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ILLUSTRATIONS

Granite surfacing—with and without dust control.

Microphotograph of section of lung tissue showing silicotic nodules,

Silico-Tuberculosis eross-section of lung showing extensive consolida- -

tion from silicosis and tuberculosis with marked emphysema.
Third stage silicosis in a blaster—exposure 23 years,
Silicosis with tuberculosis in a rock driller—exposure 31 years.

Advanced silicosis with tuberculosis in a rock driller—exposure 31
years.

Rock drilling—no dust control. Serious silicosis hazard.

Rock drilling—dust removed. Silicosis hazard under control.
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INTRODUCTION

Disease of the lungs due to the inhalation of dust has recently
assumed a position of outstanding interest in the field of industrial
hygiene, This is in part due to the light of publicity which has
played upon the subject in recent years but it is also due to a
realization, somewhat tardy, of the real importance of the subject.
There can be no doubt whatever that the effects of dust play a
far-reaching role in the health of the industrial population.

Articles and reports of investigations in this field have so flooded
the press, both popular and medical, that it would seem unneces-
sary to add anything further. However, repeated requests for
information on silicosis are made to the Division of Industrial
Hygiene and it is with the idea of furnishing a reference manual
which in a convenient form will cover the essentials that this review
of silicosis has been prepared.

ApELAmE Ross Smirs, M.D.
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CHAYTER I

SIGNIFICANCE OF SILICOSIS

Pneumocontosis

Originally the word pneumoconiosis was used for lung disease caused by
dust. Thers were subdivisions, as anthracosis, siderosis, chalicosis and sili-
cosis to denote the dust concerned, i.e., coal, iron, stone and silics, respectively,
but no distinetion in their effects was recognized. Gradually it became
apparent that one dust, silica, was far more injurious than others and finally it
was realized that when the other dusts had apparently produced lung diseaze
it was due to the presence of siliea in them. Silicosis aceording to Gardner 1 is,
with the exception of asbestosis, the only true pneumoconiosis. Dusts which
do not contain siliea will cause changes in the lungs recognizable upon X-ray,
but they are not progressive chaugea and of themselves they do mot produce
disabling disease.

Definition of Silicosis

Silicosis is defined by the American Public Health Association as follows:

“Silicosis is a disease due to breathing air containing silica (SiQ,) char-
acterized anatomically by generalized flbrotic changes and the development of
miliary nodulation in both lungs and eclinically by shortness of breath,
decreased chest expansion, lessened capacity for work, absence of fever,
increased susceptibility to tuberculosis (some or all of which symptoms may
be present) and by characteristic X-ray findings,” It is more or less arbitrarily
divided info three stages.

Public Health Aspect of Silicosis

Before describing the properties of silica itself and the pathology of the
disense it will perhaps give a better understanding of its importance fo con-
sider it from the public health aspect in terms of the number exposed to the
possible hazard of contracting it and the effect of exposure upon mortality
statistics.

Number Hrposed to Silice Dust in United States and New York State.

Lanza and Vane 2 estimate that there are approximately 450,000 workers
expoged to siliea dust in the chief mining, quarrying and manufacturing
industries of the country with a good many more thousand previously exposed
but now engaged in other work. This is probably a conservative esfimate.

In New York State the estimate of the number of people exposed to defi-
nitely injurious dust is tentatively put at 7,500; with a middle group of
between 13,000 and 14,000 exposed to dust of a moderately harmful type,
from the aspect of both concentration and nature; and a third group of abont
35,000 exposed to a questionable dust hazard, the extent of which cannot
at the moment be appraised.

Silicosis and Tuberculosis

All analyses of mortality statistics among those exposed to giliea point
to onme thing: The increased irequency of deaths from tuberculosis among
them,

This practicelly unvarying association with tuberculosis constitutes by
far the most serious feature of the disease; one which has heen recognized
for hundreds of years. Modern statistical evidence of the association is
abundant.

England and Wales

The following tahle presents the standardized respiratory {uberculosis
mortality rates for the years 1921-1923 for England and Wales from the
report of the Registrar (eneral.?

[9]
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. Rate per
Occupation 100,000
Tin and copper miners, all underground workers............. verran . 1,886
Tin and copper miners (OMIF) . ....covueeernnncineneraicecnanenennn 1,323
Cutlery grinders ..... et eaeeerrarare s Cerenaaa 1,178
Metal BTinders. . uuveriveennneereananssenmreesoasoasncaannronsons 637
Stone workers and slate workers.......covvviniieeninnneaa. iedaan 512
Potters ........ccovviiniiiann b e s assrtreaas e raras 411
Barmen ... i i e i e veee 402
File cutters ................., S h e e a bt 365
All occupied and retired males .........eviviiieiiaalL, erriereaes 150

In this table are presented the eight occupations having the highest mortal-
ity rates from tuberculosis ns compared with the rate for all occupied and
retired males. Of the eight occupations listed, seven are associated with the
inhalation. of quartz dust. It will be observed that tin and copper underground
miners have & tubereulosis rate more than 12 times that for all oeeupied
or retired males; and file cutters who work on sandstone grinding wheels,
largely composed of quartz, have a tuberculosis rate more than twice that
of all occupied and retired males. Silicosia with recogmized tuberculosis,
accounted for 68-69 per cent of 543 deaths in a group of Rand miners
reported by Irvine, Simeon and Strachan.s

LiferInsurance Statistics

In 2 study made by 12 life insuramce companies in this country in 1928
quoted by Lanza and Vane2 “the occupations showing the highest ratios of
actual to expected deaths from tuberculosis were, in order: Underground lead
and zine miners, granite and sandstone cutters, copper miners and gold ard
ailver miners.

“All of these workers were exposed to a serious silica hazard. The ratio of
actual to expected deaths from tuberculosis were respectively 1,833 per cent,
976 per cent, 913 per cent and 804 per cent. There were actually 60 deaths
from tuberculosis among these men as sgainst six expected. Tuberculosis was
responsible for one-half of all the deaths of lead and zine miners, 29 per cent
of ‘the deaths of copper miners, and 20 per cent of those among gold and
silver miners. In all these three mining classes, deaths from tuberculosis
exceeded deaths from accidental injuries. Among iron miners who are, on the
whole, probably less exposed to silica dust than are the other mining classes
mentioned, we find that the ratio of ametual fto expected tuberculesis deaths
is-only 260 per cent. There were 16 deaths from tuberculosis among granite
cutters as against 1.7 expected.” .

Anthracite Miners

In a study of anthraco-silicosis among hard coal miners made by the
United States Public Health Service,® the control group, not exposed to dust,
was found to have a tuberculosis rate of less than one per cent, whereas
among those with early and advanced anthraco-silicosis it was 15.3 and 43
per cent respectively.

Aw-Grinders

Winslow and Greenburg 7 quote an interesting study of tuberculosis in an
ax-grinding plant in Connecticut made by Drury which covered the death cer-
tificates of the workers for the previous 20 years. Sandstone wheels with a
high percentage of quartz had been used. The rate among grinders and
polishers was 1,900 per 100,000. Among other persons in the mill it was 160,
and for the State of Connecticut as a whole 150 per 100,000,

Grariite Workers

Tn, the T, 8. Public Health Service siudy of granite workers it was
found that tuberculosis was recorded as the cause in 65 per cent of 631
deaths among cutters, occurring between 1800 and 1925. During the period
of the study the death rate for tuberculosis was 14 per 1,000 granite workers,
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a rate, ag the authors point out, in excess of the death rate for all causes
in the general population.s '

Hlustrations of the high death rate from tuberculosis in silica-dusty indus-
tries can be multiplied many times over. While it is possible, in fact prob-
able, that many cases of death due to silicosis slone or with other complica-
tions have been mistakenly reported as tuberculosis, errors could not begin
to account for the excess tuberculosis rate. Where it is possible to check
diagnoses carefully by sputum examination as in tuberculosis sanatoria the
association with' a history of exposure to silica dust is sfill apparent. In alt
reports of autopsies upon cases of silicosis, the number showing tuberculosis
has been outstanding.

Sitica Boposure and High Mortality from Other Causes

It seems possible in view of the statistical analysis made by Collis and
Yules that the presence of silica in the body.in undue amounts not only
predisposes to pulmonary tubercnlosis but has an unfavorable effeet on other
organs. Comparing mortality statistics in s large group of industrial workers
exposed to silica, dust with another industrial group not so exposed and with
the general population, they found deflnitely Increased rates for diseases of
the heart, gastro-intestinal tract and kidneys among the former. So striking
was the difference that they declare silica to be a general body poison as ia
lead. Gardner®, however, does not find such a conelusion justified by his
experimental studies.




CHAPTER II
CAUSE OF SILICOSIS

Chemical Properties of Silica ¥, *,

Silien has the chemical formule Si0, indicating that it is a combination
of the element silicon (Si) and oxygen (0). It oceurs by itself in the
“free” form, and as such, is variously known as silicon dioxide, or “free”
silica. In combination with other elements, it is known as “combined silicz,”
but it is free silica which concerns us especinlly because in this form it
eauses more damage fo the lungs than when it is in the combined state.
Structure

Free gilica, silicon dioxide, may be either crystalline or nomerystalline
(amorphous) in structure. Crystalline silica, which iz simply quariz, ic e
white or colorless, extremely hard subsiance with a specific gravity of 2.66.

When heated for a long time at about 1,000° C. it forms a4 second variety

known s tridymite with a specifie gravity of 2.33. A third variety, cristoba-
lite, specific gravity 2.34, occurs when quartz is heated for periods not long
enough to form tridymite. Non-crystalline (amorphous) silica oceurs as a fine
white powder.
Thermal Properties

Siliea, asgsumes the vitreons, molten form more easily than any other mineral

substance, melting to colorless quartz glass in the oxyhydrogen blowpipe begin-’
ning at about 1,600°C. The coefficient of thermal expansion of quartz glass is -

very smell, so that it possesses in a high degree the property of being able to
withstand rapid cooling without eracking.
Bolubility

Silica, is reduced by carbon in the electric furnace to form silicon carbide,
and by meagnesium to amorphous silicon. Crystalline and vitreous silica are
insoluble in water and in all acids except hydrofluoric, but they are slowly
soluble in aqueous solutions of alkaline hydroxides and earbonates. Fused
silica is readily soluble in phosphoric acid and the alkalies,

Silica, is chemically inactive at ordinary temperatures but at high ones
acts s an acid avhydride and combines with the bases and many metallic
oxides to form silicates. When soluble alkaline silicates are treated with acids,
silicic acid, an amorphous, gelatinous substance is obfained. This is soluble
in water and acids and is readily dissolved by dilute solutions of elkali
hydroxides and carbonates.

Occurrence of Silica in Nuture )
Silice is one of the commonest minerals. In one form or ancther it enters
into 60 per cenf of the earth’s crust and forms whole mountain ranges in
certain countries.
Free Silica
Examples of free silica in the pure crystalline form are quartz and rock
crystal but there are many other minerals whose essential composition is quartz
but which have been changed in color or form by the addition of small amounts
of other substances, usually oxides of other elements. Many of these are used
chiefly for ornaments and jewelry but some, such as buhrstone and flint, have
important industrial uses as well. A list of these quartz rocks includes the

following :
-Agate Cairngorm Needle stone
Avenfurine Chrysoprasa Onyx
Amethyst Certine Opal
Bloodstone Flint Plasma
Brazilian pebble Hairstone Phrase
Buhrstone Hyalite Rose quartz
Carnelian Jasper Sard
Cat’s eye Jaspilite Smoky quartz
Chaldedony Lydian stone Tiger's eye
Chert Milk quartz

{12]
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Common rocks containing a high proportion of free silica are:. -

Sand-stone, essentially grains of quartz with some feldspar, mics and
other materials added.

Quartzite, a product of sandstone.

Ganister, 2 sedimentary rock with a very high percentage {(about 98
per cent) of free silica.

Granite, composed essentially of quartz and feldspar, confaining 23
to 356 per cent of free silica.,

Pepmatite, 2 form of granite,
Ordinary sand is made up almost entirely of grains of quartz.

Amorphous (non-crystelline free) silica forms the composition of opal and
is associated with quartz in certain other stomes such as chert, flint and
chaleedony. It is chiefly represented by diatcmaceous earth and tripoli or
“rotten stone.”

Diatomaceous earth is a soft earthy rock composed of the skeletons of
small aquatic plants, resembling chalk in appearance. It is capable of holding
four times its weight of water and is a poor conductor of heat, sound and
electricity, Tripoli is a porous rock which results from the natural decom-
position of sandstone.

Silicates

Silica combined with other minerals, the so-called silicates, enter into the
composition of every rock species and form the essential substance of asuch
common materjals a8 clay, mica, feldspar and slate.

The only silicate which is generally recognized as capable of causing a
disabling disease is ashestos (most common type is chrysclite, hydrous-mag-
nesium-silicate) which gives rise to the condition known as ashestosis, differ-
ing in several important respests from silicosis. This will be described
later.,

Sericite, & hydrous silicate of aluminum and potassium together with other
fibrous silieates, sillimanite and {remolite, occurring in qlua,rtz bearing rock,
has been put forward by Jonesis as mainly responsible for silicosis but
this theory has not been substantiated.

Other silicates such as tasle, somewhnt similar o ashestos chemically,
shale, kaolin, feldspar and pure mieca, have been carefully studied but have
not been found to produce significant changes in the lunqs in industry except
nnder conditions of very intense exposure. Experimentally these dusts do not
cause any progressive changesi4 The term “silicatosis” has been used to
degeribe the modular fibrosis resulting occasionally from severe exposure to
silicates other than asbestos. Silicatosis, when it occurs is probably the result
of some admixture of free silica.

Industrial Uses of Silica

Silica has many properties which give it industrial value as for example-
its hardnéss, resistance to acid and to quick temperature change, ita crystal-
line and decorative properties and, in the amorphous form, its value as a
filtering medium and non-conductor.

It iz used in a variety of different forms, ie., in the massive form, beth
roughly broken and cut to different sizes and shapes; in the original condition
as pebbles or as grains; crushed to a coarsely granular form or ground to a
fine powder. -

Ilts chief uses and corresponding states have been fabulated by Ladopis ag
follows:

Unen of Silica Types of Silica Used

Abragive usas: ] 5 .
In scouring and polishing sosps and Quarts, quertrite, flint, chert, aandstone, msand,

powdera, tripoli, and diatomacecus earth; all in finely
ground state.
In oBndPAPEL. s viarsenestrnareasiracns Quurtz, quartzite, flint, sandetone and sand;
coarsely ground and closely sized.
In sond-blast work ... coecverciiicaaass Qusrix, quaririte, sandstone and sand, crushed into

sharp angular grains uniform in aize.
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Uses of Silica
Metal buffing, burnishing and polishing.

For pawing and polishing marble,
rranite, ete,

As whetstones, grindstones, buhrstones,
pulpstones, oilstones.

Tube-milllining. .ocovuvivinanss PR
Lithographers' graining sand...........
Tubs-mill grinding pebbles....cvevvuesn
In tooth powders and paste,....... .
‘Woaod polishing and fintshing...........

