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2 REVIEW OF LITERATURE ON DUSTSB

A summary of some of the points mentioned or discussed follows:

1. Dust has been defined as solid particles (usually dry, but they
may be wet) ranging in size from less than 1 micron (1/1000 mm. or
approximately 1/25000 inch) to about 150 microns.

g. Physiologically, there are almost as many different classifications
of dusts as there are authors on the subject; these classifications prob-
ably are not particularly important, because in daily practice in in-
dustry the harmful effect is produce(i more frequently (almost invari-
ably) by dusts of mixed origin. An attempt to group dusts under
the headings “active” and “inert” (with reference to effect on health)
has proved unsatisfactory; the further the subject is investigated, the
more it becomes apparent that virtually all dusts may be harmful
if breathed in large amounts over long periods.

3. The extent of the dust hazard in industry in the United States
is not known definitely, and exact data on the number of persons
exp(;)sed are not available although some rough estimates have been
made. -

4. So far as known at present, silica dust apparently is the most
harmful of the dusts ordinarily encountered. Silicosis (so-called),
t21e disenso caused by breathing silica dust, is a widespread industrial
hazard which probably is increasing and affects apprecinbly the
death rate among industrial workers exposed. The Silicosis (Medical-
Arrangements) Committee of (irent Britain reported in 1929 that
“gilicosis is more widesprend than is generally believed and occurs
to some extent in & number of industries and occupations where its

resence has not been suspected.” Some authorities in the United

tates, particularly lawyers who have handled any considerable num-
ber of (ﬁlst cases legally, have expressed essontinl?;' the same opinion,

5. Various writers on industrial disenses have referred to harmful
effects of exposure to dust for centuries, at least as far back as 75 A. ).,
when Pliny referred to it.

6. Dust disenses are found among workers in dusty trades all over
the world but are more prevalent, or at least have received maximum
attention, in such industrinl countries as Great Britain, Germany,
Australia, South Africa, Canadn, and the United States.

7. In the United States dust disense, usually designated “silicosis,”
is more or less common among workers in the mining, grinding,
granite, and foundry industries; it also is found to some extent in
more than 100 other ocenpations or industries.

8. As regards Ly pes of dust injurious to health, it appears that any
dust insoluble or difficultly soluble in the fluids of the vespiratory

nssages and in sufficiently ﬁnoly divided form to float in the air and
{))e breathed by workers in considerable quantities over long periods
ultimately will bo harmful.  Although free siliea dust (Si0,) has been
considered the most harmful, silicates (for example, nshestos) hava
been found almost as harmful, and other dusts certainly have n detri-
mental effect upon health under cortain conditions.

9. The following terms are commonly nsed to describe dust dis-
easos of the lungs: (a) “Pneumoconiosis” (from Greek pnenmon, lung,
and konia, dust}, a general torm for all dust diseases of thoninngs;
(b)“silicosis” a condition of the lings due to inhalntion of silicon
dioxide or freo silica; (¢} “silicatosis,” a discase of the lungs thought
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to be caused by silicates; (d) “anthracosis,” a dust disease of the lungs

of coal miners; (e) “siderosis,” a diseased condition of the lungs of

metal workers, particularly in iron or ores of iron; and ( ’/1’) “asbesto-

sis,” a lung disease caused by breathing asbestos dust. The generic

term “pneumoconiosis” or possibly the simpler one “dust disease” ap-

g:ars to represent more accurately the common types of dust disease,
cause numerous dusts usually are involved.

10. Silicosis is characterized by fibrotic changes in the lungs which
are said to be more clearly noticeable and easier to dingnose than
changes due to other dust diseases of the lungs. The dust of free
silica is considered more dangerous than other dusts, chiefly becauso
its victims are thought to be more linble to contract tuberculosis than
persons exposed to nonsiliceous dusts. .

11. The symptoms of silicosis are shortness of breath (dyspnea),
pains in the chest, cough, expectoration ﬂcoughing and spitting ma-
terial), hemoptysis (spitting blood), night sweats, loss of strength,
and gastrointestinal symptoms; most of these symptoms also accom-
pany disenses caused by at least some other dusts.

12. As outlined by Pancoast, the pathological features of silicosis
are: (a) Entrance of dust; (5) “dust cell™; (¢) entrance of dust cell
into the lymphatic system of the lungs as a earrier of silica particles;
(@) influence of deposited siliea in the production of fibrous tissue;
(e) action of silica; (f) elimination of dust; (g) predisposition of
the fibrotic and silica-saturated lung to respiratory infections, espe-
cinlly tuberculosis.

13. The mechanisms provided to protect the lungs from accumula-
tion of foreign particles are the mouth and nose, through which the
respiratory tract opens to the surface of the body, the Iatter of which
is guarded by a conrse filter of hair; behind this a series of tortuous
passages with moist walls which trap many smaller particles; and
cells covered by the cilin (minute vibratory hairs) which line the
nasal cavities, portions of the upper respiratory tract, the pharynx
the trachea, and bronchi. The wavelike vibrations of the cilia ton({
to carry particles lodging on their surface away from the lungs and
back toward the surface. These mechanisms, with others, are ade-
quate to protect against ordinary amounts of atmospheric pollution,
but if work is continued in a very dusty atmosphere }m‘ longr periods,
they cannot cope with the situation, the devices themselves are dam-
aged, and the dust particles collect where the air should be or possibly
prevent air from going where it is expected to go and is nocdeh.

i4. In soine countuies silicosis has been divided arbitrarily into
three stages for convenience of description and possible compensa-
tion purposes: In the first stage (as designated in the United States)
the symptoms are few and often indefinite, and the working eapacity
is not. nutivvul:ly impaired; in the second stage a definite shortness of
breath on ox¥rtion is usually expeorienced, work ennnot ba performed
ng well as formerly, and the chest expansion is noticeably decrensed ;
in the third stnge the shortness of breath is marked nn({ distressing
on slight exertion, tho cough is more frequent, tho capacity for
work isseriously and permanently impaired, chest expansion is greatly
decreased, flesh is likely to be lost, pulse rate may be increased, tho
heart may bacome dilated, and usually tuberculosis has intervened.
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cations may ensue in 2 years or even less from the date of first exposure
to heavy concentrations under unfavorable conditions of temperature,
humidity, noxious gases, exposure, etc,

26. Determination of dust in air breathed by workers is held to be
necessary before measures can be taken to prevent dust disease; more-
over, it is economically important as evidence of the extent of the dust
hazard involved in dusty processes and as a measure of the efficiency
of protective devices introduced to mitigate the hazard. The various
methods that have been and are being used are described. The final
choice of an instrument for sampling dust depends on its efliciency,
its relative freedom from errors in analysis, its ruggedness, portability
and weight, and the difficulty or ease with which tﬁe samples obtained
may be analyzed. 'The instrument or method should eliminate as far
as possible variation or errors due to the “human equation”—a difficult
requirement and one apparently not yet reached. A suitable instru-
ment or method for determining air dustiness in one industry may not
necessarily be applicable to conditions in another, though, as far as
feasible, instruments and methods should be kept standard r all
industries to permit correlation of results,

27. Engineering methe ds of controlling dust in the mining, 1brasive,
grinding, foundry, and granite industries are discussed.

28. Textbooks on ventilation and engineering handbooks devor e little
or no space to methods of mntrollin%)mdustriul dust; less than { per-
cent of the articles in an extensive bibliography on dust diseases deals
with engineering control,

29. No definite, ahsolutely reliable standards of allowable dustiness
are known; therefore the aim in the prevention of dust disease should
be to eliminate dust from the atmosphere breathed by workers or at
least to reduce the dust content to the lowest figure fensible. Consid-
ering the many uncertainties of the present day, standards—especially
in legal requirements—should be tentative and flexible rather than

rmanent and rigid.

30. The remedy, for the apparently concerted effort to hide the facts,

regnrding dust disenses in industry is edueation of workers in the
necessity of taking available precautions, including physical exami-
nations; of employers in recognizing the seriousness of the situation
and in providing devices and methods to reduce or prevent the inci-
dence o?discnso and, if necessary, force their adoption on the workers;
of doctorsin corroctiy dingmosing disense, giving publicity to its prev-
alence, soriousness, proventive remedies, etc., nmr assigning in death
certificates dust disense as the cause if such is the case; and of mer-
chants, newspapers, and other influences in the community in trying
to prevent the disense rather than to hida its existence.

31. Employers should not conclude that they have eliminated the
dangor of silicosis or of any t,{po of pneumoconiosis simply becausa the
air is seemingly free from dust; as far as now known, the particles
likely to do the most harm are invisible and remain long in suspension
in the air unless the lntter is replenished by fresh, pure air at frequent
intervals through ventilation,

32. Tho following methods of reducing dust. in South African minos
are said to have been effective in preventing the incidence of dust
diseases for the past several years: Wet drilling, water spraying (by
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water blast), filtration, requiring adequate time between blasting and
retulr(n to the working face, air sampling, ventilation, and wearing of
MASKS.

33. The main sources of dust in metal-mine air in the order of im-
portance are: Dry-drilling holes for blasting, blasting, shoveling or
‘mucking” very fine dry material at the working face which is usually
poorly ventilated, loading cars from chutes, dumping loaded cars
into chutes, and timbering. Dry crushing and other occupaticns in
metal-mine mills are also likely to be dangerously dusty.

34. The most dangerously dusty occupation in coal mines is cutting
or loading dry coal by machines; blasting, shoveling, drilling, and
rock dusting by ms\c{inery are also very dusty operations. In
nddition to the miners and their helpers, rockworkers and timbermen
and drivers who must enter the miners’ workplaces when the nir is
particularly dusty are exposed to relatively large amounts of dust.

35. The Kest remedy for the dust menace in mines, other than pre-
venting its formntion, appears to be the universal coursing of currents
of air to remove the dust, as it has been proved that the very fine,
most dengerous dust in metal mines remains suspended in still air for
several hours. Dust-prevention devices of proved success, such as the
present-day self-rotating wet stoper and other wet-drilling equipment,
should snpplant dry drilling; their use should be enforced upon both
miners and operators in metal mines. Care should be taken, however,
that holes are not started or “collared” dry. To date no workable
device is available for removing dust in dry drilling in underground
mines.

36. Various “dust traps” to prevent dissemination into the atmos-
phere of dust produced by drilling in rock with pneumatic percussion
drills nre described ; these devices are used in mines in the United
States to only a very limited extent,

37. The advantages and disndvantages of dust respirators are dis-
cussed. On August 20, 1934, the Federal Burean of Mines issued an
approval schedule for dust respirators describing the procedure for
testing filter-type dust, fume, and mist respirators for permissibility ;
n number of respirators have been approved under this schedule,

38. Dust filters developed in Sout*\ Africa for removing dust pro-
duced in ore bins and at tipple stations are said to have dust-catching
efliciencies of 98 percent or more.

39. In industries other than mining the processes used vary so
widely and eall for such different treatment that ench mnst be studied
separately. Methods recommended for eliminating dust are: Local
exhaust ventilation to remove the dust at point of origin; substitution
of non-silicosis-producing material as a metal abrasive for sand, non-
siliceous parting compounds for molds in foundries, and clay instead
of flint in bedding potteryware for baking; enclosure and segregation
of dusty processes, as the use of sandblasting eabinets; suppression
of dust by water spray and stenm; general mechanical ventilation;
plant cleanliness, \\'Lich is as important as upkeep of protective equip-
ment; protection of workers by masks and helmets, although such
devices should be considered only emergency equipment as dustiness
should by all menns be controlled by such measures as dnst-cnlloctinf(
equipment and exhaust fans if feasible; medical supervision with
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periodical physical examinations of workers; education of workers;
and dust counting to check the efficiency of the measures.

40. If much progress is to be expected engineers, operating officials,
and doctors must cooperate in the control of dust diseases. The most
important measure in the medical control of dust diseases is physical
examination of workers before emiployment and at stated intervals
thereafter. It has been found that certain defects and diseases are
predisposing causes of silicosis. According to German investigators,
workers with poor nasal filtration nre more snsceptible to dust diseases.
A man with a good, sound physique and with good reserve respiratory
capacity is said to be best-snited for underground work in mines,
Age is also important; « man with a good chest and good reserve can
carry without incanvenience or loss of henlth enough fibrosis to seri-
ously affect one with poor reserve or a chest hecoming rigid with age.
All persons with signs of tuberculosis taint or tendency should be rig-
orously excluded from dusty vecupations, irrespective of silica content
of the dust.

41. A plan for medical control includes establishiment of a medical
department adequately (-quip‘ped, routine exnmination of applicants
for employment, rating and placeinent of applicants, periodieal physi-
cnl examinations, and provision for the disabled. Methods o? con-
ducting examinations are outlined.

42. No cure is yet xnown for silicosis. At one time it wae thought.
that remaval of the victim from further contact with dust would
arrest the condition at the point of development reached when dis-
covered; although this practice is effective in some instances, generally
it is not now considered the solution, and in some mining localities
the removal system is not utilized.

43. Earlier investigators helieved that so-called “protector” dusts
would cause exeretion from the lungs of such harmful dusts as silica
by exciting the physiological process of elimination and that these
protective dusts aeted in some way to prevent the development of tu-
herculosis ; some still hold this opinion. Conl dust, iron-ore dust, clay
lust, and dusts of ealcinm minerals have been suggested and tried in
he treatment of silicosis; there has been great divergenco of opinion
f various investigntors regarding the harmfulness or harmlessness
»f these dusts and their eflicncy in preventing silicosis and tuberculosis,
vhen mixed with dusta definitely ngreed upon as harmful, or their
wrmfulness when breathed alone. However, the belief is growin
hat any dust or combination of dusts if breathed in large enongﬁ
juantity over a long enough period will cause diseases of the respira-
ory organs.

4%. xperiments by Canndian investigators led to the suggestion
hat the inhalation of aluminnm dust might prevent if not cure sili-
osis. The method of application was developed at the McIntire
fines, Ltd., of Canadn and is being tried at » number of mines in the
Tnited States and some other countries. The theory of aluminum
herapy in silicosis is based on the hypothesia that chemical action,

ot pquy.qicnl irritation by silica, is the cnuse of silicosis. It was
bserved by some investigators that aluminur almost completoly in-
ibited solution of siliceous materisl,
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45. Animal experiments indicate that the prophylactic use of alumi-
num inhibits the toxic action of relatively pure quartz. The thera-
Feuhc use in man appears to relieve symptoms In some cases. As
nmiman silicosis develops slowly, only prolonged, unbinsed observation,
with adequate control cnses, will demonstrate its value in the treatment
and prevention of silicosis.

46. It has been recommended that general application of aluminum
therapy in industry be delayed until adequate y and im{mrtinlly con-
trolled clinical observation demonstrates its effectiveness in preventing
or alleviating silicosis in man. Mennwhile, there should be no slack-
ening in the control measures that have been found effective in re-
ducing the incidence of dust diseases in industry.

47. It is recognized that, in extending compensation coverage to
occupational diseases, the subject is much more complex than that of
accidents. In 1948, 39 States included silicosis in their occupational
disease compensation laws.

48. The status of compensation for silicosis in the United States,
Canada, Great Britain, South Afriea, and Australia is summarized,
and the important features of the lnws and methods of enforcing them
are more or less briefly described.

49. The main effectiveness of the preventive aspects of silicosis
schemes is said to lie in their power to set up n standard of physique
for new entrants into the industries, based on pericdical medical ex-
amination; this procedure would have ramifications affecting safety,
production, and probably other phases of industrial work also,

50. 'The pressure of occupationa! disease (especially dust disease)
on insurance compnanies increased so much as to threaten financial ruin
in some instances: consequontl‘y, insurance companies are decidedly
active in connection with investigntions, research, and all other phases
of occupational disease, especially dust disease,

61, Much of the information regavding the cost of legal compensa-
tion for silicosis has been obtained from foreign countries. especinlly
the British Empire, as most of the silicosis-compensation laws in the
United States are too recent to determine the cost of their operation.

52, The most complete figures available are probably these for South
Africa. The total amount paid for silicosis compensation since ennct-
ment. of the miners’ phthisis laws of South Africa to 1934 exceed
£14,000,000 Snbmlt £70,000,000), The cost per ton of ore milled was
abont 6d. (about 12 cents) and per ounce of gold recovered, 1s. 7d.
(about 38 cents) ; the cost per um‘orgmun(l European shift was about
45, (F1). In Canada in 1934 the cost of silicosis compensation was
114 percent of tha tatal mine pay roll, althongh only 214 percent of
the men employed by the mining compnnies were sctunlly exposed.
The estimated gost of ench ense to the company was $11,000 to §$12,000.
It was also said that, for every $5 spent in mining and concentrating
1 ton of gold ore, $1 was required for silicosis.

63. The cost of eases of silicosis in Wisconsin for 1042 was $§122,0390;
i%’;or 1043, it was $30,100; for 1044, it was $44 8375 and for 1045, it was

18,808,

h4. No question offers grenter difficulty in the administration of
workmen's compensation Inws than that of determining the nnture and
extent of disability in silicosis. It is known, however, that silicosis
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can be present in diagnosable form in a person who will still possess
enough capacity to permit full employment. Information is given on
various methods for the determination of vital capacity and working
capacity.

CONCLUSIONS

The literature on the effect of breathing dusts abounds in various
experimental, theoreticnl, and factual data; it comes from nearly all
civilized countries; it covers nearly nll phnses of the subject but f’ncks
conclusiveness in almost any or every phase except possibly that harm
to health can be expocto(( from prolonged breathing of excessive
amounts of dust. There appenrs to be good renson to believe that this
applies to virtually any or all dust or combination of dusts, organic or
inorganic.

Almost innumerable uncertainties are connected with the harmful-
ness of dust, but dust is now generanlly helieved to be detrimental to
health through its effect of one kind or another on throat, bronchial
passages, lungs, stomach, and other internal organs, as well as eyes,
enrs, nose, other external organs, and the skin covering the entire body.
Many dusts (metal, mineral, and orﬁz_nnic) are explosive; others fire
spontaneously with more or less readiness under varying conditions;
and virtually all dusts have almost universally detrimental effects upon
settlement, whether in the home, in the office, or on the external sur-
faces of buildings or on the roads, streets, or sidewalks., All of these
facts (and others can be added) mnke dust one of the real scourges of

resent-day life, and certainly no sane person can deny that a most
Hebermin effort should be made to reduce dust or at least to confine
it in such manner as to minimize its numerous harmful effects.

It now seems probable that the most harmful of the ordinary dusts
is that of silicn; on the other hand, not even free siliea (supposed]
the most detrimental of the silica dusts) is harmful unless it is breathec
in considerable grantitiea and aver comparatively long periods; no
human being has ever lived any length of time without breathing
silica dust (free silica dust), yet by no means all of the people o’?
the world have or have had silicosis. In other words, the quantity of
dust taken into the respiratory organs is a controlling factor in dust
respiratory harmfulness, and common senso indicates that quantit
of dust brenthed is one of the dominant factors as to possible harmful-
ness from any kind of nir-borne dust.  'What constitutes that quantity
limit no one knows, not withstanding the fact that numerous so-called
threshold limits are now being announced, somo of them embodied in
State rerulations or Inws,  Predienting dust respiratory harmfulness
on & sliding senle in proportion to the free-silien content of the dust is
anything but logieal; in the first place, no one knows whether n dust
of 1-percent silicn is or is not more harmful than a dust of 2- or 3-
porcent or ovoen of 30-pereent. ']\Ioroqv.(\r, air with a certain number of
dust particles per cubic foot with a silica content of 1 porcent (or any
other porcentnge) probably would be far more harmful to a pe-son
working on a contract basis than to one on a day-pay basis, or more
harmful to a person working in an atmaosphere of 85° or 90° F_, reln-
tive humidity 90 or 95 percent, than to ene working in an atmosphero
of 60° I, mfr’\livo hunmidity 60 percont.  Numerous other more or less
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similar contributing factors make unworkable or futile the establish-
ment of regulations as to allowable number of dust particles on a
sliding scale in proportion to silica content of the dust. In some in-
dustries, such as metal mining and tunneling, there may be as many
different [;ercentnges of silica in the mine air as there are working
places, and in many metal mines it is very unlikely that the percentage
of silica in the air of a working place today will be at all close to
the percentage of silica in that same place tomorrow; to apply to
most metal mines the sliding seale of allowable number of dust particles
in the air in proportion to silica content would be utterly impossible
of enforcement or fulfillment.

Much should be done to clarify numerous uncertainties as to air-
dust harmfulness before any attempt is made to establish more or less
rigid air-dust standards by legnl means. At present there is a definite
lack of knowledge as to the size of air-borne (Llst. likely to be harmful,
and present-day so-called standards of air dustiness are built on
numerous uncertain premises on this point alone. Different author-
ities have found, in the lungs of decenased silicotics, varying maximum
and minimum sizes of dust, ranging from as small as 0.2 micron to
as large as 10 microns; this fact leads to the conclusion that, as far as
harm to the lungs is concerned, the dust to be avoided is that from
0.2 to 0.5 micron on the low side to 6 or even as high as 10 microns on
the high side; this leaves nuch leeway, because an air-dust sample con-
taining 10,000,000 particles (0.5- to 6-micron size) per cubic foot of air
ntight easily have 30,000,000 particles 0.2 to 10 microns in size. More-
over, if the solution theory o} dust harmfulness to the lungs is correct,
there is the best of reasons to think that particles much smaller than
0.2 micron ave very likely to be harmful. To hold that the only harmful
sizes are those found in the lungs is anything but good reasoning,
because certainly dusts ranging from 10 to 100 microns or more when
floating in the air are drawn into the nostrils and other protective air
passnges and if in large numbers soon clog these protective agencies
and passages, permitting virtually free unobstructed entrance of the
so»cn‘le(l harm{ul dusts (say, 0.2- to 10-micron sizes) into the lungs to

rform maximum injury. 1t docs not seem logical to disregard these

arger sizes entirely, as is now done alnost universally in the so-called
dust standards being considered and announced.

Again, the present-day instruments and methods of sampling air-
borne dust nng determining the number of particles present are nnfr-
thing but accurnte or definite, even when handled by technieally
trained experts, and methods or instruments applied to certnin in-
dustrial conditions are wholly unsuited to others. A condition as to
air dustiness found in one sample in a certain place is unlikely to be
anything like another sample taken immediately afterward in the
same place nng} in the same manner; this is true where the sampling
is done instanfaneously by grab method or over a poriod of several
minutes. In other words, the technic of determining quantity of
dust particles in air is by no means definite, accurate, fair, or depend-
able, not only as regards conditions between different plants but
between different time periods in the same place in any one plant. In
the face of all these (as well as numerous othvrs% uncertainties ns to
nirborne dust, the attempt to embody in lnws and regulations having
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the force of law rigid standards as to air dustiness would seem to be
 travesty on justice. If qiantity standards as to air-borne dust are *
made, they certainly should be labeled tentative, and the technic of
taking the air samples and making the particle determinations should
bo outlined and enforced very carefully; otherwise, much injustice
can be inflicted through inexperience or the malice of the persons
making the determinations,

This review of the voluminous literature on harm to health caused
by breathing inorganic dusts has been confined to readily available
data and almost wholly to respiratory disease, chiefly lung affections,
It gives little or no consideration to the numerous ill effects to human
organs, other than the Inngs, due to breathing more or less insoluble
dust or the harm to other interna] organs (stomach, liver, kidneys,
etc.) or to the nose, throat, and bronchinl tubes from breathing more or
lees soluble or so-called poisonous dusts; nor does it take into con-
sideration the numerous hazards to human beings in breathing organic
dusts, with accompanying hay fever and kindred ills. Moreover, nu-
merous dusts, both organic and inorganic, have harmful effects of vari-
ouskindson eyes, enrs, and other parts of the body and on the skin from
external contact; indeed, some dusts canse harm to health by absorp-
tion through the skin. Tlence, while pulmonary disense due to the
breathing of air-borne dust is unquestionably of great importance, its
various ramifications (Ynoumoconiosis, silicosis, anthracosis, or these
combined with tuberculosis), while vitally important, constitute by
no means the only detrimental aifect. to human beings in coming in
contact with dust, externally or internally.

Close analysis of the status of dust. in industry (and in general life
outside of industry also) indicates that numerous—one might almost
say innumernble—uncertainties still exist ns to specific features con-
nected with dust harmfulnesa. So numerous and far-reaching are
these uncertainties (only a few of which have been indicated in these -
conc]nnions? that alimost the only definite fact is that dust is a menace
and that all kinds of it likely to come in contact with human beings
should be reduced to a minimum or at least be held under positive
control until much well-planned, well-correlated research and investi-
gation (field and laboratory) have been conducted on almost every
phase of the subject.

DEFINITION AND CLASSIFICATION OF DUSTS

According to Webster’s Unabridged Dictionary, dust may be de-
fined as fine, dry particles of earth or other matter so comminuted that
they may bo raised and wafted by the wind ; that which is crumbled to
minute portions; fine powder.  In 1876 Richiardson (/) * included in
the term *dusts® all those fine, solid particles thrown off from various
substances in the processes of mnnufacture or treatment of articles in
common uso in daily life. Drinker (£) in 1930 defined dusts as solid
particles ranging in size from lessthan 1 micron * to about 150 microns;
this definition is probnbly as applicable ns can be had insofar as con-
cerns respiration.

? 1talicised numbers In parenthesen refer to bihllography at end of bulletin.
2 A micron s 1/1,000 mm or approximately 1/728,000 ineh,
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Physiologically, there are almost ns many different classifications of
dust as there are authors on the subject. Richardson () suggested
the following: .

(a) Cutting dusts, formed of minute, hard, crystallized particles
with sharp, cutting, and pointed edges and composed of iron or steel.
stone, sand, or glass, dried silicates in earthenware, lime, and pearl.

(b) Irritant dusts, derived from woods, ivory, textile fabrics, fluffs
of wool, silk, cotton, flax, hemp. hair, and clay.

' (¢) Inorganic poironous dusts charged with arsenical salts, derived
from poisonous chemiecal compounds used for coloring artistic prod-
! ucts or for preserving organic substances, such as furs.

(@) Soluble zaline dusts, organic poisonous dusts thrown off during
the making of tobacco into cigars and snuff and earrying with them
particles of the dried tobacco plant.

(e) Obstructive and irritating dusts composed of carbon, fine par-
ticles of coal dust, scrapings of carbon or soot, dust of rouge, and flour.

Baskerville (3) in 1912 classified dusts as: .

(a) Insolwble inorganic dusts, including metals (antimony, arsenic,
type metal, brass, bronze, copper, aluminum, iron, steel, lend, manga-

. nese, vanadium and ferrovanadium, silver, tin, zine, and solder) in a
state of fine division (dusts, atomized metals, and metallic powders) ;
flue dusts; various ore dusts (iron ore) ; silica; sand, emery, flint, and
glass powders; carbon graphite, dinmond, coal, and soot; brick dust,
marble, granite, cemient, and terrn cotta; lime, gypsum, plaster, and
meerschaum ; phosphates; and guano,

(b) Solwble inorganic dusts, including substances likely to be
swallowed and absorbed, such ns metul particles, including lend, brass,
copper, zine, arsenic, mercury, and silver, as well as soluble inorganic
snlts,

() Organic dusta, comprising such widely varying materinls as saw-
dust, fur, skins, feathers, broomstraw, grains, flours, jute, flax, hemp,
cotton, wool, carpet dust, street sweepings, tobacco-box dust, hides and
leather, felts, rags, paper, and horsehair.

In 1918 Hoffman (4) considered the following classification to be in
strict accord with the facts as they were known and understood at that
time:

(a) Inorganic dusts, including metallic dust, mineral dust, and dusts
of the mineral industries.

