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PREFACE

Thru pérsonal experience in a certain indus-
fry in which dust formerly was liberated in rather
large quantities, the avthor had observed that many
of the workers atter several years of exposure, con-
tracted tuberculosis and eventually died from that
disease. |t has been a matter of interest and spec-
viation to him what relationship existed between
quartz dust and tuberculosis, This thesis is the
resvlt of that interest, and it was the hope ot the
author to learn why these workers died of tubercu-
losise To what extent these hopes were fulfilled
by the writing of this thesis, will be leftt to the
reader's own conclusions after he has perused its

contentse.
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INTRODUCT ION

Tuberculosis has been a greater enemy of the human race
than almost any other diseasd., |ts devastation has surpassed
the wanton destruction of savages. The disecase has been so
prevalent that according to Mock (1920) auvtopsy statistics
show that seventy to eighty-tive per cent of all peeple
have at some time during their lite been infected,

It has long been recognized +baf certain occupations
predispose fo>pulmonary tuberculosis, and in these "dangerous"
occupations the death rate for this disease is far higher
than in the general population. These obsevvations have been
made in British, Eurcpean, and American experience by num-
erous investigators, Gye and Kettle (1922), Barnard (1934),
and others, and that this is particularly so among those
who work habitually in atmospheres laden with silica dust,

During the past few years numerous factors have stimulat-
ed interest in fhg phases ot tuberculosis and silicosis in
industry. The International Conterence on Silicosis which
met at Johannesburg, South Africa in 1930 and at which Great
Britain, Canada, Austrailia, South Africa, Germany, Italy,
Belgium, The Netherlands, and The United States were rep-
resented has stimulated interest in these phases. Then,
over the past tew years there has been such a rapid accumu~
lation of claims for compensation,litigation, and experience
in industrial disease cases, largely based vpon silicosis,
that the entire industrial tield has been taken by surprise.

For example, the report of the Committee of Five Insurance

Companies (1934), citing the case of Wisconsin, ascertains



g,

=

-0-

that approximately ten per cent of its total compensation
losses will be chargeable to occupational diseases, most of
which ere for silicosis. Insurance rates for industiies
exposed to silica dusts have been increased tor this reason,
and it is stated that in Ontario and South Africa the cost
has risen to a point requiring a rate that is almost pro-
hibitive. It has been Watts (1930) observation that the pay~
ment of compensation for miner's phfhisis is a very great
burden on the gold mining industry in South Africa, and may
make the difterence as to whether a low-grade mine may run
at a protit or not.

Action for damages on account of siliéosis and tuber-
culosis is being brought with increased frequency in the
civil courts, where very large sums of money are claimed.

Bills for including dust diseases, particularly sil-
icosis, in the compensation legislation are continually
vnder consideration in the various sques.

And on top ot it all, Harrington {1933) concludes that
knowledge of & definite, dependable, accurate character about
dust disease is woetully lacking, and there is probaEly
no more fruittul fieid tor concerted, uvnbiased, disinterested
investigation than that in connection with the health harm-
$ullness from dust. Furthermore, the literature on dust
disease is decidedly voluminous and one can substantiate al~-
most any kind of position or statement or theory by avail-
able daeta in the published literature.

Theretore, not only are silicosis and tuberculosis of

medical interest, but also ot ftar reaching economic, legal,
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legislctive, and scientific concern.

A review of statistics, although quite incomplete, will
show morbidity and mortality rates trom tuberculosis that pre-
sent quite conclusive evidence as to the destructive nature
ot occupational siliceous dusts. The Milner Commission
tfound in the period 1902-1903 that 15.4 per cent of the miners
on the %ifwafersrénd gold fields in South Atrica were atfected
by Miner's Phthisis, and another 7.3 per cent were suspected
cases, giving a prevalence of at least 23 per cent, which is
telt is probably }00 lows {lrvine and coworkers, 193C).Mock
({1920) quoting from Crum shows that in Montana during the
period 1907~1914, the mortality from tuberculosis among
copper miners ove} the age ot |5 was 37.9 per cent, while in
the same registration area the genergl mortaslity amoung males
trom tuberculosis was 14,1 per cent. Kober and Havhurst (1024)
quoting from Nieszytka report that 76.5 per cent of all the
deaths among the sandstone workers at Hanover are ceused by
tuberculosis, and their average age is only 35.1 years.

Sayers (1930) states thaet in New York City an examination

ot 208 men exposed to rock dust in subway or tunnel construct-
ion, revealed silicosis in 57 per cenf; In the lead and zinc
mines of the Pilcher mining district of QOklahoma and Kansas,
stfudies by Sayers and his co~workers (1933}, show that 21.3
per cent of all the miners were definitely atflicted with
silicosis, and 4.75 per cent with tuberculosis. Further
statistics revealing the harmful nature of silica dust will

be quoted from time to time through-out this paper.
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ETIOLOGY

Tuberculosis is not a disease of industrial life alone,
although unquestionably it has caused the greatest destruct-
ion among the poor working classes in our industrial centers.
It has its highest morbidity and mortality rate among these
poo} working classes., They become centers of intection
and spread the disease to all other walks of lite. 1In this
connection, Mock (1920) cites eight factors which are pre-
disposing to tuberculosis among employees, as follows:

l. Hereditary predisposition and family infection.
2. Poor housing and living conditions and other
community conditions.
3. Alcoholism and other excesses.,
4, Unsanitary working places and working conditions.
5. Tuberculosis infected employees among the
working toree,
6. Prevalence of other diseases.
7. Injuries to the chest, and other injuries.
8. Specific occupational hazards.

It is with these specitic occupational hazards that we
are concerned with as predisposing to tuberculosis. Among
the industries subject to exposure to silica dust with
subsequent danger trom silicosis and tuberculosis are:

l. Gold, Tin, Zinc, and to a certain extent, Coal
mining.

2. Quarrying industries, especially of granite.

3. Sandstone cutting and grinding.

4, Retractories industries, as manufacture of silica
bricks.

5. Millstone cutting and grinding.

6. Rock crushing.

7. Excavation and construction work in rock.

8. Pottery industry.

- 9. Sandblasting.

10, Foundry industry.