Reafractory uses: In making silica fire
brick and other refraotories.

Metallurgicsl uaea: . -
In making pilicon, ferro-silicon, and silicon
alloys of other metals, such ap copper.
As n flux in smelting basic ores........
Foundry-mold wash, ... i0ueeens eae
Foundry partingsand.....ooovvivaaanan

Chemios] industriga:
Ar a lining for acid towers,....c....

An 3 fltering medium .. ....... [

In the menufncture of sodium ailicate. .

In the ruanufacture of silicon carbide...

Paint: As an inert extender,..........
 Mineral fillera: As 2 waod filler,.......

In fertilizern. . covvvvrvernnasrioaconnnnn

T0 FaRebieiden. .au syt eaeerreriinaaas R

As » fillerin rubber, hard rubber pressed and
molded goods, pimnograph records, ota.

In road asphalt surfacing mixtures.......

Ceromic uses; In the pottery indusiry aa
an ingredient of bodies and glazes,

Building stone.......... Caavsannons vans
Monuments, paving blocks....... P,
In the manufacture of ordinary glass......

In the meaufacture of fussd~quarts chemical
np]ilarutug, such a3 tubea, erucibles, and
iehes,

Decorative materiala: In the menufacture
of gemn, cryatal balls, table tops, vases,
statues, ste,

Ingulation: = | .
Heant: ineulation for pipes, boilers, fur-
nacesy kilhn, eto,

SO:;I& insulgtion in walls, between floors,
0.

3

Types of Silica Used
Ground tripoli and other forma of ground silica.

Sharp, clenn sand graded into various nizes,

Maoassive sandstone from very fine to moderately
coarse grained.

Chert, flint, and quartzite in denae, molid blooks.

Medium to fine sand or rather coarsely ground silica
and tripoli.

Rounded flint pebblena,

Various forms of pure ailica finely ground.

All forms of silien ground $0 medium fineness.

Fairly pure guartzite known as ganister: not less

than 97 per cept. $10: nor more than 0,40 per
ceni alltsbis, Tightly interlocking grains desired.

Moderately pure sand, manssive crystalline quartz,
sandstone, guartzite, or chert. ’

Mansive quartz and quartzite.

Ground sandstene, quartz, and tripoli.-

¥ite sand and ground tripoli.

Massive quartz or quartzite.

Mnesive diatomaceous carth and tripoli, san
finely granular quartz or quartzite, finely groun
tylxpoh. distomaceous earth, and other forms of
silica,

Pure pulverized quarts sand, pure tripoli, and dia-
tomaceous earth.

Pure quartz sand,

Finely ground crystalline quartz, quartzite and flint;
alsg finely ground sandetone, sznd, and tripoli, )

Finely ground cryetalline guartz, quortzite, flint
tripoli, snd other types of ground silica,

Asn above,

As ahove.

Finely ground silicz of all types.

As above,

Flint, tripoli, nnd chert, amorphous ailics pre-
ferred: alao all other forms of very pure pilica, all
finely ground.

Cut granite and sandstone.

Cut granite.

Pure quartz sand,

Very pure massive quartz preferred.

Rock crystal, amethyst, rose gquarts, citrine qusartz,
smoky quartz, chrysoprase, ngate, chalcedony, opal,
onyx, sardonyx, jaaper, ets.

Massive and ground distomacesus earth,

An above.

-
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Uses of Silica

Types of Silica Used
Struotural materials: Sandline brick,.....

Moderately pure, sharp, sngulsr sand, preferably
finer than 20-mesh ‘?éo;ether with & small per-
centage of finely puivctlzed silics.,

Ogtiunl quartz: For the msnufaciure of Clear, colorleas, finwless rock erystal or massive
Bnaetau antd pcoessories for optical ap- erystallized quartz,
paratus,

Silicosis~-Hazardous Industries

It is apparent that exposure to silica dust in industry will oceur not only
{1} in the use of siliceous materials as listed above but also (2) in obtaining
or preparing siliceodts materials, such as in:

Quarrying saundstome, granite, slate or mica; milling sand,
flint or other silica-containing substances; cutting and surfacing
granite or sandstone;

and (3) in any dust-creating operation where comtact with siliceous material
is unavoidable, as in mining, excavating and tunmelling in hard rock, or where
silice dust is present incidentally, as for instamce in the dust of textile mills
and grain elevators.

In modern times gilicosis was first recognized when a Commission was
appointed in 1902 to study conditions in the gold mines on the Rand in South
Africa. Since then investigations all over the world have brought to light its
very widespread occurrence. The results of many of these investigations were
summarized in the Report of the International Conference on Silicosis held at

Johannesburg in 1830.18

Industry

Abranives: seouring powders,

BOADA,

Exoavabing. i ooesiervrcaans

Metal hand tools,
ments, oto.

Milling oend, flint, nlate.....

Mining (bard rock).........

Pottery: including tiles, elec-
trical Bttings,

instru-

qu:rryins granite, sandatone,
ate.

Refraoctory materials, fire

brick, ete.
Bandblasting: buildings, rail-
rond care, ate,

Btone works: granite, sand-
atone.

Tunnel construstion (hard
roc]

Vitreous onamelling of sani-
tary ware.

The following table shows the industries in which
it has been most commonly reported:

Source of silica expaosure

Ground sand...ooieuciinsninn

Rosk dust, . .oouineruiannns ‘e

8and, used in molds and in sand -

blasting. Parting ecompounds.

Sand is a constituent of glams;
sleo veed in 2and blasting,

Dust from grindstone when

notursl atones are use
Duat from material milled. ...
Rock dust....... '

Duwt from ingredients; china-
stone, flint and feldspar.

Dust from stone quarried......

Dust from moterials used:
ganister, quartzite, sandstone.

Band: ussd to clean or remove
paint, ete.

Dust {rom stone......covvense

Rock dust..vvvererasrsarnnss

Silica in enamel.....

errarvacn

Operations offering exposure
Grinding, mixng, packing.
Drilling, blasting, hauling,

Sand hlasting, olesning, sand
conditioning.

Mixing, polishing, sand blnsting,

Grinding, also dressing surfane
of atones.

Milling, packing, conveying.

Drilling, blasting, hauling.

Mixing, making, mould mak-
ing, biscuit = placing and
brushing, fettling, eto.

Drilling, blasting, outting, haul-
ing, ete. \

Crushing, grinding, mixing, and
uubne%uent menipulation of
dried bricks, eto,

Sandblasting,

Cutting, surfacing, sandblast-
ing,

Drilling, blasting, hauling,

Mixing, spray-coating.

Isolated cases have also been reported among such workers as grave diggers,
leather dressers and metallurgists.t7




CHAPTER III
CHARACTERISTICS OF SILICOSIS

Factors in the Development of Silicosis
At this point the question naturally arises: “What exact conditions of
exposure to silice dust determine the development of silicosis?” .
Unfortunately, the conditions influencing its development are so numerouns
and variable that a asimple answer is impossible. The following all play a
part but the chief physieal factors are silica content and character, length and
intensity of exposure, to which must he added individual suseeptibility,

Pype of Silica in Dust

By definition, silicosis comes from breathing air containing SiQ, or free
siliea which, in the erystalline or quartz form, is most injurions. Amorphous

{non-erystalline} silican is capable of producing a less severe degree of silicosis ’

but exposure to this form iz limited. The silicates ‘(silica in the combined
form) also are, as stated above, with the exception of ashestos, much less
harmiul than free silica.

Per cent of Free Silice in Dust

Bince silicosis comes from breathing free silica, obviously one of the factors
in promoting its development in any indusiry will be ¢he amount or per-
centage of free silica in the dust under consideration. Dusts with higher per-
cen‘iﬁls.ges of iree silica are more dangerous under similar conditions than those
with iess,

Thus the dust produced in grinding or pulverizing sand for use in abrasives

is more dangerous than the dust in a cement plant because pure sand is com-
posed of approximately 99 per cent free silica and cement of only six to
eight per cent.

Size of Dust Particles

The smaller the size of particles in any dust, the lomger they will stay in
suspension in the air, subject to being breathed snd, consequently, the more
hermful the dust. Particles above 10 microns in size gettle with relative
rapidity. A micron is approximately one twenty-five thousandth of an inch.

The size of the particles in dists of various kinds differs of course depend-
ing on the material, but in many processes involving exposure to silica dust
the particles tend to be extremely small.

The latest data indicate that the majority of particles in an industrial dust
and in silicotic lungs are less than one micron in size.l8 This means of course
that much of the-dust in such operations is invisible in the ordinary micro-
scope. Such dust; is so fine that it ¢an he thought of rather as » gas than as
n dust. After gll vigible dust has been removed from an operation, the invis-
ible dust present may still be sufficient to cause silicosis.

Length of Haposure to Dust '

‘Then there is the factor of duration of exposure. ‘The longer the exposure,
the greater the risk., Intermittent dust exposure, providing it is mof excessive,
is less likely to give rize to silicosis than work where contact with dust is con-
timmous. This is probably not true, however, of intermittent high exposures.
Degree of Dustiness

Of great importance is the degree of dustiness or the number of particles in
a given smount of sir. Naturally the more dust of a harmful character
present, the greater will be the liability to silicosis,

Dust is 'estimated in this country as the number of particled per cubic foot
of air. Dust counts in jobs of moderate dustiness range between 20 and 50
million ‘particles per cubic foot, while in intensely dusty work the count may
reach s billion particles or more.

Yinee the harmiulness of s dust depends mot only on the number of small
particles and percentage of free silica but also on the other factors men-

f18]
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tioned, particularly length of exposure, it is extremely difficult to say what
constitutes s “safe” dust count under these varying cohditions,

Btendards of Permissible Dustiness

In the gramite industry where the granite contains 35 per cent of free silica,
s count of 10 million particles per cubic foot is mpparently safe. Workers
exposed to dust giving counts of that amount or less have shown no increase
of respiratory diseage. Presumably with dust containing 70 per cent free
silice & count half as high would be required for safety, but definite standards
must await future investigation and experience.

The study of anthraco-silicosis mede by the U, 8. Public Health Services
showed that employment in an atmosphere containing less than 50 million
dust particles per cubic foot would produce s negligible number of cases of
anthraco-gilicosis when the quartz content of the dust was less than five per
cent.

Where the quartz content was about 13 per cent, a safe limit appeared to
be 10 {o 16 million particles per cubic foot. The limit of toleration for rock
workers exposed to dust with about 35 per cent quartz was set tentatively at
five to 10 million particles per cubic foot of air.

Cummings, quoted by Drinker and Hatch, from a consideration of general
experience, suggests five million particles per cubie foot as a threshold for
dust high in quartz.18 '

In the Naiional Silicosis Conference Reportiss the following statement is
made in regard to “safe” dust concentration:

“In general, dust concentrations of less than five million particles per
cubic foot of air are considered safe even in cases where the dust contains
& high percentapge of free silica. To obtain a more definite correlation
of these two factors it has been suggested that the dust count be multi-
plied by the percentage concentration; then if the result is under five
million, one can be almost sure that the conditions are safe. But unfortu-
nately the reverse is not so definite; if the result is more than five
million, one cannot say with assurance that the conditions are unsafe.”

Silicosis may develop in several months under continuous intense exposure
to fine dust of a very high quartz content; but it usually takes many years
if there is intermittent exposure to a slightly dusty process where the material
is conree and low in quartz content,

Individual Susceptibility

It i3 apparent with silicosis as with most diseases, that there is = great
difference n individual susceptibility but the chief reasons for this difference
are obscure. In some cases early respiratory infection may be a predisposing
factor. Relative inefficiency of the nose in filtering dust may be another.
The rate of respiration and the type of breathing of a given individual has
also been suggested as a possible factor in individual susceptibility.

It is held that there is a general racial susceptibility among negroes to
gilicosis ag there is to tuberculosis, A recent investigation along these lines
among 4,006 foundry workers by Greenburg, Siegal and Smithss i3 of especial
interest in this connection because the silicosis rates found among the 180
colored foundry workers included in this study were lower than those for the
group as & whole (1.7 per cent as compared with 2.7 per cemt). Several
factors, however, appeared to play a part in these low rates: (1) the colored
group, as a whole, was somewhat younger than the entire group—56 per cent
being less than 40 years of age compared with 42 per cent of =ll foundry
workers in this age group; (2) their durafion of foundry exposure was less—
86 per cent having been exposed less than 20 years compared with 60 per cent
of the emntire grounp; (3) a larger proportion of them were employed in
foundries of the “combined” type—55 per cent as compared with 34 per cent of
the entire group—wherein the silicogis rate was found to be the lowest of the
four types of foundries. The distribution of the colored workers by specific
acenpation followed in general the distribution of the white workers examined.
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Actionn of Silica onn Body Tissues—Experimental Studies
Towmicity

Silica is a definite tissue pojson. Gardner,i4 Gye and Purdy?® and others
have found that when a suspension of minute silica particles is injected into the
tissues, an acute inflammatory reaction oceurs which is followed by necrosis or
deatruction of cells. This in turn is followed by a healing process characterized
by the formation of & module of conmective tissue fibres, Other dusts such
88 silicon carbide, emery, diamond, eodl and iron may cause an inflammsatory
reaction but without neerosis or nodule formation.

Solubslity

Silies is apparently soluble im body tissues. Mills20 reports that when
particles of the fresh water sponge, which is similar in composition to quartz,
are introduced into the tissues of animals they are slowly but definitely
dissolved. Belt?t supgpesis that when silien dust js inhaled it gradually
changes in the lungs from the erystalline form to silica sol and eveniually to
gilica gel. In the infermediate stage it injures lunmg tissue producing the
disease silicosis, and rednces its resistance. This action continues and the
disease progresses until all the toxic silica sol is changed fo the inert gel.

Support for this idea is furmished by the experiment reported by Mills in
which, after particles of fresh water sponge were placed in the lung tissue of
& dop, definite fibrosis was found, suggesting a concomitant injury developing
ag the sponge dissolved. The production of fibrosis, over-development of con-
nective tissue, in the lung is the characteristic feature of silicosis.

The iden that the harmfulness of silica depends on its solubility has not
been fully accepted as yet, however. Gardner believes that tissue reaetion to
it oceurs too rapidly to be explained on the basis of solubility alone. He
suggests that some other property as yet unknown may be responsible,

As o Oolloid

Heffernan and Green2? suggested that the action of silica on animal tissues
does not depend on toxie properties but rather upon its properties as a power-
ful colloid, absorbing body fluids and otherwise interfering with normal

rocesses,

P Cumming and Weatherall 28 found that silica sol interfered with the bacteri-
cidal action of the blood against bacillus typhosis, though no effect was shown
on the growth of tubercle bacilli.

Effect on Tubercle Bacilli

Experiments, inferesting in the light of the clinicel association of silicosia
with tuberculosis, have been performed by numerous investigators. Gye and
Kettle24 found that when they injected silice and tubercle bacilli together, the
bacilli were apparently protected by some characteristic of the siliea abscess
and multiplied rapidly.  In animal experiments, if a silica ahscess were pro-
duced in one groin and an sbscess from another irritating substance in the other
groin, tubercle bacilli injected subsequently by vein showed a tendency to con-
centrate in the silica abscess.