(b) Organio and miscellanemes dusts, including vegetable-fiber dust,
aninial and mixed-fiber dust, organic dust, nnﬁ mixed organic and
inorganic (public) dusts,

Thompson (5) classified dusts as: (@) Insoluble inorganic dusts
(irritating the respiratory passages). as flint, silica, sand. carbon
(coal =oot ), brick ({ust, marble. granite, teven cotta, cement, asphalt,
enamel, glass quartz, limo (gypsum, plaster), meerschaum, phosphate
(fertilizers), guano, emery, innmm( dust, metal lilings (lead, brass,
iron, steel, ete.), pumice, nnd nshes.

(3) Soluble inorganic dusts (linble to be swallowed and absorbed),
as soluble nrsenic, mercury, lead and silver compounds, metal filings of
lead, brass, and zine.

8u3218 B — 2
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(¢) Organic dusts and filere arising from handling or manufacture
of wood, bone, and shell, fur, skins, hides and leather, feathers, brooms
and straw, flour and grain, jute, flax (linen), hemp, cotton, wool
(worsted, etc.), tobneco, felt, carpets, rags and paper, horsehair, and
strest sweepings.

De Balsuc and Agasse-Lafont (6) suggested the following classi-
fication:

(a) Active dusts, which are immedintley disseminated and radiate
beyend their point of application; toxic dusts (lead, arsenic, and
mercury) ; canstic dusts, chromates, ete.; infectious dusts.

b) Inert dustz, soft, flexible felting dusts (wool, cotton, and leath-
om§; hard, troublesome, wounding dusts (ligneous, metallic, stone,
and coal dusts).

Schiirmann (7) differentinted dust, according to origin, into animal,
plant, and mineral dusts and dust from artifacts.

Animal dust is evolved with the working of ivory, horn, whalebone,
bones, mother-of-pearl, hides, leather, bristles, Sfmep’s wool, hair
(horse, rabbit, and cow), and feathers,

Plant dust originates in industries working with arain, medical
powders, spices, cotton, hemp, jute, flnx, tobacco, wood, thick-shelled
nuts, bark of plants (tanning industry), rags, shoddy, and paper.

Mineral dust is formed in working hard conl, marble and other lime-
stones, and in connection with clay and porcelnin industries, also
pumiice, sandstone, granite, and siates.

Dust from artifacts is enconntered in the glass, glazing, enameling,
tile, cement, Thomnas slag, celluloid, iron, steel, bronze, galalith, and
]ea(i-nlloy industries and in the chemical (especinlly (]yo; industry,

Schiirmann (7) defined mixed dust ns n mixture of polishing mate-
rials and the fragments of the object being polished,

According to Drinker (2) all these classifientions have little prac-
tical importance, since in daily practice in industry the harmful effect
is exercised more frequently by dusts mostly of mixed origin.  Most.
important, moreover, is the physical and chemical constitution of the
dusts and consequently their action on the human system. An effort
has been made to gron{w un:ler the heading “Inert” a certain number
of dusts: but the number is becoming more and more reduced since
certain (iusts, such as tale and asbestos and even conl dust, until re-
contly considered as inert novertheless have caused serions organic
lesions among cortain clnsses of workers. The majority of experts
admit that. the so-called inert dusts are not really inert when (‘f)ll.‘:i(‘(‘l‘(‘(l
from the pathogenic Hmint of view. Although at the outset these dusts
are not harmful and even wlen present in the workroom in Inrge
quantities some of them cause only transitory discomfort. (sneezing,
watering of the eyes, and congh), 1t 1s certain that, na the organic
reactions diminish and the system seems to have recovered from the
offects, they nevertheless finally attack it in a subtlo manner, sometimes
oven serionsly. "The mucous membrane of the nose, the conjunctiva,
first tho upper and Inter the lowoer respiratory passages, the teeth, the
skin, and often the digestive tract are subjected to the harmful action
of these dusts.

As indieated by the above discussion, an nbsolute classifiention for
dusts is difficult.  Opinion regarding so-called inert or harmless dusts
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has changed as further investigation has proved some of them to be
injurious. A convenient classification, according to physical charac-
teristics and physiological effect, has been used by Sayers (8). Hoe
classified dusts into the two main categories of organic and inorganic.
The organic he divides into nonliving and living organic dusts, with
further subdivision of the nonliving into toxic and (or) irritant dusts
and allergic dusts and the living into bacteria and fllnﬁl. The inor-
ganic dusts are subdivided into toxic and (or) irritant, i rosis-produc-
ing, and non-fibrosis-producing dusts.

EXPOSURE TO DUST

Prehistoric man, who originated the trade of making stone imple-
ments, probably started the first industrial hazard, the extent and
severity of which the medical profession, as well as the industries con-
cerned, has begun to realize only comparatively recently. In fact,
dust as a factor in the cnusation of disease had not received much
attention before 1900. At the site of one of the Swiss Inke dwellings
where flint implements were found, although the flint must have come
from n distance (probably from the south of France), the chippings
of material were in such profusion as to imply that the implements
were manufactured on the spot.  In other words, tl&n‘(‘hiﬁt(n‘i(‘ flint-
knapping factory was pmbn\ﬂy loented there (9). Sowme of the per-
sons who prepared these implements no doubt suffered from respira-
tory disenses. According to Caollis (70), the flint knappers of Brandon,
the lineal occupationnl representatives of this oldest of industries, who
still use tools similar in shape to the deerhorn picks of their prehistorie
ancestors, suffer a terrible mortality from phthisis indueed by flint dust
generated in their work., The work is carried on in small workshops
nt the hack of cottages in the rural district bordering Norfolk and
Suffolk, where Inrge flints or potstones ave found; the district has been
known from remote antiquity for the manufacture of arrowhends nnd
other prehistoric implements, tinder boxes, and in Iater yenrs flints for
flintlock guns.

Cnrozzi (11) has questioned the hypothesis of an occupational
pPrneumoconiosis in pr(:]xistm'ic man. The conditions r(‘(‘]uisito for the
development of this oceupational disease do not seem to Carozzi to have
been present in that distant epoch,  For example, if it is true that even
today, in dusty industrinl surroundings, n long period of exposure to
the dust is necessary, and if it is true that the avernge duration of lifo
did not exceed 30 years, it is doubt ful that mortality from a form of
preumoconiosie nttained o high value, Cavozzi (77) states. however,
that it is certnin that prehistoric man suffered from a diseaso of the
nature of tubgpeulosis.

Dusts of various kinds arve enrried in the atmosphers in all parts of
the world; and the inhalation of these dusts over periods of years in-
ovitably }n'mhu‘os changea in the lungs, as, for example, the pigmented
lung of tha city dweller (/2). The following table by Laundsberg (7.7)
indientes the amount of dust that may be present in the air under dif-
ferent conditions:
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Particles per cublo
centimefer (large
Kind of air: particlen only)
Mountaln _ o e e 2
City, reslilentinl qUATterR_ e ————————— e 15
City, businers center. e e 100

Cement factory. . ___ .. ___._.  _. e e mmm—tm—eaen 1, 200

Granlte cuttinu__ L . . e . 2,300
Bltuminous-conl nlne_ . e [, 3,900
Anthracite mline. e 4,400
Arinding RhopR e 6, 700

Landsberg (13) has estimated that the air inhaled by a normal
person during a working dn{' contains roughly 12 billion dust particles,
PLafl (14), however, found the values for city dust in Saarbriicken,
Germany, to lie hetween 250 nnd 2,800 particles per cubic centimeter;
in streets with heavy traflic he found 4,000 particles. This difference
in results probably is due, at least in part, to the size of Pnrticles;
Landsberg (13) states that he counted “large particles only” but does
not say how large, while Pfafl (7}) counted those for the most part
under 1/15 micron. Tho composition of the dust is not given in
either instance.

Soper’s (156)_ report on the air and dust. in the 21-mile subway of the
Interborough Rapid Transit Railrond of New York City, published
in 1906, litewi.\o deals with general exposure to dusts. Chemical
analysis of the dust underground showed that it cor “ained 61.30
percent of iran, nearly all of which wag in the metallic state, 21.94
percent of orgnnic matter of vegetable and animal origin, 15.58 percent
of silica and other matters insoluble in ncid, and 1.18 percent of oil.
There were, on the average, 61.6 mg. of dust in 1,000 cubic feet of air;
the maximum weight. was 204 mg.  The dust. in the air of the subway
was 11 to 800 percent heavier than that in the street air. Although
some of this dust was carried in from the streets, much of it was of
underground origin from gradunl wear and tear of the wood, cement,
and other materials used in constructing the subway and from operat-
ing the trains; the largest percentage was iron dust from the grinding
action of the powerful hrakes on the cars. The loss of weight in
brake shoes nlone was estimated as about 1 ton per mile of track per
month, and when the loss from the wheels and the railway track is
added to this, the origin of the metallic dust is explained. The men
had not been employed underground long ennugsl nt that time to
ghow the effect on health of inhalation of the dust.  Although no se-
rious disensa was found among them, many sufferad from inflamma-
tory affections of the nose, throat, and windpipoe and from “dry pleu-
risy" unaccompaunied hy pain.

Toffman (A prepared nn ocenpationsl {zrmlping to emphasize m
a general way the principal dust hazards in 118 occupations or
groups of employment, which he snid was in strict accord with the
facts as they were known and understood at that time (1918). Under
the heading “Organic and miscellancous dusts” he listed 65 occupn-
tions; under the heading “Inorganic dusts” he listed 52 o~cupntions.

Using the United States census for 1919, he estimated that 3,928 978

crsons were employed in the dusty trades; of these 1,667,181 were
Fis(od as employed in occupations exposed to metallic and mineral dust
and dust in the mineral industries, He considered that quantitatively
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the most important kind of metallic dust encountered under typicnl
industrial conditions is the dust of iron and steel, which, however, is
generally move or less intermixed with dust of other metallic or mineral
substances. Exposure to mineral dusts is most common in the stone
industry, among potters. in cement manufacture, and in mining.

In a paper on the extent and severity of the health hazard from
dust in mines and allied industries in the United States van Siclen
(16) gave the following estimates, based on the 1929 decennial Fed-
eral census, of the number of men exposed to dust hazard in various
types of mining and industries working in metals and minerals:

Totalworkers

erpaxed
Metal widning o . _ .. et et I
Nonmetallles mining, excluding tnnnel and foundation exeavations. ___ 23, 665
Bituminoua-conl mining, undergrotsed .. . __ oaaon —oooo--o-- ARDDAR
Hituminous-conl mining, open pit_.. . - e el - &219
Anthraelte mining, wnderground_ o ... .- ... e e e - 43063
Anthraelte mining, lndependent washevies - oo - 269
Smelting, nonferrons plants. .. .. iicaieaeme e —ean- - 13,166
Smelting, Ferrous plants . o oL e e ceeem - 24,90
Cement plants_.__._____ s e e . 31,368
Abraslve Industry_ .. _.__.. L. e e L. . 3,813
Asbestos products e mm i . X002
Clay products__ ____ I PP | X < (1]
COOEY - o e e e e e emea 14,001
Glars manufactoure . . . T ¥ P8 £ bt §
Granite, slate, mnrble, nnd other stone produeta. . 28,710
Hones, wh tatones, nnd «imlar producte._ ... . 174
Iron and Rtel__ oo o e e e e mmmmcmeaam 389, 607
Mineral ferttizers. __ .. e e e . 20, 028
Minernis and earths, gronndo_ .. . | .ol o oo 1,070
Nonferrous-metal alloys and products__. .. ... ___.. 79,183
Pottery, Including porcelninware ... ___ . ... el et o - 83,409
Sand-dhme brleKo o o e Hiwy

In his conelusion he stated :

No totaling of the number of workmen exposed to the dust hazard in the
minlng and nliled industrice In the United States, ax esthunted In the preceding
prges, has been undertnken, thet becnuse the estimated fignres themselves are
subject to revisfon after more detailed study of the mineral fminstries and
manufactures, and second, beenuse the degree of the dust hazamd varles with
the meveral Industries, with the manifold occupations In ench fndustry, and
between simllar positions fn diffevent plants of the rrine Industry, A lump-sum
total would therefore have ne renl meaning, The separate totals, however, are
sufficlent to Indlcate the wide extent of this kind of hazard.

In 1947 the weekly average employment in the hard-coal mines of
Great Britain (17) exclusive of ancillary plant and office workers was
718000, During the same yenr 320,000 men were employed in the
hard-coal mines of France and 160.000 in the mines of Belginm. Asof
December 31, 1940, phout 400000 nich wete cnployed in the conl and
metal mines of South Afriea (/8). Probably 150,000 persons wero
employed in 1930 in the quarrying, cement, pottery, nud stoneware
industries of Germnny (/9). Of 217,000 men employed in the conl
mines of the Rulir district in 1933, 11,500 were said (£0) to havo been
employed in work involving exposure to rock dust. In 1947 the
average daily employment in the British zone of Germany was 287,000
and in the American zone ¥,000; 41,000 were employed in the Saar,
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39,000 in the hard-coal mines of the Netherlands, and 27,000 in the
Italian mines (/7).

The above figures on number of employees in the dusty trades are
g}i]ven merely to indicate the smecih]o exposnre to the dust hazard;
they are in no way complete and, of course, do not show the actusl num-
ber subjected to the hazard.

In 1934 Lanza and Vane (27) stated that silicosis was associated
with certain industries as a major hazard. and the number of persons
engn‘zed in theso industries could be estimated with some degree of
relinbility. In a great many other industries, however, isolated jobs
or Tmcosses might involve expostre to stlica dust, and only & guess
could bo hazarded regarding the number of workers in these proc-
esses. From a summary of the facts, these authors concluded that
approximately 450,000 workers nre exposed to silica dust in the chief
mining, quarrying, and manufacturing industries, and 100,000 in other
industries and processes; the 500,000 they gave as a final conservative
estimate of the number of workers in the United States exposed to
sthea dust to & harmful degree probably is still applicable. It is
apparent, therefore, that silicosis has been and still is a widespread
industrial hazard, is probably incerensing, and affects apprecinb{y the
death rate among industrinl workers exposed. ’

Only dusts encountered in the mining and allied industries and the
diseases caused by them are (‘onsidorm‘i in this paper.

PHYSIOLOGICAL EFFECTS OF BREATHING DUST
HISTORICAL RESUME

Following is a brief reference to some of the many authors who have
added toour knowledge of the history of silicosis, f;m‘ a more detailed
and completo historical résumé, the reader is referred to Cnrozzi’s
contribution covering the period from the 27th century I3, C. to 1871
A.D. (11).

Probably the oldest published statement regarding the harmful-
ness of exposure to dust 1s one by Pliny (22

Mintum refiners in the factory envelop thelr faces with loose bladders, which
enable them to aee without Inhaling the fatal dust,

Hip{{)ﬂ(‘rn(m (25), who was barn nbout 460 B, C., called attention to
the diflicult hronlhinF of the metal digger.,  Celsus, a Roman medical
writer who lived in the first century, stated :

By far the moat terrible form of emnelntion 1r that which the €reeks enll
phthiaia. It epreada to the lunga.  Ou tap of thiR, uleeration ocenra nmd o slow
fever which at times Alrappenra and at other times reappenra,

In quoting this pngqnfn Mavrogordato (24) said that when early
writers discussed dust. phthisis one may asstine that the dicence ”“Jy
had in mind was of the nature mentioned by Celsus,

In 1551 Amatus Lusitanus (7) reported that most workers occupied
with the rrnpnrnlmn of gypsium and litwe died of lung phthisis,

Agricola (1494-1555), in his Do Re Metallica (£6), published in
1556, described mining as—

A pertlona aconpntlon to pursue beeanre the miners are sometimea killed
by the peatllentinl alr which they breanthe; gometimes thelr lungs rot away.
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*. * * Some mines are very dry and the constant duet entere the blood and
Inngs, producing the difficulty of brenthing the Greeks eall astluna.  When the
dust Is carrosive it ulcerates the luings amd produces consumption; hence, it ir
that in the Carpathinn Mountaine there are women who have married feven
hushnands, nll of whom this dreadful disease has brought to an early grave,

In the sixteenth century, according to Georgius Agricola, it was
known that permanent injury to the lungs resulted from exposure
to certain kinds of dust but not to all kimfs‘ (25). Two kinds of in-
jurious dusts were recognized—a corrosive and a noncorrosive type.
Sach of these classes was associated with a different kind of lung
change, “simple” and “infective” silicosis, respectively, described in
the 1916 General Report of the Miners' Phthisis Prevention Commit-
tee of South A frica.

Paracelsus, n Swiss alchemist and physician, in his book (26) on
miners’ phthisis and other miners' diseases, described especially the
chronic Inng troubles of miners as “lung consumption,” “asthma.” and
“dyspnea.’  He was the first to list briefly the occupational diseases
of miners and smelters as well as the first in the world literature to
prepare & monograph on industrial medicine (26). TFrom 1531 to
1534 Paracelsns revisited the mines and smelters of Schwaz in the
Tyrol, where e had worked as a laborer between 1510 and 1520, and
wrote his book, which was published in 1567 after his death. e
found that—

Mirers tn metal mines, when they are ocenpied in digging, smelting. anad wach-
ing gold, silver, snlt, alum, <ulphur, lead, eopper, zine, fron, and gu ckallver in
the refining of vitriol, suffer from varlons disturbances of the lungs, stomach,
nnd Intestines; they arve then sald to have “miners’ dlseases.”  However, there
I= nothing found in the works of the old writers In regard to these disenses,

ITis theory was that lung diseases contracted above ground depended
upon climatic conditions as influenced by the rays of the stars.  Sim-
tarly, pulmonary disease of miners underground was caused by
mineral rnys. However, he philosophically reminded his readers
that—

We need ntetals and, therefore, we mnst rick 1ite and health for then, sinee
everywhere fnonnture good and el He together.  As the crocwlile distrecaes
annd Killa men by hi) breath, Itkewlee give the vapors (Nne dust 7)) of such metnls
kHI ns, ¢ ¢ ¢ The organism mwust be prevented from coming in contact
with the metal emanntions; for If the organlsm I8 once Injured there 19 no
Cure,

The untimely denth of Paracelsus was attributed to injuries to health
received during his activities in the mining and metallurgienl indnps-
tries.

Panconst, n more recent anthor (27), likewise referred to the increas-
ing interest in the subject ns a recognition of the conditon of pneu-
moeaniocic e a more or less wecessany risk of commereial development
in the progressof civilization in receut vears,

Pansn, in 1614, was the first to discuss in detail Jung disease of miners
and the asthmn of grain measurers (7). In 1649 Van Diemerbrock
was reported (28) to hnve made the first section of o stonecutfer's Iung
which, in a cnse of fatal ncthmn, revealed “lung vesicles completely
clogged with fine dust™; as quoted by Ramazzing (29), he found such
heaps of snnd that in vunning the knife through the pulmonary vesicles
he thought he was cutting some sandy body.

N

hi
;’
N
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Carozzi (11) quoted Founrcroy regarding this incident as follows:

In dissecting at the hospltal the domestle of a lapldary, who dled of nathma,
he found the pulmonary vessela filled with durt of the diamond.

In 1652, Ursinus (1618-64) described (30) the lung disence that
attacked especinlly the miner but also the smelter. He divided lung
diseases into two clnsses—one was caused by poison, and the other was
not. The principal symptoms were coughing and shortness of breath.
Etiology was a question of breathing dust, catching cold, fatigue,
injury, and the like. He said the lung disease due to “poison” was not
so clear and was unknown before Parncelsns,

In his book published in 1656, Stochausen ($7) defined miners’
phthisis as “difficnlt breathing, chest asthma with disagreeable hard
cough and considerable hoarseness, which effects generally degenerate
into fatal consumption.” He attributed these symptoms to metallic
vapors, dust, and nwteoro]u;zicnl conditions, from which miners suffer
more or less and call “miners’ consumption” because the aflliction arises
especially in connection with mining. The actual causes, he said,
were—
especially thick, lowering clouds and mine dampness, watery hamidity, all rorts
of vapors of earth aud metal, varlonua fumer and smoke, different dnsta and dirt.
He also said that much dust arose from grindirg, so that workers were
forced to cover nose and mouth with cloths,

Etmiiller, 1648-82, n professor at Leipzig about. 1670, described (32)
a cnse of a miner who—
wan selzed firat with cough and then with great anxiety and difliculty of broath-
ing, eapecinlly at night; he used to Jump out of bed and open the window for
fresh air.

In 1690 Léinneiss (37, veferving to miners, gave the morbid sequence
of events as follows:

The dust and stone= fnll upon the lungs, the men have lnng digease, hreathe
with difficulty, and at Inat tnke congumption,

Ramnnzzini (7) was the first to recognize the socinl significance of
industrial disenses from chemicenl substances. In his ook published
in 1700, ho mentioned the harmful effect of dust on the respiratory
organs. For information he went to the workers in the occupations,
entered the mines, nscended the mine shafts, and collected the experi-
onces of his occupational collengues. His book was based on a study
covering moro than 40 yenrs.

Flint dust has long been recognized in England as injuriuuq; N

atent for grinding flints by a wet method was granted 1n 1713 to

homas Benson, of Neweastle-under-Lymeo (34); before this date,
flints hiad beei pounded dry, which piocess mevml vory destructive to
mankind, insomuch that any person, aver so hoalthy and strong, work-
ing in that business, could not possibly survive over 2 years, occnsioned
by the dusk sucked into his body by the air he breathed.

In 1770 Schefller (32), & mina physician in Saxony, wrote that miners
wero attacked by an asthmatic condition which he ealled sicum-drum
asthma, According to the Mining Journal (32), the older mine physi-
ciang called it asthma metallicim or montanum-metal or mountain
asthma,
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Schefller (35) realized that the description of miners’ phthisis given
previous medical men was insufficient. His conception of it was a
chronic slow fever with hardening of the glands and obstruction of the
lungs, with lack of elaboration, secretion, nutrition, and apposition
which, through the arsenical or other dusts, dries out the soft [l_vmph of
the glands in the lungs and air passnges. The symptoms were slight
fever, loss of appetite, cough. shortness of breath, and swollen feet, the
Fntiems finally becoming bedfast nnd showing grent weakness, irregu-
ar pulse, sleeplessuess, dry skin, usually constant fever, often bloody
sputum, hemorrhage, sweating, and diarrhen until death claimed them,
Von Linné (1707-78) reported (36) from his travels in Dalarna
in 1734 that the stone wor[(ors in Orsa, as & result of their health-
destroying work, seldom attained a greater age than 20, 30, or 40 years.
In 1727 Wepfer (36) pointed out that there must be a connection
between the ])‘l(lliSiS from which the stone worker suffered and tho
dust. particles which each breathed with the exercise of his activity.
In 1771 Bubbe (36) described the “Secberger stone breakers’ disense,™
In 1780 Ackerman (1756-1801) veferred (37) to miners’ phthisis
us the most “frequent and specific” mine workers” disense and said that
phxsicimm did not agree regarding the (rue definition of this disease.
s aresult of a specinl inquiry into the prevalence of dust phthisis
Allison (1790-1859), a pro?essm‘ of medicine at Edinburgh, found
(32) that ravely did a mason, regularly employed in hewing stones in
Edinburgh, live free from phthisicnl symptoms to the age of 50.
According to Mavrogordato (24), he ostnh[ishod the association be-
tween dust [)hthicieuml tuberculosts, that is, bet ween dust phthisis and
true phthisis. Not dust per se but a secondary complication was re-
sponsible for the “uleerntio” of Celsus.  The corvosive dust of
sixteenth-century Agricoln and eighteenth-century Ramnzzini beeame
the “tuberculosis™ of Allison.  Allicon, like Laennee, knew of the
anatomienl tuberele but not of the tuberele bacillug, X

Hugeh Miller (.29), the famous writer, geologist, and stonemason,
desceribed his own narrow escape:

The dust of the stone which 1 had been hewlng for the et 2 yenrs hind begun
to affect my lungs, as they had been nffocted In the Inet putumn of my appeen-
ticeship, but much more geverely ; and | was too pulpably stnking in flesh nned
atrenth to remder 1t mafe for me to encounter the conxeqirences of another sen-
Ao of hiard work as a stonecutter.  From the stage of the wnlndy nt which 1
had slrendy arelved, poor workmen, noahle to do what 1 dld, throw themselves
looge frome thelr employinent, and sink in ¢ or & months into (he grave—some
at nn eavller, some wt o fnter period of 1ife; but ro general §8 the affection that
few of our Edinhurgh stonecutters prss thelr fortleth yenr unseathed, amd not 1
out of every 50 of their number ever renches hin forty-fifth year,

In 1783 Hoffman (40) stated that metal fumes and vapors. ns well
as dust, caused the disense picture of “miners’ phthisis,” but Henkel
(47) in 1745 ntt\r'huted the disense to such external eauses as dust from
stones and nu-tuf‘s, Inck of air, bad air, or bad fumes or vapors,

Thackrah (1786-1833) wrote the first general work on ocenpational
wedicine in English (77), with the exception of the translations of
Ramnzzini's treatise.  Ie 54:‘3) clnimed (smt such generalization was
not justified—that “dust of every kind irritntes but not in an equal
degree”—Dbut recognized that masons inhnling particles of sand and
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dust which arise from chipping stone were short-lived, generally dying
before they attained the age of 40. He also discussed the prevalence
of phthisis among the metal grinders of Sheflield and quoted Knight’s
opinion that fork grinding ought to be confined to criminals. A few
years later Holland (48) portrayed the conditions of fork grinders—
a picture of wretchedness which has no paraliel in the annals of any country, or in
the record of any trade. Fictlon can add no color or touches to a picture like this,

Truth tranacends the gaudy embellishmenta of imagination. The distempered
fancy has here no room to exercise her powers.

INCIDENCE OF DUST DISEASES

According to Greenburg (44), data on prevalence of vccupntional
disease in ﬁiﬂ'erent countries at different. periods of time must be
interpreted with the greatest caution, because industrial processes
differ so widely and change so frequently. To be conclusive, such
dnta should be available in the form of actual denth rates, based upon
knowledge of the population exposed as well as on the number of
deaths occurring, and properly corrected for the age distributio >f
eroup involved.

A Erief summary of some of the voluminous information aveilable
on the incidence of dust disenses in some of the principal mining
‘ountries of the world follows. Ior more detailed information, the
render 18 referred to Carozzi’s Bibliographic Contribution to the His-
-ory of the Pneumoconiosis “Silicosis” (17), published in 194142, and
'orfvlosen’s interesting and comprehensive History of Miners’ Disenses
(46), published in 1943,

GREAT BRITAIN

Statements published in England (44) before 1850 indicata that
niners apparently suffered more with pulmonary complaints than
sther population groups and that the mean durntion of life of miners
vas less than the avernge durntion for the population as a whole.
(he Mining Journal (45) for 1858 containg the following report.:

At the age of 20, the total avernge Ricknerr of conl minerr exceeds that of
Aher people by 40 percent; at the age of 30, it rises 70 percent; at 40, it s 8
wrcent ; at 50, they have an excess of 70 percent ; and at the age of G0 ahout Hi
ercent. Between the ngea of 15 and 25, one-third of the denths among cont
iners are due to disenres of the resplratory organg, while one-third of the ml ern
te a violent denth.

It ir an undeninhle fact that the average duration of life of miners in only
1.7 years, while agricultural workers nttnin an nverage nge of 42.3 yenrs.