Ile Flint dust workers, and various miscellaneous
industries including porcelain, asbestos, and
other ‘industries.

There is considerable diversity of opinion as to what

constitutes the harmful character of the dust, and numerous
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theories have been advanced.

It was thought by many that some dusts were not harm-
tul, such as coal dust, and that even some dusts had a bene-
ficial action on the lungs, but much of the present day auth-
oritative opinion is that all dusts if breathed in sutficient
quantity and over a long encugh period of time, will cause
pathological conditions ot the lungs. However, it is agreed
by practically all, that the chief source of danger from dust
is its silica {SiOg) content, and that silicosis has far
overshadowed other pneumonoconioses in importance, The
question then naturally arises why should silica dust of all
dusts be singled out as the one producing @ harmful pneumon-~
oconiosés with subsequent danger from tuberculosis®

It tormerly was considered by many that the inhalation
ot dust, hard and gritty, also sharply angular, was the main
cavse of the pneumonoconiosis, and that the damage to the
lungs was by a mechanical irritation. Some believe that the
relative insolubility of silicaea dust is a factor in its
harmtullness.,

Collis suggests that the chemical property of acidity-
due to the element silicon, may render the dust psarticles
capable of entering into and moditying the colloidal structure
of protoplasm. The trend ot opinion, however, is in tavor of
the view that silica causes tibrosis by acting chemically
vpon the tissves and not by virtue of its physical properties
{Bye and Kettle 1922), Gye's work has been based on the
known facts that colloidal silica is the most easily formed

soluble torm ot silica, and fthat living matter (soil bacterial
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is able to break up mineral silicates with formation of
soluble silica. He judged it probable that the bibrosis
brought about by tinely divided silica was due to the slow
formation in the tissues of silica sol, the sol acting sas
a cell poison, although direct proot of this contention sas
yvet has not been tound possible. Hefternan and Green ad-
vanced the hypothesis that pulmonary silicosis is brought
about by the colloidal activity of fresh silica hydrosol
derived from the hydration of quartz dust in the lungs and
not by any poisoning of the cell protoplasm by soluble silica
{Sayers 19301},

Harrington (1933) states that it asppears that the quan-
tity of dust in the air breathed more of less continuously,
together with its lack of solubility, governs the hygienic
harmfulness of dust to workers much more than do the specitic
physical of chemical qualities of dusts., Green (1934)
believes the harmfulness of a particular dust is not connected
merely with the amount of dust in the air, but the number, and
more particularly, with the size-trequency (fineness) of its
particles. If is believed by many that it is the finer
particles ot dust that produced the greatest damage in the
lungs. According to McCrea no particles have been found in
the lung tissue which exceed ten micrones in diemeter, and
over 70 per cenl of these found are one micron or less.

In order to pass into the alveoli, dust particles must,
theretore be very small, Otherwise, they are caught in the
muycous secretions and are expelled by the ciliatéd epithelium.

The degree of silica content ot dusts and the intensity
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ot exposure were found to be factors of utmost importance.
Coal, limestone, cement, marble and other similar substances
have dong been observed to be relatively innocuous as far as
pneumonoconiosis and tuberculosis are concerned, and this is
almost vwniversally believed to be due to the absence, or low
content of, silica. On the other hand, it has been observed
that substances containing high percentages ot silica pro-
duce the symptoms ascribed to silicosis, which very frequent-
ly is tollowed by tuberculosis. The period elapsing before
symptoms of silicosis eccur varies with the different occup=
ations and intensity of exposure.

Granitg dust contains about 30 per cent of free silica
as quartz. Exfznsivé investigations by Russell and his co-
workers (1929)from the United States Public Health Service,
were carried on in the granite inddstry in Barre, Vermont,
which is claimed to be the granite center of the United
States, during the period 1924-1926., They observed that
since the adoption of the hand pneumatic tool for cutting
granite in the latter part ot the Nineteenth Century, there
has been a rapid rise in the mortality trom tuberculosis,
These tools cut the grantte much taster than the old hand
chisels and cause more dust., The mortality from tubercuwlosis
rose trom 1.5 per thousand in 1800-1894 (which is not above
that of the general populstion at that timel to 19.6 per
thousand during 1924-1926, while the mortality from tuber-
culosis in the general population has decressed. Stbudies
into the intensity of dust exposure revealed an average dust
count of 59.2 million particles per cubic foot for all hand

pneumatic tool operators, to 1.9 million particles for ottice
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emp loyees, while the general plant atmosphere gave an aver-
age dust count of 20 million perticles per cubic toot. 1in
the group with the heaviest dust exposure, it was found that
atter tour years of service, all of the granite workers scemed
to have developed at least an early case ot silicosis, and
by nine years, approximately 90 per ceat had developed to
more advanced stages of silicosis. In the group with the
least exposure to the dust only two cases ot silicosis
occurred. atter ten years of exposure, and only one case of
moderately developed silicosis after six years exposuvre. |n
the office workers there were no deaths from tuberculosis
during the period ot study, while in the group exposed to
general plant dustiness only one death occurred, while the
rest of the mortality from tuberculosis occurred in the group
subjected to the greater dust exposure. Another character-
istic observed was that there was no great mortality trom
tuberculosis up to twenty years of service, but atter that
period or approximately atter the age of 50, it rose sharply.
While above 50 years of Sge the mortality curve ot pulmonary
tuberculosis in the general industrial population began to
decline.

According to Nicholson (1923) workers in the central
district of Derbyshire show a high mortality from phfhisfé.
They are chietly occupied in quarrying, mining or cutting grit-
stone, burrstone, and ganister, which all have a high content
ot pure silica (85 to 96.4 per cent). |In the case of grit-
stone and quartzite workers symptoms ot silicosis after 5
to 10 years exposure, occurred, while in the case of ganister

and granite workers, atter 10 to 20 yesrs, and in pottery
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workers a period of over 20 years exposure is the general rule.
Oliver puts the period in the rock drill workers of the Wit~
watersrand, South Africa, as from 6.8 to 8.8 years. MHost
authorities agree uvpon an average period of exposure ot from

0 to 15 years as being necessary for the production of sym-

~ ptoms-~ the American workers put it at |5 years., Statistical

returns from Derbyshire and elsewhere in Great Britain show

a phthisis death rate among gritstone workers alone in this
area from 1900 to 1910 of 13.7 per thousand empdoyed males,
as agaianst the standardized phthisis death rate ot 0.77 per
thousand in the district., |In the limestone area it was 1.71,
and in the coal area 0.68.7 Derbyshire gritstone contains
Q6.4 per cent silica, limestone only 0.2 per cent, and pure
coal none.

