5 0

Figure 12, in which the width of the bar is proportionate to the
number exposed, emphasizes the importance of the group of face
workers who have been employed 10 to 19 years in metal mines and
shows an incidence of silicosis of 22.1 percent, and of silicosis and
border-line silicosis combined of 83.6 percent. These account for 23
cases of silicosis compared with 16 cases for all longer durations.
~ The above data should be considered a minimum estimate of the
actual incidence of silicosis produced by work at the face of the
metal mines. Of the 23 cases with silicosis who were classified as
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FIGURE 11.—PERCENTAGE OF FACE WORKERS FOUND TO HAVE FIRST AND
SECOND STAGE SILICOSIS, CLASSIFIED BY DURATION OF EMPLOYMENT IN
METAL MINES. (NUMBERS OF WORKERS ARE CUMULATED DOWNWARD.)

other than face workers, 78 percent had worked at the face at some
time in the past, 5 for less than 5 years, 7 for 5 to 9 years, and 6 for
10 years and over. It is evident that many of these had a serious
dust exposure while working at the face, although they might have
spent many years at other and less dusty occupations.

There appears to be a tendency for persons affected with silicosis
to be placed in jobs requiring less strenuous work. For example.
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FIGURE 12.—PERCENTAGE OF FACE WORKERS FOUND TO HAVE SILICOSIS, CLAS-
SIFIED BY DURATION OF EMPLOYMENT IN METAL MINES. (WIDTH OF BAR IS
PROPORTIONATE TO THE TOTAL NUMBER OF WORKERS FOR THE GIVEN
PERIODS.)

a tabulation of silicosis cases by present occupations shows a mark-
edly different picture than for principal occupation. Instead of 43
cases classed as face workers, there are now 29, and instead of 1 sur-
face worker there are now 11, showing that many for<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>