In 1862 royal commissioners were appointed in England (70) to
nquire into the health of inen employed in metalliferous mines. Not-
cithstanding the evidence of severn! witnesses, prrticulurly the miners
hemselves, that dust was far worse than anything else with which
hey had to contend, the commissioners concluded in n virtually unani-
aous medical opinion that the influence of dust was subsidiary to the
mny other adverse conditions of ventilation, exposure to fumes of
«plosives, and varintions of temperature which at that time were
yrevalent in the mining industry. Collis (10) said that this conclu-
ion was unfortunate, as the prevalence of phthisia in certain indus-
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tries was attributed to imperfect hygienic conditions rather than to
dust inhalation, a point. then in dispute,

In 1902 a departmental committee (10), of which Haldane was a
member, was appointed to reinvestigate the cause of the still per-
sistently high phthisis mortality among Cornish tin miners. This
committee (fecitl)ed that—

8o far as the Cornish miners are concerned it scems evldent enough that stone
dunst which they Inhnle produces permanent injury of the lunge—gradually {n the
case of ordinary miners, and rapidly in the case of machine drillmen—and thnt
this injury, while It is apparently capable of gradunlly producing by ttwelf great
impairment of the resplratory functions, and fndirectly of the general heaith,
also prediaposes enormously to tuberculosia of the lungs, so that a large propor-
tion of miners dle from tubercular phthisle, That the primary Injury to the
lungs fa due solely to inhalation of stone dust would scem to be practically
certain.

From February 1, 1919, when the first silicosis scheme of compen-
sation for the refractories industry became effective, until the end of
1928 compensation awards were made in England in 423 eases, includ-
ing 121 deaths (46).

%)uring the period 1921-23, 328 deaths were recorded in England
and Wales um‘er the generic title “chronic interstitial pneumonia”,
which included such diseases as fibroid phthisis, fibrosis of the lungs,
silicosis, and miners’ phthisis, when returned as nontuberculous (47).
In 1926 the question was raised in Parlinment (48) as to the number
of men not affected by the Silicosis Act, but when examined by
officers of the Home Office during the preceding 5 years had been
found suffering from the disease. The reply was that the medical in-
spectors had made no routine examination of workers in fnctories
except sample examinations in connection with special inquiries into
the grinding and other industries. Of 1,106 workers employed in
processes involving silics dust so exnmined, 556 were found to be
affected hy fibrosis of the lungs; 528 of these men were employed in
the grinding industries and 28 at steel works.

A memorandum on industrial silicosis and asbestosis issued by the
Home Oftice in July 1932 (49) contained the following statement:

The Incldence of sllicosis continues to be merlonr and widesprend, as 18 shown
by the following flgnrer of cnses in which compensation has been pald under the
apeclal rehemer made under rection 47 of the Workmen's Compensation Act,
1025, During the Inst & yenrs there have been 80 cases, Including 30 dentha,
amongat workmen employed In ganister mitnes and altien brick works; 179 cnaes,
Including 25 deathy, in the getting and manipulation of sandstone at quarries
or on premisen worked In conjunctton therewith; 822 cases, Including 87 deaths,
in the pottery industry; 81 cares, Including 32 deatha, in the metal industries,
including metal grinding and sandblasting; and 91 cases, Including 20 deaths,
In conl mines,

The number of silicosis cases (fatal cases excluded) in Great
Britain receiving ¥ompensation in different industries in 1933, 1935,
and 1938 is given in table 1. The compensation in these cases was
granted under section 47 of the Workmen's Compensation Act, 1925,
as amended by the act of 1930 (50).

2 e DAL AR A DT 0D
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Tasix 1
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eontinued fram pravious years) in which compenmtion was paid in the given year; the bracketed figures sre
the new cases only,
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Fatal cases are not included in table 1. However, in an analysis by
Bridge (50), based upon data from death certificates supplied by the
Registrar-General, and upon investigntions of occupational history
of deceased persons, carrted out. by the Factory Department of the
Home Office, 41.2 percent of the deaths attributed to silicosis in Eng-
land and Wales in 1938 were assigned to the coal-mining industry.

Since 1929, when compensation for silicosis first. bocame payable to
men employed in the coal-mining industry, the number of disablement
cases among conl miners has increased rapidly until pulmonary dis-
easo in thia industry has come to dominate the silicosis problem of
Great Britain (60). o

Accorling to Stewart (47), in districts of Lancashire County, where
the industry of conl mining predominates s40 rcent of the occupied
mnles being engnged in mining) the male death rate from pulmonary
tuberculosts is higher than the corresponding rate “for the whole
administrative county.

Siadden (5€) stated that, during the 4 years 1925-28, he had ex-
amined the bodies of 20 conl miners; 1 lmg advanced si(icnsis and 7
had slightly degrees of the condition (52). Since 1929, 63 examinn-
tions were made, 27 of which showed definite and serious dogrees of
silicosia and 16 others slighter degrees,

In a diseussion of Prof. S, Lyle Cummins’ papor, Tho Neod for
Dust-Prevention Mensures in the Conl Industry, at a meeting of the
South Wales Instituta of Engineers, Decomber 1981, thi Colliery
Guardian quoted Haldnane (62) ns follows:
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Dr. J. 8. Haldane (Oxford) said the opinions he had already expressed were
largely in agreement with those brought forwnrd by Prof. Lyle Cummins., The
maln new point that had emerged was that in n quite nppreciable proportion of
colllers who had never worked In stone, nor, in sotue cases, ever passed along
rtone-dusted ronds, X-ray appenrances indicative of scattered fibrosis and similar
to the appearances In undoubted siliconia could be found after long service In an
appreciable proportion of apparently healthy colllers, among whoem no tendency
to tubercular infection could be discovered. Rut when they care to the inter-
pretation of the fact there was n divergence of opinton. The mortality among
colliers from both phthisls and bronchitis, naa well ns from alinost every other
caume, had fallen stendily during the lart 70 years, but so had the corresponding
death rates among the general populntion, though not in the same ratlo, till
after about 1800, [n the lnst decenninl returns published there wus still, how-
ever, a well-marked excess of denths from bronchitis among colliers above about
55. He could not find, however, any Justifientton in the official statistics for
Dr. Tatham’'s statement that bronehitis had Incrensed since about 18K, There
had been a stendy decrense all the tline, * ¢ ¢

In the anthraclte districts of South Wales, for instance, the death rates were
unusually high: and this suggested that there might be something specinlly
Irritating in anthracite dust. The recent X-ray investigations descrided by Prof.
Lyle Cummins seemed to confirm this and also showed that it was not uncommon
. to ind among elderly colllers of all sorts seattered Abrosis due to dust. e would
Hke to know whaut the denth rate from bronchitir was among the rest of the
population in the anthraclte area. Almost the only point In which he did not
agree with Prof. Lyle Culnting was In extending the term “‘siltcosis” to cover
any ferm of fibrosis due to the inhaiation of dust. This seemed Inndvisable rince
there was no evidence that various forms of actua! fibrosls were in fact due
to Inhalatlon of free sillen and not to other forme of duxt, such ns conl duat or
shale dust, which produced no tendeney townrd tuberculnr phthisis. It seemed
preferable to distingulah these latter forms an “pneumoconiosis,” since the word
“alllcoris™ had come to have a very sinlater significance,

The 1930 report of the Chief Inspector of Warkshops and Fuctories
(63) stated:

By a recent arrangement the Factory-Inspection Kervice recetves coples of all
death certificntes In which death resulted from pulmonary disease Involving
fibrosls of the lungs. Of 700 such certificntes recelved In 1RO, 241 gnve stlicosls
n8 the cause of death, and In the great majority of cases it was found that the
previous occupation of the persons concerned was one in which there was
recognlzed exposure to stilen dust,

The industries furnishing the greatest number of such cases were
the pottery trade, 52; sandstone, 49 ; coal mining, 39; sandblasting, 10;
tin mining, 10; and other industries, 90. The report also snid that
recent investigations of the eflects of exposure to asbestos dust had
resulted in the adoption of mensures to control dust in the textile
branch of the asbestos industry. Data regasding 20 fatal cases of
asbestosis without tuberculosis show a serions hazard in continued
exposure to '.aavy concentrations of asbestos dust.

he froT'.ency of silicosis in English porcelnin plants was reforred
to in 1926 by Sutherland and Bryson, quoted by Bruce (36), who ex-
amined 568 porcelain workers, 250 Wit‘ll roentgen ray. Silicosis was
determined among 87 workers employed in the slip and molding
departments a¥id in the kiln house.

{iddleton reported, quoted by Bruce (36), in 1930 on 35 porcelain
workers whose death waus referred to silicosis.  In 17 crses the occupa-
tional disease was complicated by tuberculosis. Three of the deceased
had an exposure time of 20 to 20 years; 7, 30 to 39 years; 18, 40 to 49
years; and 7 had an exposure time of more than 50 years.
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In 1931 Wood and Gloyne (5}) were prompted by the recent dis-
covery that nsbestos workers nre often the victims of occupational
disease to determine whether pulmonary asbestosis also paves the way
for a tuberculous invasion of the ]un(ivs or aggravates an existing
infection, They studied 57 cases of pulmonary asbestosis, including
18 males and 39 femnles, 8 of whom were young girls from 18 to 21
rears old; 12 of the 57 cases showed evidence of pulmonary tubercu-
fosis, 4 of the 12 died, nnd on post. mortem examination evidence of
obsolescent tuberculosis was found in 2 and of active tuberculosis in 2.

Meriwether, quoted by Gloyne (55), found 4 active cases of tubercu-
losis and 33 inactive on examination of 374 asbestos operntives while
at work. According to Sparks (67), 2,000 workers in England are
exposed to ashestos dnst.

An inquiry by Sutherland and Brisnn (57) on the occurrence of
silicosis among sandstone workers in England since February 1, 1929,
under the Workmen’s Compensation Act of 1925, disclosed that one
of every four men at work appeared to have “mason’s disease.” As
only men at wock were examined, cases as far advanced as third stage
an({ many in second stage, not being at work, were not included in
the survey.

The outstanding fenture of Ferguson'’s (58) investigation on the
occurrence of silicosis among sandstone workers in Scotland and the
North of England was the high degree of pulmonary morbidity exist-
ing throughout the indust r{. Of 1,000 working people examined, 433
showed clinical evidence of pulmonary fibrosis. Radiologicnl exami-
nation of all the workers showing clinical evidence of fibrosis was
imprnc(icnh!e but. doubtless would have disclosed other cases of sili-
cosis; most of the cuses X-rayed by Ferguson were those that showed
the severest fibrosis and those that gave the most reason for suspecting
the presence of silicosis. One hundred and seventy-threo of these
workers showing clinieal evidence of pulmonary fibrosis were X-rayed ;
97 showed first-stnge and 12 second-stage silicosis (advanced nodules
conlescent).

The report of the Chief Inspector of Workshops and Factories in
Grent Britain for 1932 (49) considered particularly 42 deaths from
asbestosis or ashestosis with tnberculosis and 281 deaths from silicosis
or silicosis with tuberculosis distributed among the industries as fol-
lows: Pottery, 147; sandstone, 60; grinding materials, 30; sandblast-
ing. 23; scouring powder, 5; miscellaneous, 16.

q}ndor Parlinmentary Intelligence, the Colliery Guardian (60) on
August 4, 1933, published the following:

In the Houge of Commona on Friday, on the motion for the summer adjourn-
ment, Mr. R. Daviea introduced a discursion on the annual report of the Chief
Inapector of Factorles, In the conrre of which Mr, Tinker rafsed a number of ques.
ttana palpting to fndustrinl direnses and the solvency of einployers na a remedy
for which he demanded a system of compulsory Insurance, Mr. R. ‘1. Evans sug-
gented that the bronchlal dikensen purticularly affecting minera rRhould be placed
tn a separate category and dealt with by the Mines Department under a new order.
Mr. B. WHlinins compinined that rcorea of men had died from gllicosia tn South
Whales, whose dependents had not recelved a farthing of compenantion and that
there were aleo seores who were dying but were not recelving compenkntion after
having worked for years In hnrd ground becanse the rock did not contaln n certain

amount of atlica. He also urged that anthracosis should be sche . iled as an
industrial discase.
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On February 16, 1934, the Colliery Gnardian (61) published a state-
ment from the Home Oflice that, since June 1, 1931, when the conl-
mining industry first came within the scope of the general medical
board under the silicosis-compensation scheme, 432 men in the industry
had been certitied by the bourd as disabled or having died from silicosis
or from silicosis accompanied by tuberculosis nnﬁ that 385 of these
cases occurred in the South Wales coal field. Earlier comparnble
figures were not availuble.

On March 16, 1934, the Iron and Conl T'rades Review (62) ({noted
the following statement by Prof. J. 8. Haldane from the British
Medical Journal:

Caser of slllcosls in the sense normnlly accepted end nenrly always In death
from phthisie, and If there were actually a large number of cases of real silicosis
In (hin senge among South Wales collicrs, their phthisig death rate would be
consfderably inerensed above the normal figure, There reems to be no sound
renson for believing thnt many more cuses of real gilicosis occur nmong South
Wales colliers than among other colliers, and 1 think the widesprend alarm pro-
dueed In the Nouth Wildes coltiery distriet by the nutnerous certltied cases of
sittrosir has no gubstantind basia so fur ax silfcosis 18 concerned.

However, Harper (64}, n radiologist practicing in the South Wales
conl field, in a letter to the British Medieal Journal published in May
1934, said that, when the full facts were known, there was little mystery
ir the many cases of silicosis in that part of South Wales.  Deductions
arenade from the pay of the conl miners at the colliery offices in behalf
of the medical men m the distriet: the workmen can thervefore have
roentgenological exnminations if the family doctor is doubt ful of their
condition, nnd silicosis at present is the fashionable disease in the avea,
Hnrper (63) believed that more colliery workmen had been X-rayed
in this avea than in any other part of the conl field; hence, more cases
of silicosis had been found than in other arens where no such examina-
tions were made.  ‘This conrse partly explains why there were more
known eases here.  In fact, Hurper said, there were more cases of
gilicosis than had heen either examined or passed by the board because
some refused to be examined, preferring to continue at work regard-
less of the cost to their health rather than be retived by compulsion
with partinl compensation of abont £1 a week to meet the necessities
of life and no further hope of employment. Kettle (72) said that
nenrly all the specimens sent to the bonrd from this area were those of
infective silicosiz, nnd the infecting orgnnism was most commonty the
tuberele baciblus (63).  Harper cunsi(ﬁ\rod this statement much more
relinble than any returns of the Registrar General.  Therefore there
would seem to be no difference between the silicosis in South Wales
and the commonly accepted type, and he could find no roentgenologicenl
difference between enses of si,icnsis in South Wales and enses he had
seen in the Balginn conl finlle

In Muarch 1936, the Chief Medienl Officer of the Silicosis Medical
Board (50) informed the committee that the clnims for compensntion
mnde by coal miners in South Wales were increasing in number. The
total cluims in 1933, 1934, and 1935 were 234, 316, and 398, respectively,

Cases and incidence of certified silicosis nmong conl miners under.
ground in various parts of the British coal fields during the period
193137 are listed (50) iu table 2.




28 REVIEW OF LITERATURE ON DUSTS

Tanrx 2

Total | Average num. | Aversxe an-

number ber of men | RUBl incident-
Ooal fleld of new employed "a'r‘iu‘?n';,'.‘:f"
° ! anderground * underground *
m @ @) O]
Anthracite minee of Routh Wales 749 22,031 5.2
Nenanthracite mines of Rotrth Wales 608 04,351 .90
C*onl minea in remsinder of (reat Dritain 200 807,758 .08

{ Total numbee of new caws of coal miners certitieel (under the varfous Industries (sillcols) schemes,
1931 and 1XM) during the perioed June 1911 to December 1937, to be disabled (totally or partly) or to have
ied from stlicosis.

1 A verage bumber of men employed underground in December of each year from 1931 to 1937,

1 Columm (2) divided by column (3) and muitipted hy——'e—b—'
4 All nonanthracite sxorpt Int a few typleal anthracite mines in 8cotlnnd.
Bounck: Mines Department (1031-37, and unpublished reconds).

It will he seen that in 1931-37 the absolute number of new cases
from South Wales ns n whole was more than six times that from the
remainder of Great Britain and that the nuinber of cases from the
anthracite mines of Soutli Wales was greater than from its non-
anthracite mines,  When these figures are related to their respective

pulations, to give comparative incidence rates, the greographical dif-
erences are sven more striking.  Thae incident rate of certified silicosis
in the anthracite mines is more than five times that in the other mines
of Sonth Wales and nenrly 100 times the rate for Great Britain other
than South Wales.

For 1940 the total number of new cases was ag follows: South Wales
anthracite mines, 267; South Wales nonanthracite mines, 176 ; remnin-
der of Great Britain, 41.  For the South Wales subdivisions the new
cnqes wore thus about twice the annual average for 1931-37, whereas
for the renminder of Great. Britain they were approximately the same

50).
( A)ccon]ing to Wisher (64), for the 3 years preceding 1943 there were
1,000 cnses of dust disease annually in South Wales alone. In 1944, the
first full yenr in which “pneumoconiosis, including the condition
known as dust. reticulation™ was certifinble for compensation, the fig-
ures inerensed enormously.  In 19445, in South Wales, 7,376 conl miners
applied for submission to the medical board and for certification ; 5,074
of thesa were certified ; 513 were certified as totally disabled, and 4,561
wera suspended ns partly disabled.  In 1946, 8,866 nupli(‘uti(ms were
received, 3,678 of which were certificd.  Of the 3,678 cortified, 327
were totally disnbled and 3,351 were suspended as partly disnbled.

Fisher (67) stated that, althoigh the incidencs of pnoumoconiosis
i mueh less in the country outside of South Wales, it is nevertheless sigr-
nificant. In 1145, 595 cnses wera certified, and up to June 30, 1946, there
ware 316 cases. There were 173 pneumoconiosis cases certified in Not-
tinghnmshire and 21 in Derbyshire during the period 193245, 65
percent. of which wero certified during the 3 years 1943-45,

The number of applicants for examination decreased in 1947 com-
paved with 1046 (6'63.

RPN
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From January to March 1946, 2,312 applications were received and
2,424 cases considered by the medical board, 1,230 of which were cer-
tified to be suffering from pneumoconiosis. The corresponding tigures
for 1947 were 1,520 applications received, 2,545 cases considered by the
medical board, and 840 certified. According to a statement made in
April 1947 (65) by the Minister of Fuel and Power, during tl.lq pre-
ceding 2 years 10,500 coal miners had been certified by the Silicosis
Medical Board as suffering from pneumoconiosis and suspended from
work in the industry.

In 1720 Josiah \V)t"dg\vood incorporated calcited flint with his earth-
enware body. In 1865 Elisa Meteyard (77) wrote, in her biography of
Wedgwood, that at the beginning the flint was kept in cellars and used
parsimoniously.

A history of the occurence of dust diseases in the North Staflord-
shire pottery industry in England was published in the Royal Sanitary
Institute in October 1946 (66). According to this article, at first the
calcined flints were broken by hand by men working secretly in cellars.

Before World War II the pottery industry in North StafTordshire
employed 67,000 persons, 55 percent of whom were women and girls,
Before the industrinl revolution cnrried the stigma of the exploitation
of child Iubor, in 1863 evidence was given before a commission to the
effect that each successive greneration of potters became more dwnrfed
und less robust than the preceding one.

In 1726 Thomas Benson was granted a patent for wet-grinding of

flints (66). 1In his applieation for the patent, Benson stated that no
person could survive dry grinding for more than 2 years. Although
improvenment took place slowly, dry grinding had not ceased by 1936.
In 1928 the Various Industries (Silicosis) Scheme ehtitled pottery
workers to compensation for totnl disability or death.
. During the period 193141, 2,000 persons were given initinl exam-
ination, 10 percent of whom were rejected on medienl grounds. In
the same period 4,000 workers were examined periodically while
at work, and 490 were found to be suffering from silicosis or silicosis
accompanied by tuberenlosis. During the period 1928-44 the Depart-
ment of the Chief Inspector of Factories recorded an average of 47
denths annually from these disenses—402 cases of silicosis nnd 347
cases of ailicosis with tuberculosis for the 16-year period. Grent
improvement has followed in recent years by the substitution of
alumina for flint and other siliceous materinls,

QFRMANY

Industrinl pathology in Germnny was developed at tha beginning
of the nineteenth century, simtltaneously with the upwnrd trend of
German industey (7). In 1781 Tissot (67) graphically illustreated the
health hazards encountered by stonemasons; in one place where the
people formerly had been engaged in felling trees and in earving they
were the “handsomest, strongest, and healthiest of persons™ but for
25 years—since the inhabitants had turned to stoneentting—there had
been in that region the most lingering diseases. In 1804 and 1812
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Goetzinger (68}, in describing the mountainous part of Saxony, said
that the fine dust and drink brought the stonecutter to an early death.
Schiirmann (7) stated in 1929 that only a few works had been pub-
lished on the harmful effects of iron and steel dust to which the metal
yolisher was exposed, in spite of the fact that the works of Paracelsus,
Sanzzini, and others were known in Germany, Raunazzini's work
being the sole texthook in the field of occupational disease used in
Germany up to the middle of the nineteenth century. In contrast to
the English reports on the health picture of the Sheflield polishers,
Hauer (69) in 1832 reported conditions among (German polishers as
not unfavorable to health. Nasse (70) was the first to report polishers’ \
disense; he wrote that grinding workers lasted only 12 years and
recommended respirntory protection for them. The first known Ger-
man publication on the harmful effects of dust on polishers was
issued by Pappenheim (77) in 1860, In 1866 Zenker (72? identified
iron oxide in a lung and termed the disenase caused thereby “siderosis.”
He designnted the disenses of the lungs caused by dust as “pneumo-
coniosis.” In a book on the care of health nnd medical statistics in
Prussinn mines, published in 1881, Schlockow (73) stated that, of
942 miners exnmined by Seltmann, 37.7 percent had emphysema of i
the lungs. *
Onlyg?) roentgenologically normal pictures were disclosed among
25 sandblasters examined h{ Lochtkemper (74) in 1930; the remain-
ing 20 (80 percent) revenled various stages of silicosis. In 1937 5
Bergerhofl (7/4) veported finding lung tubercunlosis in 24 of 175 sand- ,
blasters examined clinieally and rvoentgenologically. Thiele (76) :
found that 28 percent of the porcelain workers examined by him were !
affected by prewmoconiosis; Holzmann and Harms determined roent-
gvnologiml!_v the presence of pneumoconiosis in 75.6 percent of 41 ‘
selected poreelnin workers; and Koelsch found 58 percent of 19 work- :
ers nffected.  As given by Koelsch (77), the tuberculosis mortality |
rate for porcelnin workers in various Bavarian districts was 23.7 to s
96.2, wherens that for the general population was 24 to 2. Vollrath
found a tuberculosia mortality rate of 24 among porcelain workers l
compared with 16 for the general local popnlation in Rudolstadt and !
57 compared with 20 in Meiningen.  However, Bihme stated that only !
about half of the workers in porcelnin factories are exposed to a ‘
sovore dust hazard. Hofbaver-Flatzeck (77) found a tuberculosis :
mortality rate of 26.5 in the porcelnin industrial town of Selb; 61 per-
cont of {hese dving of tuberenlogis had silicosis also.  If this 61 per-
cent is subtracted, the mortality rate ig seaveely higher than the aver-
age of 9 for the Lmpire: therefore, Hofbauer-Flatzeck attributed X
the Ligher morinlity entively to injury throngh silicosis. Béhme )
(78) determined pneutnoconiosis in 28 pereent of 184 coal cutters who
had worked more than 10 years underground and in 66 percent of hard-
rock miners: in nnother investigntion he determived by X-ray exami-
nation that 36.2 percent of 69 hinvd-rock miners had pneumoconiosis
and by elinieal exnmination, 17.3 percent. Komissaruk (79) examined
clinieally and roentgenologically 40 foundry workers who had worked
in dusty industries for inore than 10 years; 4 definitely had pneu-
moconiosis, i were doubt ful, and 3 were borderline cases.  In 23 cases
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the X-ray revealed old inactive pulmonnary tuberculosis, but the sputum
contained no tubercle bacilli.

In 1932 Lochtkemper and Teleky 880) ublished the resuits of an
extensive study on dust which covered working conditions and health
of workers in many different dusty trades. The number of workers

‘examined in each group. however, was usually too small for definite

conclusions. Examination of 22 women employed in a scouring-
powder factory in 1930 revealed that all but 3 were affected by silicosis
In varying degree, 6 being in stage 3. Examination of 7 workers in a
sand and cement plant disclosed I ense of silicosis in the first stage and
2 in the third; t‘\e others showed no indieation of silicosis or only
slight pneumoconiosis, which the authors classified as “silicosis 0-1.”
lm‘uiry among workers and physicians of the region revenled that 4
had died and £ still had tuberculosis. Six of seven shell-limestone ent-
ters examined were dingnosed as having pneumoconiosis 0-1 and 1
silicosis 0~L.  Of 18 graywacke workers examined, 3 were diagnosed
as negative, 4 as having silicosis 0-1, 4 silicosis [, 3 silicosis 11, 1
silicosis I-11, 1 silicosis 111, and 2 silicosis II with tuberculosis. I'rom
an examination of the statistics of a large sick benefit associntion
Koelsch and Kuestle (87) found the illness frequency, especially for
tuberculosis and diseases of the respiratory organs, less for the quarry
nnd shell-limestone workers than for the other members of the associa-
tion, but the mortality rates apparently were greater for stoneworkers
{0.35 percent) than for the others (0.21 percent). These investigators
examined 82 persons who had worked in shell limestone only; 14 had
mora or less definite signs of dust lung, but it differed in appearance
from the silicosis of the sandstone worker. They concluded from these
examinations that under certain conditions limestone also can cause
changes in the lungs within the meaning of dust lung if it can have
a correspondingly long action. Dust lung was more frequent and more
pronounced among those who had worked in limestone ana sandstone,
the more so the closer the work in sandstone had followed upon that
in shell limestone,

According to Landau (82), the clenning of metallic castings pre-
sents great hoalth hazards to the men engaged in the work. Of those
examined, 69 percent had pnenmoconiosis and 8 percent tuberculosis.
Work with steel seemed to be much more dangerous than with east iron,
probably because compressed-air tools were used in cleaning the steel
castings, which were cast in n mold of sand very rich in silica.

From 1929 to 1934, in the Ruhr, 332 workers died of silicosis; this
figure was reported (83) not from the tota!l number of workers but
only from those working in rock, about 10,000 to 12,000.

In 1937 Holmann (84) published a report of extensive investigations
of a large number of workers who had worked for many years with
the purest carbon dust in the form of carbon black, petroleum coke,
tar coke, and £rtificial graphite without any admixture of rock dust,
especinlly quartz. Among these workers he found a large number of
dust lungs of stages I to I11.

According to Hollman (84) the dust lungs of persons exposed only
to pure cnrbon dust could not be differentiated roentgenologically
from silicosis produced by sandblasting. Of 90 persons with severn
pure carbon-dust sxposure, 23 were diagnosed as being in stage I, 10

.
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in stage IT, and 3 in stage 11I. Of 202 workers exposed to pure carbon
dust with slight admixture of carborundum, 13 had stage [ dust lung.

In 1939 Maaszen and Biittner (85) reported that severe silicosis as
an occupntional disease cost the people infinite valites in health and
money—caosting more than all other occupational diseases together.
In 1937 these authors examined 508 workers in the largest: ceramic-
and silica-brick factnr( in Germany. This factory, which had been
in existence for several decades, was located in n small village where
the employees had their homes. There was therefore little turn-over,
and most of the workers had been employed for years. It was possible
to study all stages of silicosis and get a fundamental picture of the
dust hazard in the silica-brick industry.