Gardnper,26 working with guinea pigs, found that partially healed areas of
tuberculous infection were reactivated and made to progress by the inhalation
of quartz dust,

These findings were confirmed by Dowd,2¢ who comcluded from his work,
also with guinea pigs, that inhaled silica dust alters tissues so that they
become more favorable to the growth of the tubercle bacilli. What .the nature
of the alteration is remains to be demonstrated,

Bekavior of Silica in the Body

In gpite of being a tissue poison in concentrated doses, siliea in small
amounts is a natural congtituent of all animal tissue and is present in certain
foods.
Uringry Excretion

King and Dolan?? have shown that siliea which reaches the blood either by
absorption from the intestine or the lungs is rapidly excreted by the kidney.

&>
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The amount’ appearing in the urine varies with diet and also of course with
osure. ’

Bloomfield and Goldman2s followed up the work of King and Dolan by
gtudies on the urinary excretion of silica in a group of 123 anthracite coal
miners and found that it averaged 2.5 milligrams per 100 cc of urine, while
in a group of 11 comirol subjects it averaged 1.0 milligrams. "They also
found that silica is still exereted in the urine of individuals who have been
away from mny silica dust exposure for several years.

Goldwater?? studied the urinary exeretion of siliea in non-silicotic humsns
and found (1) that there are wide variations in silica concentration depending
on the specific gravity of the urine, (2) that the same individual om a con-
stant diet may show wide daily fluctuations in urinary siliea and (3) that
different individuals on similar diets show great differences in output. He
warns therefore that great emution should be observed in interpreting urinary
gilica findings.

Silica.in Blood end Sputum

Silica may likewise be demonstrated in the blood and sputum. Boechme
and Kraut quoted by Sweany,?® reperted a two- to three-fold increase jin the
hlood of pafients with silicosis, while King and Dolan found more silica in
the sputum of such persons than among those not exposed.

Reaction of Peritoneal Tissue to Injection of Silica and Other Dusts

It is an interesting fact that a noduler reaction of the tissues fo silica which
in the lungs (shortly to be deseribed) is characteristic of the disease, js mot
at all limited to pulmomary tissue, Miller and Sayerss: injected a sus-
pension of various dusts inte the abdominal cavities of guinea pigs and
found there, after 90 days, reactions similar to those occurring in the Iungs
upon inhalation of the same dusts. So charscteristic were the reactions that
this method is recommended by the authors as a practical means of deter-
mining the possible harmfulness of any given dust.

The response of the peritoneal tissue to the injection of dusts was of three
kinds, namely, proliferatiom, absorption and inertmess. A reaction of pro-
liferation with the formation of modules was shown to quartz and chert. A
reaction of absorption, where the dust deposits tended to disappear was shown
to caleite, limestone, ealcium ecarbonate, gypswm and cement—all dusts, it
may be noted, containing caleium. Finally a reaction of inertness, where
there was neither proliferation mor absorption was shown to soapstone, silicon
carbide, ferric oxide, anthracite and bituminous coal and precipitator ash.

McCordsz and associates confirmed these experiments and determined the
peritoneal tissue reaction to & number of other dusts as well.

Reaction of Lymph Nodes to Silica and Other Dusts .

The reaction of lymph mnodes to suspensions of various dusts was studied
by Stfiberas who found characterigtic reactions to dust with a free silica com-
tent above 26 per cent. Other dusts such as cornstarch, rouge, manganese,
cadmium and silicate dusts with a free silica content of not more than three
per cent did not produce these changes, The author suggests that the lymph
node injection method may be developed into a rapid means of determining
the toxicity of dusta

Behavior of Silica in the Lungs
The Dust Disposal Mechanism of the Lungs

The body is equipped to deal with inhaled dust in several waye, A good
deal of it, especinlly the larger particles, is caught on the moist mucous mem-
branes of the upper respiratory passages, in the nose, throaf, pharynx and
trachen and either blown out, coughed out or swallowed. The nose is more
efficient in catching dust than the mouth and for this reason mouth breathers
suffer more severely than others from the effects of dust.

The finer particles of dust escape retention on mucous surfaces and xeach
the air spaces of the lungs. There, a more elaborate dust disposal mechanism
is brought into play. This depends on two elements, a special type of migrat-
ing cell known as a macrophage or phagocyte, and the pulmonary lymphatic
system. .

&7
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The Lymphatic Filter

The latter is composed of a fine network of thin walled lymphatie vessels
which accompany all the pulmonary arteries and veins. Through these Iymph
chexmels passes a constant siream of lymph from the periphery to the root
or hilum of the lungs where it fiows through large collections of lymphoid
tissue, the tracheobronchial lymph nodes. Small collections of Iymphoid
tissue, are located at intervals throughout the lymphatic network particularly
at the dividing points of bronchi, arteries and veims. Deposits of lymphatic
tissne may be thought of as playing the part of filters in the drainage system
created by the lung lymphatics. Normally the amount of lymphoid tissue
in the lung is least in infancy and tends to increase with age as it is needed.
The plenral membrane covering the Iungs has its own system of lymphatic
channels which communicates freely with that of the lungs proper especially
in the septa befween lobes,

“Dust” Cells

When dust particles reach the alveoli, the air spaces of the lungs, they are
prompily engulfed by the migratin% cells already mentioned. Some dusts are
engulfed quickly, others slowly. Silica is one of the latter. Some authorities
believe thai these cells originate from the lining of the ajr spaces themselves;
othera from the lining of adjzcent blood and lymph vessels. When the “dust
cell,” as it may be called, has taken up its load of dust it makes its way
into the mearest Iymphatic vessel and travels along in the lymph straam to
a déposit of lymphoid tissue. When the dust cells die the dust particles
themselves may be absorbed or they may remain as an inert deposit in the
lymph node or they may be picked up by other cells and earried farther.
Sometimes when lymphoid deposiis lie adjacent fo a bronchus, dust cells
may pass through its wall and a small amount of dust may work its way
out in this way through the bronchi. TUnless the lungs are overwhelmed with
dust, however, most of the particles reach an ultimate destinaiion in the
hilum nodes. ' .

Relatively large amounts of nom-irritating dust can thus be taken care
of in the lungs without involving much difficulty other than enlargement
of the lIymph nodes to accommodate it. But with silica dust certain special
effects oceur.

The Pathology of Silicosis

When silica dust enters the lunpg its first effect is on the bronchioles, the
smallest bronchial passages. It dameges their lining cells and causes a slight
inflammation which the South African authorities speak of as a dry “bron-
chiolitis.” This condition may be at least partly responsible for the dry
eough, so common in silicosis.

Siliea particles, after reaching the alveoli, are taken up by dust celis in
the usual way and carried into the lymph vessels but now, as the engulfed
gilica becomnes dissclved, its particular injurious action begins to take place,
'The dust cell containing gilien may die, or the dissolved or colloidalized silica
may penetrate through it. In either case the latter is brought directly in
contset with adjacent tissues, and wherever it comes in contact with con-
nective tissue, it stimulates incremsed growth and causes o condition of
fibrosis or overproduction of connective tissue to develop. .

Growth of Connective Tissue

Thiz reaction is comspicuous first in the tracheo-bronchial lymph nodes.
The sinuses or spaces through which the lymph Sows in the nodes become
gradually obstructed by the growth of conneetive tissue. The flow of lymph
18 slowed down until an actual backing up may cccur. Then the dust
cells with their silica loads settle in all the deposits of lymphoid tissue
' and, wherever they collect an overgrowth of connective tissue follows. As
the vegulting obstruction increases, the dust cells which Gardmer has found
are rendered more then usually active by the presence of silica, tend to pene-
trate through the walls of the lymphatic changpels into the lung tissue and
here again connective tissue overgrowth is set up.

~
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The result is a generalized fibrosis which affects the alveolar walls, inter-
feres with the elasticity of the Jungs and encroaches on air spaees and small
blood vessels. The same process is set up in the pleura overlying the Iungs
when backing up of lymph carries dust cells and siliea into the pleural
Iymphaties, The result here is a dry pleurisy with thickening and adhesions.

The Rilicotio Nodule

The form which conmeclive tissue overgrowth produced by silica takes is
characteristic. Its feature is the development of a definite nodule sometimes
called a pseudotubercle, which js somewhat similar to the tubercle of

Figure 1
Microphotograph of Section of Lung Tissue Showing Silicotic Nodules
(From “8ilicosis”’ International Labor Office, 1584 )
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tubereulosis but with definite differences. Gardnert4 has deseribed in detail
the formation of these nodules in guinea pigs where the lesion is essentially
the swme as that found in man,

The nodules begin in collections of lymphoid tissue where the phagocytes
or dust cells are arrested and the shape of the nodule, whether round, oval
or elongated, depends on the configuration of the lymphoid deposit. The
irritating effect of the silica stimulates the growth of connective fissue cells
which graduslly replace the lymphoid cells. These connective tissue celis
became arranged in a whorllike wanner at the center, while at the circum-
ference they take on a laminated or layer-like arrangement. Gradually the
cellular character at the centre is loat and in the fully developed nodule, the
centre is composed of clear hyaline material with a surrounding zone of
comnective tissue, Caseation or calcification of the centre of the nodule may
occur.

Growthk of the nodule oeccurs at its circumference and proceeds as the
disease progresses, nodules becoming both larger and more numerous. Indi-
vidual nodules may reach the size of 2-3 mm, or slightly larger, and be easily
palpable and visible to the naked eye. Composite rodules may be formed
by the growth of adjacent, individual ones, Contrary to the behavior of
tubercles, breaking down of simple silicotic nodules does not vccur. When
it does it is am indication that infection has been added to the silicotic
process.

When nodules form under the pleura they give the appearante of small,
whitish, reised aress spoken of as “sub-pleural plaques.” Not all the fibrosis
in silicotic lungs is modular. A fine diffuse fibrosis occurs also, and the
extent to which the nodular or the diffuse type predominates seems to very
jn different occupations depending possibly upon the percentage of free ailica
in the dust breathed, the rate of development of the disease, or other unlmown
factors,

Tuberculosis with Silicosis

The same mechanism by which dnst is disposed of in the Iumgs operates
fo take care of infectious orgenisms. Tubercle bacilli and silica particles are
engulied by phagoeytes in the same way. Consequently the silicotic and
tuberculous processes are closely essociated, and the lesions of the two show
some similarity in their distribution.

The presence of the two combined conditions modifies the characteristic
eppearance of each. Tuberculous lesions in a silicotic lung show more fibrosis
then would ordinarily be expected and silicotic nodules in the presence of a
tuberculous infection tend to brerk down and become casecus as they do mot
do in simple silicosis. The large areas of massive consolidation found in
advanced silicosis are often the result of the combined effect of silica and
the tubercle bacillus, Such areas are, as a rule, larger than aré formed by
the coalesence of adjacert mnodules in uncomplicated silicosis. Tubercle
bacilli mey be found in them, but they are notoriously hard to detect. The
nodules may show caseation and ecavitation, though excevation is less fre-
quent than in uncomplieated tuberculosis.

Some authorities believe that a low-grade, latent tuberculous infection may
be present in certain silicotic lesions from the start when tubercle bacilli are
inhaled along with the dust, but that it remains enclosed in fibrosis and
quiescent until activity develops Iater. Such a condifion usually occurs in
the apical region while the rest of the lung may be either free from obvious

. pilicosis or show it in an early stage. In other cases larger irregular nodules
settered here and there throughout s silicotic lung may be produced by a
letent tuberculous infection without any clinmical signs. Animal inoculations

" from such lesions have, according to Strachan and Simsons4 been positive in
a considerable number of cases.

Active tuberculous infection may occur at any stage of silicosis but is more
common in the later stages when it usnally runs a chronic course, The acute
types, tuberculous pneumonia and miliary tuberculosis, are uncommon in the
later stages of silicosis probably because of the more extensive fibrogis. In
the early stages of silicosis, tuberculosis ordimarily runs its usual course but
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appears definitely to aggravate the silicosis. Sometimes the onset of a
tuberculous infectiom, according to the authorities quoted above, brings to
light signs of silicosis which were previcusly not detectable. In such cases
the infection seems to select sites in the Jung where minute aggregations of

Figure 2
Silico-Tuberciulogis

Cross-section of Lung Showing Extensive Congolidation from Silicosis
and Tuberculosis with Marked Emphysema

(From *Rilicosis.” International Labor Ofice, 1930)
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silica are already presemt and to assume the characteristic miliary distribu-
tion of silicosis. Williss5 states that as a rule tuberculous infestion with
silicosis may occur in two forms, ie., () apical and unilateral with downward
spread 8s in ordimary pulmonary tuberculosis, and (b) mnon-apical, often
bilateral, asymmetrical and often massive. Gardner: suggesta that the apical
lesion represents an infectiom, preseni before exposure to. dust, which has
failed to heal under its influence; while the non-apical form may represent
a new, truly industrial infeetion. While massive areas of fibrosiz usmally
occur late, in a few cases they may be present from the first, especially in the
apical regions.

Evidently two factors operate to imfluence the development of tuberculosis
in the silicotic lung. One is the coincident fibrosis which tends to limit and
enclose the infection. The other is the tissue injury produced by silica
which tends to reduce resistance to infection. Moreover the fibrosts, while
it. may limit the spread, may also tend to prevent healing and possibly result
in more numerous and larger infected areas.

Beli?1 sugpgests that tuberculous infection gets its start primarily where
collections of silica particles occur in regions of less adequate blood supply.
There the tissue becomes devitalized by the action of silica while the blood
supply is inadequate for defense or repair. Relatively avascular areas, accord-
ing to him, become more and more numerous as fibrosis progresses and it is
this which accouunts for the greater imcidence of tuberculosis in advanced
than in early silicosia,

Pogt Moriem Appenrance of Silicotic Lungs

The first thing to lock for in silicotic lungs according to authorities already
quoted, is evidence of fibrosias first in the root glands, second in the pleura

and third in the lung substance, Root glands are enlarged, firmer than |

normal and pigmented according to pigment in the dust breathed. The
visceral pleura shows pigmentation and thickeming together with a variable
number of nodules or plagues which can be felé beneath the surface and
appear as fine pin point pearly white areas surrounded by pigment.

On gection, the surfaces of the lungs show small pigmented nodules. These
can not be felt in the earliest stages. Later they become palpable and pro-
ject above the cut surface. Their number and size give an indication of the
stage of the disease. Thus, according to Strachan and Simson,st in early sili-
cosis they may be small and moderately numerous or medium sized and sparse;
in modertely advanced silicosis they may be small and numerous or large and
moderately numerous; while in advanced silicosis they are both numerous
and large. Nodules up to two mm. in size are considered small, from two to
four .mm. medium, and from five mm. to a centimetre, large.