Flint is practically pure silica. Flint knappers of
Brandon have & death rate from phthisis, according to Collis,
ot 41 per cent as against a rate of 1.6 per cent tor all
males over 15 years of age in England and Wales in 1900 fto
1902, Sayers (1930) quoting from investigations by Hayhurst
and his co-workers in one ot the sandstone districts of Ohio,
reveals pulmonary patholégy in 55.1 per cent of the workers,
including 38.5 per cent with silicosis in various stages.
This rock has an average content ot 92.15 to 97 per cent
crystalline silica.

Numerous other statistics an& experiences might be
quoted, but suttice it to say that there is general agreement
that the grester the frece silica content of fhe dust and the
greater the intensity ot exposure, the greater is the mor-

bidity and the mortality from silicosis and tubersulosis.

After consideration of the varied and diversified opioions
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of its members, the Johannesburg Silicosis Conference in

1930 summed up the factors responsible for the harmfulness

ot silica dust as tollows:

Ie
2.
3.

4,

5.
6.

The amount of dust inmhaled.

The percentage of free silica contained therein,

The size=frequency lor fineness) of the particles
inhaled.

The nature and sort of such other suvbstances (in=
cluding vapors and gases) as may be inhaled simul~
taneously, or otherwise.

The powers of resistance of the individval concerned.

The presence or & sence of a complication by an
Infected process.

And, furthermore, in view of the lack of sufticient

knowledge, fturther investigations as to the cauvses of

hartfulness ot silica were uvrged by the Conference.

{Badham

1931). This much needed intformation, it is ftelt,

is necessary to lead to more rational methods ot estimating

the hazards due to dusty atmospheres.
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SYMP TOMOTOLOGY
Betore entering info the discussion of the symptomotolegy,
ot silicosis and tuberculosis, the following definition of
silicosis by the Pennsylvania Compensation Commission (1933)
aptly summarizes its clinical manifestations:
"Silicosis is @ disecase due to breathing air
containing silica (5i02), characterized anatom-
ically by generalized fibrotic changes and the
development of milliary nodulation in both lungs,
and clinically by shorftness of breath, decreased
chest expansion, lessened capscity for work, ab-
sence of fever, increased susceptibility to tuber-
culosis (some or all ot which symptoms may be pre-
sent), and by characteristic X-ray findings."
At tirst there is littlie to note beyond irritation of
the mucous membranes ot the nose and throat, the sneezing
and coughing which ensves being nature'!s attempt to disledge
the dust. Silicosis develops slowly as a rule, so insid-
fously in tact, that it is difficult for the patient to
assign a date to the onset ot symptoms, of which dry cough
in the morihing or on leaving work at the end of the day is
one ot the earliest symptoms. Kober and Hayhurst (1924)
speaking ot the symptoms which a gold miner experiences,
state that what appears to be a bronchial cold, with or
without pleuritic pains, attended by a sense ot increasing
debility is an indication that the lung has become atfect-
ed by mine dust. One feature stands out prominently through-
out the whole course ot gold miner's phthisis,viz; dyspnoea
on the slightest exertion - a shortness of breath fer in ex-
excess of the physical signs. The general appearance of the

attected miner is frequently that of a man still in health,

He may be slightly bronzed and looks weather-beaten, and yet
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the disease has prebably already got a good grip on his lungs
tor on physical examination the chest is observed to expand
feebly, there is a diminution of one inch or more in the ra-
tio. between inspiratory and expiratory measurements, also
impairment of the percussion note at the base ot the lung
toward the axillary area with deticient respiratory murmur,
The pulse is almost invariably quickened.

In the later stages the respiratory murmur may become
coarser, crepifafion may be heard, also a cardio~respiratory
murmur along the left border ot the cardiac area. The ex-
pectoration varies. |In the early stages, if there is little
bronchial catarrh, expectoration may be scanty, stringy and
pearly-white in character;in the later stages it may be muco~
purulent, bluish~-black and rich in particles of silica. Since
in a considerable number of persons dying from silicosis no
sign of fubercle is tound in the lungs or in the body gener-
ally, silicosis must therefore in its early stages at least,
be regarded as a non~tuberculous disease. ‘When tuberculosis
develops, not only is it secondary to the pneumonoconiosis,
but, there occurs an alteration in the symptoms. Emaciation,
rise of temperature, night sweats, mucopuruvlent spuvtum - fre=-
quently containing Koch's bacilli, rales, and the other symp~
toms and tindings of tuberculosis appear.

Granite workers (Russell and coworkers 1929) in the
early stages develop & non-productive cough, and occasional
pains in the chest, vsvally of a transient nature., The pains
are part ot the development of pleurisy which is coincident

with the progress of silicosis.e The cough is believed to be
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probably not of a pulmonary origin, but, resulting apparently
i, trom mechanical irritation of the upper respiratory tract.
Here again, as in the gold miners, dyspnoea is the priacipal
complaint of the workers with silicosis, which is the early
stages is noticeable only on exertion, and which increases in
- direct proportion to the exposure to dust, Silicotic patients
are loath to give an accurate history of anything reterrable
to their chest conditions, as they have a protound tear ot
f?berCUiosis. For example, many times they state they are not
éySpnoeic, when it is evident they are. In the early cases
there is generally a beginning of impairment of resonance
and a diminished tactile and vocal fremitus with diminished
breath sounds, which progressively diminish as the condition
progresses, because of poor resonating quality ot the lung
tissves. Later there is a limitation ot chest expansion,
bilateral in nature. The average chest expansion ot the
granite worker on beginning his occupation is 7.7 cm; atter
20 years of work it is 6.4 cm. and after 35 years in granite
it is 3.6 cm., while the corresponding ftigures tor vital ca-
pacity are 4, 3.8, and 3 liters.