Of the 508 employees examined, only 380 were actually exposed to a
dust hazard ; a total of 17.31 percent of the 508 were nffected by various
stages of silicosis, while the percentage for the 380 actually exposed
to a dust hazard was 23.15.

AFRICA

BOUTH AYRICA

Mining was begun in South Africa on the Witwatersrand in 1886
(85). At first the workings were shallow and in the oxidized or “free-
milling” zone where the rock was relntivelgeesoft, friable, and damp.
By 1892 extensive deep-level properties had been operated, and drilling
by machines was introduced. As long as the mines were working in
the free-milling zone very little dust was produced, as the mines were
shallow and probably fairly well ventilnted, and it-is unlikely that
the men were grently affected by the dust. \}ery few people in South
Africa suspected that mine dust was in any way injurious to health
until the Government mining engineer of the Transvaal Mines IJepart-
ment in a report in 1902 mentioned “miners’ phthisis” as a disease
“which seems to be peculinr to men employed in rock-drill work.”
This report, which covered the 6 months ended December 1901, stated
that, of 1,377 mnchinemen employed hefore 1899, 225 were known to
have died between October 1899 and January 1902, an average annual
death rate of 73 per 1,000, These facts arrested the attention of the
Government, the mining community, and the goneral public, and in
December 1902 the first (Transvanl) l‘rﬁnors’ Phthisis Commission wasg
appointed “to inqnire into and report on the disense commonly known
asminers’ phthisia.” A report was issued in 1903. The commissioners
attempted to procure a medical examination of all working miners,
but the returns were incompleto partly because many of the miners
were reluctant to submit themselves to examination. Of the 1,201
miners examined, 15.4 percent were affected by miners’ plithisis, and
7.3 percent. were suspected, The Report of the Medical Commission
issued in February 1912 was the second Inndmark in the medical history
of silicosis in South Afrieca. The actual examinations were more com-
plete than in 1903 but did not cover all the underground employees.
A general clinieal examination was made of 3,136 working miners,
supplemented by a special examination of 326 men, in which radiog-
raphy was, for the first time, applied to examination of cases on a
fairly extensive scnle. The prevalence of the disense among the
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working miners examined was 26 percent, with an additional 5.5 per-
cent of doubtful cnses. This figure is somewhat higher than that
found in 1903 but probably reflects the resnlt of a more exteusive
investigation.

According to Irvine, Mavrogordato, and Pirow (87), 1916 was a-

cardinal year in the history of silicosis on the Rand. It was marked
by institution of the Miners” Phthisis Medical Bureau and publication
of the General Report of the Miners’ Phthisis Prevention Committee.
The(i)resent-dny syster of detection and prevention of silicosis on the
Rand dates from 1916. In all, 6,472 original compensation awards
were made to miners for silicosis from 1912 to 1916.

According to the Report Upon the Work of the Miners’ Phthisis
Medical Bureau (83) for the 3 yenrs ended July 31, 1932, the avernge
number of new eases of silicosis and tuberculosts with silicosis among
the miners of the Witwatersrand was over 840 annunlly during the
4-year period 1912-16. The report also states that 895 cases of “pri-
mary-stage’ silicosis were detected from 1917 to 1920; T28 caxes of
“nnte}s)rimary stage™ from 1920 to 1923; 1,235 cases of “anteprimary
stagre” from 1923 to 1926; and 917 cases of “anteprimary stage™ from
1926 to 1929. In 193031 the number of new cases, for the first time
in 8 years, fell below the standard level of 251 cuses, the annual average
for 1920-23.

The following statement by Hildick-Smith (82) summarized briefly
the statu< of miners’ phthisis in South Agrica in 1934, After (}uut ing
figures showing the percentage production rate of silicosis for the
preceding 15 years he said:

From a study of these figures I personally s inclined to think that the thne
i8 not far distant when the incidence of allicosia will have ceased to he a matter
of gerfous concern to the industry. This, I think will be anccomptished by the
ellmination, In whole or in part, of the dangerous dust from the wnderground
alr. Old habite of thought were Inclined to persist In regard to the production
of alllcosls In the minea. The Report Upon the Work of the Miners' PPhthisis
Medleal Bureau showed the wmaxhmum prereentage productlon rate for silicosls
had decreared from 145 percent nfter 14 years' seevice In the period 1018-20
to 4.5 percent after 17 years’ rervice In 102132, The praduntion rates for alt
miners, including men working underground before the inception of the Phthisls
Bureau in 1018, show that the present maximum production rate Ix under 4 per-
cent after 20 years' service. Of the IHT miners notified last year that they
contracted sllicosis more than one-half bhegan work In 1916-17, 1 In 1922-23,
and 1 1n the following year. Since 1921 there have been no cnses of conteacted
sillcosta—In other worda, no new Rand miner has heen found suffering from
alitcoain In the lart 10 yeara. These rewilta nre conficmed by the fact that less
t?:n'; 50 percent of the patlenta at the Springkell Sanitorlum are of the wminer
¢

With regard to the employment of silicotics, Hildick-Smith said
that in 1934, 978 wara amployed by the mines. an increase of about
110 since November 15, 1913,

The average pumber of miners examined annually during the period
193841 by the Miners’ Phthisis Medieal Burean of the Union of
South Africa (90) was 30,635, the avernge annual number of new
cases of silicosis was 260, and the production rate per thousand was
8.50. For the period 194144, the averngo annual number of miners
examined was 27,558, the avernge annual number of new cases of
silicosis for the same period was 261, and the average annual incidenco
rate per thousand was 9.47 (20).
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During the trienninl period 1938-41 the annusl average number of
“new Rand miners” with 19 to 24 years service was 562, and they
produced during that period 71 new cases; during 1941-44 the annual
average of new Rand miners with 19 to 24 years service was 787, and
they produced 99 new cases.

The number of new cases of silicosis among new Rand miners has
now become significant snd must become more so as larger numbers
of them pass into the long service periods.

The position as regards the general incidence of silicosis remains
on the whole satisfactory, but the gradual improvement culminating
in the low rates for the triennial period 1935-38 seems to have been
checked in 1938, since when a shight rise in the rates has become

apparent.
rp WEST AFRICA

A investigation was made in 1940 (97) of the coal mines of the
Tarkwa area of West Africa. Of 560 men examined, 21 had definite
silicosis, 10 without and 11 with accompanying active tuberculosis.
As the incidence of pulmonary tuberculosis was higher than that of
silicosis, the authors regard tuberculosis as the greater menace to the
health of the mine employees. At that time, nothing was being done
for native miners who were suffering from either of these diseases.

In 1946 the same authors (92) reported a series of 1,002 consecutive
examinations of underground employees, including the 560 referrad
to atove. The mines concerned are in the banket deposits of Tarkwa,
the Akropong-Konongo area, the Prestea coal field, and the Ashanti
bunket aren. Of the total of 1,002 miners examined, 155 had abnormal
incrense in striation, 46 had definite silicosis, 19 had silicosis with
{uberculosis, and 115 had tuberculosis alone,

UNIUTED RTATER

Data on the general incidence of silicosis in the United States are
not available.  Such data are difficult to obtain in the existing state
of American vitnl statistics; exnct knowledge of the population at
risk in a_given occupation, clnssilied by age, is ob(uinuﬁ»lu only with
grent diflienlty and by specinl and intensive research (44). “In an
analysis of statistieal datn of this kind, Greonburg (44) called atten-
tion to the importance of considering giroups that nre fairly com-
pnrsble, so that the effect (_)f industrinl wzards will not be compli-
ented by the influence of social and economic fuctors of & more general
natire, Ho stated, for example, that in Hofflman’s studies, published
in 1918, ratios presented for the various dusty trades were based
on the industrinl experience of the Prudentinl Insnranea Co, but
that.the ratio used ns & norm for comparison of mnles in the rogistra-
tion aren was obtanined from data of the United States Censns Bareau.
On this basis, almost all the industries that he tabulated showed a
surprisingly high tuberenlosis ratio, including many trade desigmn-
tions of workers, such as “iron and steol workers,” who could hardly
be considered as generally exposed to a serious dust hazard; his ab-
normally high tatios, therefore, probably were due to the goneral
social and economic conditions of the wage enrner’s life and to the
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fact that the group was an industrial one. It seemed evident to
Greenburg éM) that a comparison between the Prudentipl figures
for a given dusty trade and tRe Census figures for all occupied males,
which gave Prudentinl ratios 25 to 50 percent higher for tuberculosis
than those for the registration area, was not a fair one and that the
conclusion reached through such a comparison was unwarranted.

Several special investigations, carried out in certain industries in
the United States that have attracted attention becnuse of the high
death rate from tuberculosis (93), are described below.
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MINING

The first investigation of silicosis in the mining industry in the
'Unit(\d States was made in 1914-15 by the Federal Burean of Mines
in coaperation with the United States Public Health Service in the
Joplin (Mo.) mining district §.’M). Of 93 men examined, 64 showed

lain and definite evidence of pulmounary disens>. 3 were suffering

rom nonpulmonary disease, an(‘ 26 were seemingly well. To gain a
more accurnte iden of the prevalence of consumption among the miners
of the Joplin district it was decided to examine a larger numbcr, nnd
from May 15 to December 31, 1915, 720 miners were examined: 45,7
{)er:vent. had silicosis and tubercnlosis and 5.3 percent. had tubercu-
osis (95). A lnter report (1927) of this snme investigmtion by Lanza
and Childs (96) included the results of the first detatle 1 X-ray studies
of silicosis made in the United States.
! . Investigations of mining conditions by Harrington and Lanza (97)
in Butte, Mont,, in 1921 revealed that 424 percent of 1,018 miners
exanmined showed definite signs of lung damage dve to dust.  An ex-
anmtination in 1921 of 303 gold miners in Nevadn (98) disclosed that 8t
percent had silicosis. .

In 1923 the mining companies of the T'ri-State district (comprising:
the zine- and lead-nining aveas of southwestern Missouri, soiit heastern
Kansns, and northeastern Oklnhomn) asked the Federal Bureau of
Mines to determine whether measures in use were adequate to prevent
silicosis and, if not, to recommend improvements.  The 1923 investign-
tion Y).’)) included the examination of 309 miners, 101 of whom were
found to be negative, 114 doubtful, and 94 positive cases of silicosis.
Of the positive groups, 52 were in the first stage, 22 in the sccond
stage, and 20 in the third stage of silicosis,

From July 1, 1997, to June 30, 1932, the Metropolitan Life Insur-
ance Co., the Tri-State Zine & Lead Ore Producers Association, and
the [federnl Bureau of Mines operated a cooperative clinic at Picher,
Okla. (700), to demonstrate to industry a workable method for ding-
nosing silicosis, to educnie workers in preventive measures, and to
serve as n model to industries presenting a dust hazard, Of 27,553
individunla examined during this periad, 5,366 had silicosis, 742 sili-
cosis plus tuberculosis, and 320 uncomplicated tubereulosis.

According to the United States Public Health Service (707), the
percentnge of anthracite miners and their helpers showing signs of
pneumoconiosis incrensed from 2 percent among those with less than
h yenrs’ service to 16 percent among those with more than 15 years’
service (for persons under 45 years of age). Of 95 N-rays of bitumi-
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nons-conl miners 40 (42 percent) showed generalized fibrosis, chiefly
linear in character. The percentage of deaths caused by all respiratory
diseases among anthracite miners in Pennsylvania was definitely
higher than that of other adult males in the general population—57.6
percent in contrast with 37.2 percent among other men of the same
age in the Wilkes-Barre coal field (702).

The following summary (103, 104) by the United States Public
Henlth Service indicates the prevalence of dust diseases in anthracite
mines:

1. A study of health conditions, Inchnding the physical examination of 2,711
men (about M percent of the number on the pay rolt) was mude in three repre-
senitative anthracite-coal minea in 'ennsylvania.

2. The men examined were Hivided into occupntionnt groups, Inrgely in accord-
ance with the proportion of free sailica found in the duat to which they were
expored,

3. No carea of anthracosiliconis (mlners’ asthma)} were found In a control
group composed of hard-conl-mining employees whose dust exposure averaged
lesk than & wmillion particlea per square foot of alr.

4. The prevaience of nnthencositicosla nmong the entire group of employees
war found to be about 23 pereent,

5. Ameng all exeept rockworkers, lera than 2 percent of the men developed
anthracorltfcosis, when the duration of employment was leas than 15 years,
regn riless of the amount of dust in the atr,

6. Among men exposed 15 to 24 yenra to dust contalning less than 5 percent free
gllien, 14 pereent of thoke whe hid worked where the average stust count waa 100
to 1% militoa particles per cuble foot, 20 percent of those exposed to 200 to 209
mitilen particlen, and 68 percent of the men who had worked for this period
fn aore than 300 mittion particles per cubic foot develop:l anthrocosiiiconis,

7. Amoug men emptoyed for mare than 24 yeara In dust contalning leas than §
pereent free silien, the proportion of persons found with anthracoallicorla under
different concentritions of durt wan nr follows: 5 to 7 millfon particles, 7 per-
cent: 100 to 109 million prorticles, G4 percent 1 200 1o 200 million particlea, 71 per-
cent 2200 or more millon particlen per euble foot, RKY percent,

R. With the exception of miners, thelr helpers, and rockworkers, ahout 26 per-
<cont of alt of the men employed anderground developed anthracosiliconis after a
working period of more than 20 yenra. This group was exposed to dust having )
qunrts content of nhout 13 percent,

0, The prevalence of nnthracosilleosin among rockworkers who had been
exposed to duat, of which ahout 36 percent waa free silien, varied from 10 percent
anong those who had worked 1n concentrations of leas than 200 mlliton particlen
per cuble foot for lesa than 16 yearf to §2 pereent nmong thore rockworkera who
had heen employed for more than 26 vears tn dnst concentrations excending 300
milllon partictea per cuble foot,

10. Age per se appenred to play n minor role in the develspment of anthraco-
millcontn,

11. Annalysin of the data for the purpose of determining anfe lmitn of dust ex-
porure indieated that employment In an atmoxphere contnining lera than 50
milltan dust particlen per cuble foot would produce a negligible nuinber of cares of
anthracosllieorls when the quartz content of the dust wan lers than 6 percent,
In the gnngwaya where the sillea content of the duat was ahomit 13 percent & anfe
limit appenred to be 10 to 15 millton particlen per cubile foot, The limit of tolera-
tion for rockworkers wan set tentatively at b to 10 mitton dnet particles per cublc
foot of alr.

12. Pulmonary infeetion Increaned with tength of service more rapldly among
the men {n the hanlageways than In the control group and much more rapidly
amotg the regnlar miners,  ‘T'he higheat raten of pulmonnry Infection, however,
were found among the rockworkers of more than 15 years® mervice,

13. The prevalence of pulmonnry tuberculoals among the hard-conl-mintug em-
ployees at ages below 306 won alightly lesn than that found through studies of
tubereuloals among male aduits fn the general population of the country. In
the age group 33 to 44, however, the prevalence of tuberculos!s was about twice, at
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-‘ ages 45 to 54 about 5 times, and for the ages above 55 it was about 10 times the
Ry rate found In the general population.

. 14. The highest prevalence of clinienl tuberculosis occurred arong the rock-
s workers. After 20 years' service 37 percent of these workers presented evidence
S o pultwonary tuberculosis

15. Pulmonary infection (tuberculoals and nontuberculosiz) was found armaong

. 38 percent of the tien having enrly anthracosilicosis und in 92 percent of those

- in the more advanced stages.

16. Clinical tuberculoc.« was dingnosed in 15 percent of those with early
anthracosilicosis and in 43 percent of those in the more ndvanced stages.
17. In the control group 1.7 percent were found with moderate or marked

~ physical impalirment caucing decrensed capacity for work ns compaied with 9.9

b percent among the regular miners and with 12.6 percent among the rockworkers,

With the exception of the rockworkers, no group showed modlerate or marked
Impalrment In excess of that found nmong the controls when the period of
employment was lesa than 20 yenre, However, an excess in the prevalence of
flight Impairment was found nmong the regular miners and among others in

. group A who had waorked from 10 to 20 years in atmospherea containing more

than 100 million dust particles per cuble foot,

18, In a group of 133 completely disnbled former anthracite workers which did
not Inelide any known cases of tuberculosis 10 percent proved positive for
pulmonnry tuberenlosis,

19 Mortatity from respiratory dise: <es wag found to be much grenter among
anthracite workers than In the general adnlt male pepulation of the country.
The datn indicated that underground work in the absence of dust did not pre-
dispose to fatnl attncks of resplrntory dicense,

20, The term “anthracosiicosie®™ fs usced in this report as a descriptive title for
the form of pnemmoconiosts commonly ealled miners* asthma,

21, The correlatlons between exposure to qust and the evidence of constitu-
tional changes left little donbt as to the etiological signiticance of the dust in the
alr breathed.  Like correintions were found between the sitica exposure and the
extent of pulmenary changes,

Kibbey (705) reported in 1931 that virtually 100 percent of the
miners who worked in the several conl mines operated by his company
in Alabama had anthracosis and that they had a higher mortality
rate from tuberculosis than any other wage-earning group. )

- From a stwdyv of industrinl morbidity statisties for the period
1924-27 Bloomtield (106) found that 38 cases of pneumonia had dovel-
oped among the 1,637 bituminons-conl miners employed during the
sathe pm-imfin the mines operated in connection with an iron and steel
plant. Ocenpational analysis diselosed that 33 of the 38 preunionia
enses were associnted with only 2 of the 69 different occupations in the
mines—pick mining and londing conl.  The pneumonin rato }wr 1000

: for miners and loaders was 31, whereas the rate for all other mine
workers was only 8.5 per 1,000,

In an investigation envried out in 1938 and 1939 in Utah, the United
States Public Health Sevvice (707) found the incidence of anthraco-
stlicosis among 316 underground bituminous-conl miners to be 4.6 por-

' cent; amoug 727 nonferrous metal miners, 9.1 percent had silicosis;

and anmong 1,381 smelter workers, 2.7 percent had the disense.

‘ Pulmontry tuberculosis was found in 6.2 percent of the conl miners
who had silicosis; in 13.6 percent of the metal miners who hind silicosis;
and in 18.2 percent of the smelter workers who had silicosis.  This isin
contrast to the 2.1 percent, 1.0 percent, and 4.9 percent of the non-
silicotic workers in theso respective groups.  The incidence of tuber-
culosis among the workers with no silicosis in the conl and metal mines
was about that of the general population, wherens the incidence of
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tuberculosis among the nonsilicotic smelter workers was about twice
as high as nmong 5!8 general population.

Junes (708) discovered 86 cnses of silicosis durin§ 4 years of medical
practice among coal miners in West Virginia. These cases were de-
termined by careful fluoroscopic and roentgenographic study of the
chest and routine sputum and blood analyses. These cases included
only those in which exposure to dust had been in bituminous-coal
mines alone.

The apparent similarity of the risk in mining and the risk in the

rocesses involved in exeavating and tunneling, so far as the silicosis
wnzard is concerned, led to an investigation of such processes in New
York City by Smith and Fehnel in 1929 (93). Of the 208 drillers,
blasters, and excnvators examined 42 percent showed early and 15 per-
cent showed wcl]-developod silicosis. Evidence of tuberculosis, in-
cluding both active and inactive cases, was found in 9 percent of the
total number.

Although rock drillinf where injurious amounts of dv<t are produced
may require only a brief period on many contract jobs, 0 importance
of dust-control mensures is indicated by the fnlfowing statement in
the Connecticut Health Bulletin (109) :

It must be remembered that drilling iR an occupantion calling for experienced
men and that the duration of exposure of the drillers ir not limited to any one
Job but I8 continued over a perlad of yenra as the driller goes from Job to job, It
18 accordingly fallnciona to state that, because the driller's exposure in any one
location {a of a brief durntion, ndequate protection necd not be . ovided innsmuch
as it requires a conslderable pertidd of time for silicoria to develop.

In 1942 Porro, Patton, and Hobhbs reported (/70) 15 cages with 5

stmortems of pnetmaoconiosis in the tale industry in New York
g(t)a(o. They attributed disability or death directly to pnenmoconiosis
in 13 cases; the pneumaoconiosis was contributory to death in one case
and incidental to death in another, The conclusion was that pneumo-
coniosis causing disability and death occurs in talc workers, the dis-
abling tissue changes being due principally to talc itself.

Greenburg (1/7) reported in 1947 & study of the tremolite talc
mining and milling industry in northern New York State. In the
initial roentgen-ray survey in 1940 ndvanced fibrosis was found in 32
of the 221 men examined, n rate of 14.5 percent.

In comparison of tule workers with earpet workers, Groenburg found
that fibrosig was present in only 2.5 pereent of all earpet workers and
in 4.9 percent of those 50 years of age or older; it was present in 51.5
percent of tale workers in this nge group.

The fibrosis found in this study was of a fine, diffuse type, with a
roentgenographic npyonrnnce of granulation or nodulation in a hazy
backgroutud. It tended to Lo disabling and was frequently nccom-
panied by dyspnea, cough, and fatigue. Thero was also rome evidence
that this fibrosis wns characterized by increased susceptibility to
tubercunlosis, as clinieally aif:niﬁcnnt tuberculosis was dingnosed by
roentgon oxnmination in 8 of 18 cases of tremolito-talc fibrosis whero
there had been no other dust exposure,

Annlysis by the New York State Division of Industrial Hygione of
six samples from two tale mines showed 1 porcent or less of free silica.
Gardner (117), howover, found amounts of quartz ranging from 12 to
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: 20 percent in mineral samples from two mines in the same area,
Greenburg (171) stated that it was difficult to explain this marked
difference in findings, except on the supposition that Gardner’s samples
included some of the quartz-bearing stratum overlying the tale
deposit proper.

GRINDING INDUSTRY

According to Hoffman (4), the industrial insurance mortality sta-
tistics of the I>rudential Insurance Co. from 1897 to 1914 showed that
143 (46.9 percent) of 305 deaths among grinders were due to pul-
monary tut)orculnsis. I another group of 5988 grinders, which in-
cluded eutlers, scissors grinders, and ax, plow, and other steel grinders,
but excluded foremen and superintendents, the actunl nmrt:lﬁty from
nll causes was 17 percent over the expected mortality ; in other words,
for every 100 deaths expected on the basis of normal experience there
; were LT deaths in this group.
' In 1920 Winslow and Greenburg (IIZ) investigated the dust hazard
' in an ax factory. They quoted s-)rurys exhaustive statistical study
! on the incidence of tuberenlosis mmong grinders and polishers as show-
: ing that, from 1900 to 1918, the death rate in a group including 90
H polishers, 85 wet grinders, nnd about 25 dry grinders was 1,000 percent.
t Their investigation revealed dust conditions serious enough to cause
sich an excessive death rate.

{ To indiente the effect of silica as a predisposing enuse of tubereulosis
' Riddell (773), in a paper published in 1926, quoted the following
i mortality table prepared by Drury for a Connecticut community
(agricultural except for an ax factory employing 800 men) :
¢ Deuath rate from tubercnlosis in a Conneetiont community
Per 100,000
; Entire population of fnctory diStrict oo oo oo oo e 200
State ag a whole_.__.______ e eemm e —e——mmmmm e mmm e 150
! Factory poprlntlon. .. ————— e a0
: Polishers snd grinders o et m———————c—————— e emmm 1, 950

Inareview of pulmonary tuberculosis developed in a lnrge grindioug-
wheel plant, Clark (774) found that from January 1, 1918, to Decem-
her 31, 1939, there were 42 cases of active pulmonary tuberenlosis, 38
of whom were men and 4 women: 37 of the group were employed at
factory work of some kind, while 5 did clerienl work. Of the 42
workers who developed tuberculosis 20 were dead at the time Clark
prepaved hig report, 18 were living, and 4 could not be traced. Of
the 18 living, 13 were working, 3 wero at home under care of a physi-
cian, and 2 were in hospitals. The avernge number of employees
durimg the U-year period was 2.460.

According to Kessler (115), over 100 cases of silicosis were alleged
to have od¢urred in the abrasive-powder industry in one State, involv.
ing fonr companies which pumped sand by hydraulic pressure to a
plant, where it was wachied, steam-dried, screened into various sizes,
and then pulverized in closed tube mills.  Six of the workers had died
and been autopsied, and many others weore reported to have died, but
the results of the autopsies were not known, Clark (7/6) observed
for 30 years employees who had been exposed to the inhalation of arti-
ficial abrasive dusts in nmounts very much greater than in the use of
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grinding wheels. Several studies supported by continuous observa-
tion, exnminntions, and X-rays failed to disclose any definite health
hazard to healthy workers. Asa further check, Clark (116) reviewed
all those (96 in number) who had been exposed for 25 years or more;
87 of these were in good health and working, and 9 were pensioned but
in good health. None of these men seemed to have been affected by
their many years of exposure to the constituents of artificial-abrasive
grinding wheels.

To check the generally accepted beliefs concerning the harmfulness
of exposure to artificial abrasive dusts, Clark (716) wrote to the phy-
sicians heading the medical departments of 22 companies, which were
the largest users of grinding wheels in the United States, for their
experience with pnenmoconiosis caused by the dust of grinding wheels.
Among the 18 replies received, none reported pnenmoconiosis as a

roblem, and the incidence of tuberculosis was low.

Clark (116) concluded that artificial abrasives belong to the non-
toxic 1nineral dusts mentioned in the following quotation from the
Journal of the American Medical Association (I];S :

Only sllica (Si0,) In capuble of Inducing rilicosia but any other mineral dust
under cond;tionr of prolonged and gross exposure may cause aome increase in
pulmonary tibrosir. If the reintive potentinal harm of sillca Ir rated as 100, thewe
other nontoxic mineral durta may be rated only on ain order of 5 or 10. Moreover,
the fihrosia itself I8 not pathognomie, since mAany other dusts, alkalier, aclds,
or vapors may induce romewhat similar, If not Identical X-ray markings.

GRANITE INDUBTRY

In his report of dust phthisisin the granite-stone industry, published
in 1922, Hoffman (7/8) summarized the results of his investigation
s follows:

The granite-stone industry is carried on by wage enrners who, hroadly speak-
ing, live under annitary conditiona above the average, so that posaibly unfavorable
environmental factors are of decldedly secondary importance,

The housing conditicns under which granite workern live are alao ahove the
average, 8o that in thin reapect the environmental factors are favorable to a low
mortallty rather than otherwise,

Anthropometric recoriia clearly eatablish the fact of n superior phyaique, Indle-
ative of a higher degree of dlreare reslatance, as determined by a relntive
welght above the avernge,  From thir polnt of view, therefore, granlte workers
ahoutd experience n relatively low mortallty from pulmonary tuberculosts instead
of a mortality decldedly above the average normnl to tndustrial eccupations,

Granite workers, confldered by spectfie occupations, show wide varintiona
tn tuberculonis frequency, the excenn in the denth rate Helng mort marked among
the men employed (n granite-rtone cutting, it helng espectally revere among men
employed In the uge of pneumntic tooln,  Cerinin occupations, such as polishing,
Lol /harpening, wd reltlng, ete,, do not show a marked excess, tt any, in the
mortnitty from pulmonary tuberculosls, clearly indieating that the riak {a prac-
tlenlly proportionnte to dust exporure,

Compared with the norminl death rate of aduit mater of the State of Vermont,
or of New England, the mortality from pulmonary tubereuloris among granite.
atone workera har inereased enormously during the last 2 yeara, A8 contrasted
with a diminishing mortallty in the population at large. Agalnst a decreare
tn the pulmonnry tuberculoria death rate of adult males of the State of Masan-
chusetta trom 2KANK per 100,000 exposed to risk durlng 1805-00 *y 203.2 during
1015-1R, there had been an Increase in the correaponding denth rate of granite
cuttera of the New Fngland Riatex from 4320 per 100,000 during 18- to
1,0608.7 during 1015-I8.  The only other occupation for which information ia
avallable for the corresponding period of time s that of glasa-hottle blowers,
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among whom the mortallty from pulmonary tuberculosiz diminished from 418.6
per 1{X,000 to 205.9. These statistics for the New Enginnd States are confirmed
by rimilar data for every other stonecutting center of the United Rtates, proving
with absolute certalnty that in every section of the country the tuberculoata
mortality of this group of Industrial workers I8 Increasing, In contrast to a
locally diminishing death rate from this mont tatal of all diseases * * °,

Recalling that the normnl pulmonary tuberculosis mortality of adult malea in
Massachusetts Is only 203.2 per 300000, it {8 shown that the present death rate
from pulmonary tubercilosis nmong granite cutters Is 5 times the normal
experience in the population at large and probably 8 times what It should be on
the basis of strictly noninjurious occupations carrled on largely under hyglenle
conditions and In the open alr.