Willis3t summarizes the appearance of the lungs in cases of well developed
silicodis as follows:

“The gross appearance of the silicotic lung is characteristic, It is
stiff, inelastie, pigmented and adherent. It offers resistance to the knife
which cuts it with a grating noise, the incision yielding a wottled surface
of pigmented nodule, often grown around a bronehus or blood vessel, much
pigment, diffuse fibrosis, thickened interlobrr septum and thickened
bronchial and vascular walls. Occasionally in the absence of complicating
tuberculosis and often in the presence of the latter, there may be large
densely fibrotic masses which oceupy much of a lobe or a lung and which
may be caseous or cavitated at the centre”

The lungs may not be much inereased in size but show an increase in
weight. Emphysema, particularly in the marginal regions and at the apices,
is a more or less constant feature, In some cases plagues oceur on the
diaphragmatic pleura. Occasionally silicotic fibrosis may be found in neigh-
boring lymph nodes in the posterior mediastinum, at the cardiac end of the
stomach, around the pancreas and at the hilum of the liver.

In wdvanced stages, bronchitis is well marked and the bronchi are obviously
thickened as are also the interlobar septa and trabeculae. Alveolar fibrosis is
not mafked except when infection is present or dust exposure has heen over-
whelming.
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Tuberculous infection superimposed on silicosis is very difficult to detect
by appearance in the early stages. Nodules may be more numerous at the
usuel sites of eleetion for tuberculosis. In well marked cases of tuberculo-
silicosis the root glands are much enlarged, of a grayish color, sometimes
with foci of caseation, or caleifieation. There are dense adhesions on the
pleura with much scarring and patchy thickening. Caseation can be seen in
the nodules which in certain areas, especially under the pleura and toward the
upper parts of the lohes, may become confluent with breaking down of tissue
and cavity formation.

Bromination of Lung Tissue for Silica

The actnal presence of silica in the lungs can be determined by chemieal
analysis after ashing. The results are expressed as the percentage of SiO,
in the total ash of the lung, or as milligramg per gram of dried lung tissue.

According to McNally,%¢ more than two milligrams of 8i0, per gram of
dried lung tissue is evidence of undue exposure. The mormal level being
about one millipgram, With two or more milligrams, nodulation is usually
present but the degree is mot proportional to the amount of silica present.

Siliea is present in higher concentration im the lymph nodes, The normal
for eity-bred adults is approximately six milligrams per gram of dried tissue.

Crystalline silien fragments can also be seen in Iung tissue by examination
under the microscope with polarized light. But there is no relation hetween
number of particles seen in a piven ares and the chemical content of SiQ,
gince the silica ceases to be visible when it loses its erystalline form.

Symptoms and Course of Silicosis
Rate of Development

Silicosis develops slowly under ordinary conditions. Pancoust and Pender-
grasse? found that the emrliest cases of advanced silicosis among granite
cutters occurred after 10 fo 14 years; amomng potiery +workers, after 24
yeare; and among metal grinders after five years. On the other hand they
foumd cases of early silicosls in granite cutiers after 20 years; pottery workers
after 35 years, and metal grinders after 37 years. Under exceptionally
severe exposure it develops in less than a year’s time. The development of
the disease depends on the extent of the exposure and the individual’s reaction
to dust. Seven years is probably about the usual time it takes to develop
silicosis under conditions of moderate severity.

Predisposing Faotors

Susceptibility varies with eonditions such as nasal ohstruction, infection
and, possibly, ege. When = man breathes through his mouth he loses the
advantage of the extensive dust catching mucous surfaces of the turbinate
bones and inhales more dust than he otherwise would. South African investi-
gators heve found that mouth breathers are definifely more subject to sili-
cosis than nose breathers. Lehmann?s says “the susceptibility of workers
with poor nasal filtration is much greater than that of men with good nasal
filters.”

Chronie Iung infection is likely to predispose fo silicosis through involvement
of the lymphatic system, thug facilitating lymphatic obstruction, A tuber-
culous infection especially renders an individual more susceptible to the effects
of siliceous dust, and its onset may bring to light, in = eomgara.tive]y short
time, evidences of previously unsugpected silicosis. Tt is possible that silicosis
develops more slowly in a young person than in an older one because of the
less abundant lymphoid tissue present in the Jungs in youth to catch and hold
dust, but there is as yet no clear evidence on this point.

Symptoms .

An individual who is developing silicosis may not know, even when exten-
sive changes have taken place in hie Iungs, that there is anything wrong with
him., Approximately one-fourth of the men in a group of New York City rock
drillers whose chest X-rays showed advanced silicosis had no complaints
whatever., When symptoms do occur, shortness of breath is likely to be the
first one moticed. This becomes progressively more marked as the disease
advapces, until in the late stages it may be complelely incapacitating. With
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the dyspnoea there is likely to be some cotgh, ususlly dry, unless infection js
present and some pair in the chest from pleural irritation. There may also be
some epigesiric pain. There is usually no loss of weight in simple silicosis
and no fever or malaise.

The frequent association of tuberculosis with silicosis has already been
wentioned and it was stated that while it may occur at any stage of develop-
ment of the disease it is more common in the late ones. Individuals are found
whose X-ray pictures show clear evidence of tuberculosis with silicesis who
yeb remain without sympioms; but eveniually, when the infection becomes
clinically active, evidences of foxemia such as fever, loss of weight, fatigne
and night sweats make their appearance.

Oourse

The course of silicosis differs greatly in different individusls and under
Qifferent conditions of exposure. It may develop so slowly that at the end of
40 or 50 years of dusty industrial life an individual may show only the earliest
stage. It may develop in as short a time as one or two years under very
severe conditions. It may apparently remain guite stationary even with con-
tinued exposure of a mild degree. On the other hand it may confinve to
progress even after exposure hag ceased if the tofal dust dose has been
gevere enough. When tuberculosis is superimposed or becomes active in an
advanced stage of silicosis, qrogress is usually rapidly down hill. 'This is
borne out by the U. S, Public Health Service experience with the granite
cutters at Barre, Vermont, where it was found that the median duration of
cages of silico-tnberculosis, from the {ime of disabling sickmess to death, was
15 months.

Physical Signs

Just as there may be few or mo revealing symptoms until a Iate stage kas
heen reached so the physical signs may be indeterminate and unreliable.

The appearance of an individual with silicosis is usually good. These
people tend toward a robust fype and are as a rule overweight. The first
sipnificant sign may be a diminution in the chest expansion which hecomes
progressively less as the disease develops and may be reduced to as little as
two centimeters from the normal nine. The chest teuds to be rigid and barrel
shaped as in emphysema. In advanced cases there is usually some cyanosis
and clubbing of the fingers,

In addition to restriction im chest expansion other evidences of functional
impairment are to be found in an increased respiratory rate immediately after
exercise; an increased lapse of fime before the pulse returns to normal after
exereise and diminution in the vital capacity.

Exeminstion of the lungs reveals diminished resonance and distant breathing.
The frequent presemce of emphysema, however, often results in increased
regonance. British investigators especially describe a harshemed, thinmed and
shortened inspiratory murmur aa characteristic. Rdiles are not heard as a
rule unjess infection is present. The chest is spoken of ag characteristically
“dry'll
With Superimposed Tuberculosis

The first sign of sctive tuberculosis may be a definite and progressive loss
of weight. The patient’s “temperature risez and his pulse rate accelerates,
his coumgh becomes definitely inecremsed and his sputum more abundant and
often streaked with blood; pleurisy is common; asthenia and exhaustion be-
come extreme and the patient dies.”sf Gardner? finds that the sputum inm
silico-tuberculosis is usually negative for tubercle bacilli until late in the
disease.

There are no characteristic changes in the blood picture, bloed pressure or
urine, except possibly increased excretion of silica. The red cell count and
the hemoglobin may show a compensatory increase.

X-ray Appearances
Barly

In oxder to understand the X-ray appearances of silicosis, it is important
to remember the underlying condition, the increase of fibrous tissme in the
lung. It ig this which is responsible for all that the X-ray shows.
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At the very beginning of the process there is an increase in the normal Iung
markings similar to that found in chrowic bronchitis or chronmic passive con-
geation of the lungs. The hilum shadows are increased in extent and promi-
nence; there is an ineremse in the trunk shadows and an increased prominence
of the linear markings in the peripheral zone. While these changes will be
found to develop under observation in s normal lung upon exposure to siliea,
they are not characteristic of that condition, oceurring ag they do from other
canses and hence they have no peneral disgnostic value. The British speak
of this appearance as “large branch fibrosis,” likening the lung markings to
the oufline of & tree. As the disease progresses the fibrosis hecomes more
generalized, It is apparent beyond the main branches of the bronchial tree, and
suggests the appearance of fine branches and twigs. This has been called
amal% branch fibrosis, or “arborization.® It ig atill not definitely diagnostie
of gilicosis.

Nodulation

It is not until the next development, the appearance of definite mottling due
to the formsation of silicotic nodules large emough to cause definite shadows

Figure 3
Third Stage Silicosis in a Blaster—Exposure 23 Years
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that the picture can be considered cheracteristic. This appearance is the first
?peeiﬁc’z, sign of silicosis, It has been likened to a “leafless tres putting on
eaves,

The mottling in silicosis usually appears first on the right side about the
root of the lung. Iater it becomes generally distributed throughout hoth
lungs, though still with = tendency to be more marked at the roots and less
in the apical Tegions and bases. The modules vary in size from two to six
millimeters and increase in size and number as the disease progresses. In
the most advanced form of silicosis, nodules coalesce forming large, irregular
masses. Massive, conglomerate lesions probably develop, according to
Gardnet,® in aress where the lung tissnes have been injured by previous
infections that have subsequently healed.

Interstitial Fibrosis
This is the typical, though not the invariable, appearance of silicosis. A
type with much interstitial fibrosis as well as nodulation may occur and is

-  Figure 4
Silicosis with Tuberculosis in a Rotk Driller—Exposure 31 Years
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apparently commoner in some types of industrial exlfsure than others.
Pancoastiz relates variations in X-ray appearances to the underlying path-
ology, pointing out that the linear fibrosia follows blockage of the Iymph
channels; the nodular type depends on fibrosis occurring in lymphoid deposits,
and the imterstitial type on penetration of interstitial tissue by dust cells,
presamably occurring when the lymphatic block is rapid.

Silico-Tuberculosis

Gardnerss describes the superimposition of tuberenlosis upon silicosis as
follows:

“It may manifest itzelf as simple superimposition or as & new type of
disease known ag silico-tuberculosis. The primary complex of tuberculosis
can be detected on a background of generalized nodulation. The silica
rarely has any effect upon these foci as they are generally sterile by the
time persons begin to work in dust. Very rarely they have been Teact-
ivated. The sears of healed apical tuberculosis are recognizable in the
silicotic lung. After prolonged exposures to dust such lesions have been
seen to bremk down and give rise to very chronic silico-tuberculosis, a

Figure 5§
Advanced Silicosis with Tuberculosis in a Rock Driller—Exposure 31 Yeats
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conglomerate type of disease, that spreads slowly from the vicinity of the
original focus harboring bacilli. This lesion is productive rather than
exudative in character; cavity formation, if it oceurs, is a late manifesta-
tion. Aspiration and bronchogenic spread to remote portions of the lungs
are limited. Silico-tuberculosis iz much more commonly found in the
bage of the lung than simple tuberculosis. Whether the basal lesion of
the silicotic is s manifestation of exogenous reinfection or whether it
originates from reactivated istent foei has not been determined.

“The focus of silico-tuberculosis may be diffieuld to differentinte from
the congiomerate focus of simple silicosis, but the former being due to an
active infection iz eonstantly, though slowly, changing. Repeated examina-
tions by all available methods are essenfial for a diagnosis,

“Miliary tuberculosis cccurs as a terminal event but it is particularly
diffenlt to defect in the roentgenogram showing generalized discrete
nodulation.”

11

Standard Terminology Suggested by U. 8. Public Health Service

There has in the past been considerable diversity in the interpretation of
films showing the effect of dust exposure. This is of course inadvisable and
for the sake of promoting greater uniformity the U. 8, Public Health
Servicedt has set up a tabulation of X-ray appearances with the underlying
histologic changes. It is hoped that this will be accepted as the recognized
gtandard for interpretation, The tabulation is reproduced below:

* Roentgenological Appearances Histological Appearances

HEALTHY LUNGS AND ADNEXA
1. Healthy lungs. As defined by the NTA 1. Egsentially the normsl tissues of the vas-

Committes report, cular ¢reo, the medisstinum, the bronchi, and
traches.

2, Irregulsr exaggersation of the linear mark~ 2. Collular connective tissue proliferation
inge, with possibly some beading confined to about lymphatic trunks in the walls of ves-
the $runks. sols and bronchi. =Besding may be due o

varions causes, 8s blood vessels seen end on,
arteriosolerosis, minute nress of fibroais in
lymphoid tissues along the trunks,

3, Inoreased root shadow. 3. Collular reaction in the {racheo-bromchial

ph n‘odes with oxtensione along afferent
lymphatic trunks.

These changes come within normal variations when not accompanied by
recognized organic disease,

SIMPLE SILICOSIS
4. Nodulation. Discrete shadows not exceed~ 4, Ciroumscribed nodules of hyaline fibrosis

ing six mm. in dismeter, fending to unifor- located in the porenchyma of tha lung.
muty in #iz¢, density, and bilatoral distribu- Oqcasionally some of these nodules may
tion, with well-defired borders surrounded show mierossopia foci of central nesrasis,

by apparently normal lung shadow, The
outer and lower lung fields charaoteristioally

show fewer nodules,

5. Conglomorato ohndows that sppesr toresult 5. The result of conlescence of disareta nodules;
from & combination or consolidetion of sa ares in which the nodules are closely
nedulation ususlly with associated emphy- paoked and most of the intervening lung in
semp manifested by: replacod by more or less hysline fibrous

e. Localized incressed transparency of the tissue. The lung architeoture is partislly
lung with loss of fine detail. obsoured.  No demonstrable evidonae of in-
b. Intenvification of the truvk shadow by fection. Emphysems is a  sompensstory
oontrast, N . dilation of the air spaces with or without
0. Daoprossion of the domes with possible thickening of the septa.

tendenoy townrd individualiantion of the
oostal components of the disphragm,
Lateral view: Increase in the preaortic
and retrocardiag space with nxag%‘e,mted
backwsard bowing of the spine.  Widen-
ing of tho spaces between tho ribs may
or may not be present.

SILICOSIS WITH INFECTION

The characteristic appearances described under simple silicosis are modified
by infection as follows:

o
&
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6. Localized discrets densities and/or string-
liko shadows sooompunying thoas of simple
silicoais deacribed above,

7. Mottling, Shadows veryinginsize with ill-
dofined borders_and lacking uniformity in
density end distribution, sccompanying
simplo silicosis.

8, Boft mnodulation. The nodular shadows
desoribed under simple siligosis, 4, have now
assumed fuzzy bm{ars and/or irregularitica
in distribution. This change may or may
not aocompany the simple mottling of 7.

9. Massiveshadows of homogeneouadonsity not

6. Strands of ibrous fissue, oftsn along irunlks
and septs, with or without, areas of caleifics-
tion; indicativa of * healed ** infestion.