There is every presumption that this decreasing chest
expansion retlects the deveioping tibrosiss As the condition
progresses this restriction of chest expansion becomes greater,
and there is a hyperplasia of the muscles of the chest, dvue
to the increased respiratory effort. |In these more advanced
cases there is still greater evidence of empaired resonance,
and in the most advanced cases evidences ot consolidation,

When the condition is severe enough to ceuse loss ot time from
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work, it is vsvally a sign of incipient tuberculosis. In
general, however, patients with silicosis appeared to be heal-
thy and wel!l nourished, and except in advanced cases, there
is usvally no evidence on casual examination of any impaired
physical ability,

These symptoms in general seem to tollow in the wake of
silicosis whatever the cavuse and the industry involved. In
particvlar, vnproductive cough, dyspnea and transient pains

in the chest seem to be the most outstanding symptoms.
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PATHOLOGY

It is now generally agreed that dust found in the lung
tissve gains access by way of inhalation. Other paths of en-
try, such as the digestive tract, may for all practical pur=-
poses be neglecteds The respiratory aspparatus possesses de=-
finite means for ridding itself of the dust, i.ce, (1) the
power ot bronchial secretions to dissolve dust particles;

(2) the sweeping out action of the cilia lining the bronchi

and the bronchioles; and (3) the phagocytic action of macro-~
phages which remove particles from the alveoli and carry them
either within reach of the cilia, or through the alveolar walls
into the lymph stream. These means may, however, be overwhelmed
it the amount of dust inhaled ié excessive, or it the period

of inhalation is prolonged.

A great deal ot experimental work has been concerned with
the mode of entry of dust into the lungs. Now, there is gen-
eral agreement that the very fine particles ot dust which reach
the lung alveoli are taken up by phagocytes, which, according
to most avthors, are derived from the endothelium ot the lung
capillaries, and according to others, trom alveolar epithelium,
and the dust-laden phagocytes migrate to the nearest lymphoid
tfissue and gain access to the closed lymphatic vascular system
which drains the lung. Most dusts are removed trom the lungs
in this way through the lymphatic channels, but, silica, for

the most part remains in situ, stimvulating the formation of

‘new connective tissve. (Gye and Kettle 1922), Other observers

(Sayers 1930) are agreed that the phagocytes, when overloaded

with dust, lose their motile power, collect in the lymphatic



.

.

channels, and lead to a reaction, with formation of fibroblasts
in the surrounding tissves.

It has been ftound that lirrespective of the particular kind
of dust which has led to the development of pneumonoconiosis,
one and the same structural change is invariably present in
all attected lungs, if only suftficient time is given, namely,
an increase of the fibro-connective tissve, an interstitial
pneumonia in ftact, accompanied by the presence ot pigment,

As Kober and Havhurst (1924) describe it, the fibrous tissve
tends to assume in places, concentric formation, the fibrosis
being particuvlarly well marked avound blood vessels and small
bronchi. The blood véssels become thickened as a result of
endarteritis or in consequence of prolonged venous congestions
The tibrosis increasés in response to the progressive nature
of silicosis, and the sponge-like structure ot the normal léng
tissve is progressively replaced by the solid fibrous ftissuve.

X~-ray pictires of chests of granite cutters (Russell and
co-workers 1929) indicates that silicosis follows a rather de-
finite form in its development, There is a general thickening
of each hilum and of the trunk shadows, the latter being in-
dicated by linear markings throughout. The enlargement of
the hilum shadows is incident to lymphatic blockage and to
the deposition of désf in the glands. Hilum shadows are in-
creased in size and density very early, and become more pro=-
nounced as the exposure to dust continues. |In advanced cases
there was contfluence of shadows, torming consolidations. The

densities next in order in appearance and prominence were

linear markings, or trunk shadows, which became diftused through=~
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out the lung as silicosis advanced, They extended from the
hilum to the outer zone laterally and along the course of

the larger bronchi in the lower lobes., These linear sha=-

dows in the outer zone at the same level as the hilum were
conspicuous even in cases ot comparatively short exposure fo
duste. Linear densities entend vpward as silicosis advances,
and the apices are the last fq be involveds The angles of

the diaphragm were not always clear, particularly at the car-
diac end, because the thickening along the larger trunks over=-
laps and produces a hazy appearance. The overlapping of thick-
ened pleuvra also adds to the densities in this region. Ir=-
regularities of the dipphragm were frequently observed, being
present in 40 per cent of the cases, and as the condition ad-
vanced there was an increase in changes of the diaphragmatic
shadows. It is evident from clinical and X-ray ftindings that
a chronic pleurisy is a detinite part of the pathology of sil=
icosis. Pleural changes are attribufable to the irritating
action of the dust which reaches the pleura through the lymph
streams.

Radiographic examinations ot the chests ot gold miners
show three stages of pathology according to the classitication
adopted in South Africa (Nicholson 1923).

First stage. - Mavrogordato claims there is a pre-X-ray
stage of silicosis because X~-ray examination fé&ils to reveal
and evidence of silicosis until the tibrosis of the lymphatic
vessels has begun, After this pre-~X-ray stgge the hilus shad=-
ows are always increaseds There is also an undue prominence

of trunk shadows and finer lé&near markings. The descending
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trunk shadows are more noticeable on the right side, the
heart shadow obscuring those on the letf,

Second stage. - This is characterized by a more or less
uniformly arranged mottling diffusely scattered throughout
the lung structure, due to the deposit of dust in the lymph
spaces, cells, and fibrous tissve spaces, together with some
localized fibrosis. This mottling is of a characteristic
nature and is called by the South African workers the "Snow=
storm" appearance.

Third stage. ~ The %ibrosié in this stage has become
more general, lighted vp here and there by emphysematous
patches, with the mottling showing a tendency to become denser
and to coalesce, forming denser and more uniform shadows. The
condition in this stage is indistinquishable from advanced
tuberculosiss, The condition is always belateral; it commences
at the hilus and spreads at tirst toward the base, also in con=
trast to the behavior and spread of a tubercuvlous fibrosis which
is more often than not unilateral, and which, commencing at the
hilus, spreads first toward the apices.