The same conclualon applier to nontuberculosls rveapiratory direares, for {t
I8 shown that the mortality from bronchitis, pneumonia, and asthma is also on
the Increase among rranlte cutters, in contrast to & diminishing rate of fre-
quency among adult males of the general population.

In the second series of investigations on health of workers in the
dusty trades, published in 1929, the United States Public Health
Service studied the granite industry at Barre, Vt. (779). The occu-
pational groups were divided into four general classes based on the
amount of dust to which they were exposed :

(4) Hand pneumntic-tonl cutters, 614 persons, exposed to an average of ap-
proximately 60 miilion particles,

(8) All other occupational groups exposed to more than average plant dusti.
ness.  Thia group contained 104 persons in occupations where the dustiness
avernged between 27 and 44 mittion particles.

(€) Those occupationnl groups consisting of 146 persons exposed to average
plant dustiness (20 million particles).

(D) Those occupational gronps exposed to less than avernge plant duatiness,
This group contained 108 persons {n occupations where the dustiness nveraged
between 3 and 9 mlltion particles.

The results of the study on prevalence of silicosis and tuberculosis
amony these workers are summarized in part as follows::

Having a clear-cut diagnosls of silleosls and complete informntion with regard
to the magnitude of dust exposure, it was possible to atudy the proportion of
persons developing silicosia by length of service, In the A group, or that group
in which there was heaviest dust exposure, the fiest case of sllicosis appeared
after approximately 2 yenrs of service, amnd hy 4 yenrs of gervice all In this group
Reemed to have developed at lenst an enrly ense of sllicosis, In the same dust-
commt group the first case of more-developed silicosis appenred after O yvears
of xervice, and by 9 years approximately 80 percent had advanced to this atage.
The study of the other dust-count groups showed that the development of
Rllicosls war proportionate to the dust exposure. In the case of the 1) group
2 easex of enrly silicosia occurred after 10 years' exposure, and 1 case of moder-
ately developed sillcosia nfter O yenrs' exposure,

Qeneral prevalence of tuberculosia complicating ailicorian—~—In pinuts carrying
morbidity records, where {t was belleved certain that all enres of tuberculoris
were diagnosed ns such, the total ente was 5.7 percent or 6.0 percent If enrly cases
are Inchuled.  Latent or suspected ikes of tuberculosts (nmong thove ghven
physieal examinntions) gave an additionnl 3.8 pereent,  These figures represent
the nunber of cnses found over n perlod of 2% years, and consequently the
rate is different from what would be obiained on an ordinary cross-sectlon
Aurvey.

Tuberenlosis by dust gproups and years in granite.—The nesociation between
the high tuberenloris prevatence among granite workers amd the dust hazarnd
war shown by determining the rates for that discare in the different dust<count
groupa by length of service (n the granite industry. The comparison between A
and A groupa and €' and } groups wan extremely rignificant. No cases were
fotnd in the 1) group, and ¢ group turniched but 3 canes, 1 of which occurred
under & seard expouare : another, under 10 senrs, Of particular nportance {a
the fact that In 35 years of exposure the rate (did not rise. Rates for the
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A and B groupa rlse steadlly with increase of length of service to 135.5 percent
in group A and 19.1 percent in group B. Even when the suspected tuberculosis
casen are added, the genernl plcture {rR not materiatly changed. In nefther the
C or D groups doer there occur any excess of cRRes After long exposure, while
In the A and I groups the rate rirer with length of rervice in a similar manner
an for active tuberculosts,

According to Goodrich (120), statistics show that the death rate
from tuberculosis among workers exposed to silica dust and, to a
smaller extent, other dusts is excessive. The introduction of pneu-
matic and electric tools in processing stone has caused a tremendous
increase of tuberculosis o?the lungs in those working with these
appliances. In 1890, when stone was cut and polished with compar-
atively crude tools, the death rate from tuberculosis among t{:ese
workers was 150 per 100,000. By 1910 it had increased to 1,080 per
100,000 and by 1925 had reached 1,950, an increase to 13 times that
of the period before high-speed tools came into use. The explanation,
of course, is that modern equipment creates many times the density
of dust produced by manual Inbor. Cases of silicosis also beeame very
numerous, and many of them developed tuberculosis. During thissame
period, when tuberculosis was incrensing so rapidly among these work-
ers, the death rate from tuberculosis throughout the country was re-
duced to nbout half the rate of 1890,

The report of the Special Industrial Disense Commission of Mns-
sachusetts (/27) shows that the granite industry presents a severe
silicosis hazard. T'he commission surveyed 314 granite establishments
and studied dust conditions in 13; X-ray and physicnl examinations
of 961 granite workers discloscd that 152 percent had silicosis and
7.0 percent silicosis with tuberenlosis.

FOUNDRIES

The Special Industrinl Diseaso Commission of Massachusetts sur-
veyed 225 foundries (/21), in which 12 dust studies and 1,614 physical
examinations and X-ranys were made, In the foundries studied, dust
counts were excessive In connection with many of the operations.
The need for immedinte, effective control of dust conditions in found-
ries was evidenced by the faet that 88 percent of workers examined
had silicosis and 2.6 pereent silicosis with tubereinlosis.

In n study of the foundry industry, McConnell and Fehnel (722)
found that the death rate for respirntory diseases (including all forms
of tuberculosis and influenza) for iron and steel foundry workers was
about two and one-third times that for workers in all industries com-
bined and was more than twice that for workers in any of the in-
dustries selected for comparison. More than a third of all deaths
among formdry workers were ciused by some respiratory disease,
whorenas little more than n tifth of the deaths of workers in industry
were due to these causes, A striking fact rovealed is the uniformly
high death rato in this industry for ench of the respiratory disenses
throughout the working period of life. Another outstanding fact is
the high rate for pneumonia, broncehitis, ete., the foundrymen’s rate
being nearly three times that for all workers combined  Among iron
and steel molders, founders, and easters, where 12 deaths from pnen.
monin might have been oxpected, there actunlly were 38, a ratio of
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actual to expected deaths of 315 percent; 24 deaths were recorded for
respiratory tuberculosis, where 13 might have been expected, a ratio
of 179 percent: the ratio for influenza was 216 percent, based on 23
actunl compared with 11 expected deaths. In an analysis of the occu-
pational mortality of adult, white, male, industrial policyholders of
the Metropolitan Life Insurance Co. who died during 1922-24 the
proportion of deaths due to any one cause in any one specified occu-
pation group is compared with the proportion dne to the snme cause
among all occupied white males. Again, pneumonia was the leading
b cause of death among foundry workers, a condition not true of any
F of the ather 71 occupations included in the analysis. When differences

in the age composition of the two groups were taken into account, it
was determined that the proportion of deaths from peaumonia was
120 percent higher for foundrymen than for eccupied mnles generally.
Likewise, the proportion of deaths from influenza was 82 percent
higher, that for tuberculosis of the respiratory system 5§ percent E\igher
and that for other respiratory diseases 17 percent higher. McConnel{
and IFehnel (/22) emphasize the harmful effects on the lungs of ex-
posure of workers to dust inhalation; 67 of 215 X-rays taken were
diagnosed as positive for silicosis. Advanced cases of silicosis were
not found among those examined, but suflicient evidence of occurrence
of the disease was presented.

As the result of n health survey in 1931 by the Metropolitan Life In-
surance Co. (727) of representative foundries in and around Milwau-
kee, Wis., 67 of 215 employees studied (31 percent) were dingnosed
as having silicosis, but advanced cases were not found.  As these re-
sults indieated a definite hazard, the report recommended the selection
of workers in foundries by preemployment examinations and chest
X-rays, along with periodic examinations of those dangerously ex-
posed.

In 1938 Sander (723) reported a 4-year survey which was begun in
1932; 4,035 foundry employees were studied. About 7 percent had
definite silicosis, with half of the total group having had fewer than
10 years of foundry exposure. Of the 279 with silicosis, 60 (22 per-
cent) had tubereulosis.

In a report issued in 1939, the Division of Industrial Hygieno of the
New York State Depnrtment of Labor (124) stated that 2.7 percent
of the whole group of foundry workers had silicosis, while 10 percent
of the workers having more than 40 years’ exposure were affected.

In 1931 a survey was made of 21 foundries in Wisconsin (725) ; 216
reentgen examinations were wmade. Of 130 men examined, 1 had
second-stage silicosis plus tuberculosis; 31 had first-stage silicosis;
and W were classed as doubifal,

Of 62 men from steel foundries, 2 had second-stage silicosis; 25
ﬁrst-stng(}: and 6 were doubt ful,

Of 18 men from the mallenble iron foundries, T had first stage and
2 were donbtful.

In 1939 Sander reported (725) a study of 4,000 foundry workers,
7 porcent. of whom were silicotic; 2 percent of the 7 percent weve also
tuberculnr.

From the time (1937} the nmended occupational disease Inw of Ohio
(726) ndded silicosis to the list of compensable diseases to Decenibor
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31,1940, 579 silicosia clnims were filed ; 194 of these claims were allowed,
100 of which (51 percent) originated in foundries, 52 in iron foundries,
27 in steel foundries, and 21 in nonferrous foundries,

The following summary by Willinms (727) of the range, average,
and average deviation of the free silica content of various raw ma-
terinls and dusts present in foundry operations indicates the possi-
bilities of contracting silicosis in the foundry industry:

Summary

Numberof | AYerage Ranes of | Averags

Table samples B8i0y BtOy deviation

(percent) {percent) (pereent)

1. Foundrysnds ... ... ... [ 19 »1 17-40 +8
2. Parting compounds—carbonate . n 18 tr-8 FAR

2. Parting compounds—phosthate 19 3.1 tr-9 ;
4 Parting compounds—mis.t.._ | 6 10 te-4 { ..
] %0 121 9 E3& ]
6. 18 128 tr-61 *10 2
9. ih} 12.2 4-27 +58

8. Bhakeout . __ 12 8.4 *»n +4

t Bicluding silics partings.
CEMENT INDUSTRY

A 3-yenr study of the cement industry by the United States Pullic
Health Service (/28) revealed the following:

X.ray Nims were obtnined of the cheats of 53 eniployees In reveral different oc-
cupetional groups, length of service varying from 6@ months to 15 years. On the
bnsair of the Nndings these employeers were clagraifled Into five groupa, ar follows:
(1) Those showing evidence of pnenmoconloaln, (2) those showing evidence of
tuberculoala and pneumoconiorls, (1) those negative for pneunmoconionla, (4)
thoae showing evidence of tuberculosis without pneumoconiosis, and (H) doubtful
cnses.

The earliest cnre of pneumoconionls appeared after 3 yenrs' exposure to cvment.
Of the 83 men aelected, 37 had been In the Industry more than 3 years and are
therefore usedd ar a banin of compariron. Among these 37 men 15 showedd
evidence of puncumoconiorls, 3 of the 156 alao having tuberculosts, In the group
of 22 who showed no evidence of pneumoconiosis 8 gave evidence of arrested
tuberculorir, 4 showed no evidence of either pneumocontosin or tuberculosin
while 10 were consldered doubtful,

1n none of the cnrea showing pneumoconlosin were there any clinleal saymptoms
of the condition, altheugh the generat fibrosis present and its distributlion
through the lungs were Indlentive of the condition.  Cement workers appeared
to have ore than & normal smount of catelfled noden in the lungs,

Of the 870 workers examined 21, or 8.7 percent, were diagnosed ag elther posl-
tive or puspeeted cnrem of pulinonary tuberculoris.  In only two cares, however,
wan the dlisense nctive at the time of the first rerles of specinl chest examinn-
tlont, and nelther apperred to progress g the result of expoutire to the dusta,
In the history of hoth cases It war evident that the dizenre had developed bhe.
fore the men entered the cement ndustry, One of them died about A year
after the atudy closed, while with the other the dreave appeared to huve become
quiescent when the atndy waa clored.  All the rest of the eawxes, with the excep-
tion of three, which were doubtful as to dingnosis, appenred to have developed
their lestona before they entered the Industry and were contluulng in their
occup.atlons withont any evidence that the leslons were progressing.

Russell (729) caleulated that the frequency of disability due to
respiralory diseases among cement workers was twice s great s the
average rnser{\tory rate among employees of 11 wanufacturing
plants in relatively nondusty industries. Thoe highost rate for nh
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respiratory diseases in any one of these establishments was 30 percent
below the rate for cement workers.
In 1935 the Portland Cement Association uested the Saransac

| Laboratory to survey a representative group o its member plants
: and examine a large number of employees to determine whether there
‘ was & dust hazard in the cement mdustry. In the report issued in

1939 (130), it was stated that the survey of 17 cement plants and ex-
amination of 2,278 workers revealed that the incidence of tuberculosis
and other chronic infections of the lungs was less than that in the
[ general population. It was concluded that prolonged inhalation of
| cement dust has no unfavorable influence upon susceptibility to tuber-
culous infection. The results of this survey seem to contradict the
conclusions reached by Russell (729).

POTTERY INDUSTRY

v —————

A physical examination of all but about 1 percent of the workers in
; nine West Virginia potteries was given between July 1936 and Jul;;
; 1937 by the United States Public Health Service (137/). Of the 1,62
men and 889 women examined, 106 men and 17 women were in the
first stage of silicosis; 55 men and 5 women were in the second stage;
and 6 men were in the thivd stage.
- In Ohio (726) in the four divisions of the ceramic industry which
form the whiteware group—china, tableware, floor and wall tile, and
insulators and sanitary wure— 42 silicosis clnims were allowed in the
period August 1, 1937-October 1, 1940 21 of the claims originated
in china and tableware plants, 17 in floor and wall-tile plants, and
4 in electric porcelain plants.

r BILICA AND FIRE-BRICK INDUSTRIES

’ Pennsylvania is the largest producer of silica brick in the United
States. Four rorresentnti\'e lants engaged in this industry were

1 investigated by the Bureau of Industrial Hygiene of the State De-

rnrtmeut of Health. The results of this investigation were pub-
ished in 1941 Y' ¥).  DPhysical examinations of 1,035 silica brick
workers revealed that 538 (51.9 percent) had silicosis. Tuberculous
infection was found in 193 (11.9 percent) of the 1,035 examined.

A study, reported in 1945, wns made by Stalker (/33) in the re-
fractory-brick industry in Kentucky, which ranks fourth among the
States in production and in number of people employed in the
industry.

The manufacturing processes employed in these plants are of the
conventional type and nre basieally similar to those de<eribed in the
Pennsylvanin si‘icu-brivk study (152). The raw materials and matur-
ing temperatures, however, are quite different from silica brick. "The
raw plast¥e clay contains 17.7 percent SiO, and the raw flint clay
7.1 percent SiO,.

To determine the hazard of silicosis to which the workers were ox-
posed, 876 men were examined, representing 87 percent of the em-
ployees. The term “pneumoconiosis™ is used by the investigntors
(134) for the characteristic pulmonary chango noted in 11 percent
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of the men examined. This change was riot of the type or magnitude
usunlly accepted in compensation courts as the discrete, nodular
fibresis of silicosis,

The report of this study concludes that continuous employment in
the lirebrick industry, \vitﬁnut dust controls, leads to the development
of characteristic di%use, finely granular, pulmonary fibrosis. Con-
plomerate silicosia mny develop after long employment in dry pan
mills without ndequate dust controls,

AURTRALIA

In 1902, while n system of sewers was being dug in Sydney, Aus-
tealin, the Sewer-Works Ventilation Board (735) was appointed to
inquire into the working conditions and to recommend means of im-
provement. whereby the work could be rendered less hazardous. The
board found that—

For many years pnst miners employed in this class of work (tunneling) suf-
fered ncutely from a dirense which was for a long time known by the pather
miniending term “rewer disenre,” bhut ns the complnint became more wlidely
known It war strongly auspected that dust was the chlef cnuse of the mischief.

The board gave the fumes of explosives and the expired air from
the lungs of the miners in im{)erfcct]y ventilated tunnels as causes
contributory to the high martality but stated that the dust firm ham-
mering (lri{Iin;:, nand use of the pickax was probably the sole cause
of the disense once known ns “sewer disense.”

In 1912 Armstrong (136) investigated a reported epidemic of
pneumonin nt Broken Hill and found that the death rate from pneu-
monia among underground miners in that locality during 1910-12
wasg 6.6 per 1.000, or nearly 4 times as great as that for all males in
New South Wales, In 1914 a royal commission was appointed to
inquire into the mining industry at Broken Iill. With regard to in-
dustrial diseases, this commission stated that pneumoconiosis and
plumbism were among the risks of a miner’s calling, while other dis-
enses—for example, pneumonin—were added risks but not strictly
industrial beetuse they affected other than miners.  From unanimous
mediceal testimony the commission concluded (736) that pneumonin
wns more prevalent, severe, and fatal among miners in Broken 11ill
than among nn?' other class in the State, Ithough attributing the
disense primarily to sudden changes in temperature, the commission
advanced the opinion that dust inhalation in any }m‘m would pre-
dispose to disense. 1t also stated that pneumoconiosis was virtunll
unknown at Broken Hill and blamed mining in other States for such
cases ns had been noted.  Tubereulosis, however, was a disense to
which the miners at Broken IhlL as elsowhere, were peculiarly sub-
ject, nud work in a mine was considered particularly dangerous for
any tuberenlons patients.

in 1919 the Technieal Commission (736), constituted to examine
the miners nt Broken ITill, for the first time in Australin used X-rays
in dingmosing silicosis a8 an occupntional disease. OF 4,337 mine
employees exanined, 193 were dingnosed as having pneumo-
coniosis—90 in the first stage, 44 in the second, and 59 complicated
with tubereulosis; 39 cnges were definitely dingnosed as suffering from
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pulmonary tuberculosis only, and 26 others were thought to be suf-
fering from uncomplicated pulmonary tuberculosis. Of 2,618 under-
ground men examined in 1922, 266 showed pneumoconiosis—113 in
‘ the first stage, 51 in the second stage, and 102 complieated by tubercu-
’ losis; 107 additional men were diagnosed as suffering from tubercu-

losis only.
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16 were dingnosed as having pulmonary tuberculo
The Workers' Compensation Commission of New

R

sis, and 10 silicosis with tuberculosis.

s i cond mines was 39.7.

culosis, Of all the workers exmnines
tubercuiosis valy—1.2 pereent of the und
the surface workers.

industry (135) concluded that—

partly on account of greater Habliity to nng disenses,

In 1922 the New South Wales Board of Trade, in conjunction sith
the Commonsealth Department of Health (796) investigated clini-
cally and radiologically the prevalence of pulmonary diseases among
workers in sandstone and other siliceous rocks in the metropolitan
district of Sydney; of 716 men examined, 123 were suffering from
silicosis. Under the standards set by the Broken Hill Commission,
47 of these were dingnosed as having first-stage silicosis, 38 second-
stage silicosis. and 38 pnenmoconiosis compliented by tuberculosis;

sis only.

Snuth{Vules (137)
reported on 1,300 of 1,500 workmen examined up to August 23, 1929,
as follows: Of 107 stonemasons examined, 9 ha(‘ tuberculosis, 17 had
silicosis of various stages, nnd 26 had silicosis with tuberculosis.
Theso men had worked in the industry 10 to 55 years. Of 20 monu-
mental masons examined 2 had tuberculosis, 1 class A silicosis, and 5
silicosis with tuberculosis. Of 37 ballast quarrymen, 1 had tuberculosis
and 2 marked silicosis. Of 80 dimension quarrymen, 6 had tuber-
colosis, 3 early silicosis, 2 marked silicosis, and 16 silicosis with tuber-
culosis.  Of 377 rock choppers examined, 12 had tuberculosis, 25 silico-

In 1931 Moore (737) veported an investigation in New South Wales
to determine the incidence of fibrous pneumoconiosis among coal
miners; 471 volunteers who had worked a least 10 yenrs underground
were examined by the Division of Industrinl Hygiene; 199 came from
1 mine, several employees of which had had puTlno:mry fibrosis; the
| remaining 277 volunteers were emplo\ved in 8 other mines of the

district.  The percentage of cases of tibrosis for all men examined
was 259, The percentage of fibrosis nmong men with conl-mining
history only ranged from 22.5 to 26.7 percent ; the pereentage incidence
among men who had worked also in metal mines or quarries as well

In Tasmania in 1928 (7.95), the various mining centers were visited
i turn and men examined elinieally and radiologically virtunliy at
the mine hend; 65 percent of the mine employees available were
examined.  Of 134 underground workers, 5.9 percent were suffering
from uncompliented silicosis and 2.1 pereent from silicosis with tuber-

l, 1.1 percent were suffering from
llt-rgrmuul and 1 percent of

In 1919 a royal commission appointed to report on pulmonary
disenses nmong the miners in the Western Australin gold-mining

The miner 19 more Hable to jung disense generadly than the average wnle over
10 years of age. The miner It jeas long-lived than the nvernge nmle over 15,
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Tuberculoais of the lungs Is on the increase among miners and {3 twice as
prevaient as among males over 105,

Pneamonta among the acute, aAnd bronchitis, asthma, emphysema, and fibroals
of the tungs among the chronlc lung diseases are more prevalent among miners
than among males over 15,

The following principle was Iald down:

Any man ruffers from flbrosis to the extent to which he is exposed to the con-
tinued inhalation of mineral dust. 1t there 18 no dust, there will be no fibrosis,
and converrely, the continued inhalation of dust certainly produces fibrosis.

During an investigation (138) of pulmonary conditions of mine
employees in Western Australin in 1925-26, 3,039 men were examined
at Knlgoorlie and 1,028 at 9 other mining centers throughout the State.
Of the 4,087 men examined, 798 (19.6 percent) presented definite evi-
dence of pulmonary silicosis, and 155 (3.8 percent) had tuberculosis;
12 of the latter group had tuberculosis without silicosis. Of the 1,759
surface workers, 6.6 percent had silicosis, 1.5 percent silicosis with
tuberculosis, and 0.3 percent tuberculosis alone.  The surface workers
engaged in dry milling without previous underground experience
showed tho highest incidence of silicosis—9.6 percent were affected
commred with 2.2 percent of the employees engaged in wet milling
without dry-milling experience and 2.0 percent of those who had haﬁ
no wei- or dr?'-millmg experience. Of the 2,308 underground workers,
2:3.3 percent had silicosis, 5 percent silicosis with tuberculosis, and 0.3
percent tuberculosis nlone. At least 51.6 percent of the workers en-
gnged in developing and 39.2 percent in stoping were aflected with
stlicosis or tuberculosis, in contrast with 8.4 percer * of those without
stoping or developing experience.

Sinca 1926 the mine employees in Western Australin have been
examined annunlly by the Commonwealth Department of Health
(138). Of 2,290 men previously clnssed as normal, 30 (1 3 percent)
wers found on reexnmination in 1927 to be suffering from uncompli-
cated silicosis and 13 (0.5 percent) had tuberculosis only; of 491 diag-
nosed 8 silicotic, 86 (17.5 percent) had silicosis with tubarculosis, Of
2,822 men clnssed as normal in 1927, 48 (1.7 percent) had progressed
to 192§ to silicosis only, 11 (0.4 percent) had progressed to silicosia
plus tuberculosis, and 3 (0.1 percent) had simple pulmonary tubercu-
losia; 25 (5.9 percent) of 425 silicotics on reexamination showed signs
of tuberculosis complication. Of 2,293 normals reexamined in 1929,
100 were dingnosed ns silicotic. Silicosis was not disclosed in any case
under 40 years of age or with less than § years of underground work.

Badham (139) reported that, of 477 conl miners working in the
same pit, who were examined in 1930, 25 showed evidence of fibrosis.
In New South Wales 116 of about 10,000 conl miners employed under-
ground had been compensated,

Tabulation of data resulting from the examinations conducted from
1995 ¢ 1029 revenled a stendy decline in the incidenco of advanced and
early silicosis and an incrense in the number of normal persons em-
sloyed in the mines from 80 percent of the total to 95.63 in 1939,
L‘ur example, 11.4 percent of the miners examined in 1925-26 had
early silicosis, and in 1939 the percentage was 4.0; comnparable figures
for advanced silicosis were 4.5 and 0.1 porcent, respectively, and for
silicosis and tuberculosis 3.3 and 0.2 percent, respectively.
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In 1907 a report on miners’ phthisis to the Committee of the Bendigo
Hospital, Victoria, Australia (735) stated that there was undue mor-
tality among Bendigo miners dune to respiratory diseases, notably
tuberculosis. The cases examined were cﬁ\ssiﬁe({ according to two
clinical types—a pure fibrosis of the lungs, nontuberculosus in origin;
silicosis; and a mixed type with a tuberculous infection in a fibroid
lung. Of 61 men examined in Bendigo in 1928, 9.4 percent of the un-
derground workers were diagnosed as suffering from uncomplicated
silicosis and 7.5 percent from silicosis and tuberculosis; 3.3 percent
of all workers had tuberculosis only.
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CANADA

Elliott (140) was the first to direc. attention to silicosis in Ontario,
! Canadn; in an article on Silicosis in Ontario Gold Mines, published
in 1924, he reported that 3 of 11 underground workers examined by
him presented evidence of silicosis, indicating that the disense was
being contracted in this mining aren. In 1925 and 1926 a further sur-
vey was made by the Industrinl Hygiene Division of the Ontario
l)oynrnnont of Health. Miners with more than 5 years’ experience
underground in the individual mining area and with no exposure
ta silica dust elsewhere (n few of those examined had had some expos-
ure elsewhere) were given a physical examination, Of 1,220 men ex-
amined, 74 showed evidence of silicosis—52 in the anteprimary, 11 in
the primary, and 11 in the secondary stage, .

During the period April 1, 1926-April 1, 1927, a survey of silicosis
was made in the Porcupine group of mines in northern Ontario under
the auspices of the mine operators in compliance with the amendment
to the Miners’ Phthisis Act of April 8, 1926, bringing silicosis under
the status of a compensable industrial disease, Approximately 4,000
miners were examined for tuberculosis, silicosis, or both.  As a result,
94 silicosis claims were submitted for compensation. According to
the South African nomenclature 39 of these 94 cnses were diagnosed
ns anteprimaries, 28 as primaries, and 27 as secondaries; in addition,
247 men showed either positive or probable tuberculosis (747).