7. (a) Areas of broncho-pneumonin with or
without tion, i.0,, acute infect .
(b) Lobular areas of proliferative roaction
;vittl.l or without esseation, i.me., ohromia in-
ootion.

8. Perinodular cellular resotion either exu-
dative or proliferative in oharncter.

9. Extensive areas of fibrosis probably dus to

of pleural origin symmetrieally or asym-

: orig] organized pneumonia of tubercnlous or
metrically distributed.

nontuberculous origin superimposed upon
& coexistont silicotic process. Outlines of
normal structures may bo partially
destroyed.

Complications of Silicosis
Pulmonary

In addition to tuberculosis and plettrisy, which are the commonest and the
most important complications of silicosis, certain other associated conditions
are of interest, A tendency to recurrent chest colds with prolenged cough is
rather characterigtic, Some authorities believe that chronjc bromchitis is
present in all cases where the disease js well advanced. Collis and Yule? in
their statistical study found that the death rates for all non-tuberculous
respiratory infections were higher among workers in siliceous dusts than in the
general population. .

Bronchiectasia, lung abseess and gangrene occur fric}[luently in herd-reck
miners, according to %roske and Sayersséa who believe that prolonged inhala-
tion of silica dust, contaminated with organisms from the mouth, paves the way
for bacterial attack upon the bronchial mucous membranes.

Ewphysema is & common complication of silicosis and tuberculo-silicosig and
is often of the bullous type along the lung margins and in the apices,

Cerdiac

Tuberculous pericarditis way arise sometimes by s backward Iymphatic
spread. Cardiac hypertrophy is not believed to be especially associated with
silicopis though death with cardiac failure when an acute respiratory imfection
has occurred, or simply from emphysema and interstitial fibrosis, is of eommon
cceurrence,

Rilicosis and Cancer

The question of whether inhalation of silica dust or the presence of silicosis
predisposes to lung cancer is hrought wp from iime to time but there is ne
conclusive evidence that this is the cmse. Occasionally the co-presence of the
two condifions is striking, Dibles® for instance, reported three cases of
malignant disease in 14 post mortem examinations of silicotic subjects.

On the other hand, Berblingers0 reports that in 82 autopsied cases of Iung
cancer he has never found silicosis, and Telekyit points out that were there
any connection between the two conditions it would certainly have been brought
out in the extensive South African experience. There, however, six eases of
Iung cancer were found in 1,109 asutopsied white miners without silicosis,
six cases in 1,023 autopsied Europeans, not working in mines and four cases
in 1,083 autopsied white silicotic miners, This experience would seem to
establish defimtely the abeence of causal relationship.

Diagnosis

In making a diagnosis of silicesis, a history of the individual's dust expos
ure and symptoms ig of primary importance, and mext to this a well taken
X-ray of the chest. The physical examination, many think, is Jeast imporiant
hecause of the variability and frequent absence of signs, However, it is usefnl
in determining the presence of infection,




32 NEw YORK STATE DEPARTMEST OF LABOR

X-ray Technigue

For the X-ray examination a rapid exposure is desirable. With 100 mili-
amperes an exposure of 1/10 of & second at a 66-inch target distance, varying
the kilo-voltage according fo chest thickness, gives very good results.

Eurly Silicosis

Some difficulty may be experienced in the diagnosis of early silicosis. As
already stated, the inecrease in linear markings occnrring at the heginning
of o gilicotic process bears no distinguishing features, and silicosis cannot be
diagnosed until some true nodulation appears. Nodulation in its early stages
may sometimes be simulated by fibrosis from some infectious process. In
shuch cases the history of dust exposure, of past respiratory disease and of
complaints may be decisive.

Advanced Silicosis

In jts more asdvanced stages silicosis may very closely resemble miliary
tuberculosis, but here again the story of the silicotic in relatively good health
with few symptoms will contrast strikingly with that of the pafient suffering
from miliary tuberculosis. Fungus infections of the lungs may at times give
an appearance indistinguishable from silicosis. In such cases examination of
sputum by Irwin’sts microincineration technique would demonstrate the pres-
ence or absence of silica. In medico-legal cases which have been fatal, determi-
nation of the amount of silica in lung tissue is of value,

Silico-Tuberculosis

The diagnosis of tuberculosis superimposed upon early silicosis does mot
usually present wouch diffculty becanse the X-ray appearances of tuberculosis
are not yet obasgured but the question of whether in a case of obvious tuber-
culosis early silicosias is present may be & more difficult one, impossible to
determine except upon autopsy. The presence of tuberculosis when zilicosis
is in the well developed nodular stage may be suspected by the appearances
already discussed, Willin35 says “it is very helpiul to remember in this con-
nection that the pneumoconiosis rarely affecta the extreme apices as
tuberculosis does.”

In the most advanced stage of silicosis with diffused fibrosis or massive con-
solidations it is very difficult in many cases to know whether tuberculosis is
also present. Serial studies should then be made to show progress and a
careful search for evidences of eavitation and for tubercle bacilli in the sputum.

Classification According to American Public Health Association

For the sake of clarity in diagnosis and also for the purpose of aiding in
compensation settlements, various classifications of the stages of silicosis have
been made from time to time. Some of these have been based primarily on
X-ray findings; others on a combination of X-rey and clinieal findings, and
others on a roentgeno-pathological basis. They differ from each other con-
siderably and enumeration of them all could only be confusing. The classifica-
tion suggested by the Committee on Pneumoconiosis of the American Public
Health Associationts ig given below:

“First stage (corresponds to anteprimary singe of South Afriea}:—The
symptoms of uncomplicated first-stage silicosis are few and often indefi-
nite. The man may spparently be quite well and his working capacity
not noticeably impaired. Slight shortness of breath on exertion and some
unproductive cough, ofien with recurrent colds, are the most nsual symp-
toms. The man may have a little less ability to expand his chest than
formerly, and the elasticity of the chest may be slightly impaired. The
earliest specific indication of the presence of silicosis is the radiographic
appearance, consisting of generalized arborization throughout both lung
fields with more or less small, diserete mottling. )

“This characteristic mottling is due to shadows cest by the diserete
individuel nodules of fibrous tissue in the lungs, and is essential to the
diagnosie of silicosia; without this finding the diagnosis of silicosis is not
sustained except by autopsy.

romgy L
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“Second stage (corresponds to primary stage of South Afries):—A
definite shortness of breath on exertion is usually found, and pains in the
chest are a frequent compiaint. A dry morning congh is often present,
sometimes with vomiting, and recurrent colds are more frequent. Even
then the man’s sppearance may he healthy but he is dyspnoeic on exer-
‘tion; he can not work as well as formerly; his chest expansion is notice-
ably decreased, the movement being sluggish and diminished in elasticity.

“The characteristic radiographic appearance ja a generalized medium-
sized mottling through both lung fields. The shadows of the individual
nodules are for the most part discrete and well defined on & background
of fibrons arborization, but there may be here and there larger but limited
opacities due to a localized aggregation of modules.

“Third stage (corresponds to the secondary stage of South Africs) :—In
the third stage the shortness of breath is marked and distressing even
on slightest exertion. The cough is more frequent; the expectoration
is in most cases slight but may be copious. The individual’s capacity
for work becomes seriously and permanently impaired; hiz expansion
is greatly decreased even with forced inspiration; he may lose flesh;
his pulse rate may be incressed and his heart may become dilated.

“The radiographic appearancesin the third stage are further accentuated;
the mottling is more intense; the nodules gre larger, of a conglomerate
ﬁio‘:'rm so thet large shadows are shown corresponding to areas of dense

0sis.

“Physical examination of an individual may reveal changes in percus-
sion and ausculation, mild in the first stage and inereasing with the prog-
resg of the disease. These alone are not sufficient to be of great value in
the diagnosis of silicosis.”

Management of Silicosis

There is no cure for silicosis im the sense that the fibrosis may be made
to disappear. Simple silicosis is seldom disabling and as a rule individuals
suffering from it are better off at their accustomed work though every effort
chould be made fo reduce their exposure to a minimum. When tuberculosis
is superimposed the situation changes. Gardneri makes the following

" suggestions:

‘No person with open fuberculogis should be permitted to work in
an industry where silica dust is created. An old employee with closed
silico-fuberculosis that does mot incapacitate him may be allowed to do
light work in departments where no dust is generated. Sanatorium treat-
ment may be tried but it is offen ineffective, A young employee with
- silico-tuberculosis should be given the benefit of sanatorinm trestment.

*“Persons over 40 with roentgenographic evidence of well-healed adult
type tuberculosiz canp be employed in an industry with a silica. hazard.
Their "only danger lies in the development of a massive conglomerate
type of fibrogis. But it is assumed that an industry that is heving pre-
employment examinations is cognizant of the hazard and is making
every effort to reduce the dust concentrationsg in its plants.

“The younger the individual with X-ray evidence of healed adult fype
tuberculosis, the less safely can he be exposed to silica dust.

‘“Roentgenopraphic evidence of a healed primary complex in a per-
son over 16 years of age does not constitute grounds for disbarring him
from exposure to silica.”

Acute Silicosis

TUnder conditions of very intensive exposure to dust of an extremely high
silica content, death has been reported in as short a time as one to 17 months
after the beginning of exposure. Stuch cases have been referred to as “acute
silicosis.”

Keaslers? reported six such fatal cases oceurring in a plané where eand was
pulverized to fine powder for use as an abrasive. The free silica content
of the gand was approximately 99.24 per cent. All of the cases developed
after exposure of from four to 18 months. ’
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Chapmands in 1932, reported three cases of silicosis, two of them fatal,
occurring in men who worked at machines where powdered silica and alkali
were mixed for the making of abrasive soaps. In one case symptoms deval-
oped after eight months of exposure, in another after 29 months. The third
was incapacitated for work in a little over two years.

Kilgores in the same year reported four cases of silicosis, three of them
fatal, in men who worked in a polishing powder plant where quartz was
pulverized on the premises. None had had an exposure over 14 monthe. Death
had occurred 50, 21 and 14 months respectively after the beginning of
exposure. .

At Gauley Bridge, West Virginia, in 1929 & {unnel was constructed through
rock with a gilica content of 87 to 99 per cent. Under such conditions the
dust hazard was severe. Many men* out of approximately 2,000 exposed,
died in a period of some five years following the commencement of the
worl; death in these cases being attributed by some authorities to so-called
“geute silicosis,” while others attributed it to tuberculosis, or other respira-
tory disease.

Unrdners! examined at autopsy 15 such cagses and found that infection
had been the cause of death in all. Tuaberculosis was definitely the eanse
of death in 1], probably the cause in two and unresolved pneumonia was
the camse in two. Microscopie, but not macroseopic lesions of silicosia were
present, Three characteristic changes were seen, namely: (1) Masses of
small nodules in broad sheaths of fibrous tissue surrounding the pulmonary
Iymphatics; (2) Generalized fibrosis of the alveolar walls, an appearance
usually seen only in advanced cases of silicosis; and (3) mo, or slight involve-
ment of the mediastinal lymph nodes.

The X-ray appearances of these cases were described by Sampsonsz He
mentions two types, the first showing tuberculosis only, and the second
tuberculosis with diffuse, fluffy nodulation. )

Acute silicosis appears rather to be either aeunte infection or the acute
exacerbation of previously existing infection, resulting from the effect of
overwhelming doses of dust of a high quartz content.

Asbestosis B
Symptoms

The disease produced by the inhalation of the silicate asbestos is char-
acterized chiefly, but mnot invariably, by cough, dyspnoes, scanty expectora-
tion, slight cyanosis and emaciation. It develops slowly, as a rule, over a
period of 10 to 20 years, though fatal cases have occurred in five years time,
Physical Signs

Physical signe when present are those of a basal fibrosis with diminished
breath sounds, lmited chest expansion and diminished resonance. Fine
dry rdles and pleural friction sounds may be present. Risk of superimposed

tuberculosis is less than with silicosis, though fatal termination from the
fibropis slone iz more common than with silicosis,

Pathology

The pathology of the disease is definitely different from that of silicosis.
The asbestos fibres are not easily ingested by dust cells and removed to
lymphoid tissue, but remain in contact with the walls of the air spaces and
set up a fibrosis which begine about the terminal bronchioles forming a sort
of “collar” of fibrous tissue and spreads to form diffuse patches in the
parenchyma, Infection, superimposed om asbestosis, as with silicosis, causes
a more severe reaction.

X-Rey Appearance

The X-ray appearance in asbestosis is described as a fine pinpoint mottled
“oround glass,” “veiled” or “blurred” appearance, commencing at and involv-
ing principally, the bases of the lung.

PO S

* Bxact fignres are not obtminable. See Congressional Record 50 H, J. Res.
449, 74th Cong., 2nd Session.



S1Licosis AND ITS PrEVENTION 35

Diagnosis .

Diagnosis is made by the history and X-ray findings apd is facilitated by
finding miecroscopically in the sputum clumps of so-called ashestos bodies,
yellowish, elongated bodies with bulbous ends. These result from the deposi-
tion on asbestos fibres of irom in the form of irom silicate.

The incidence of the disease depends npon essentially the same factors of
intensity, duraiion of exposure, etc., as does silicosis. In this country
owing to the relgtively small numbers employed in work involving exposure

to msbestos and to the relatively goed plant hygiene it does mot present a
gerious probler. . .




. CHAPTER 1V
INVESTIGATIONS OF SILICOSIS

Summary of Silicosis Investigations in the United States

It is impossible of course to estimate how many cases of silicosis there
are in the United States. By the nature of the disease, most of them are
unknown even to the subjects, But more and more information as to the
risk of its development in various dusty trades is being assembled by
special investipations. Most of these have- been conducted by the United
States Public Health Service but State Departments of Heslth and Tabor,
Universities and other agencies have done their share.

A resume of the more important studies is given below. A word of
caution is necessary in comparing the findings. Standards of diagnosis for
the earlier stages of the disease have varied considerably in the past among
different interpreters. At one time there was a tendency to include cases
showing marked increase of linear fibrosis in the early silicosis proups. As
the disease has become more familiar, interpretation of early changes has
become more conservative.

Asbestos

Lanza, MecConnell and Fehnelst in 1935 reported on the examination of
128 persons employed in asbestos plants in the United States. Of the tofal
numbeg, four were diagnosed as having second degree asbestosis, 63 as
first degree, 39 as doubiful and 20 as negative. Ouly ome case of active
tuberculosis (diagnosed by X-ray) was found. Cases of definite cardiae
enlargement were frequent. Dust counts ranged from 14 fo 82 million
particles per cubie foot. Particles im size up to 360 microns in greatest
diameter were counted.

During the same year, a report on asbestosis in fabricating plants was
published by the Department of Labor and Industry of Pennsylvania.ss

Dust concentrations in various departments ranged from 0.3 million
particles per cubic foot of air to 123.3 million, Particle size was found
to range from 1.35 to 2.12 microns in longitudinal diameter and from 0.45
to 0.68 microns in transverse diameter. No {free silica was found. Four-
teen, or 25 per cent, of 56 workers examined had clinical and roentgenclogical
evidence of asbestosis.