The ftibrosis ot the lungs explains many of the symptoms
and tindings of the silicotic individuvual. The dyspnea can be
attributed to a lessened aerating surface of the lungs because
of the replacement by solid fibrous tissve. Sometimes there
is such a marked replacement by tibrous tissve that it is a
wonder how respiration can be carried on at all. The decreased
chest expansion no doubt, is an expression of fibrous tissve
tormation, as weli as are the impaired resonance, and decreased

fremitus and breath sounds.
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A study of the morbidity and mortality statistics shows
strikingly the significance of tuberculosis as a complication
ot silicosis, and the question arises, how does the silicotic
tibrosis aid the establishment of tuberculosis? Much work
has been done on this problem, but, as yet the explanation
is still to be sought, The disorganization ot the lymphatic
system in silicosis has been recognized by most auvthors as a
potent factor in the increased susceptibility to tuberculosis.
In addition, Gardner regards silica dust and the tubercle
bacilli as irritants, and the two acting together are capable
in a short time, of setting in motion a series of reactions
on the part of the lung which neither alone is capable of in-
itiatings By concentration of both in small toci each rein-
tforces the action of the other, resulting in a chronic lesion
which is slow to heal.

I+ might appear as it the avascular state of the tibrotic
areas of an atftfected lung did aof lend itselt to the reception
and multiplication ot the tubercle becillus, but, a svitable
nidus is certainly provided in the catarrhal secretion within
the pulmonary alveoli.

Gardner experimented on the inhalation of attenuated
strains of tubercle bacilli by guineapigs that had not been
exposed to silicosis, and on those that were subjected to
silicosise In the ftirst group were found only isolated sub-
pleural tubercles in lung ftissve, massive involvement in frach-
eobronchial fymph nodes, and nothing in other viscera = an
infection which was cured by resolutlon within two yvears and

which never killed the animals. He found that in - infected
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animals subjected to the dély inhalation ot quartz, the tuber~
culous lesions spread and generally pulmonary tuberculosis =
ghronic and fatal - resvlted. From further experiments he
concluded that the virulence of the strain of the tubercle
vused had not increased, but, that a temporary slteration in
environment had been produced in the silicotic lung which
tavored multiplication of the tubercle bacilli. Kettle ex~
perimented with rabbits showing the modiftication of artftiticial
miliary tuberculosis by silicea. Rabbits inoculated first with
intravenous amorphous silica and later with tubercle bacilli,
develop more miliary tubercles than rabbits not receiving the
silica injection. In mice with inferstitial lesions produced
by silica or calcivm followed by tubercle bacilli infravenously,
the tubercle bacilli were found in much greater number in the
silica lesion than in the calcium lesion.

The results of animal experimentation have been subjected
to some criticism because there is still a wide gulf between
the findings of industrial lung and the results of animal ex-
periments. No one has yet been able to produce by animal ex-
perimeﬁfafion such a fibrosis as that shown by a rock driller!s
lung, for instance. But, nevertheless, such work should be
carried on in view of our lack of knowledge of the relation
between silicosis and tuberculosis,

Once tubercle bacilli invade the silicotic lung, the pa-
tient rapidly becomes worse and the case practically becomes
helpless.

Two distinct groups of tuberculosis were found among the

granite cutters at Barre, Vermont by Russell and his co-workers.
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The principal differences being found in the ages of the
patients, location of the lesions, and the course and prog-
nosis ot the diseases The first type of tuberculosis found -
which forms the great majority of the cases - was comprised

ot workers who had a well developed silicosis. The average
age of these workers was 49, with an average dust exposure

of 28 pears. The onset ot the discecase {(tuberculosis) in this
group was rather sudden, and ran a rapid course, terminating
tatally. The general location of the tuberculous lesion was
basal, in contrast to the usval apical location of the lesion.
There were no periods of guiescence in any of the cases which
came under observation, nor were there any recoveries. The
second type of tuberculosis observed, which has been termed
concurrent silicosis and tuberculosis resembled the disease

in persons not exposed to dust. The lesions were usvally
located in the apicesy the course of the disease was slower
than in the dlder cutters, and the ages of the group ranged
trom 24 to 38 years, with a length of exposure fo dust of from
3 to I3 years, averaging 8 kears.

Institutional freatment appeared to have no effect in
retarding the development of the disease. Patients were per-
haps more comtortable and obviously were less of a menace to
their tamilies and to the public, but, the course and prog~-
nosis ot the disease did no appear to be altereds The average
period ot time elapsing between the beginning of disability
trom tuberculosis and death was tound to be about |5 months.

Pathological study was made of 8 lungs from employees of

the Barre granite industry. Gross appearances: No case of
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advanced uncomplicated silicosis was found, all these showing
lesions of a coexisting tuberculosis. Five showed pulmonary
cavities, occurring in two instances in the apices, and in
three others at the base or in the mid lung. Generally the
surfaces ot the lungs presented extensive pleural adhesions.
The tracheobronchial lymph nodes were moderately enlarged.
The silicotic nodules of cases complicsted by fuberculosis
were much more dense, and the tracheobronchial lymph nodes
appeared smaller and more shrunken as the silicotic lesions

advanced. Microscopic appearancess: In the earliest case pre-

sented, slight amounts of dust were found in the plevra, septas
and adventitial coats of the vascular and bronchial trunks.
These deposits were surrounded by a very slight amount of
cellular connective tissvue. In the alveoli a ftew free phag-
ocytes containing dust particles were found. As the silicotic
condition advances, many alveoli, especially those benecath the
pleura, are found completely filled with phagocytes., The pleura
show areas of thickening prédvced by masses of cellvliar connec-
tive tissve or by circumscribed nodules of non-cellular hyaline
connective tissve. Massive collections of cellular connective
tissue are observed bencahh the pleura in the septe and about
both bronchial and vascular frunks.