From 1926, when silicosis was included in the list of compensable
diseases under the Canadian Workmen's Compensation Act, to 1040,
462 claims had been nceepted for compensution (142),

NETHERLANDS

In The Netherlands (743) a medical examination of 2.013 stona.
mesons it 18533 vevenied 104 tuberculous cases and 10.8 percent strongly
suspected of having tubereulosie,  During the period 1891-1900 the
i death rate adfong stonemasons for all men between 18 and 50 years
4 of age was greater than in any other occupation. Even such injurious
occupations as typesetting, cigarmaking, and diamond cutting showed
considerably lower denth rates. The denth rate in tho age group

L\ 18-24 years differed little from the average for all occupations; the
L ; highest death rate was noted between 36 and 50 years.  Of 952 stone-
: masons dying during 188G-98, 87 percent died of diseases of the re-
ff spiratory organs. The first genernl examination of adult stonemasons
%
i
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was conducted in 1923, the second in 1926, and the third in 1929, In
1923 in nearly half the cases the X-ray gave more information than
the physical exnmination. Of 6% cases in 1929, lung affections were
not shown clinieally in 19 but were shown in the X-ray examination,
and in 38 cases they were shown both clinically and by X-ray.

On examining stonemnsons who, in the course of their {ives, had
worked certain kinds of stone and others who had worked nore than
one kind of stone, Kranenburg (743) reported that, of 16 sandstone
workers, 2 were in the second stnge and 5 in the third stage of silicosis
after 20 to 30 yenrs' employment in the occupation; of a total of 74
Belginn limestone masons, only 5 were in the second stage and none
in the third stage after the same number of years’ employment in the
occupntion.  Using the third stage for comparison, the proportion was
more unfavorable nmong the 90 stonemasons workitg various kinds
of stone including sandstone than among the Belgian limestone work-
ers, although relntively favorable in comparison with the sandstone
workers. .\ striking fact was the large nuber (77) of Belginn lime-
stone workers who .‘l:'lm\\‘od no affection after 10 to 30 years’ employ-
ment compared with only 4 stonemnsons working all kinds of stone.
Fewer enses of third-stage silicosis were found nmong Belgian lime-
stone workers after 40 to 60 years’ employment or longer than among
snndstone workers.

In his general conclusions Kranenburg (743) made the following
statement. regarding the effects of sandstone and limestone:

The working of randstone alone must 1w regarded as more Injurtous to the
lungr than the working of lhnestone alone, ‘T'he working of sandstone ajlone
dnes not nlwnys lend to rymptoms of fillcosia and, on the othier hawd, the ok
tng of Hmestone nlone (Helginn Hmestone, marble) does not prevent silleoafs in
n mertonr form,  ‘The working of sandstone and limestone alternntely appenrs to
produce less gerfous resilts in the rRame pertod than the working of sundstone
rlone,

An inquiry by Vossenaar and Doubrow (744) into the respiratory
affections of 600 men working in the conl mines of The Netherlnnds
from 1929 to 1936 rovenled m’:\y one worker with an image of micro-
nodulation; all the others presented a perceptibly normal thorneic
image.  Sixty of the 600 workers hnd been employed at rock drilling
for more than 20 years, the others for more than 10 years.

Tn 1935 an inquiry was made regarding silicosis in the conl mines of
Belpinm by 15 particularly competent medieal men (744). One thou-
caned working miners were given NX-ray examinations; 900 of these
hind worked exclusively in rock (tunnelers) s and 100, used as coutrols,
had been occupicd exclusively in working the conl seam. Normal
suhjects were t.]]m exception in all workers who had worked for nt least
10 years in the mine. A considerable number of them were sufferin
from extensiva ar highly develaped fibrous or even from nadular an

sendotumoral fortns,  The investigntors were surprised to discover,
i workers employed on the coal seam and not in direct contact with
rock dust, as high a proportion aflected as among rock workers,

During the 10 years from 1936 to 1946, periodic r ntgenologic
examinntions were made by the Medical Service of ‘The Netherlands
Colliers (146) of workers in rock in the Stata mines Hendrik, Emnma,
Wilhelmina, and Maurits, A total of 2,300 workers in rock were ex-
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amined. During n period of more than 10 years, 4,977 NX-ray pictures
were made of the lungs of 2,320 underground hard-coal miners \\'_orlf-
ing in rock ; 10.15 percent of the pictures revenled mild pneumoconiotic
changes (reticulation and silicosis type 1); 1.45 percent showed maod-
erate changes (agreeing with silicosis type I1) ; and 0.54 percent indi-
cated more severe changes (as with si!imsis type ITI). Although
these figures refer to rock workers, Mey (746) states that:

The thought obtrudes that nat only the rock work gives rise to the appearance
of pneumoconlotic changes.

ct i~ w = e -
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DENMARK

An X-ray examingtion of 461 men and 337 women employed in 5
Danish porcelnin works (747), reported in 1934, showed that 5.2
percent of those examined had silicosis and 100 percent of those over 50
years of nge were affected.  This investigation led to the introduction
of preventive mensures, the eflicncy of which was studied in 1941 and
1942, Radiographic examinations were made of 39 workers, 32 of
whom had been examined in 1932, This follow-up study revealed that
it is most diflicult to he certain of the rndiographic dingnosis of enrly
porcelain silicosis,  Some of the cnses re mrtv({ as having mild or be-
ginning second-stage silicosis at the earlier examination showed “no
or no certain silicosis” at the examination given in 142, The authors
coneluded that. great experience is required to be fairly sure that an
X-ray film indiented incipient silicosis. Gudjonsson and Mdller (747)
found silicosis widespeead among the 951 porcelain workers they
examined in Denmark.

V. Stub-Christensen (748) examined workers in the foundry, stone-
cutting, grindstone, cement, scouring-powder, polishing, tile, and
sand-blasting industries of Denmark. Al of the 90 foundry workers
except & were able to work at the time of the examination, ‘The author
observed that, with these workers, silicosis apperred between 10 and
19 years of work; beyond this period all the workers beeame aflected.

Fifty percent of the molders in a lnrgo foundry examined by Komis-
sareck (148) presented rather serious pulmonary affections, the typienl
disen<o images appearing only after 30 years of exposure.

! Of 23 grindstone cutters examined 17 had silicosis, o

In the cement industry Stub-Christensen found slight silicotic les.
ions after 10 to 20 years' work; after 40 years® work the lesions were
wesent in almost 100 percent of the workers; 66 percent of his enses
{m(l lesions of the first stage, 8 percent of the second stage, and 5.5
pereent of the third stage. ‘I'lie author states that, in the cement in-
dustry, vigorous physique does not appenar to protect the workers
against pulmonary lesions.  In the polishing industry, of 40 workers
examined 145 percent had silicosis in the second stage; none was in the
third stage, and none had silicotuberculosis. ,

e

FRANCE

3 On October 16, 1860, the Medical Gazette of Lyon (149) stated:

1t haa been established by recent atatlaties that among the workers employed In
the mines of Cornounltlles GUkn n 100 dled of disense of the chiest, while o the rest
of the population 31 in a 100 dled of thls cnnss,
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Between April 1042 and May 1943, Martin and Roche (750) exam-
ined 609 rock miners. Six of these had ordinary tuberculosis. “Radio-
logic devintions were observed in 102 or 16.9 rercent of the remaining
603 miners. Coal dust was incriminated by the authors in the genesis
of 14 cases of pneumoconiosis in rock workers who had been employed
in conl previously. )

Experience for 12 months preceding August 1943 of the chief physi-
cian (761) of the new Society of Coal Mines of Bouches-du-Rhone did
not reveal a single case of pneumoconiosis of silicotic appearance
among lignite miners. Little dust is produced in the extraction of the
lignite, but a hazard exists in working the lignite. TFifty-five workers,
some of whom were the oldest and some of whom had worked for a long
; time drilling in the rock encasing the lignite veins, were considered as

suspects. They were examined clinically and radiologically; 47 of

) these workers showed no inarked paeumoconiosis and no trace, past or
resent, of tuberculosis. Eight of the 55 workers were clearly patho-

ogic, but only 2 had spent all their occupational life in the oxpf’mtation

ofli;_mit(‘; both of these revealed important pulmonary fibroses but

i did not have the clnssicnl signs of silicotic pnewmoconioses.

i INDIA

| In the many discussions on the incidence of silicosis among quartz

‘ miners in various parts of the world, the Kolar field in India has been

: cited repentedly as an exception to the general experience that sili-

i cosis is an occupational diseasa among such miners, as is seen, for
instance, among miners on the Rand (/52).

The Rege Committee (143), however, reported in 1946 that silicosis
is an occupational—indeed the only ocenpational—disease prevalent in
the Kolar. Tt is now so recognized, and in 194243 compensation was
awnarded in 778 cnses,

According to Barenbrug (764), although classical silicosis does not
occur in the Kolar gold 'fio d. it i3 not denied that pneumoconiosia
(which means dust disense of the lung) does occur.  After many yenrs
of exposure to dust, this disease can be incnpncitnting. The condition
i« characterized by n heavy dust deposition 1n the lung with an absence
or n minimnal degreo of fibrosis, isnbility is absent for many yenrs,
but. susceptibility to tuberculosis is incroased.

Apparently the reason for the difference in the disease as it occurs

"in the Kolnr gold field and the Witwatersennd is due to the lower silien
content of the mina dust, wiich is about. 10 porcent, and the Kolar dust
is conrsor than the Rand dust.  The position as given by Barenbrug
{ 164) is that Kolar minars inhalo Inrge quantities of a relaiively conrse
dust (the number of particles rbove 20 microns in miners’ lungs is most
striking) composed mainly of silicates of aluminum, magnesium, iron,
enleinm, sodium, and potassinm and about 10 percent free silica.  The
Rand miners inhale relatively small quantities of a very fine dust with
t free silicn content of 70 percent.  Barenbrup estimates that the Kolar
miner inhales almost as much free silica as the Rand miner. If this

‘ ir accepted, the low toxicity of the Kolar dust must be due to dilution

of quartz by the silicates and/or the relatively large size of the dust
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particles. It is even possible that the silicates modify or inhibit the
action of quartz. .
Barenbrug (254) concluded his article with the following statement :

All this 1s conjecture but one thing 18 certaln. If Rand miners worked in dust
concentrations comparable with those existing on the Kolar gold fleld, silicosis
would be as rerlous & menace on the Rand as it was at the beginning of this
1 century. If the Rand reverted to dry mining the allicosis hazard would be the
most formidable problem to be faced and unless there is a revolutionary develop-
ment In methods of dust control It is difficult to foresee how it could be overcome.

3 The problem of the abillty of Rand miners to work eflicientiy in the altered con-
ditions of higher dry-bulb temperatures s of secondary importance. Acclima-
b tization to high temperatures kept at a moderate level with the ald of alr cooling

piants and Improved ventilntion is possible but as far as we know acclimatization
to inhaled silica particles is not possible.

ITALY

In Italy the first clinical and anatomical observations (156) prob-
ably were made by Ramnzzini. Biondi (J66) in 1906 noted that the
greatest damnge to the miners in the mines of Sardinin was due to the
action of dusts from gangue cor taining silicates. e al=o noticed that
virtually all coal miners were addicted to coughing and continued to
expectorate black sputum even some time after they had quit thei-
occupation. He found minor dust injuries among the Bergamo
miners in 1907, perhaps becausz they labored intermittently in mines
and on farms. However, in a few miners, especially the older men,
Biondi found pharyngitis and bronchial eatarrh, with dark sputum
due Inrgely to the black smoke of the candles used; he observed that
acute aflections of the respiratory apparatus were more serious and
more obstinate in these workers.

3 In 26 post mortem examinntions of Sardinian miners, Frongia (157)
1 in 1908 noted that the cause of death was in most cases an acute infec-
, tion (pneumonin); he also found among these workers many cases
s of serions and diffused arteriosclerosis, emphysema, and anthracotic

foci, with more or less diffused softening of the tissues and gangrenous
foci containing a black brothlike matter—the characteristic finding
of black phthisis. On the other hand, he found foci of bronchiectasis
due to tuberculosis infection in only five cnses.  Eiglity-five percent
of the fatal cases nmong these miners, therofore, were not caused by
tuberculosis infection.

Pesenti, Rotn, and Finzi (1548) in 1906 reported on health conditions
of workers in lime, cement, and plaster. Pesenti affirmed the high
incidence of pnemmoconiosis among workers in cement and plnster
but did not includo proportionnl statistics. He believed that inhala-
tion of cement dust neither produced tuberculosis nor favored tho
progress of the disease. Rota and Finzi found that, of 63 deaths
mnony\éthe permanent workers engaged ontirol{ in lime aud coment

8 e
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R work, died under the nge of 40 and 11 under 50. 'The cause of
N : :

i denth in 20 of the 63 cases was pulmonnary diseases—9 acuto pnen-
fs monia, 2 pleuromedinstinitis, and 9 tuberculosis. Rota and Finzi
F stated that there was no truth in the statement that workers in lime-
X kilns enjoyed a certain immnnity from tnberculosis.  On the contrary,

they claimed that the greatest toll to this disease wns paid by kifn
workers.  For example, 9 of 35 denths of such workers were duo to

-
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tuberculosis,  Physical examination of 218 factory workers revenled
122 cases of harsh respiration in the upper respiratory passages, owing
certainly, they asserted, to an incipient pneumoconiosis or infiltration
of dust into the peribronchial lymphatic channels. Harsh respira-
tion was more common in those employed for a long time, especially
those who had worked 10 to 12 years; it was evident in 52 of 128 kiln
workers, 18 of 26 workers transporting stone, and 43 of 50 crushing-
machine operators, baggers, and porters of sacks. Many workers were
also emphysemntous. |

Bianchi (1592) mnade a eareful clinical and radiological examination
nf 260 workers employed in more or less closed workrooms, as sculp-
tors, rough hewers, modelers, nud workers in grinding rooms.  After
excluding all ensec of suspected syphilis and other chronic lesions, he
studied 73 workers in marble who had no inherited disease or previous
disease history and were free from definite or suspected symptoms of
affections of the respirntory pussages that might come under the
category of common mmfections.  X-ray examination revealed diffuse
nodes of thickened tissne spread over almost the entire respirntory
surface. In these enses he could determine only a slight percentnge
(20 percent) of functionnl alterations with symptoms of chronic bron-
chitis n1d pulmonary emphysema.

As the result of a radiographic and clinical examination of 105
Carrarn mn. bleworkers employed in marble grmdm{: and of such
workers as sculptors, rough hewers, sawyers, and polishers Turano
(160) concluded:

The changes met with among Cnrrarn marbleworkers may be classed In the
Initinl ptage of pnenmoconiosls, that Ir to any, comnprising the least serious forms
of the dlsense, atich na the very marked velnforcement of the pulmonary onttine,
due rx demongtrated hy perronnl ohservations, to the processes of arteritla and
Irmphangitia, and 1y certnin cnren equally to conditions of emphysrema usunlly
present among those workers,

1 have also found frequent plenritie changes which enn be relnted to Inhalation
of marhle dunst, but never lesiona of the pulmonary parenchyina,

The radiologlen] aspect of pulmonnary tuberculosis among workers examined
1a, on the other hand, highly important, aince it sRhows an atypteal pieture on
which are noted leriona with unusunl aftex and apleal and athelavieulnr regtons
unnffected. It Is thirx fact which has led me to admit the probability of a com-
bination of pnemmoconiosir and tubwreulonts,

Finally, statistienl re well ar radlologleal data Justify abrolute exclusion of
the theory of a particular benlgn or mnlignant conrse of tubereilosts nmong
mnrbleworkers, nn Hkewire of any kind of predisposition to the sald apecific
direnne.

According to Parmegginni (I61), social consideration of silicosis,
which before compulsory insurance was almost nonexistent, suddenly
was pressed on the attention of doctors, industrinlists, and magistrates
bet ween 1937 and 1943,

In 1941, 1,773 appeals were forwarded to the section on labor con-
troversies of the Tribunal of Milan; 883 (or 47 percent) were for
{)hysicnl injuries of persons due to work. This group was divided
yrondly into accidents and disenses while at work. The diseases in-
cluded 654 cases of silicosis (08 pereont) and 11 cases (2 percent) of
other diseases; 602 of the cnses of silicosis were examined by Par-
meggiani (161).  Of the 602 trinls for silicosis 349 (58 percent) were
conducted (o the end; of these, 142 were promoted by the workers who
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had worked in dusty industries limited to the Province of Milan. The

J'udgment of the cases was as follows: Favorable to the workers
és“‘COSis ascertained) 201 (58 percent), unfavorable to workers
silicosis nonexistent) 148 (42 percent).

RUSSKIA

In Russia an extensive field study was made in 1930-35 (162) at one
anthracite and two bituminous-coal mines in the Donetz Basin; it was
carried out under the Ukrainian Centra} Tuberculosis Institnte and
the Donetz Institute for Industrial Hygiene and Occupational
Disenses,

In the Khrustalny (anthracite) colliery, pneuroconiosis was found
in 11.1 pereent of t{\e 298 men—5.7 percent in stage 1, 2.3 percent in
stage II, and 3.0 percent in stage IYI. In the Vetka (bituminons)
colliery, the incidence of pneumoconiosis was lower, being found in
3.3 percent of the 1,329 men; 2.3 percent in stage I, 0.9 percent in sta
I, and 0.1 percent in stage 1LI.  In the Gorlovka (bituminous) col-
liery, the incidence was also comparatively low, being found in 2.3
percent of the 987 men: 1.5 percen: in stage I, 0.5 percent in stage II,
and 0.3 percent in stage I1I.
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fROUTH AMFRICA

BRAZIL

The high temperatures found in the lowest depths of the Morro
Velho, the deepest mine in the world, do not permit wet drilling. In
1939 a commission of three doctors (163) examined 2,197 of the miners,
908 of whom were X-rayed; 304 were found to be definitely silicotio—
that is, 33.48 percent of those X-rnyed and 13.83 percent of those

examined.
ORILE

During the period 194245, more than 1200 persons suspected of
having pulmonary silicosis entered the Instituto Medicina del Trabnjo
dela b()ju de Seguo Obligatorio (Medieal Institute of the Compulsory
Insurance Fund) (764) in Chile, T'wo hundred verified cnses of sili-
cosis were annlyzed ; [72 were pure pulmonary silicosis and 28 silico-
tuberculosis. Al of those examined worked in the copper mines,
except. 20 who were employed in industries manipulnting quartz, as
glassware, and in cornnne factories,

As n result of his recent studies in South Americs, Bloomfield (1765)
found it is well-known that in Chile many workers with silicosis are
still employed in industrin} establishments in which silica in the form
of quartz is handled.  For exnmple, 15 percent of 1,000 copper miners
examinedvin 1946 were found to have silicosis with varying degrees
of disability. The company indemnified 62 cases that year. In the
sumo mine, nearly H00 silicosis enses had been settled during the precod-
ing 12-year period.  Although dust hazards are now being controlled
in this (\stnh'lislmmnt. there nre still nprmximuloly 150 men employed
by the company wha will eventunlly be compensation enses becnuse
of previous dust exposure,
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PERU

According to Bloomfield ﬁl()/ﬁ), although Peru has had an occupa-
tional disease compensation law since January 12, 1935, it is virtual\)ly
impossible to obtain nation-wide statistics on the incidence of occupa-
tionaldisenses. One firm that employs nearly 12,000 workers reported
that 271 cases of silicosis were certified by its medical department for
payment in 1946.

Other examples of occupational diseases in Peruvian industry are
at hand. In one mine, which employed nearly 1,500 workers at its
various installations, some 1,900 applicants for work were examined
in 1946, Three percent of these were rejected because of silicosis, ap-
parently acquired elsewhere. Another mine employing some 500 men
examined 890 applicants for work during the first 6 months of 1947,
Nine percent of these men were rejected because of silicosis and 14
percent because of tuberculosis. Still another mine, employing about
450 men, reported that 8 percent of its workers had silicosis and tuber-
culosis. Another mine employing 500 workers reportec 26.1 percent
illness among its workers. The causes were pneumonis, _rippe, bron-
chial pneumonia, and silicosis. ‘There were 84 cases of 4ilicosis at this
establishiment. At this same mine, 19 percent of 817 persons examn-
ined for employment in 1940 were rejected because of silicosis and
tuberculosis.  Of the 156 men rejected for these 2 causes, 128 had sili-
cosis. And finally, the experience of still another mine was available
for the period 1935 through 1942. During those 8 years, »f some 6,499
men examined, 14.3 percent were found to have silicosis. During the
same period, only 1.9 percent of those examined were found to have
tuberculosis.

It is obvious from the above data, even though they are from scat-
tered sources, that high rates of silicosis and tuberculosis exist
throughout Peruvian mines and mills, Unquestionably these rates
are an underestimate, since it is known that a high labor turn-over
tends to mask true conditions. ILabor turn-over in the factories is
alight, with the exception _of one factory where it was reported to be
50 percent. annually; but in most of the mines it is extremely high,
running from 35 and 50 percent yearly to more than 100 percent, espe-
cially for unskilled labor.

SPAIN

A very high illness frequency of pneumoconiosis was reported
(166) in 193& among the Rodaquilar coal miners. Of 110 workers
empleyed in the mine, 40 exhibited more or less advanced disease, al-
though the mine had been o‘)enml only 6 years. Suspected or detect-
ablo changes appeared on the radiograms of these 40 miners, 22 of
whom showed silicotic and tubarenlone changes. There were 12 cases
of silicosis I, 2 cnses of gilicosis 1T, and 9 enses of silicosis TII. It was
also determined that 10 workers had died of silicotuberculosis during
1935,
AWEDEN

In 1942 Bruce (.7.6‘) i1ssued n report of a clinical and industrial medi-
cal study on silicosis as an occupational disease in Sweden. The study
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included porcelain factories, iron works, sand blasting, smelters, sand-
stone and quartz crushing, quartz mills, sandstone grinding shops, and
mining. . . :

Among the 2,631 workers examined by the investigator in the in-
dustries mentioned 99 were suspected of having silicosis, 625 (23.7
percent) had silicosis, of whom 408 were in the first stage, 141 in the
second stage, and 76 in the third stage.

The higﬁest percentage (45.0 percent) of silicosis cases was found
amonﬁ sandstone grinders; however, only 20 were examined. The
next i%:\est percentage (35.4 percent) of silicosis cases appeared
among the 229 casting cleaners, followed in order by the furnace ma-
sons, with 31.2 percent of 80 workers examined ; the iron-ore miners,
with 27.3 percent of 959 workers examined; the sandblasters, with
26.7 percent of 15 workers examined; the quartz-mill workers, with
24.6 percent of 65 workers examined ; the porcelain workers, with 23.5
percent of 614 workers examined ; the founders, with 19.0 percent of 259
workers examined ; those employed in shaking out, with 12.5 percent of
24 workers examined ; employees other than casting cleaners of casting
cleaning plants, with 10.5 percent of 86 workers examined; furnace
workers in silicon alloy plants, with 8.2 percent of 170 workers exam-
ined; and zinc and lead miners, with 4.9 percent of 81 workers

. examined.

The Swedish coal mines appear in & much more favorable light than
those in Germany, owing to the natural humidity of the mines which
f)revents formnation of much dust. Since 1931, when the rock-dust

ung came under the general law compensating industrial diseases,
no case of silicosis has been reported in the Swedish coal mines.

Gf 543 underground drillers in the metal mines of Lapland ex-
amined, 215, or 39.6 percent, had silicosis. :

SWITZFRLAND

According to the reports received by the Swiss National Casualty
Fund (167), the number of cases of silicosis reported for miners had
increased from 2 in 1935 to 94 in 1944, Tho total of all reported cnses
of silicosis was 850, of which 367 were miners and 483 workers in other
occupations,

From January 1 to December 31, 1945, the medical service of the
Central Administration (168) has been required to pronounce defi-
nitely on about 2,500 reports of examinations and X-rays of insured
persons exposed to silicosis and examined according to the require-
ments of the Federal Council and about 300 reports of registered in-
sured according to article 65 LAMA (occupations exposed to quartz
dust, excluding working in galleries, tunnels, and in mines).

Of those examined, 112 were declared disabled by silicosis or sili-
cotuberculasis, and 66 were declared able for siliceous dust-producing
occupations.

Up to 1947 about 1,400 cases of silicosis have been determined in
Switzerland (169).
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TYPES OF DUST IRJURIOUS TO HEALTH

The relation between dust inhalation and lung disenses was recog-
nized very early, as indicated by the literature cited, but it was also
recognized that certain dusts caused severer symptoms with quicker
fatnﬂssue than others. As the symptoms caused by inhalation of cer-
tnin dusts were long delnyed or were attributed to other causes, such
dusts were considered harmless and some even beneficial in the pre-
vention of lung diseases when inhaled with the more harmful ones.
Ancient writers seldom distinguished between the various forms of
respirntory disenses but rather referred to a general relation between
lung affections and dust inhalation (34), and no really scientific inves-
tigations of the workers or the dust were undertaken. Ramazzini, how-
ever. described the effects on workers of various types of dust produced
in such industries as the hemp and flax industry, silk combing, and
corn sifting, in addition to mining and similar industries. According
to Collis (34), the distinctions, implied or definitely stated, in Ramnz-
zini’s excellent clinical description of the types of respiratory trouble
which follow inhnlation of different dusts are—

the more notahle, heeausre even today pneumoconioses are plgeonholed in clinieal
tenching na a single entity, ascribed to exposure to any and every form of

injurlons dust, of which pulmonary fibrosis sums up the pathological findingr

and phthisis the morbid result,

In the decnde preceding 1862, when the study of public health was
organized in England (34), Greenhow made an elaborate statistical
inquiry into the influence of occupation on health in connection with
lectures on public health at. St. ‘T'homnns Hospital. Simon, then medical
officer to the General Board of Health, considered Greenhow’s inves-
tigation so important that liis report was published by the Board, and
shortly after when Simon became medical officer to the Privy Council
he entrusted Greenhow with the duty of further investigations in the

reat industrinl centers. The resulting reports were, nccording to
Collis (34), the first example of State medical inspection of factories,
and he madeé the following statement regarding them:

Throughout these reports runs as a theme the Influence of dust Inhatation In
causing pulmonnry direnge, whether among lead miners in Yorkshire, tin miners
in Cornwnll, needle polnters In Alcester, cotton operatives In Laneashire, finx
hecklers in Pately Bridge, metal grinders in Birmfogham and in Sheffield, conl
miners In South Staffordshiire and In South Wales, or stone dressers in Strowd.
Why work ro well started was then allowed to He dormant for so Jong, while
other nepectr of publie health were bhelng strenuously developed by medical
officers of henlth with inspectors of nulrances appointed for every town and
distriet, reinforeed now by a batallon of tuberculosta officers 1a astonlshing.

As a result of investigations in South African mines and in other
mining districts of the world so much attention was focused on one
particular dust—silica—ns the most harmful encountered in industry
that most investigators had accepted other dusts as harmless or of
negligible importance as health hazards in industry and the disease
silicosis resulting from breathing silien dust as the only important
dust disense,  Other dusts, such as the silicates (asbestos, for ex-
ample), have been found almost as harmful ns silicn  ust, but the
effect on the lungs is somewhat different from that of silica, and the
hazard not 8o widesproad.

.
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From general underground experience for more than 25 years in
coal and metal mines and from an intensive study of dust for 8 years,
Harrington (170) concluded that—

Any dust Insoluble In the flulds of the respiratory passages and In sufficiently
finely divided form to flont in the nir and be hreathed by underground workers
will ultimately be harmfu! to henlth if the dust Is in the air in large quantities
and i8 breathed by workers for considernble perfods of time. "This npplles to
insoluble nonmineral as well as mineral dusts or mixtures of them and ineludes
coal dust or mixtures of conl and other dustr, There are also some detinitely
harmful mine dusts which are soluble, and some dust experts appenr to belleve
that the so-called insoluble dusts under certaln conditions become soluble and
are harmful only when roluble.