In 1836, Donnelly5sa reported on 151 asbestos workers of whom 52 showed
ashestosis and in the same year McPheeterassb reported the examination of
210 asbestos mill workers of whom 25 per cent. showed questionable or
definite asbestosis,

Cement

In .1928 a study of the health of cement workers was veported by the
U. S. Public Health Service.56 This study was conducted in a representative
Portland cement plant and included an analysis of the causes and severity
of gickness among a group of cement workers; a study of the physical
condition of cement workers by means of physical examinations and X-ray
films, and a study of the working environment, especially the character and
amount of dust to which the workers were exposed.

The cement was composed of 62 per cent lime and 22 per cent silica
together with small amounts of aluminum oxide, magnesia and sulphur
trioxide, Free silica in the form of quartz was pregent in amounts varying
from one to 6.5 per cent.

Dust eounts in dusty locations ranged from 22 to 92 million particles
per cubic foot. The dustier occupations of the industry were found to be
associated with s high rate of diseage of the upper respiratory system,
skin, éyes, enrs and digestive syatem. Of 53 individuals who were X-rayed,
15, or 28 per cent, showed evidence of lurg damage from dust but of a
relatively mild degree, since none of these had any symptoms of the condi-
tion. “Tuberculosis was present in three of the 15 cases or five per cent
of the total mumber.

i36]
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Diatomaceoue Parth

An examination of 108 men engaged in quarrying diatomaceous earth
in California for wuse in fire brick, abrasives, concrete, eic., was reported
by Legge and Rosemcrantzs? in 1932, This material contains 85 per cent
free gilica chiefly in the amorphous form, Théy found moderately advanced
silicosis in 15 per cent of the men; advanced in six.

Foundries

A study of 1,614 foundry workers was made by the Special Industrial
Disease Commission of Massachusettsss in 1033. Silicosis was found in 8.8
per cent, ailicosis with tuberculosiz in 2.6 per cent, and tuberculosis alone
in 0.9 per cent. Dust counts in the various departments were made and
ranged from one to 266 million particles per cubic foot.

In 1934 MeConnell and Fehnels? reported nn examination of 215 foundry
workers in 41 foundries. Sixty-seven, or 31 per cent, were diagnosed as
ghowing X-ray changes indicative of early silicosis. Dust counts and
particle size determinations were made, The report discusses the high death
rates among foundry workers for all respiratory diseases, brought out by
the report of the Cormmittee on Group Morfality which analyzed records
of six large American and Canadian insurance companies,

In 1935 Warfieldeo reported the examination of 691 foundry workers of
whom 129, or 18 per cent, showed silicosis.

In an investigation of 311 foundries in New York State in 1937, Greenburg,
Siegal and Smithss made X-aray examinations of 4,066 foundry workers in 80
foundries and found that of these 2.7 per cent showed silicosis.

Other studies in this industry were reported in 1937 by Kelly and Hall soa
Oamondbod and Sander,50c in which the rates for silicosis were found to be
0.99, 5.5 and 7.0 per cent respectively.

Granite Cuiting

In a statistical study of the granite industry about Barre, Vermont, pub-
lished in 1922, Hoffman6t found that the mortality from pulmonary tuber-
culosis among granite cutters had increased from 257.7 per 100,000 in 1896
to 953.4 in 1918, while at the same time the tuberculosis mortality rate
among the generzl population declined from 207.5 per 100,000 in 1886 to
96.4 in 1917. This excess in death rate was most marked among the men
employed in cutting and especinlly among fhose who worked with pneu-
matic tools.

Such striking evidence of the apparent barmfulness of granite cutting
induced the Public Health Servicesz to undertake an investigation at Barre
lasting from 1924 to 1926 as part of a program aimed to cover the entire
field of the dusty trades. Sanitary surveys of plants were carried out,
including dust determinations. Sickness and mortality records were studied
and physical examinations, including X-rays, made of a number of men.
The percentage of free pilica in the granite of that locality was found to
vary hetween 31.8 and 88.6. The dust counts varied from 59.2 million
particles per cubie foot, for hand pneumatic tool operators, to 1.9 for
office employees,

Practically all granite workers were found to have early silicosis after
four years employment and well advanced silicosis in 10 years. The general
incidence rate of tuberculosis, including early cases was 6.5 per cent, while
the death rate from tuberculosis alone was 14.1 per 1,000, a rate which is
in excess of the death rate for all causes in the general population. Among
the facts noted in this careful and systematic investigation were the follow-
ing: TUniversal occurrence of silicosis among the granite workers; a cloge
relation between the infensity of dust exposure and the general health of
the men; a sharp correlation between the Jemgth of exposure to dust and
the prevalence of tuberculosis and the death rate from the disease; the death
of a large proportion of workers from t{tuberculosis which required 20 or
more years exposure to develop but was almost invariably fatal within a
short time of onset, and the failure of workers to recover from their con-
dition on going intc non-dusty trades.
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The conclusion was reached that the rising sickmess and mortality rates
from tuberculosis jn this industry are due to longer use of the hand pneu-
matic tool.

The Special Industrial Disezse Commission of Massachusettssd examined
2 group of 961 granite cutiers in that State (1933) and found that 188,
(14 per cent,) had silicosis and 73, (7.6 per cent,) had silico-tuberculosis.
Thirteen, or 1.4 per cent, had tuberculosis only. Distribution of cases accord-
ing to dust couwnt groups is shown in the report.

In a study of 125 granjte cutters from shope about New York City con-
ducted by the Division of Industrial Hygiene and the New York Tuberculosis
and Health Association,® 62 per cent showed silicosis. Tuberculosis definite
or guspected (by X-ray) was present in 31 cazes.

Granite Quarrying

Granite quarrying was investigated by the Public Health Services+ in
1934, According to the report of this study the men were exposed to dust
with o quartz content of 352 per cent. Seventy-five per cent of the par-
ticles were less than two microns in average diameter. Dust counts revealed
very bhigh concentrations in quarry hole drilling, 1444 and 112.1 million
particles per cubic foot respeetively, Only the drillers showed pathologic
lung changes. Of 36 drillers examined, half with an exposure of five to
19 years had silicosis, and four of the five who had spent more than 20
years ab sueh work,

¢
Grinding :

The dust hazard in ax-grinding was investigated by Winslow and Green-
burg? in a large plant in Connecticut in 1820, No physical examinations
were made, but the mortality rates among the workers were studied and
found to show a high incidence of tuberculosis which was attributed to wet
grinding on sandstone wheels. This was shown to be far more hazardous
by actual dust count than dry grinding with an efficient exhaust. Dust
counts in dry grinding shops with an exhaust system, for instance, showed
an averange of only one-twelfth as many particles per cubic foot as the
average in the wet grinding shops.

Metal Polishing

A study of the heslth of workers in a silverware manufacturing plant
was reported by the U. S. Public Health Seriveess in 1933. Dust counts
in genmeral showed less than five million particles per cubic fooi. Pumice,
emery, tripoli, sandstone, metal and rouge were fhe substances used. Of
51 X-rays taken none showed silicosis. Thirty-six were clagsified as having
“miore fibrosis than usual.”

Of 80 metal Bolishers in various plants throughout New ¥York City
studied by the Division of Industrial Hygiene of the New York State
Labor Department and the New York City Health Department,is two showed
silicosis and 47 increased fibrosis.

Mining

Lead and Zinc—The first investigation of silicosis in mining in this country
was made in 1914 and 1915 by A. J. Lanza and Edwin Higginss? of the T. 8,
Public Health Service and Bureau of Mines respectively among the lead and
zinec miners of Joplin, Missouri. In that area the chief geologic formation
is chert, a rock having a high percentage of free nilica. Seven hundred
miners were examined and of these 45 per cent were found to have gilicosis,
while 14 per cent had silicosis and tuberculosis and five per cent had tuber-
culogis. A further report of this same investigation was made by Lanza
and Childse® containing the first defailed X-ray studies of silicosis made in
thig. country.

Copper—TFurther investigations of mining conditions were made by Harring-
ton-and Lanza®? in copper mines in Butte, Montana, in 1921. There, of 1,018
miners, 42 per cent showed definite signs of lung damage due to dust and
six per cent were {uberculous. :
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The Bureau of Mines70 continued its investigations with = study of 309
men in the zinc mining district at Picher, Oklghoma, in 1923. Of these
30 per cent had silicosis. Finally in 1927 a permanent clinic for the
study of the disease was established by the Bureau of Mines and the
Metropolitan Life Insurance Co. at Picher.

Qoal—There is a prevaleni opinion that coal miners do not sufier from sili-
cosis or tuberculosis. Butf coal mining may produce silicosis when the associated
rock hag a sufficiently high silica content.

In 1935 the U. 8. Public Health Serviee?t published a report of the
examination of 2,711 active workers im the anthracile coal industry. Of
these, 618, or 22.7 per cent, showed silicosis of a slowly developing non-
disabling type. Aifer 25 years of exposure 90 per ceni of the exposed had
acquired the disease. Clinical pulmonary tuberculosis was found in 15
per cent of the enrly cases and im 43 per cent of the late ones, The per-
centage of free gilica in the dust breathed by these men varied from 3-4
per cent for the regular minera to 35 per cent for the rock tunnellers and
muckers. Dust counts varied from lesa than five to more than 300 million
particles per cubic foot.

Potteries

X-ray examination of 58 men engaged in making of bathroom fixtures
was reported by Quaintance? in 1934, They were exposed to the dust of
clay containing 20 to 25 per cent free silica. Five, or 8.6 per cent, were
found to have third stage silicosis afiter an average exposure of 16 years.

Rock Drilling, Blesting and Bxcaovating

The apparent similarity of the risk inm mining and the processea involved
in excavating and tunnelling, so far as the silicosis hazard is concerned, led
to ar investigation of the latier processes in New York City by Smith and
Fehnel,’3 in 1929. Analyses of specimens of rock drilled from various sites
on Manhettan Island showed that the free silica content ranged frem zero
to 84 per cent. In the case of dry jackhammer drilling, 50 per cent of the
silica particles were less than three to four microns in size, while with
the water Leyner (wet) drill, 50 per cent of the particles were less than
1.8 miecrons in diameter.

Of the 208 drillers, blasters and excavators examined, 42 per cent showed
early, and 15 per cent well-developed silicosis, Evidence of tuberculosis,
including both active and inactive cases, was present in nine per cent of
the total number.

Sand Blasiing

The application of sand under air pressure to surfaces to he cleaned,
freed from paint or etched, presents unquestionabaly one of the most serious
gilicosis hazards in industry today. Sand is slways very high in free silica
content, ususlly over 90 per cent, and it splits up on impaet with the
surface fo which it is applied so that the dust particles become very small.

Greenburg and Winslow™ in 1910 investigated conditions in the abraszive
industry and wmade certain recommendations, and in 193275 ‘they again
reported a careful study of conditions in 28 mefal working shops in four
different states, using a tofal of 194 pieces of air blasting equipment. They
found that when the sand blaster must work in the midst of his biasting
he is exposed to 2ir containing from 232 to 3,104 million particles per
cubic foof, or from 23 to 310 times the amount of dust which is at present
considered safe.

Even when sand blasting is conducted in closed devices, the nir of the
general workroom adjacent to the device contains, they found, on an
averege, over 20 million particles of dust per cubic foof.

Sondstone Quarrying
At Amherst, Ohio, the sandstone cenire of the country, Kindel and Hay-
hurst7e examined 919 quarrymen in 1928. Of these, 30 ¥er cent showed
3}

evidence of silicosis, advanced in seven per cent, while only two per cent
showed silicosis with tuberculosis. The low incidence of tuberculosis was
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thought by the authors to be due possibly to an admixture of elay with
the sandstone whose own free silica content varies from 94 {to 97 per cent.

Most hazardous wag the job of grindstome turning where 77 per cent of |

workers were silicotic.

Slate Milling

Slate millin%hwas studied by the U &, Public Health Service™ in New
York State. ¢ dust eount in mining and milling operations was very
high, 62 to 1,440 million particles per cubic foot. Eighty-seven per cent
of 78 slate millers showed iung changes, but they were slight in all but four.

Spray Cogting

The danger of silicosis resulting from the use of vitreous emamels in the
manufacture of sanitary and other ware was investigated by the National
Safety Council?® and reported upon in the Final Report of ity Spray Coating
Committee, published in 1927. 1t was [ound that a real hazard may occur
if ventilation is inadequate.- Enamels examined by them which were used
for spraying castings were found {o contain from 21 to 37 per cent silica;
those used for spraying sheet metal confained frown 43 to 47 per cent silica,
Dust counts at the working face of spray coating booths ranged from 400,000
particles per cubic foot where the air velocity was 212. linear feet per
minute (a low count,) to the exeessive count of 445,000,000 particles per
cubie foot where the exhaust ventilation was so poor aa to be inappreciable.
X.rays were obtained of mine workers who had been employed at this work
for mofe than three years and of these, two showed definite and a third
possible, gilicosis,

Tale Mining

Ninety-three per cent of 57 tale miners were found to show slight lung

tiha,nges in the study by the U. S. Public Health Service?? reported in
933.

In another study of the effect of tale made in two Georgia tale mills by
the same agenecy™ reported in 1935, 66 workers were divided info three
groups according to dust exposure. The firat grou}) of 33 was exposed to
300 or more million particles of dust per cubic foot; the second of 13,
to an avernge of 135 million particles and the third of 20, to an average
of 17. Sixteen, or approximately half, of the mill workers in the first group
showed nodular fibrosis of the lungs, equally divided between early and
advanced stages. In the second group six of the 13 showed early changes.
There were no changes in the third group.

The type of the tale in the region studied was hydrous magnesium
silicate, H,Mg, (8i0,).

Trap Rock Quarrying

The results of an X.ray examination of 607 trap rock quarry workers

were reported by Goldwater,8® This rock has a low percentage of free

gilica, usually less than five. Of the entire group, two showed esrly and
five more advanced silicosis, one complicated by tuberculosis.




CHAPTER V
PREVENTION OF SILICOSIS

The firat step to be taken in the prevention of silicosis in any plant is
an investigation of the exlstence and severity of the hazard. In other words,
the free silica content of the dust in question, if not known, must be
determined by suitable analysis, and its amount or intensity measured hy
dust counts.

Analysis of Dust for Free Silica

Determining the presence of free silica in any material is a matter for
an experienced investigator trained in chemistry, and if possible in petro-
graphic analysis, Chemical methods alone ean yield directly only the amount
of total, or free and combined milica in a sample. From this figure the
free pilica must be calenlated indirectly by ascertaiming the amount in com-
bination with bases known to be present and deducting this from the total
gilica. . In dust containing a variety of minerals, it may be diffienlt to
calculate the amount of uncombined siliea correctly.

Drinker and Hatchi® describe two methods for the determination of free
silien. and reference is made to their text hook for details, The methods
are (1) the combined chemical and petrographic method according to Knopf,
and (2) the immersion method according to Ross and Sehl. Their studies
ghow that in case of mixed dusts 4t ic necessary to separate the sample
into size fractions and determine the composition of each fraction in order
to determine the true hygienic significance of the dust. For instanece, the
percentage by weight of free silica in the total sample of a foundry dust
examined was 58.5 per cent, but the amount of free silica with a particle
size less than 10 microns was only 5.7 per cent by weight of the total sample.