In halt ot this group the tuberculous process developed
and proceeded in a manner similar to that ordinarily encountered;
in the other halt, the silicosis changed and modified the course
ot the complicating tuberculosis. These differences in the
character of the lesions have suggeéfzd the hypothesis that

tuberculosis as a complication of silicosis arises both from
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endogenous and ex0genous sSOUTrcCes.

ot these two types of

from the study of such a small

-3

infection,

The relative frequency

however, cannot be determined

series ot cases.
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DIAGNOSIS

The subject ot diagndsis ot silicosis and tuberculosis:
in the industries exposed to silica dust has been dealt with
more or less indirectly in the preceding discussions. Brief-
ly, the essential teatures concerned in the diagnosis are:

"1. History of exposure to silica dust.,

2. Symptomatology.

3. Physical findings.
4, X=-ray studies.

5. Sputum analysis.,

With a history of employment for any length of time in
any of the industries mentioned ecarlier in this paper, along
with other indications, one should quite naturally think ot
a silicosis, or even a tuberculosis it the other indications
are sufticiently pronounceds The industries in which sili=-
cosis and tuberculosis seem to have been the most prevalent
and of greatest concern are gold mining, tin mining, granite
quarrying, sandstone cutting and grinding, refractories in-
dustry - making of silica bricks etc., rock crushing, and
excavation a;d construction work in rock.

As previously described the cardinal symptoms of sili-
cosis are an vaproductive cough, progressive dyspnea and tran-
sient pleuritic pains in the chest, With the complication of
tuberculosis the additional symptoms of a productive cough,
loss of weight, fever, night sweafts and the other accompany=-
ing symptoms of that disease are superimposed,

It seems to be a rather difticult matter to present the
employees for physical examinaftions. Many ot the workers in
these hazardous industries have the morbid fear of tuberculo~-

sis, and they are reluctant to learn the "bad news". Some

workers refuse to be examined., The more common physical find=-
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ings in silicosis ére a progressively decreasing chest ex=-
pansion, impairment of resonance, diminished tactile and vo-
cal tremitus and diminished breath sounds. With the super=-
imposition of tuberculosis, there is a uni[aferat limitation
ofbexpansion, arecas of dullness in addition fo the general
impaired resonance already existing, increase of tactile frem-
itus over the tuberculous lesion or cavity, change in breath
sounds where cavity formation exits, in many cases bronchial
breathing near the tuberculous lesion, and rales which is
almost & constant finding. For a long period of time during
which the worker has silicosis alone he appears to be a pic-
ture of health, No doubt this is s cause tor his hesitancy
to present himselt for periodic physigal examination.
Radiographic studies of the chest are the most valuable
single means of diagnosis ot silicosis in general. However,
Mavrogordato and ofhers believe X=ray examination does not
reveal the earliest stage of silicosis, so the clinical tind~
ings must be depended upon for a diagnosis in early silicosis.
Later, silicosis presents a rather characteristic manifesta~
tion according to X-ray studies. There is a general thicken=-
ing of each hilum and of the trunk shadows. These trunk shad=
ows are indicated by linear markings from the hilum fo the

outer zone laterally, and are diffused through the lung tis=

'sue. The South African workers ascribe a mottling or "snow-

storm" appearance fo the moderately advanced silicosise In
the advanced cases of silicosis consolidation of shadows takes
place, and in the ftuberculous stage, basal cavitation is char-

acteristic.



The tinding of tubercle bacilli in the sputum is, of course,

e, definite evidence of the presence of tuberculosise.

i,

i



PN

AT,

07w
PROGNOS 1S

In the majority of cases silicosis is a progressive
disease, even when the worker leaves the dusty industry
permanently and takes to a life in the open. In some cases
ot early silicosis when the worker has leff the industry
there has been an arrest or apparent cure of the silicosis,
but in other cases the condition has progressively grown worse
vntil the individual finally broke down with tuberculosis,
even though he had been removed from dusty industries for se-
veral years. This has been the common experience in South
Africa, England, Australia, United States and elsewhere.

Russell and his co~workers traced the histories of
twenty-four workers who had lett the granite industry and
carried on various non-dusty occupations. Eleven, at the time
ot their investigation, showed silicosis in various stages
of advancement, while |3 showed tuberculosis, 7 of whom died
prior to the termination of the suvtdy.

In South Africa, Dre. lrvine (Badham 1931} said of the
silicotics who did not leave the gold mining industry that
they progressed no worse than the men who lett., Dr. George
states that in 1922 and 1923, thirty-four miners from @roken
Hill, New South Wales, suftfering from vuncomplicated silicosis,
were settled on orchard f&rms. From the commencemeﬁf the
scheme was a failure. Up to the present time (1930}, of these
34 men, |7 have developed or died ot pulmonary fubefcu!osis,
about 9 are still on their farms, and some of them have de-
finite tuberculosis. |t was observed in South Africa that
ot the gold miners with a pre-X-ray stage of silicosis, which

is the earliest stage, who lett the industry, most of them
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progressed unfavorably., It is believed by some that in such
cases there must be an "infective" silicosis present of a pe-
culiar latent tuberculous nature. Sayers (1930) states that
the ovtlook ot the individu§| case is mainly dependant upon

whether the id ective element remains "bottled up" and in-

active, or whether, on the other hand, it becomes active, or
a further infection occurs trom outside the lungs This dif=-
ticult and as yet not tully understood complication - namely

"intective silicosis,”" plays a very important part in the

question of prognosise.
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TREATMENT

It is quite generally aqgreed that there is no treatment
tor the cure ot silicosis. Medicinal ftreatment or change of
occupation atter the dondition has become established are of
no avail. Possibly only in the very earliest stage can sat=-
istactory results be obtained in some cases by retiring from
the dusty occupation and taking uvp work in the open air. Once
fibrosis has set in, it is likely to be progressive and even~
tvally terminate in pulmonary tuberculosis. Prevention of ex~-
posure to dust, theretore, is the only freatment and cure of
silicosis, and ftuberculosis caused by silicosise.