An outstanding impression gnined by Ballantyne (/77) from the
reports of the Internationnl Conference on Silicosis was that silicosis
constitutes only one facet of a very large question—the prejudicial
elﬁect of dusts in general upon the human subject. Ho concluded
that—

It (sllicosris) 1a only one of several cloge-related pulmonary afTectlons due to
dusts of different kinds., It {8 the most fmportant of these, but only because It Is
the most detinitely known and ro many workpeople are exposed to the risk. In
the cnse of ashestos dust knowledge regarding the Injurious effects of inhnling it
ham advanced so far as to Justify the adoptlon of legizlative menaures analogous
to those relating to sillcosis. There are many other kinds of dust, however, as
to the effects of which, when inhaled, we have little or no knowledge, and the
investigation of which calls for early attention,

The report of the Silicosis (Medical-Arrangements) Committeo is-
sued in London in 1929 (772) contains the following statement :

We are convineed that silicosts 1s more widespread than is genernily belleved
nwl that It occurs to rome extent in a number of Industries and occupations
where ita prerence has not been suspected.

In 1930 Kettle (/2) called attention to the harmfulness of breathing
dust :

Dusts of various kinds occur in the atmosphere tn all parts of the world, and
the fnhalution of these dnsts over perlods of years Inevitably produces chinnges in
the lungs, Everyone i« fandliae with the pigmented lung of the clty dweller,
nn example of n pathological change produced by the Inhntation of dust which s
of no clinleal importance whatever, but an exaggeration of this condition in the
conl miner causes deflnite symptome, and when the inhaled dust fr not the
relntively harmless carbon, but one of the much more sinlster posaibilitien, rerlous
pulmonnry changes develap  ‘The preuaoconloses have recelved leas attention
than they deserve, even It texthooks of medicine and pathology. But to the
doctora whose patients are exposed to dusty trades, to those responsible for the
conduet of these trades, nnd to the factory fnspector pneutmoconiosls ls of great
moment.

In the report of n study of dust conditions in German industries,
published in 1932, Lochtkemper and Teleky (80) stated in the
K'l”""l"!'y'

The breathing of any dust leads to Injury of the lungs, 1€ 118 intenstve enough
nnd continu¥l long enough,

With tutenslve nnd long-continued Intondntlon of dust, entlrely quartz Cree dusg
lends to lang chnnges eloarly recognlzablte n the X-rny pleture. The Bloml veraels
nppent more clearly detined ; there are nlso more humerour awd thicker honey-
b formations, nlro Iutiitiated mottitng which, however, never shows the very
sharp delineation nnd denslty eaused by quntte.  ‘The subjective sy miptoma refern-
hle to the changes are allght s there I none of the lung rigldity characteristle
of atlleoais hut o complieation  of  disenses, enpecinily  bDronctilectasia and
emphysemn,
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It Is theoretically posrsible from the report that many of the occupational dusta
brenthed in Immense amounts over a very long time lead to changes not recognized
by us today.

In a discussion of etiology, pathology, and physicnl signs of silicosis
Lovey (173) stated:

However, a lung filled with duat fa a wounded lung and should be consldered
an subnormal in ita vital renistance toward the unret of dirense., A lung con-

taining silica dust han a strong predilection toward the onset of tuberculosia,
This susceptibility In unurual.

TERMINOLOGY OF DUST DISEASES

The following terminology of dust diseases of the lungs (174) isnow
used by most writers on the subject :

Pneumoconiosis.—A general term covering all dust diseases of the
lungs, fibrous or nonfibrous (from Greek pnewmon, lung, and konis,
dust).

Snl)icosis.—A fibrosis caused by free silica (or quartz) and the best-
known scientifically of the dust disesses of the lungs.

Silicatosis.—A type of fibrosis found after exposure to certain min-
eral dusts and assumed to be caused by various silicates. It is distinet
from the sharply defined, coarse, nodular fibrosis caused by silica
dust.

Anthracosis.—A dust disease of the lungs found in coal miners; it
is ill-defined and is presumed to depend on inorganic dust in coal.
The lungs are black.

Siderosis.—A term applied to a fibrosis of the lungs found in metal
workers. The condition is ill-defined. The lungs are yellow or red
from metallic oxides, generally of iron.

Asbestosis.—A fibrosis of the lungs with characteristic microscopical
stigmata due to breathing asbestos dust, a silicate of magnesium.

n his biblingmph{ on silicosis, Carozzi (/1) called attention to
the arbitrary nomencinture that has been applied to dust disenses for
centuries. [hese diseases have been named at various times and by
various authors, nccording to (12 the lesions observed, as fibroid
phthisis, lung ﬁi)m_sis, cirrhosis of the lung, nud chronie interstitinl
menmonin; necording to (2) the cause, as dust phthisis, dust fibrosis,
!lnst lung, and dust disease; and acconding to (3) occupation, as
miner’s phthisis, collier’s lung or phthisis, miner’s lung, grit fibrosis,
gritty phthisis, grinder’s rot or lung, grinder’s disense, cutter’s lung,
stonemnson’s lung of phthisis, millstone maker’s phthisis or disease,
knapper’s rot, stone hew.'er's (illst lung, quartz lung, and Phthisis of
potters.  Some nuthors instend of phthisis used the term “chalicosia™
or “asthmn,” accompanied by the occupation.

PNEUMOCONIOSIS

The diseases resulting from inhalation of duste generated in in-
dustry during the progress of certain processes are now known generi-
cally ns pneumoconiosig, having been so named by Zenker, as men-
tioned previously.  In a brief summary of information regarding
certnin of the pnenmoconioses other than silicosis, Collis (174)
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1 called attention in 1931 to some of the respiratory diseases that may be
E cnused by dust but seldom are recognized as dust diseases. He classed
the inorganic dusts as insoluble, soluble and harmful, and mixed.
Under insoluble dusts he mentions that those from certain materials,
such as basic slag and emery, an oxide of aluminum, are insoluble in the
tissues. Inhaled particles fall on the walls of the bronchi and bron-
chioles, where they are entangled in secreted mucus and then swept
back by ciliary action to be expelled finally in sputum. If the ex-
osure to dust is excessive over a period of time, an inflammatory
iyperemia of the walls results, with excessive exndation of mucus;
finally the process extends beyond physiological elasticity: then de-
generation and destruction of the ciliated mucosa occur; microbic
invasion follows; and chronic bronchitis is established.

The process described by Collis is a reaction to the inhalation of
all dusts not rapidly absorbed: hence, bronchitis stands out as chief
of the dust disenses and during middle life causes much recurrent
invalidity and incapacity and, after middle life, high death rates
Dust bronchitis cannot {ye distinguished clinieally from bronchitis
due to exposure at hot furnaces, fumes in industry, or severe climatic
conditions; its association with dust inhalation, therefore, lacks
recognition,

If the dust particles are small enough (5 microns or less) to be
drawn into the finer bronchioles and alveoli, which are the sent of
attack for pneamococei, a similar reaction is stimulated, the resist-
ance of these parts to infection is lowered, and pneumonia results, ~—
Pneumonin is even less recognized as a dust disease than bronchitis;
nevertheless, mortality records of those employed in dusty occupa-
tions are high. However when fine particles of insoluble dusts are
carried by phagocyted dust cells from the alveoli into the lymph
stream and lymph nodes of the lungs they tend to remain there as
foreign bodies and do not provoke any particular tissue reaction.

Collis Sl?.ﬁ) said that the most-stm‘iml dust of the soluble and
harmful dusts in this group is that of silicn. The dusts of silientes
follow ; although many silieates, such ns fire clay and pottery clays,
appear to exert little if any harmful influence upon the lungs, recent
work hasshown that certain other silicates, such as basalt and asbestos,
renct injuriously on the pulmonary tissues. The renson for these
differences is not clear: but probably it lies in the constitution of
various silicates, the 8i(), rmllivul being less firmly attached to the
molecule in some instances than in others,

Collis (176) detined asbestosis us a pnemmoconiosis that advances to
n fatal end without the supervention of any characteristic infection,
It ican simpla duct conditinn, jnct ne ia simplh cilirosis: hat it i morpe
distressing in life and more rapid in its progress than silicosis. It
contrayr even more strongly with pulnmnnr{ mycosis, which is due to
a living infection upon otherwise henlthy lungs.

Regnrding mixed dusts, Collis (176) said that, as long as any dust
consists of only one substance, its influence ean be1solated and studied ;
but the ease is different when more than one substance is present in the
dust. Conl dust, which recently hns been carefully investignted (176),
is tnken ns an instanee in point.  No undue mortality from respiratory
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diseases was ncted among coal miners when the coal worked con-
tained little or no mineral mntter and the miners were not exposed to
other dusts, such as those arising from rocks intervening in the coal
measures. The miners in the Nottinghamshire coal fields furnish a
good example; the Iungs of these men may be as black as the coal they
work, but they remnain resilient and free from fibrosis .

Gooding 3177) stated tuberculosis which accompanies pneumoco-
niosis often Incks its usual features, and it is probable that more de-
tailed investigntion would reveal tuberculosis in 2 much greater pro-
portion of silicotic miners.

In discussing the nomenclature of dust diseases Pancoast and Pen-
dergrass (27) stated that, although silica ($i0,) seems to be the active
fibrosing agent in most conditions recognized as essentially a pul-
monary fibrosis, adherence to the general term “pneumoconiosis”
still seems advisable. Some other dusts undoubtedly cause a fibrosis
directly, and still others may either tend to retard the action of silica,
as conl dust and clny, or enhance its action, as alkalies in the mixtures
of silica and powdered soap in scouring powders. “Silicogis” is the
term much more frequently used, mainly because it is not so un-
wicldy and usually describes accurately the particular phase of the
condition under discussion. “Miners’ phthisis” appears in the laws
of South Africa but is otherwise an obsolete term generally recognized
as implying silicosis or pneumoconiosis. There is now reason to be-
lieve that silicates nlso produce considernble fibrosis throngh their
silicn content or through a specific action of their own,

Panconst and Pendergrass (27) stated that the occupational terms
are ndvianhle becnuse certain peculiarities have been attributed to the
dusts of those industries, even though the condition still remains
silicosis or pnenmoconiosis. For example, in anthracosis the action
of silica seems to be modified by the coal dust mixed with it; more-
over, conl dust alone may produce a mild fibrosis, Collis and Gilchrist
5176‘), in an investigation of coal trimmers working at the Cardiff
docks, discovered that inhalation of large amounts o?conl dust alone
over n period of years produced evidences of mild pneumoconiosis
which presented the smne roentgenographic appearances as silica.
It has {)con ruggested that clay hag a similar (-i{m-t, in protecting the
workers in rome of the operntions in the pottery industry but not all
of them. The terin “chalicosis” has been applied in the past to
pneumoconiosis of potters.

In recont years cortain voery unusual features in connection with
pneumoconiosis among nsbostos workers have hrought the term “pul-
monary nshestosis” into active use.

According to lnldane (778), evidence is accumulating constantly
that seattered fibrosis, giving essentinly thesame X-ray pictureas early
silicosis, is comparatively common as a result of excessivo dust inhala-
tion but without accompanying liability to tuberculous infection.
1lowever, he stated that this condition should not be enlled silicosis;
since it seems to arise from excess of any kind of dust, not merely
silieate dust, pneumoconiosis seems the most suitable name for it,

Silicosia and asbestosis are forms of pneumoconiosi that have been
clenrly defined clinieally; the other forms of pnewrmoconiosis, such as
anthracesis, sidorosis, nud many others, still lnck complete definition,




SILICOSIS 63

Although considerable radiographic evidence has been accumulated
on these latter types of occupational-dust exposures, corroborator
evidence has not been deduced on all of them from correlations of X-
ray findings with pathological anatomy, chemical examination of
tissues, and studies of the industrial environment (179).

The condition of the lungs giving a roentgen appenrance similar to
that of silicosis but causedkby inhaling certain nonsiliceous dusts has
been called (180) “benign” pneumoconiosis. Pendergrass and Leopold
(780) found it impossible to differentinte the roentgen appearance of
nodulation of silicosis or the pseudonodulation of benign pneumoconio-
sis from the shadows cast by many pulmonary diseases unassociated
with the inhalation of dust. The diagnosisof the pulmonary lesions in
such circumstances depends upon the collaboration of the internist, the
roentgenologist and the lnboratory technician. Pendergrass and
pold (180) conclude that—

To differentiate between silicos!s and benignm pneumoconlosis one must have
A detalled knowledge of the occupational history, the environmental conditions
of the worker and the precize Information regarding the nature, concentration
and particle slze of the dust to which he {s expared.
it l::dr::;:;wl stllcosis 18 usunlly disnbiing amt, when complicated with tubercuioals,

Advanced asbestosis produces dlsabtlity and ultimately may induce death
from cardince fatlure.

Benlgu pneumoconiosis produces nothing bitt shadows cast on a roentgenograni.

We owe to the worker, to tnbur and to fndustry onr utmost efforta to distinguish
between these conditions.

The first case of lung cavity due to necrosis in a caso of graphite
yneumoconiosis was observed n 1946 by Dunner and Bngnnn 181).

n 1939 n worker aged 64, who had been working with graphite for 17

Years, was pronounced tui)erculnr and sent. to a sanatorium, IHis spu-
tum was always free of tubercle bacilli. ITe did not return to work
with graphite but was able to do light work for 6 years. When first
seen by th authors in 1944, the radiologic aspects of his chest were
unchanged from those revenled on the films taken in and since 1939;
they showed massive opreity in the right upper zone, similar, but
fainter, opacity in the left upper zone, and n rounded opncity the size
ofa ,zoif {:nll superimposed on the lower part of the left root shadow.
In April 1945 he suddenly brought up large amounts of black material
containing nbout 0.07 percent carbon. The size of most of the particles
was 5 microns or less; with only n few over 10 microns.  Silica was
not detected.

SILICOSIS

DEFINITION

Rovidi (1844-77), the first to mention silicosis in a publieation
(182), used thoe term in 1871 in describing “a cnse of silicosis of the
lungs with chemical nnnlysis.”

According to Carozzi (11), however, Rovida stated in his articla
that—

The name comes proposed for the firat tiime by Achilles Viacontl, prosector

In the Ospednte Maggiore of Miltn, (A “prosector” I8 an anatomntst who mnkes
Alrsectlona for anatomten! demonstration,)
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At one time it was believed that several substances could produce
the lung condition called “silicosis,” but it is now agreed rather gen-
ernlly tfmt all types of dust fibrosis of the lungs are due to some form
of the element silicon (/8%). The recognition that silicon was the
important element in pneumoconiosis was a great step forward but,
according to a statement by Kettle (783), the teaching that only one
form of silicon—the oxide silica—can produce the disease was accepted
too readily. The realization in recent years that asbestos can produce
serious pulmonnary fibrosis should have been a warning that this view
wns too restricted, as borne out by the work of Jones on sericite.
However, the following definition adopted at the International Sili-
cosis Conference in South Africa in 1930 (/84) is still accepted :

Siliconls 18 a pathnlogienl condition of the lungs due to Inhalation of sllicon
dloxide. It can be produced experimentally in animels.

SYMPTOMS

Inhalation of silica dust is seldom accompanied by evidences of
irritation and if free from other irritating dusts may be breathed
without arousing suspicion of its dangerous character (179).

The following discussion of symptoms of silicosis is based on the
findings of 9,662 examinntions of 7,‘(22 mine employces at the Picher
Clinic of the Burean of Mines in 1928 (99).

Dyspnea.—Shortness of breath has been generally recognized as the
cardinal symptom of silicosis. Dyspnen accompanies exertion in the
enrlier stnges of silicosis and increnses progressively until, in the Iater
stages, it often preventanny labor. The apparent distress on exertion,
frequently noted in silicotics who deny shortness of breath, seems out
of proportion to the very slight rise in pulse rate tnken 2 minutes after
exertion.

Pain in chest.—Chest pains were admitted frequently, generally
anteriorly, and more often on one side only. In many instances the
prins seemed of a reflex character. In nearly all cases they were
vague and flitting and did not seem to interfere with manual labor.
Pains in the shoulder and possibly in the posterior part of the chest
probably are considered by many of the men as “rheumatic”; such
pnins seem partly responsible for the lnrge number of complaints of
rheumatism,

Cough.—This symptom is frequently admitted in silicosis and gen-
erally is unproductive.

Expectoration.—This symll)gom was admitted infrequently. When
present. in uncomplicated silicosis the sputum usually is clear or hns
a bluish tinge nnd is of a viscid, tenacious consistence, very difficult
to cough ll{). e color of expectoration may be due to the color of
rock mined.

Hemoptysis.—lIcnmpt,{sis appenred to be more common among sili-
cotics than was expected.  In some instances, particularly in second-
as well as in third-stnge silicosis, fibrotic areas may mask a tubercu-
lous lesion which remains unrecognized until it becomes an open lesion,
when the sputum will show the tubercle bacilli or *. smorrhage will
cnll attention to the true condition,




SILICOSIS 65

Night sweats.—It seems probable that some of the admitted night

sweats were not true pathological night swents, but the relatively high
incidence in the silicotic groups appears difficult to explain except on
the assumption that at the time of the sweats, some active infectious
process was in progress. This could be due to tuberculosis; it may
have been due to a pyogenic infection or malaria, as 33 percent of the
silicotics examined gave & history of previous attacks of malaria.
_ Loss of strength.—The loss of strength admitted by silicotics in most
instances probably was connected with their dyspnea on exertion and
was due to respiratory insufliciency. This probability is strengthened
by the small number of silicotics with poor physical development (4 of
a total of 1,062).

Gastrointestinal symptoms.—These symptoms were pronounced in
the more-advanced cases, and loss of appetite was admitted. Other
pronounced symptoms in advanced cases of silicosis were constipation,
epigastric discomfort, and other vague complaints which the men
termed “indigestion.” The causes of the gastrointestinal symptoms
were not ascertained.

Sayers (/85) summarizes the clinical findings in silicosis as follows:

The practically constant clinleal algns are: A certain lack of elastlcity of the
chest wall during the movements of respication, together with a somewhat re-
duced air entry, nnd a chnrncteristic alterntion of the lusplratory murmur from
the normal “vesleutar” charncter to a higher-pitched or “harshened”, “thinned”,
and commonly somewhat shortened type, the expiratory murmur, altheugh sotne-
what prolonged, remaining tainter than the inspiratory.

Thia type of breath round is very characteristic with some modifications, of
rillcoria In all {tr rtnges and, thig elinfent sign has also the aignificant charncter
of more or lers complete regeneralization, It 18 first notlceable at the antertor,
lateral, and basnl reglona,

In the minority of cares, however, the breath sounda may be almply diminished,
but breath soundsa which are shiuply diminished or which, on the other hand, are
merely somewhat louder or more *pronounced” than normal are not specinily
characteristic of sitlcosis,

Usually there are no accompaniments, but a stray rhorchus may be heard here
and there.

Thig complex of phyaleal slgns s almoat constantly present In cases of a alight
degree of “slmple” sitlecosir,  The cough may be put down to the coincldent
bronchitis and bronchiolttin, the recurrent paina to slight Intercurrent local
pleurisien,

PATHOLOGY

According to Panconst (£7) the pathological features of ‘mou-
moconiosis nre: {¢) Entrance of dust; () “dust cell” or mncrophage;
{¢) entrance of the dust cell into the lymphatic system of the lungs
s a carrier of silicn or other particles; () influence of the deposited
silien in the production of fibrous tissue; (e) action of silica; (f) elim-
ination of dust; and (g) predisposition of tho fibrotic and silica-
saturated lung to respiratory infections, especially tuberculosis.

The hmg, ns (l(‘svri&w(l by Gardner (/86) is an organ that permits
interchange of gas between the blood and the external air.  As it is
in frees communicntion with the exterior, it is more or less exposed
to the action of ntmospheric impurities, both particulate nnd gaseous,
Certain mechanisms protect the lungs izrom the accumulation of such
foreign particles. Thoe nose, through which the respiratory tract
opens to the surface of the body, is guarded by & coarse filter of hair.
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i Behind this i3 » series of tortuous passages with moist walls which
i trap many smaller particles. In addition, the nasal cavities and the
| remaining portions of the upper respiratory tract, the pharynx, tha
trachea, and the bronchi are lined by cells covered with minute vibra-
tory hairs, and cilin. Wavelike vibrations of these hairs tend to carry
particles lodging on their surface away from the lungs and back to-
i ward the surfnce.
! Particles that succeed in passing these barriers and penetrate to the
{ terminnal rir spaces of the lungs are ingested by wandering scavenger
I cells or phagocytes, which come from the partitions between the spaces
for the purpose. These cells move independontly and tend to carry
the foreign particles out of the air spaces into a specinl drainage
system known as the lymphatics. The Iymphatics are minute vessels
which drain into sedimenting basins known as lymph nodes. They
are <itunted along the course of the vessels and bronehi and at the root
of the lungs where the trachen divides into the two main bronchi.  IFor
ordinary amounts of atmospheric pollution, these protective mecha-
nisms are adegunte to prevent sigaificant ncctmnlation of foreign par-
ticles in the f‘nnctinnul part of the lungs.  If a person continues to
work in a very dusty atmosphere for long periods his protective devices
eannot cope with the situation, the mechanisms themselves sre dam-
aged, and the dust particles collect where the air should be (180).

Belt and King (187) visunlize the sequence of events as phagncytosis,
inflammatory change, organization, and reticulin fibrosis. Tach is
characterized by a distinctive morphological feature: (@) Phagocytosis

by the koniophage; (&) inflammation by fibrin; (¢) organization by
] the fibrocyte or dictyocyte; nnd () fibrosis by reticulin, One im-
’ portant cellular element, the foreign-body giant cell, is often present
f
|
{

throughont all four stages.

All dust cells are phagocytosed in the parenchyma of the lung. The
principal cell involved in this activity 1s a Inrge wandering, aincbic,
mononuclear cell which Belt and King (187) have designated as the
koniophage but. which is also known as dust cell, endothelial cell,

. macrophage, or histiocyte, Particles up to 10 microns in size are dealt
with n‘most, entirely by this type of cell. The foreign-body ginnt cell
usually takes cavo of the Inrger particles.

According to Kasten (185}, conl dust is phagoeytized more quickly
and moro mm&)lololy than stone dust. Quartz cnuses violent changes,
and vacuoles develop. Mature vacuoles unite to form one large one,
filling the complete cell at last. 'The smaller the qunrtz particles, the
more quickly and completely the process develops. In contrast to this,
colls that have taken up coal dust do not show vacuole formation in
such a degree but do show fatty degeneration. Kasten (188) con-
cluded that the malignity of quartz is cnused by its chemicophysiceal
effects on the tissnes (“surface oﬂ'oct."{.

Definite inflammntory change is indicated by the presence of extra-
vasated fibrin.  Commonly, it is mingled with the dust-laden konio-
phages in small shreddy deposits nnﬁ accompanied by a little fluid
! exudute and oceasional granulocytes. ‘This initial inflammation plays
an important part in determining subsequent changes. It is somewhat
unpredictable and eapricious in incidence. The quality of the dust
has something to do with it. The incidence of initial inflammatory
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change is roughly proportional to the silica content of th_e dust and
roughly inversely proportional to the coal content. Exceptions to both
these rules are frequent (186).

According to Simson (189), if the first line of defense is passed and
particulate matter reaches the alveoli, the cells lining the alveoli are
stimulated to activity. They swell, become detached from the walls,
and develop an active phagocytic function, The particles are phago-
cyted and are then carried in one of two directions; some of the
phagocites, now laden with dust, pass to terminal bronchioles, whence
they may be removed in the sputum; others pass into the walls of the
vestibules and terminal brouchioles. In time, large numbecs of dust-
laden cells accumulate and cause condensation of the tissues about the
entrance to the primary unit. During the period of excessive dust
inhalation and possibly for a short-time afterward, dust cells are con-
tinually reaching and entering the areas of condensed tissus at the
entrance to the primary unit; others leave the condensed areas and
enter the regional lymphatic vessels, along which they pnss to the
minute masses of lymphoid tissue which lie between branches of the
pulmonary artery and the adjacent bronchioles, vestibules, and ntria.
Dust cells stimulate the Iymphoid tissue and cause it to become hyper-
plastic.  With continued arrival and accumulation of dust cells in
the lymphoid masses, more or less well-defined aggregations are formed.
The site of an aggregation can retain only a limited number of dust
cells, so that with new arrivals an overflow results. The cells com-

rising the overflow and those that have escaped arrest Fnss onward
in the peribronchial and perivascular lymphatic vessels, finally being
trapped in the lymph nmfos at the root of the lung. In silicosis these
lymph nodes are the first sites to show fibrosis.

As late as 1947, Policard (190) stated that the exact mechanism of
this accumulntion and its physiopathologic consequences are not well
known, although the phenomenon of the accumulation of dusts in the
connective tissues of the pulmonary arteries and the bronchi is constant
and indisputable,

He claims that, in a normal lung, the dust cells are rn{)idly and
easily carried away by the lymphatics during the periods of beginning
prewnoconiosis.  Theve is never any perianent accumulation of dust
n the artevial or bronchial tissues. There is an accurnulation of dust
only when conditions have become abnormal, especially if there is
stasis of tho lymph—for example, ns n result of ganglion lesions down
stream.  The lymphatic current is then slowed and the dust cells im-
mobilized.

By accumulating in the lymphatics of the tissues, the dust cells
obstruct their openings, ns vast as they are. ‘The course of the lymph,
alrendy slowed before the accumulation, is impeded still moro, por-
hinps arrested completely. From this arises an important conse-
f\uenco——e(lenm of the tissues. Kdema favors fibrosis. It disturbs
the functioning of the tissues of the pulmonary lobes b{ making them
rif:id and abohshing their elasticity. DPolicard (190) thinks that this
edomatious process is not well-known and deserves more attention.

At certnin points the tissues nre fibrosed. There is an increase in
their collagenous and reticular deposits (precollngenous). This fi-
brosis is irregular. A segment of about 1 to 3 mm. appears fibrosed,
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with two apparently normal segments of tissue interpos~d between.
This irregular disposition of the fibrosis in a tissue where the accumu-
lation of dust on the contrary seems regular spesks against a direct
fibrosing action of mineral particles. If they intervene in the processes
it is in indirect fashion, still not specified. .
Policard (/90) refers to the British statement that fibrosis of th
neumoconioses ig due to fibrils of the reticulum. In fact, the large
Ehem show the reactions of the collagens and the finer ones those of the
reticulam. The Intter are always abundant but appear to be simpl
collngenous fibrils in the process of formation, that is, “precollagenous”
fibrils. In all the cases it cannot be a question of hbrosis exc?usively
due to the fibrils of the reticulum.

Another fact to which Policard (790) calls attention as little known
is the caleareous (and probably phospho-calcareous) impregnation
of the (issues having accumulated mineral dusts. ‘This impregnation
is revenled by micro-incineration.  This is not a calcifieation, In par-
ticulnr, it does not increase the hardness of the tissue. he lime is on
this level, not in the solid and crystalline form, consequently rigid and
hard, but in the molecular forim combined in protein complexes, ‘The
distinction is essential.

Polieard (190) states that one consequence of this impregnation is
important for medicine, that & normal tissue is radiotransparent. Coal
or silica dust also is transparent. A tissue charged onfy with dusts
does not give anf' imnge on the radiographic films; but if one has
lL.een impregnated by lime, the radio-oprque lime causes the tissue to
become opaque, which leads to radiographic images. In particular,
the aspect called “reticulation” seems to have to be connected with
calenreous impregnation of sclerosed and hypertrophed tissues. The
mechanism of this impregnation has not beon determined but it un-
donbtedly exists.