Dust Sainpling Methods

Having determined the percentage of free silica in the dust in question
and found it to be such as to present a possible silicosis hazard the next
step is to determine the intensity of exposure by actually counting the-
number of particles in a given sample of air.

There are s number of methods of collecting dust samples, depending upon
six gemeral principals of operation, namely: Settlement, filiration, washing,
impingement, electric precipitation and thermal preeipitation. Those best
known are the Xotze Konimeter, which has been employed in routine
dust sampling in South Africa for more than 20 years; the Owens Jet Dust
Counter which was long popular in Great Britain, and the Greenburg-
Smith Impinger, the official instrument of the U. S. Public Health Service.
All of these employ the principle of impingement.

Konimeter

The Kopnimeter iz a small instrument which can be held in the hand and
has the advantages of simplicity and ease of operation. Air is drawn in
through a nozzle by means of a spring-actuated pump and impinges upon
& collecting plate, Samples of 2.5 and 5 ce. of air (and multiples of these)
may be collected. The glass plate upon which the air impinges iz covered
with a thin film of petroleum or glycerin jelly which retains the dust.
Thirty samples can be collected on & single dise. Immediate examination
of the s(:ipots under the microscope follows the collection of the samples.

The disadvantages of the Konimeter are that the dust-collecting efficiency
is low, and it is selective in respect to size of particles,

Ohoen Jet Dugt Counter
The Owen Jet Dust Counter ig somewhat similar to the Xonimeter but it

has & capacity of 50 cc. end the impinging surface is an ordinary cover slip,
It has essenfially the same advantages and disadvantages of the former.

Greenburg-Smith Impinger

With the Greenburg-Smith Impinger apparatus a known amount of air,
usually 10 to 30 cuble feet, is drawn through a tube inmto 2 flask of dis-

[41]
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tilled water. As the air leaves the tube it strikes a glass impinging plate
submerged beneath the surface of the water. The dust-particles in the air
are thus caught in the water, diluted and placed in a counting chamber for
microscopical exsmination and counting.

Fleotric Precipitator

This is an instrument which, though less used than the other three in
the_past, has a high degree of efficiency and is used by the U. 8. Bureau
of Mines in testing respirators. Dust Iaden air is passed between two sur-
faces carrying a high electric potentisl and under the force of the electric
field the particles are driven in a direction normel to the air motion and
so precipitated upon the collecting surface. Samples cannot be examined by
direct microscopic count but must be washed out into water or other
liquid first.

Thermal Precipitator

This instrument is popular in Great Britain at the present time bui is
not used to any extent in this country. It depends upon the principle that
a dust free area will occur around a hot rod.

Dusty air is drawn through a slot across which is placed an electrically
hented wire. The walls of the slot are formed by cover slips kept cool by
a backing of brass blocks which act as heat conductors. The dust is deposited
-on the cover glasses which can be removed for counting,

For & complete description of the above methods, and others, the reader
is referred to the chapter on “Dust Concentration” in Industrial Dust by
Drinker and Hatch.as

Particle Size Distribution

In addition to counting the mumber of particles in a given sample, an
estimate of particle size distribution—that is to say the percentage of par-
ticles of various sizes under 10 microns—is valuable. With the Owens
apparatus it is possible to measure particles as small as 0.5 microns in
diameter while even smaller particles can be distinguished and their

resence recorded, Particles of one micron in size are shown by the

reenburg-Smith Impinger method and an experienced observer can detect
particles ag small ag 0.7 microns. In 2 study of 26 samples of various indus-
trial dusts Bloomfleld found that most of the particles—89 per cent on an
average—were between one and three microns in average diameter. Twenty-one
per cent were less than one micron and two per cent were less than 0.5 microns.

Hatch and Poolst advocate the use of dark field illumination with a special
counting cell to obtain greater magnification. With the dark-field miero-
scope, particles down to slightly more than 0.1 micronin size can be enumerated.

Preventive Mensures

When an injurious amount of an injurious dust has been demonstrated
by dust analysis and dust counts, the question of how to correct the situs-
tion next arises.

The prevention of silicosis Involves several different angles of attack
depending upon the particular problem under consideration, and usunally
several methods in combination are necessary for the best results. The
methods of attack all follow certain familiar principles. They may be
divided logically into three groups: Those having to do with the process;
those having {0 do with the work place, and those having to do with the
worker himaelf,

Related to Process

The first group of preventive measures, those related to the process, com-
prises the following:

1. Substitution of mon-silicosis-producing material.

2. Xnclosure and segregation of dusty processes.

3. Local exhaust ventilation for the removal of dust at peint of arigin.

4. Suppression of dust by water,
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Related to Work Place .
The second group of preventive measures, those' related to the work
place, includes:
5. General artificial ventilation.
6. Plant cleanliness.

Related to Worker
The third group, relating to the worker, comprises:
7. Direct protection of the worker,
8. Alternation of work, .
9, Medical supervision.
10. Edueation.

Substitution

This golution of.the problem of prevention is at oriee the simplesi, where
practicahle, and the moat satisfactory. It has heen applied successfully in
several important industries.

In gbrasive blasting the use of a metal shrasive instead of sand reduces
the free silica confent of the dust to less then five per cent from 42 per
cent or shove. Metal abrasive, stesl grit, lasts longer than sand and is
consequently cheaper. It can be used with the same equipment. Aluminum
oxide also makes a satisfactory substitute for sand, especially in monument
work, and has the advantage of greater cutting power.

The widespread use of artificial stoves of silicon carbide or aluminum oxide
instead of natural stones in metal grinding is another example of substi-
tution. with very Dbemeficial results so far =as gilicosis is coneerned. Studies
by Clarkss have shown no silicosis hazard in exposure to ‘the dust of
aluminum oxide, and no increased evidence of tuberculosis.

The silicosis hazard which exists in foundries, is due to sand blasting of
castings and also the use of “parting compounds” for dusting molds which
are often very high in free silica content. In addition to substifutes for
sand im blasting, non-siliceous lfarting compounds are available and are
quite generally being substituted.

-The pottery industry, especially abroad, has always been associated with
high silicosis rates due to the use of flint in bedding the ware for firing.
Some plants have reduced this hazard markedly by the substitution of elay
with its Jow free silica content for flint which is pure quartz

These are & few outstanding examples of silicosis prevention by substitu-
tion. Other applications of the principle may be anticipated in the future.
The first thing for the preventive minded employer to ask himself is: “Do
I need to use this dangerous material?”

Isolation of Dusty Processes

Next to removing the silicosis hazard entirely by giving up the use of
siliceous material, possibly the most effective safepuard when practicable,
is Jisolation of the dusty process either by mechanical enclosure or geo-
graphical segregation.

ome processes, noiably certain types of sandblasting, lend themselves
admirably to enclosure by barrels, tables or cabinets which can be con-
structed so that very little dust escapes into the workroom. Bloomfield
and Greenburgs¢ found in a study of enclosed sandblasting operations, that
with proper apparatus properly maintained the average amount of dust
in rooms at large was less than five million particles per cubic foot. Strict
care in upkeep i3 mecessary, however, for under less than ideal conditions
the average room afmosphere where this type of work was carried on con-
tained over 20 million particles of dust per cubic foot, a dangerous con-

.centration.

Aside from enclosure in mechanical systems, situations oceur where dusty
procesges can be isolated in such a way that a minimum number of workers
will be exposed. Measures for the control of silicosis in meta] grinding in
Canads provide for the “racing” of grindstones in separate rooms. Surfacing
machines in stone yards could be similarly isolated. Instead of this, they
are offen operated in the midst of the yard where the dusi created affects
everybody present,
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Isolation of dusty processes by fime, as well as geographically, is another
possibility under some ecircumstances. An example is the shake-oul process
in foundry work which is often donme at night when only the shake-out
crew itself is exposed.

Local Perhaust Ventilation

For the many dusty processes where silica is necessarily present and
isolation is mot practicable, the hest preventive measure is removal of dust

Figure €
Rock Drilling—No Dust Control, Serious Silicosis Hazard
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at point of origin by exhaust ventilation. There is almost no limit fo the
possible application of this princi%)le. It is widely used in such.operations
s grinding, polishing, mixing, filling, ete., and new applications are con-
tinually being developed. One of the most important and recent of these
is a method of exhaust for the removal of the dust in roek drilling, long
s very gerious source of silicosia in mines and tunnel construction. Axnother
hozardous trade where control is dependent upon properly applied local
exhaust ventilation is stone cutting.

Figure 7
Rock Drilling—Dust Removed. Silicosis Hazard Under Control
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There is no need here to discuss details of such ventilation since each
situation presents its own particular problems in the enpineering field. The
crucigl test of whether or mot a system iz adequate, lies in its ability to
maintain the dust in the air at a low level and its efficacy should always,
therefore, be tested by dust counts.

Water

Suppression of dust by the use of water as a spray or stream applied
at the point of origin of the dust has a place in the control of silicosis
but its value should not be overestimated. The finest particles are not laid
by water but actuslly held in suspension in the air by droplets of moisture,
Dry drilling under adequate exhaust will produce lower dust counts than
wet drilling. Winglow and Greenburg,” in their investigation of an ax
factory found much more dust present under conditions of wet than dry
grinding when the latter was done with proper exhaust, With wet methods,
the dampened dust itself must be removed or it will dry out and constitute
a hazard all over again,

Under some circumstances, wet methods especislly in combination with
general ventilation are valuable. Reduction of dust and comsequently the
silicosis rate in the South African mines has bheen accomplished through
these means. In operations, such as stome crushing and grinding, dust may
be reduced by the use of water when other measures are impracticable,

General Artificial Ventilation

Chenging the air of the.workplace frequently by artificial ventilation,
bringing in fresh air and removing the stale iz a valuable adjunct to other
methods of comtrol. Its effect is actually to dilute the dust present. Inm
the mines already mentioned the use of wet drills is combined with gen-
era]l artificial ventilation by fans which ensure a cireulation of about 60
cubie feet per person, per minute.

Plant Cleanliness

One of the most important parts in dust control is played by good
housekeeping, that is to say by measures to promote plant cleanliness. In
well kept foundries it is estimated that such measures account for 75 per
cent of dust control. If a plant is not kept clean, dust sccumulating from
day to day, settling on floors and other parts of the workrooms, adds mate-
rially to the genmeral hazard by being stirred up and re-circulated. When
circimstanees are approprimte, arrangements for vacuum cleaning or -hosing
down workrooms at intervals, preferably outside working hours, should he
ineluded =28 a matfer of course in all silicosis preventive programs. Spe-
cial arrangements for the care of dusty material come under this heading.
A case in point is the use of a grating in the floor of a sandblasting room
to allow the sand to fall through {0 a2 container instead of accumulating
on -the floor. Under this item of good housekeeping, too, should be included
the careful upkeep of all ventilating devices and other protective apparatus.
If this is not dome even the best equipment will deteriorate rapidiy.

Masks and Helmets

Direct protection of the worker by the use of masks or helmets is imprae-
ticable in many situations owing to the difficulty of a man’® carrying on
heavy work when so encumbered; so that in general, control should be
sought by other means, but there are situations when this form of pro-
tection Is satisfactory and even necessary. In abrasive blasting, for instance,
when the operator must be in the same room with the object heing cleaned,
a positive pressure helmet, that is to say a helmet in which pure air is
provided from an oubtside souree, is absolutely essential in addition to
room ventilation. Various types of helmeta of satisfactory design are
availeble. In studies made hy Bloomfield and Greemburgst it was found
thit with a properly made helmet an air flow into the helmet of six cubic
feet per minute was sufficient to supply clean air (dust count under three
million particles per cubic foot) under all conditions encountered. It is
of course essential that the helmet be inspected frequently for defects and
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kept in sound condition. Incidentally the same studies revealed the total
inndequacy of non-positive-pressure helmets in abrasive blesting. Where
no outside air was supplied the dust counts under these helmets averaged
581 million particles per cubic foot. In such circumstances the helmet gives
a totally false semse of security.

. Masks represent a cheap and simple type of direct protection which has
much in ity favor under appropriate conditions, They are eminently adapted
to e situation where the dust exposure is moderately severe but of short
duration, Masks of high efficiency against silica-containing dust have been
developed which are st the same time reasomably comforfable and offer
relatively little resistance to breathing. If such masks are properly main-
tzined, there cam be no objection to them wnd they might under such cir-
cumstances, take the place of expensive ventilating equipment. But unfortu-
nately the human element, ignorance or indifference on the part of the
worker and laxity on the part of the employer, combine to destroy their
effectiveness. It is the common carelessness found in their use, together
with the sense of false mecurity when carelessmess exists, which renders them
unsatisfactory as a rule in actual practice.

Medical Supervision

In enacting its so-called “smilicosis legislation” jim 1936, the New York
Legislature said:

“It is hereby declared to be the policy of the Legislature of this State,
in enacting this Article, to prohibit through every lawful means available,
gDy requirement as a pre-requisite to employment which compels an appli-
cent for employment in eny occupation coming within the purview of this
Article to undergo a medical exemination.”

However desirable pre-employment physical or medical examinations in
the dusty industries may be from z medical point of view, economic con-
siderntions preclude them in New York State at the present time. As a repre-
sentative of the workers expressed it:

“We want our jobs whether we have silicosis or mot.”

However, the young worker entering a dusty induastry for the first time
will he doing himself o distinet service if he subjects himself to a medical
examination to determine that he is not peculiarly susceptible to dust
irritation. Such & worker should repeat these examinations at regular inter-
vals to keep a constant cheeck-up on his condition,

Such a procedure will absclutely protect the individual worker from
gilicosis if he beeds the information disclosed by these examinations. First,
becanpe it is known that people who have had previous lung disease or
who have any obstruction to breathing will get the disease more easily
than others snd hence should not be employed for this work for their own
good, Secondly, it is necessary to know whether measures in use are in fact
effective, and this can only be ascertained by periodic check-up exeminations
to discover whether sgilicosis is developing. Thirdly, if early pre-silicotie
changes in the lungy are found by X-ray examination following dust exposure,
silicosis may be avoided by prompt action in changing to another type of
work.

The interval between examinations should depend upon the intemeity of
exposure. Where it is moderate, apmual check-ups will probably be auffi-
cient; where very severe, re-examinations had best be made at least every
six months. The initial examination sghould include a complete physical
survey with an X-ray of the chest. Subsequent check-ups may be limifed
to chest X-ray examinations only.

Hducation

* Education of the worker in the nature of the risk he is running, the part
he can play in preventing the disease by imtelligent mse of preventive equip-
ment gnd the value to himself of physical examinations should be a part of
every preventive progrem, If more attention were paid to education the
advantage of physical examinations as a2 device {0 keep men healthy end
preserve their working capacity would be epparent.
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Preventive measures have been discuseed separately bui in practice, mo

one alone, except of course the first—substitution of o harmiess substance—
is enough, and the more that are used in combination the more complete
will protection be. A satisfactory and eomprehensive program for the
prevention of silicosis in the majority of dusty industries will include physi-
cal supervision and education, alternation of men at dusty and mnon-dusty
work, megrepution of dusty processes, loeal exhesust ventilation, or masks or
helmets, or both and finally plant cleanliness and an invincible determina-
tion on the part of those responsible to keep down dust, The efficiency of
measures to remove or control dust can be demonstrated quite simply by
dust counts and these should always be made at intervals in conjunetion
with a preventive program.