To svccesstully combat the dust hazard a sate limit ot
dustiness must be determined. The investigations in the
Barre, Vermont granite industry showed that the limit of sate-
ty lay somewhere between @ and 20 million particles of dust
per cubic foot ot air. The South African standard for safe=
ty in the gold mines is 8.5 million particles per cubic toot,
while the United States Public Health Service limit ot safe-
ty is 10 million particles per cubic ftoot. It will be re~
called, for example, that the pneumatic tool granite cutters
at Barre worked in an atmosphere containing 60 million par-
ticles per cubic foot! |If becomes apparent at once that ra-
ther drastic methods are indicated to control the dust at its
source,

Numerous methods and devices for controlling the dust
at its source have been deviseds |t is agreed that no one
method is applicable to all circuméfances; the methods must
be adapted to the particular industry. It is agreed, however,

that in most cases there should be a combination of methods.
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The gold mining industry on the Witwatersrand in South
Atrica has led the way in the study of dust-csused tuberculosis
because, as Watt (1930} states, this discase has been more
prevalent there than in any other part of the world, and the
opportunity for research and study has been made possible by
the generosity and business acumen of the leaders of the in-
dustry., The vision and initiative of the Consolidated Gold
Fields ot South Aftrica some 30 years ago began putting into
operation methods for dust coantrol, so that today the absence
ot dust in their gold mines is as conspicuous as it was by
its presence 30 years ago., It would be well to look into
the methods of dust control in the gold mines on the Rand,
and then discuss other methods ot dust control as they apply
fo other industries.,

Since 1916 four kinds of brevenfive methods have been
combined to intfluence the situation on the Rand as described
by Irvine and co-workers {1930). Two of these make up wheat
may be called the "engineering methods™ aimed directly against
the production or dissemination of dust in mine airs

1) "Dry" methods of prevention - are measures described
to secure an adequate standard of ventilation both general
and local, to regulate the method and times of blasting, to
secure the arrangement of shiftts, and the times and manner
ot hoisting so that there should be no unnecessary exposure
of any person to dust and fumes, and measuvres of a similar
character.

2) "yet™ methods of prevention = by which one means

measures which depend directly on the use of water to allay
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dust at its sovrce, or to remove it from the air when formed.
The use ot water in drilling machines and in blasting has
been found to reduce the amount of dust generated in drilling
and blasting by 97 or 98 percent by weight. However, it is
telt that not all of the ftine particles of dust are al layed
by the water and which still are a source ot danger, and that
this phase requires turther investigation.

The other classes of preventive measures one may call
the "medical measures",

3) The "initial examination™ of recruits and rejecfion
ot those suvftering from respirafdry diseases or those who
appear uvnduly liable to contract such diseases.

4) The "periodical examination" which aims at the detection
ot all cases of silicosis or tuberculosis amongst the working
miners, and consequent removal of all tound sutfering from
tuberculosis from underground work, thus removing potential
sources of dissemination of inftection,

There is a tendency throughout the Rand mines to adopt
mechanical means for handling and transport of the broken rock
and it is conceivable that this ftact may have become an im-
portant tactor in the prevention of miner's phthisis by les=-
sening exposure to dust.,

Furthermore, a miner who is found to have simple silico~-
sis has the option of taking an award and leaving underground
work or of remaining at work and postponing his award. A
miner who has been granted a lump sum award and ceases under=-
ground work within three months of his notitication is entitled

to further award of a monthly allowance it his disease progresses
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to the advanced stage ot silicosis or to tuberculosis with.
silicosise.

At the present time there is a strong move on the Wit~
watersrand to replace the "wet" method of dust allaying by
the "dry" methods, because it is being felt that the high hu-
midity produced by much use of water combined with the high
temperature ot the déep mines produces an inefficiency, dis~-
comfort and even heat stroke, and may even be a tactor in
causing simple silicosis to pass into the "infective™ type.
Various experiments have shown that certain exhaust types of
dust removal and the use of dust traps as the Kelly dust trap,
remove the dust at the source more etficiently than do the
®wel" methods of dust control.

The regulations for dust control on the Rand are rigidly
enforced, and as a result the number of cases of silicosis
and tuberculosis detected among Turopean miners has steadily
tallen the past 10 years and does not now constitute a serious
menace. The Kafttir natives employed in the mines are more
susceptible to silicosis and fuberculosis than the Eurépean
miners, but even including them there has been a marked‘reduc-
tion in the number of new cases of silicosis ftrom 1920 to 1930,
Iin 1218-1920 the attack-rate ftor simple silicosis at the end
ot 10 years service was 8,94 per cent, and at the end ot 20
yvears, 14,13 per cent. By 1928-19290 the attack-rates had de-
creased to 2.55 percent at the end of 10 years service and to
6.68 per cent at the end ot 20 years service, showing a marked
reduction in the number of new cases of silicosis,

According to Russell and his co-workers atter their studies
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at Barre, observations in certain granite plants in other cities
have shown that local exhaust devices can be economigally in-
stalled which will reduce the dust count for the dust-making
occupations to less than 20 million particles per cubic foot

ot air and the general plant atmosphere to approximately 5 mil-
lion particles. In some granite plants Russell tound the ven-
tilating equipment to be of little value because of lack of
upkeep and maintenance, clogging or improper placing of ex-
hausts, Proper maintenance of ventilating apparatus, and of
all dust-allaying devices, is essential and requires the co~
operation of toremen and employees,

It has been recommended that stone-mason's work should

be done in the open so that the dust may be rapidly diluted

and blown away; closed~in sheds should be prohibited. Sand-
stone and millstone wheels should be discarded in favor of
composition wheels which give otf far less dust and need not
contain silica.

The suggestion has been made that some dusts in conjunc-~
tion with silica dust act as "antidotes" for the silica dust
and render the latter harmless. Mavrogérdafc maintains that
coal and shale dusts produce a catarrhal reaction, and that
this reaction is helptul in eliminating inert silica dust along
with coal and shale dust., However, in the opinion of certain
members ot the Johannesburg Silicosis Conterence, these sug-
gestions should be treated with great cavtion and reserve and
call tor turther research in this direction., At the same Con=-
terence there was a concensus of opinion that alternate employ-

ment and periods free trom exposure to siliceous dust tend to
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increase the resistance and thereby delay the development of
silicosis (Nicholson 1923).