New York State Code for the Control of Dust in Rock Drilling

Action on the part of State Departments to formulate rules for con-
trolling dust in specific industries is 2 highly conatruetive’ approach to
the problem of silicosis prevention.

In New York State the following code relating to the control of silica dust
in rock drilling became effective May 1, 1937.

A committee is also at work on the formation of rules for the control
of dust in stone cutting and finishing.

BULLETIN NO. 83: Rulesa Relating to the Control of Silica Dust in
Rock Drilling, . .

These rules shall apply to all rock drilling operations in silica-bearing
roek.

“Rock Drilling” shall mean drilling, cutting, chipping, channeling, broach-
ing or crushing to excavate rock, by means of machinery or hand hammers.

“Silica-bearing rock” means any rock formation, natural or synthetice,
eontaining, as o component part, free silicon dioxide. “Silica-bearing rock”
shall be divided into two classes:

Class I—Any rock formation of substantially wuniform geological
character having free silicon dioxide as s component part which is
known from geological studies or otherwise can be shown by the appli-
cant to the satisfaction of the Industrial Commissioner, to run uni-
formly less than ten (10) per cent by weight, of the rock formation,

Class IL—All rock formations having free silicon dioxide as a com-
ponent part, ten (10) per cent or more by weight, and all other forma-
tions, natural and synthetic, having a variable and unpredictable content
of free silicon dioxide.

“Imjurious silica dust concentration” shell mean dust produced from
drilling silica-bearing rock which is in excesa of the following values as
determined by an approved dust count method: )

Class I—Ome hundred million {100,000,000) particles per cubic foot

of air. .

Clags II—Ten million {10,000,000) particles per cubic foot of air.
“Approved” means approved by the Industrizl Board.*

Dust Contrel: All rock drilling operations in silica-bearing rock shall
be executed so that there will be mo dissemination of injurious silica dust
eoncentrations into the atmosphere.

Dust Control Methods: Dust control methods shall be by any of the
following:
Buction or exhaust methods.
et method.
Or other methode approved by the Industrial Board.*
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Approval: Only approved dust control equipment and methods shall be
used. To obfain approval, dust contro] equipmenf, shall be substantially
constructed and installed and shall successfully meet the tests preseribed
by the Industrial Commissioner.

The Industrial Commissioner shall establish standards for testing of
dust conirel equipment and methods for the purpose of securing approval
of such equipment by the Industrial Board.*

Wotification of Starting Work: Before starting any rock drilling opera-
tions to which these rules apply, notice shall be filed with the Industrial
Commissioner, advising as to the location and the date of starting work.

Ingpection by Industrial Commissioner of Dust Contrel Equipment Dur-
ing Operation: All approved dust control equipment and methods shall
be subject to inspection and test by the Industrial Commissioner during
operation on any rock drilling work to which these rTules apply; and tests
to determine dust concentrations may be made by the Indwstrial Commis-
s1oner.

The employer engaged in rock drilling shall make frequent inspections
and tests to determine whether the approved dust control methods and
equipment are being operated snd maintained to meet the approval of the
Industrial Board;® and shall make written record of emergencies or diffi-
culties resulting in insufficiency of operation.

* By act of the 1837 Legislature, approval is now a power of the newly created
Board of Standards and Appeals.




- CHAPTER VI
COMPENSATION FOR SILICOSIS

Compensatiorn for Silicosis in New York State.

Ungquestionably the single most potent factor im silicosis prevention is
the making of silicosis a compensable disense. Efforts to do this have
been made in New York State from time to time since 1925, but it was
only in 1936 that they were finally successful. .

gections of the Law dealing with compensation for pilicosis in this Stule
are given below:

CHAPTER 887, LAWS COF 193¢

AN ACT to amend the Workmen’s Compensation Law, in relation to
occupaitional diseases and in relation fo special provisions for compensation
for certain injuries to the respiratory tract resulting from the inhalation
of harmful dust, and to amend the Labor Law, in relation to control of
harmful dust in public works. '

Became 2 law June 6, 1936, with the approval of Governor Herbert H.
Lehman.

The People of the State of New York, represented in Senate and Assembly,
do enact as follows: .

Seetion 1. Paragraph 28 of Subdivision 2 of Section 3 of Chapter 816
of the Laws of 1913, entitled “An act in relation to assuring compensation
for injuries or death of certain employees in the course of their employ-
ment and repealing certain sections of the Labor Law relating thereto, con-
stituting Chapter 67 of the Consolidated Laws,” as re-enacted by Chapter
41 of the Laws of 1914, such paragraph having been added by Chapter 254
of the Laws of 1935, iIs hereby amended to read as follows:

28, Any and all occupational 28. Any and all employments enumerated in
diseases Subdivision 1 of Section 3 of this Chap-
ter-

Nothing in Paragraph 28 of this Subdivision shall be construed to apply
to any case of occupational disease im which the last injurious exposure to
the hazards of the disease oceurred prior to September first, 1935; nor ta
any disability or death due to any disease described in Article 4-a of this
Chapter.

2. Such Chapter is further amended by the insertion therein of a new
Article, to follow Article 4, to be Article 4-z, to read as follows:

ARTICLE 4-a
Silicogis, and Other Dust Diszaszes

Section 85. Prevention of silicosis and other dust diseases,
60. Compensation payable for disability or death.
67. Liability of employer.
68. Medical {reatment and care,
69. Workers, when not entitied.
70. Special medical examiners.
71. Expert consultants.
72. Alternate remedy.

65. Prevention of silicosis and other dust diseages, 1. It is hereby
declared to be the policy of the Legislature of this State, in enacting
this Article, to prohibit through every lawful means available, any require-
ment 23 a pre-requisite to employment which compels an applicant for
employment in any occupation coming within the purview of this Article
to undergo a medical examination.

2. The Industrizl Commissioner and the Industrial Board are hereby
required to add to the Industrial Code, as provided in Sections 28 and 29
of the Labor Law, effective rules and regulations governing the installa-

[50]
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tion, maintenance and effective operation im all industries and operations
wherein gilica dust or other harmful dust hazard is present, of approved
devices designed to eliminate such harmful dusts and to promulgate such
other regulations as will effectively control the imcidenee of silicosis and
similar diseases.

66. Compensation payable for disability or death, Compensation shall not
be payable for partial disability dne to silicosis or other dust disease.
In the event of temporary or permanent total disability or death from silicosis
or other dust disease, motwithstanding any other provision of thiz Chapter,
compensation shall be payable under this Article to employees in the employ-
ments enumerated in Section 3 of this Chapter or to their dependents in
the following manner and amounts: If disablement or death occur during

"the first celendar month in which this Act hecomes effective not exceeding

the sum of $500; if disablement or death oceur during the second calendar
month after which thiy Act becomes effective mot exceeding the sum of
$550; thereafter the total compensation and benefits payable for disability
and death shall increase at the rate of $50 each calendar month. The
aggregate amount payable shall be determined by the total amount payable
in the month in which disablement or death occourss In no event shall
such compensation exceed an aggregate fotal of $3,000. The reguirement
&8 to payments into the special funds provided for in Subdivisions 8 and 9
of Section 15 for emch case of injury causing death in which there are mo
persons entitled to compensation shall not apply to any claim arising under
this article.

Compensation payable hereunder shall be paid from the eighth day fol-
lowing total disablement ut the rate of 66 and two-thirds per centum of the
average weekly wage to be computed under Bection 14 of this Chapter; but
in no case shall compensation exceed $26 per week nor in the event of total
disability be less than eight dollars per week; provided, however, that in
the event of death from such diseage his dependents shall receive, in the
manner provided by Sections 16 and 17 of this Chapter, any balance remain-
ing between the aomounts paid for disability and the total compensation
payable under this article.

Notwithstanding the provisions of Section 28 of this Chapter, all claims
for compensation resulting from inbalation of harmful dust, where the
last exposure occurred between the effective date of this Act and September
1, 1935, shall be barred unless filed within 180 days from the day on which
this Act takes efiect.

67. Liability of employer. An employer shall he liable for the payments
preseribed by this Article for silieosis or other dust disease when disability
of an employee resulting in loss of earnings shall be due to an employment
in a hazardous occupation in which he was employed, and such disability
results within one year after the last injurious exposure in such employ-
ment; or, in case of death resulting from such exposure, if such death occurs
within five years following continuous dQisability from such disease. The
provisions of Section 44 of this Chapter shall not apply to clzims arising
under this Article.

The employer in whose employment the employee was last injuriousl
oxposed in a hazardous occupation and the insurance carrier, if any, whic
was on the risk at the fime of the last injurions exposure in such employ-
ment, shall be linble for any payments required by this Article; the motice
of injury and claim ghall be made to such employer.

68, Dedical treatment and care. Notwithstanding any other provisions
of thiz Chapter the medical treatment herein provided for shall be Ilimited
in the case of an employee dissbled by an occupational disease due to or
resulting from the inhalation of harmful dust to a period of 90 days from
the date of such disablement, but the requirement for such medical trent-
ment may be extended for an additional period not to exceed 90 days upon
the order of the Industrial Board.

69. Workers, when not enmtitled. If an employee, at the time of his
employment, falsely represents in writing that he hag not previously been
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disabled from the disease which is the cause of disability or death or has
not received compensation or benefits under this Article, no compensation
shall ke payable,

70. Special Medical Examiners. -The Industrial Commissioner shall divide
the State inte five districts and in each distriet may appoint two or more
Special Medical Kxaminers who shall be licensed physicians in goed pro-
fessiopal standing, each of whom shall have bad, at the time of his appoint-
ment, and immediately prior therete at least five years of practice in the
diagnosis, care and treatment of pulmonary diseases. Such Examiners shall
te employed on a per diem basis as the exigencies' of the work may reguire.
Fees of Examiners shall be fixed by the Industrial Commissioner within the
limits of the appropriation therefor. TEach position of Special Medical
Examiner provided herein shall be in the exempt class of Civil Service.

Whenever a claim is made under this Article and an examination of the
claimant by am impartial physician is desired by any party in interest,
the Industrial Commissioner shall order such Medical Examiners to make
the necessary medical and X-ray examinations of the claimant in an effort
to obtzin the medical facts in an impartial manner.

For the purposes of adjudication under this Chapter, the Indusirial
Board* shall adopt rules of practice and procedure aud shall preseribe
methods and standards under which physical examinations, X-rays and
other studies shall be conducted.

71, Expert Consultants. The Industrial Commissioner shall appoint as
Bxpdrt Consultants on dust diseases three licensed physicians in good pro-
fessional stending, each of whom shall have had, at the time of his
appointment, and immediately prior thereto, at least 10 years of practice
in the diagnosis, care and treatment of diseases of the pulmonary tract,
along with the interpretation of X.ray films thereof. They shall he paid
at & salary to be fixed by the Industrial Commissioner not to exceed, $7,500
per year. Each such position of Consultant shall be in the exempt class
of civil service.

The Industrial Commissioner or the Industrial Board* shall on their own
volition or on the application of either an employee, an employer, or an
insurance carrier, direct such Expert Consultants to make examinations of
claimants, to review the findings of Special Medical Examiners, to read
and review the files of compensation cases when necessary, and to informn
the Industrial Commissioner and the Industrial Board® of .their opinion
a8 to their findings in such cases.

72, Alternative remedy, The liability of an employer prescribed by this
Article shall be exclusive and in place of any other liahility whatsoever,
at common law or otherwise, to such employee, his personal representatives,
husband, parents, dependents or next of kin, or anyone otherwise entitled
to recover damages, at common law, or otherwise on account of any injury,
disability, or death, caused by the inhalation of harmful dust, except that
if an employer fail to secure the payment of compensation for his injured
employees and their dependents as provided in Section 50 of this Chapter,
an injured employee, or his legal representative in case death results from
the injury or disease, may, at his option, elect o claim compensation under
this Chapter, or to maintain an action in the courts for damages on account
of such injury or disease; and in such an action it shall not be necessary
to plead or prove freedom from contributory negligence nor may the defendant
plead as a defense that the injury or disease was caused by the negligence
of a fellow servant or that the employee assumed the risk of lis employ-
ment, nor that the injury or disease was due to the contributory negligence
of the employee.

3. Chapter 50 of the Laws of 1821, entitled “An act in relation to labor,
constituting Chapter 31 of the Consolidated Laws,” is hereby amended by
inserting therein a new Section, to be Section 222-a, fo read as follows:

22%a. Prevention of dust hazard in public works, In the comstruction
of public works by the State or a public beneflt corporation or a municipal

* By act of the 1937 Legislature this power is now a function .of the Board of
Standards and Appeals.
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corporation or a commission appointed pursmant to law wherein a harmiul
dnat hazard is created for which applinnces or methods for the elimination
of harmful dust have been approved by the Industrial Board, a provision
shall be inserted in each contract for the construction of such werk requir-
ing the installatiom, maintenance and effective operation of such appliances
and methods, aud = further provision shall be imserted in such contract
that if this Section is not complied with, the contract shall be void. In the
construction of public works performed directly by the State or a public
benefit corporation or a munmicipal corporation or a commission aﬁ)‘kpointed
pursuant to law wherein a harmful dust hazard is created for which appii-
ances or methods for the elimination of silica dust or other harmful dust
have been approved by the Industrial Board, the department, bourd or officex
in the State, public benefit corporation, or municipal corporation or com-
migsion or boerd appointed pursuant to law, having jurisdietion over the
construction of such work shall provide for the effective use of such approved
appliances or methods in connection therewith. A violation of this Section
ghall constitnte a misdemeanor and shall be punishable by a fire of not
more than $500 or by imprisonment for not more than one year or hy
both fine and imprisonment.
4. This Act shall take effect immediately.*

Compensation for Silicosis in Other States

The rapidly developing interest in and knowledge of conditions affecling
the health of workers has resulted in quite a marked recent inscrease iu
State laws providing for occupationsl disense. As is well known such laws
fall into two groups (1) those covering all oceupational diseases in a
general or “blanket” law and (2) those listing special diseases for which
compensation will be allowed.

Silicosis at the dafe of writingt is covered by “blanket” laws in the fol-
lowing states:

Celifornia.

Connecticut.

Distriet of Columbia,

Ilinois,

Indiana.

Massachusetts—by court definition of injury.
Missouri—provisional upon employer’s wish.
Nebragska—J)imited to a few industries.

North Dakota—if it can be comsidered to result from ‘“‘accident.”
‘Wisconsin,

Silicosis is ineluded in schedule laws in the following states:
Eentucky.
North Carolina.
Ohio. -
Michigan.
West Virginia.
Washington.

* June 6, 1937,
+ June, 19837,
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