The Conference went on record as recommending:
|« That there should be some standard method for determining
dust concentrations which would permit of inter-industrial
and inter-national comparisons.
2. Further research into phetographic and photo-electric cell
methods of dust determination.
3. Further research into the size~frequency or fineness of
dust particles, as it is being believed more and more that
the surface’exposure of the dust particles is the chief factor
in the amount of silicea which goes into solution.
4, That personal protection of workers during working hours
should be supplemented by secondary measures, as the provision
ot svitable change houses, regulation of working hours etc.
in this connection, others have recommended that employers,
physicians, city avthorities and others exert their intluence
toward raising the standards of living of the employees. |If
is felt that the expense of making & working place safe may
be of little or no value if the predisposing causes of tuber-
cylosis in the workers! homes and community are not controlled
also, such as living in dark, damp, stufty ill ventilated rooms
etce This would necessitate in many cases increased wages,
but it has been felt the improved health of the employee will
in the long run compensate.

Barnard (1934) believes that the use of the X-rgy is the

most effective method now available for the diagnosis of tuber-

culosis in adults, but that its costliness has previously served
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as a barrier to its extensive use. She believes that X-ray

of individuals by enfire industrial groups is a logical source
ot attack. She cites the X=ray survey made in New York City
in 1933 under the direction of Dr. Shirley W. Wynne ot approx=-
imately 20,000 people by which the individuals were X-rayed

at the rate of 150 an hour at a cost of § .75 per person.

The uvse of this method by the Metropolitan Lite Insurance
Company in detecting tuberculosis among its employees has re=-
sulted in a decrease in the morbidity rate from 132 per ten
thousand employees in 1928, to 43 per ten thousand employees
in 1932,

Harrington (1933) states that exact figures showing the
morbidity and mortality from dust diseases annually in the
United States are not available unfortunately, "partly be-
cause many doctors apparently do not know how to diagnose the
disecase, but chieftly tor the reason that vsvally in the re-
gions most aftfected a concerted effort is made toward min-
imizing the dangerous conditions. |In fact 'pussy-footing!
about dust disease is now and has tor many years been !aréely

the rule.®

He further states that ftrequently doctors, mer-
chants, eﬁgineers and business men in general in the community,
while knowing the gravity of the situation, remain quiet from
motives of self-interest, Death certiticates of victims of
dust diseases are made out as heart disecase of Bright's dis-
ease etc, and newspaper reports indicate that death was due

to dlingering iliness"™. Further, he states, that we have very

few and incomplete regulafions cor erning the dust hazard and

most ot these are ignored. State laws as to dust eliminatifon
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in the mines to prevent disease are vsuvally non-existant,
where such laws are in existance they are extremely meager,
and in general are not enforced. He gites the situation on
the Rand in South Africa, where the dust problem haes not been
"side-stepped”. He recommends the same general methods of
dusf control énd that they be regidly entorced. He recommends
that industrial orgenizetions, the State and Federal Govern-
ments and other interested parties should cooperafe so that
avthentic informaftion about dust diseases and dust control
shall be available for industrial application, and also to
serve as a solid background tor State regulations and laws
which are now being formed without dependabie data, and also
in connection with the numerous court actions now pending and
likely to increase.

Qyoting from Current Comment of the journal of the Amer-
ican Medical Association (1933);

"In more than one industry today the most important
slogan in the 'new deal', from the standpoint of wel-

fare defined in terms ot human health and comfort,
would be 'Stop the Dust'."
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SUMMARY AND CONCLUSION

It has been observec for many years and in numerous
countries that employees exposed to silic dust over a long
period of time, are espedially susceptible to tuberculosis,
and that the mortality ftrom tuberculosis among these workers
is considerablyg higher than in the general industrial popula=-
tion. Some of the industries most concerned with the silica
dust hazard are metal mining, especially the gold, tin, zinc
and copper mining industries, granite quarrying and cufting,
sandstone cutting and grinding, and workers in burrstone,
ganister and gritstone.

Numerous theories have been advanced in attempting to
explain the injurious properties of silica duste Probably
the most prevalent idea at the present time is that the harm
is due to the chemical nature ot silica dust, cavsed by the
fine dust particles going into solution,

The symptoms that the silicotic worker is most apt to be
trovbled with are a progressive dyspnea, unproductive cough,
and transient plevritic pains in the chest., The diagnosis
ot silicﬁsis is by history of exposure fto silica dust over a4
period of time, the symptoms mentioned, physical findings and
X-ray study ot the chest. The X=ray discloses a characteris~-
tic tibrosis, seen by thickened hilum shadows and linear mark-
ings extending from the hilum to the periphery of the lung.
The fibrosis displaces the normal aerating lung tissve which
causes the dyspnea, impaired resonance, diminished fremitus,
decreased breath sounds, and limited chest expansion., |In the

silicosis complicated by tuberculosis, there is a marked thick=-
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ening of the shadows, even dense consolidations, and cavita-
tions, which, in the case of granite workers are frequently

basal instead of apical as ordinarily found in tuberculosis.
Why silicosis shovld predisposg to tuberculosis is nol known.

It is a common experience that the prognosis in silicosis
is poors Once the condition has become established, almost
invariably it seems, the silicosis progresses to tuberculosis
and death, even though the worker leaves the dusty industry
and takes to open air occupation.

It is quite generally agreed that there is no treatment
tor the cure of silicosis, and that prevention is the only
method of control. Prevention of silicosis and the subse-
quent tuberculosis in industry necessitates the eliminéfion
ot dust from the working atmospheres, Most countries, and
particularly the United States, have been slow in adopting
measures to control the dust. The gold mining industry of
South Africa has been the pioneér in this respect, and by
rigid enforcement ot methods and regulations, dust in their
mines is conspicuous by its absence,

Ot the "engineering™ methods ot dust elimination, the
chief means are venfita%fng schemes and devices, exhaust
apparatus, and the proper use of water in drilling, cutting
and blasting rock., Of the "medical™ methods of dust control
are thorough initial examinations with the rejection of those
with respiratory disease or apparent susceptibility to sili-
cosis and tuberculosis, followed by subsequent periodic phys~
ical examinations to deftect incipient silicosis and tubercu-

t

losis, and thereby remove "foci of infection" among the work-

ing groups.
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Considerable research work is indicated to determine the
harmtul properties ot silica dust, the relationship between
silicosis and tuberculosis and to determine more effective

means of dust prevention and contreol.
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