If inhalation of injurious dust other than silica—for example,
asbestos dust— i3 continued over & long period or over a shorter period
when the concentration of dust is great, a diffuse, cellular fibrosis
develops in the walls of the bronchioles, vestibules, and atria. The
fibrosis tonds to extend locally, involving the supporting connective
tissue of the ndjncent blood vessels and to somo extent the walls of
the alveoli in the immediate neighborhood. There is usuall desqlm-
mation of the epithelial linin ofbronchio]es and vestibles, often with-
out evidenco of a definite exndate. In very advanced cases the fibrosis
may extend to the sopts, to the su})port‘ing tissues of the bronchi and
lnrger blood vessels, and to the alveolnr walls. Even in these cases
fibrosis is localized to the supporting tissue nbout the entrance to the

rimary unit. It may advance to such an extent that the bronchioles
hecomo constricted, sometimes retnining their circular outline in cross
soction and sometimes being reduced to mere slitlike openings,
Rounded nodules of cellular character occasionally are seen, but the
donse hyaline type of nodule usually is absent. Dust containing only
a small porcontago of silica also may produce these changes, and the
liability to generalized fibrosis is greater when a low-grade type of
infection (not necessarily of tuberculous origin) complicates the dust
ofTect.
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Simson (789) said these changes appeared to be primary lesions
caused by inhalation of any injurious dust, but when most of the
| inhaled particles are composed of or contain silica a specific and
i localized type of fibrosis—the silicotic islet—also develops. The first
evidence of the specific and localized lesion, which Simson (189)
termed the “silicotic islet”, is seen in the aggregation of dust cells
that probably represents the site of the lymphoid mass. A smnall,
round aren of fibroblasts appears in the center of an nggregation:
on further development a central core of dense, fibrous tissue is formed.
It often becomes hyaline in character and in inrger and older nodules
takes on & whorled arrangement. A fully formed, single silicotic
islet consists of a central mass of dense, hyaline fibrosis arranged in
wharls and surrounded by a cnmpnmtivcly narrow zone of cellular
fibrosis in concentric laminae. Seattered through this mass, lying
between connective tissue cells and fibrils, ave scanty, large and small
round cells and n little particulate matter. A deposit of fat. may be
seen also in suitably stained sections, the degree varying with the age
of the nodule. The early fibrotic nodule thus formed 1= surrounded
by numerous dust cells.  The growth of the silicotic islet continues
by successive new arrivals of dust cells and subsequent extension of
the fibrosis at the periphery of the fibrotic nodule. Apart from the
individual single or composite palpable islet, noninfective silicosis
may appear as a “massive” type o? fibrosis. Seen mucroscopically,
such lesions comprise numerous contignous single and composite
islets. The fibrosis is of the snme character as that of the single isfet;
there is no evidence of breaking down. The intervening alveolar
tissue is much compressed and collapsed, but there is no evidence of
inflammatory infiltration or of definite matting together of the indi-
vidunl islets. As a rule, the larger blood vessels are not constricted.
These changes, according to Goodrich (720), make the lungs less
elastic, increase their bulk, make serntion of the blood less eflicient,
and decrease cirenlation throngh the lungs. As a result, a more vigor-
ous respiratory effort is necessary to supply the blood with an adequate
amount of oxygen and to remove the accumulated carbon dioxide in
the blood. An inerense in inspirntory effect is needed to crente grenter
negative pressure within the chest in order to draw the smmo amount
of air into the less elastic lungs, and an incresse in the normal tidal
volume is needed becunse of the decreased aeration of the damnged
alveolar structures and the impaired circulation through these alveoli.
Az the volume of the lungs increases from the continuing deposit of
sitlicn and the incrensing amount of fibrous tissue, the chest gradunlly
is held and Iater fixed in a position of partinl insi:irntinn, and breath-
ing becomes more and more dinphragmiatic.  Even dinphragmatic
breathing eventually becomes less efficient because of the usunl develop-
ment of a basal pleurisy which cnuses the inelastic lungs to ndhere to
the upper surface of the dinphragm. Secondary infection with bac-
terin may cnuse still greater lung damage. Chronic bronchitis or
bronchiectasis mny be cnused by streptococeus, staphylococeus, pnou-
mococcus, or other pyogenic organisms, as evidenced by investigations
of the United States Public Tealth Service gl.’)l) on the development
of pulmonnry infections in pnenmoconiosis. The resultsof the bacteri-
ologic and experimental study show that—




70 REVIEW OF L.TERATURE ON DUSTS

In general, the sllicotic lung ir more susceptible to bacterial Infection than
the average lung. 'This la probably due to the irritation of the respiratory
tiesues by the Inhaled dust particles which weakens the mucous membhranes
and renders them gusceptible to Infection. The toxic influence of certaln In-
organic durts upon the tirsies mny be a contributing factor.

The relation of tuberculoxin to pneumoconiosis has been studled to a conslder-
able extent, but comparatively litile work has been done in connectlon with
other Infectlous processes of the lung, for example, pneumonia, lung abscess,
bronchlectasia, and Influenza. An fnvestigation was made of these conditions,
both bacteriologically and experimentally, with the view of obtaining a better
underatanding of the prediapoaition to, and the mechaniam of, infection of the
lung tn certaln duaty trades,

Bronchlectaris, lung abscesf, and gangrene occur frequently in hard-rock
miners, It has heen definitely estnblished that aerobic, pathogenic bncteria, and
certain fungl are reaponnible for these conditions, but the high percentage of
capes in which the anaerobic microhes of the mouth and throat have been reported
would auggeat thnt they nt lennt participate in the etiology of the diseasen.

According to Tillson (792), many of the phagocytes of the Iungs,
when carrying mineral particles, become trapped in the lymph chan-
nels and nodes and therefore are not eliminated. Those free in the
blood stream are charged positively at the hydrogen-ion concenfration
of the blood and move to the cntfmde in an electric field. DBacteria
carry n negative charge and therefore are attracted to the phagocytes,
are adsorbed, and then ultimately absorbed. The agglomeration of
bacter.a iucrenses the efficiency of this process, as the%nrgc phagocyte
cell can dispose of many bacteria in one contact. This clumping of
bacteria depends upon the plasmn salts being at a high enough con-
centration; otherwise, bacterial absorption becomes a slow process.

Silicosis is a progressive disense. If enough silicn has been in-
haled to initiate nodule formation each focus continues to enlarge
uatil a state of equilibrium is established. Nodules not visible by
X-ray when a man leaves the silica industry may increase enough in
size to be readily detectable some years later. The prcgression of the

rocess is favored and nccelerated by the development of pulmonary
infection (186). In fact, many pathologists doubt whether the
fibrosis of the lungs that constitutes the essential pathological nature
of silicosis ever arises independently of a primary infectious process
;I!)J). Rist, Mayel, and Donbrow (194), after studying the question

rom the medicolegal point of view, were convinced that silicosis can-
not dovelop other than in persons already infected with the tuberculous
virua and hence refuse to regard silicosis as & true occupational
disease.

Attentive and lon%:pursuc(l clinical observation of cases of pul-
monary fibrosis led Croizier, Martin, and Policard (195) to doubt
the practical existence of an eseentinlfy pure silicosis. They cited as
Jdinical anatomopathologic pronf the fact that almost always tuber-
cular infection intervenes in cases of silicosis. They considered the
term “silicotuberculosis” very oxact for expressing the combination of
tuberculosis and silicosis. Their position on this subject was as
follows:

The qiieatton han heen posed an to whether in this instance It In the silica that
begina or indeed the tuberculoria.  In our opinlon the primary intervention of
the tubercnlosls appeara probmble.  The fibroses that we have observed represent
bacillonia modificd by the ailien more than tubercnlarized ailicoses, The fact
that miners have passcid 10, 20, and more years in the siliceous dust and have
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remained free of pulmonary silicosis Ja proof that sillca alobe cannot create
these fibroses ln & normal lung.

According to Gardner (196), only a limited number of individuals
ever contract pure silicosis. Most of the hazardous occupations in-
volve exposure to mixed dusts, and the pulmonary process that de-
velops consequently is a silicosis modified by other less-active
constituents, .

In some cases the infection remains latent, presents none of its usual
manifestations, and merely modifies the character of the reaction to
inhaled silica dust. In others it develops simultaneously with the
silicotic reaction with a more or less typical localization in the upper
part of the lungs. Such cases may exhibit none of the characteristic
symptoms of tuberculous intoxication for many years and often are

iscovered only in routine roentgenographic examinations of large
groups of active employees. U]timatefyrt 1ese men develop symptoms,
expectorate tubercle bacilli, and finally die of tuberculosis, but the
course of their disense is protracted. There are still others whose
roentgenograms show so much evidence of tuberculosis that the char-
acteristic features of silicosis are obscured. Nevertheless, they have
long been exposed to dust, and pc st mortem examination will reveal
the nodular fibrosis produced by silica. Like those of the preceding
group, these cases run a definitely chronic course and may not die of
their infection until the fifth or sixth decade. Finally, there is an-
other group, with well-developed nodular silicosis, whose members
appnrentlys)mva never had a tuberculous infection. Such men become
infected, develop a rapidly progressive tuberculosis, and die within
6 months. In them the symptoms of intoxication are more acute, but
bacilli may be very difficult to detect in their sputa and even in the
lungs removed at autopsy (136).

Gardner claimed (796) there is no difficulty in demonstrating that
silica produces a reaction in the body specifically favoring multipli-
eation of tubercle bacilli. Kettle injected a definite quantity of fino
silicn particles beneath the skin of one flank of a white mouse and
in the opposite flank the same quantity of aluminum oxide particles.
A large (‘ose of tubercle bacilli was then injected into the tail vein
of the animal. The blood distributes these bacilli quite uniformly to
all parts of the body, but if the animal is killed after several days
largze masses of them will be found at the site of the injected silica.
The bacilli are no more numerous where the alumina particles have
localized than in any other part of the body. Apparently the reaction
induced by the silica produces n favorable medium for the growth of
these bacteria, but they disappear Iater and may be very hard to find.
Tho snme seems to bo true of the sputa of men with silicosis and
tuberculosis.

Gardner (186) reiterated that only silica and a limited number of
the siliates are known to produce definite and serious ‘pulmom\ry
damage. In the caso of silica, this is associated with specific indispo-
sition to tuberculosis and punewmonin. Of the silicates, asbestos is
definitely recopnized as a cnuse of pulmonary fibrosis. Its importance
in predisposing to tuberculosis is not yet settled.

2 yl)pnrqntly the “specific indisposition to tuberciilosis” mentioned by
Gardner is not always present in silicotics; Gudjonsson (197) found
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that tuberculosis was rather rare among granite and sandstone workers
in Denmark; of 50 workers with silicosis, 4 had old calcareous foci,
and none had active tuberculosis a¢ far as could be determined by
X-ray; 16 of 218 workers without silicosis showed old tuberculous
processes, indienting that tuberculosis is equally frequent in both
groups. Hestated:

T'his resuit {8 In necordnnee with results from earller Investigations regarding
slllcoslg In this country, that Is, that tuberculosig 13 no more frequent among those
suffering from gilicosis than among those not 8o afllicted ; according to this, tuber-
culosis might geemn to have no direct relatlon to rilicosis, This finding 8 in
contradiction with many invertigntiona from other countries, but it I8 nope the
less o fnct.

At the International Conference on Silicosis (184) it was agreed that
the micrnscoric pathological changes that may be produced by the
prolonged inhalation of silicn dust are:

(1)} The development of n condition designated In South Afrlea as a dry
bronchiolitin, characterized by an accumulation of dust-filled phagocytes in or
in relation to the terminnl bronchioles, with possibly some desquamation of thetr
cpithellmn,

(h) The accumulntion of dust-containing phngoeytes about and In the intra-
putmonnry lymphold tiseue and thelr transportation through the lymphatics fato
the tracheobrouch'al Ixymph nodes,  (The conditions described above under (a)
nil (b) do not conktitute the dlaense alllcosis.)

(¢) The gradunl development of fibrous tirsue within ruch accumniations of
phagocytes and the formation of characteristie nodules of hyaline fibroun tissue

(d) Degenerantlve changes In there focl.

(e) The hyallne nodules Increase in size by extensfon of thelr periphery.
Conlescence of adjacent nodules takes place and brings about involvement of
further arens of the lung.  (The conditions deserlbed under (c), (d), nnd (e¢)
constitute the digense sillcosts))

Microscopicnlly, the changes observed in silicosis nro:

(a) In the carly atuge—A varinble number of patpable pearly.white nodules
up to 2 or 3 mm. In dlnneeter on the pleural surface of the lung.  On section, the
cut rurfiace of the lung fa stgdded with pigiented focl, widely sentteredd, a mod-
erite proportion of which are only Just palpable, The tracheobronchial lymph
notler are slightly enlarged nnd deeply plgmented and may exhibit foct of flbrous
Induration.

(b) Later atages—The fibratic nadules are Increared In namber, slze, and
denslty, and conlencence of these iny be found.  The portion of the lung hetween
the fibrotic noduler may be emphysematons, The tracheobronehint Iymph nodes
may be amatier in size than those seen in the enrly stnge nnd nre fibvosed,

1t was also ngreed that the presenco of tuberculous infection usually
maodifies the pathological appearance, and special attention was drawn
to the following threa types:

(«) ¥n which the picture of stllcoris above described may be lttle, If at alt,
medified, but In which only / biologlenl teat can demonstrate the present of B
tuberenloais,

(h) 1n which the coexintence of sllicosls and typlcul tuberculosls lesions s
enniiy revognizabic,

{¢) In which the presence of tuberculonis is eantly recognizable, but the ex-
frtence of rllieontt In more difficalt to determine,

tn masxive wilicorir cnvdlne hypertrophy and subsequent dilatntion may oveur.
1n siHeorIs with fnfective processes ciedine changes may also occur. No evidence
wia adduced I regard to Involvement of kidney or liver,

Belt and King (187) presented, as a result of their experimental

studies on chronic pulmonary disease in South Wales conl miners, the
following criterin as a basis for judging the dust eflect in the animnal
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lung: (1) Initialinflammatory results; (2) effective retention of dust;
{3) connectivetissue reaction; (4) density of reticulin fibrosis; and (5)
distribution of lesions. A summary of their detailed explanation of
these criteria follows: L

(1) Excluding complicating factors, initial inflammation is indica-
tive of an immeginte irritant action on the part of the dust. It isim-
portant also as the determinant of the type of organization to follow
and therefore has a considerable influence on the end result.  Except
in a few cases, probably complicated by infection, the initinl renction
showed no great fluctuations in intensity. No accurate means were
available for assessing the extent or severity of inflinmation in the
animals surviving the initial reaction (and this includes the great
mnjorit}').

(2) Efertive retention is defined arbitrarily as permanent storage
of dust in the fixed tissues of the lung, in contradistinetion to casual
retention, in which the dust is lodged in potentially mobile. loose-lying
cells without engaging the fixed tissues. Effective retention is brought
about only when (s-ust deposits are overrun and secured by connective
tissue, n process which is conveniently referred to as organization of
the dust.

(3) Connective tissue reaction. Organization of dust deposits kn'o‘
ceeds in one of two ways, or sometimes as a mixture of both: (@) Asa
foreigm-body reaction, or (&) as an orgnnization of inflammatory exu-
date hereafter referred to by the authors as “carnification™.  Accord-
ing to which of these characterizes the reaction, a dust. is classified as
of less or greater pathogenicity.

(4) Reticnlin fibrosis, ns opposed to collagen fibrosis, measured in
terms of reticulin fibrils, constitutes the most important single cri-
terion of pathogenicity. Reticular tissue is the histological basis of
conl miners’ puenmoconiosis and it assumes a similarly fundnmental
role in experimental pneumoconiosis, thereby affording a significant
basis of comparison between the two.

Whether in animals or in man, the density of reticulin reaction pro-
dueed by any given mineral dust is the best available histological index
of its chronic harmfulness,

(5) Distribution of lesions provides a further guide to patho-
genicity, The less noxions dusts, producing only the simplest of
foreign-body renctions, tend to be dispersed into smaller and smaller
nggregations, which hecome more nn(l more widesprend as time goes
on. ‘This process may be regarded as a form of resolution, by virtue
of which (\1(\ foreign material is fitted into the strueture of the ung,
presumably in such a way as to produce a minimum of embarrassment
to respiratory function. ~ More {mrmful dusts, on the other hand, tend
to retain a nodular distribution, and sometimes conlescenca is enrried
to the point of producing Inrge confluent lesions,  Counlescence may bo
evidencaof an inflammatory compliention—for example, pneumonia,

Fisher (798) has outlined rather clearly the process of acquiring
pneumoconiosis as follows:

When breathing tnkes pince In an atmosphere containing an abnormnl quantity
of dust, o cortaln amount of this dust s fittered oft by the nose; much of the re-
muinder, na the alr pnsses down the windpipe and bronchinl tubes, getties on

them, while some mny reach the terminnl piesnes,  The bronehinl tubes, in the
process of branching, become more ana more narrow 8o (hat it I8 onldy the fnest
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dust which reaches the air-sacas (alveoll) of the lung. The inner part of the
bronchial tuben ix provided with a linlng of tiny fingerlike projections (ctliated
eplthelium) which bend over with rapld whipilke movements, the whole layer
acting like an ever-moving conveyor to help to carry the dust cells mixed with
mucus upwards towards the throat. By “dust cells” 18 meant scavenger cells
or “phagocytes” an they are called. These scavenger ‘ells take up the dust
which Impinges on the walls of the air-sacs (alveoll).

The dust Inden cells may either (a) return to the bronchlal tubes, (d) migrate
along the gupporting fihrous framework of the lung and lymphatle channels, or
(0) stay In the lohules or alr-sacs.

In order to avold dust acenmulation in the lung, the rate of ridding the lung
of dust muat be greater than the rate of dust entry. In the ordinary conditions
of life thir I8 80 ; it 18 only when working conditions expose the tndividual to
abnormal concentrations of durt over prolonged periods that the rate of elimina-
tion falis behind the rate of entry and pneumoconionis develops.

1t 8 generally accepted that the lungs cannot rid themselves of all kinds of
duat with equnl ensge,

In the cane of sillca, a larger proportion of the dust which is breathed Into the
lungs seems to stay there than appears to be the case with other dusta. Thus a
comparatively small daily exposure may, In time, accumulate sufficiently to bring
about the condition of siinple silicosia.  The riltea dust tends to be held up in the
lobitles and alvenll, probably in relation to the lymphatic ayatem of the lung,
and thisr 18 evidenced as amall hard lumps symmetrically dotted ahont the hing
Thia condition is known na nodulation and the noidules, ae they are called, show,
when cut ncross, a concentric formation. These fibrotic nodules, with an increase
tn the fibrous tissue In their neighborhood, destroy the elastic quallty of the
lung, nnd this, together with other factors, accounts for the hreathlessness which
ia the mmost prominent and conatant symptom of the direare, At this point I must
bring tn the word emphyrema. When speaking of sllicoslr or pneumoconlosis
this term meana the unnantural distention and rupture of alr-sacs of the lungs.
The nlr-racs, having loat thelr elastleity, do not expand and contract normally.
They increnre in rlze and the dividing walls rupture, forming larger distended
areas and lung ventiintion 8 leraened,

The formation of hard rRmnll noduler 18 characteristie of slinple Rllicosis, but
before the nodulea are clearly formed there usually developa a general fncrease
of fibrous tirsue in the Jung And to thia ia given the name “arborisation.” A« one
writer put it, “firat you have the tree with naked branches, then berries appear
on the branches.” Thir brings up to the conditlon of pneumoconiosis among
conl minera catled “reticulation.”

Retlculntion I8 the term given to an X-ray appearance which usually showr a
fine and evenly diatributed network of shadowa. The network Is finer than
that of arboriration. The quertion often dircusmed i1a whether “reticulation’
in the coal miner is simply n precurror of a nodular condltion ar In arborisation
In the Rand miner or an entlty In itrelf. We need not purane the matter here
except to note the important fact that before the coming into operation of the
Coal Mining Indurtry (F'neumoconiosir) Compenantion Scheme, 1043, compensa.
tion would not be pald if reticuintion only existed and the nodules were abrent.

" STAGES

The Miners’ Phthisis Act of 1925 of the Unien of South Africa
(799) defined silicosis as follows:

For the purposes of thia Act . . . the expreasion *“allicosis” shall mean sllicoria
of the lungs. A perron ahall, for the purposcea of thir Act, be deemed to hnve
or to have had alliconrin

(n) in the ante-primary atage, when it I= found by the Burcru that the earlleat
detectahte specific phyaienl signa of rilicorlr are or have been present ; whether
or not enpnelty for work i8 or har heen binpatred by such rilicosis ;

(d) in the primary stuge, when It 18 found by the Rurenu that definite nnd
specific phyrical nigns of ellicorin are or have been present, and that eapacity
for work 1a or has been Impaired by that dimease, though not aerjously and
permanently ;

() In the aecondary atage, when 1t I8 found hy the Bureau that defintte and
npecific phyricnl atgns of elliconin are or have been prement, and that capnceity



Iy S

SILICOSIS 75
t for work 18 or has been seriousiy and permanently Impaired by that disease,
} though not serlously, and when it is found by the Bureau that tuberculosia is or

has been preeent.

Later, in view of the greatly altered aspect of the diseasec in South
Africa (200), it became necessary to recognize additional groups _of
cases. At the meeting of the First International Conference on Sili-
cosis at Johannesburg in August 1930, the three clinical stages of
silicosis recognized locnlly were accepted as follows:

First stage.—Respirntory symptoms slight, few or no physical slgns and en-
pacity for work little impalred. Roentgenograms show the llnear shadows
Increased and present dlacrete shirdows of noduntion,

Second stage.—All physieal signa are lncrensed. The nodular shadows are In-
crenred In number and size and show a tendencey toward confluence.

Third stage.—All slgns and symptoms nre greatly accentunted, and there fr a
totnl loss of worklng enpaelty.  When tuberculosis I8 present, the stage classifica-
tion must he based more or less upon a loss of working capacity than upon
phyateal signs and roentgenographic appenrances.

It was recommended that an internationally comparable roentgenographic
technic and terminology be adopted, and that a further study be mnde of the
correlntion of roentgen appearances, pathology, and symptomatology of sliicosls
with or witheut tuberculosls,

The Commiittee on Pneumoconiosis and the Committee on Standard
Practices in Compensation of Occupationa] Disenses of the American
Public Health Associntien in a report on silicosis (201) described the
stages of the diseases as follows:

The disease is divided arbitrarily into first, second, and third stages
for convenience of description nnc{pomible compensation purposes.

First stage (corresponds to anteprimary stage of South Africa).—The Rymptoma
of uncompilented ficst-stage siticosis are few and often indefinite.  The man may
apparentiy be quitr well and his working capacity not noticeably Impntred.
Slight shortness of Ineath on exertion and rome unproductive cough, often with
recurrent colds, are the moat naunl symptoms,  The man mnay have a tittle lean
ablllty to expand his chest than formerly, and the elasticlty of the chest may be
slightly Imprived.  ‘The entllest speclfic tndication of the presence of silicosis {8
the radlographic nppearance, congisting of genernlized arborization throughout
both lung fNelds with more or less smnil, diserete mottling.

Thisg charncterlstic mottting ts due to shadows east by the discrete individuatl
nodules of fibrous tiseue In the lungg and {8 cexentind to the dingnosis of siltcosis,
Without this finding the dingnosis of alliconia {8 not sustnined except by nattopry,

Second stage (corresponds to primary stage of South Africa).—A deflnite ahort-
nera of breath on exertion is usunlly found, and palng in the chest are a frequent
complaint, A dry imorning cough is often present, sometimen with vomiting, and
recurrent colde see more frequent, Even then the man’s appearance may be
henlthy, but he fa dyepueic on exertlon, he cannot work na well as formerly,
hig chest expanslon I8 noticeably decreased, the movement belng flugglsh and
dimintshed tn elnsticlty,

The characteristic radlogrnphic appearance Ia a genernlfzed medium-sized
mottling throughout hoth lung fields, The shadows of the individual nodules
nre for the most part diserete and well-deflned on a background of fibrous
arborization, but there mny be here nnd there larger but Hmited opacitien due
to trregular plearal thickening or to n locallzed ageregation of nodules,

Third stage (corresponds to the secondary stage of Bouth Africa).—In the third
stage the shortness of hrenth is marked and distressing even on alight exertion,
The cough Ix more fregquent ; the expectoration is in moat cases atight but mny
be coplont,  The Individunl's capneity for work becomes merlonsly and per-
mnnently lmpaired ; hin expansion {8 greatly decreased even wlth forced in-
splration; he may lose flesli; his pulme rate may be tnereased, and his henrt
tiy become Aluted,

The radiographic nppenrances In the third atage are further accentunted,
the mottling In more Intense, the nodules are lnrger nod take on a conglomerate
form go that lnrge ahadows are fRhown correnponding to nreay of dense fibronia,




76 REVIEW OF LITERATURE ON DUSTS

Physlcal examination of an Individurl may reveal changes In percussion
and nusculitntion, mild In the first stage and Increasing with the progress of the
disense, ‘These alone are not Rufficlent to be of great value In dingnosis of
sll{cosir,

Tancoast and Pendergrass (202) questioned the wisdom of designat-
ing any appearance of pneumaconiosis by any term denoting numerical
stages of progress. 'l hor ‘)refer to designate the appearance by a
term which implies its pathological nature:

Now this appenranee of prominent hilum shadows nnd Increared prominence
ot trunk shadows and lnear markings, with or without the fnint haze, has In
thiz country nt least been derignated ns the firat atage of atlicosis or pneumo-
conlosin,  There may Le soine excure for continulng to call this the first stage,
but continued experience with cares of pneumaconiosla developing {n varions
fndustries hus led us to question the wisdom of denignating any appearance of
preumoconiosin by any termn denoting numerical atages of progress, * ¢ ¢
We prefer to deslgnnte the appearance by a term which Implies Its pathological
nature and to call It not o stage but the perivascular-peribronchial-lymph node
type of proponderance of the condition, * ¢ ¢

In cunes with sllicodis which In moderately slow In ta progresslon the micro-
reople nodular fymphold deposlt proliferations tend to v me conglomerate and
to pradues nomneroscople notulne procerg * * ¢/ this appenrance was
found n8 n maore advanced stage of stilcosla In the enr!! ¢ cnses examined, and
eapecinlly mirong miners In thia country, it wns and is still ealled the aecond
xtage of the conditin, It 13 conaplenous by fta absence or Inrlgnifteance, how-
ever, In nuny Indust-ier, notably the grantte entter, aaniblnster, sandatone and
nahestos workera, It I8 eupecinily likely to be abgent or inconspicuous n those
who are developing sllicosls rapldly, such as In those woerking with pulverized
aand and without adequnte protection,

If this appenarance 18 ahsent or nearly 8o an a ginge of pic gress n o many lndue-
trial xilleosexr, why deslznnte it as a namerlenl stage of progress at all? We have
cenred to do ro and hinve enlled this appearance the nodular type or prepondernnee
of silicotic fibrosig, or, more correctly, xillcosia,

There s another type of rillcotle appearance which was very puzzling to us at
first beeanse of fta exnet ldentity and our Inability to thul the proper pince for It
in a numerieal classifiention of progresslve stages, * * * Fortunntely a
definite pathologleal place geemms to have heen found for the condition and n
roentgenolaglenl elareificntion for the appearance, * *  * We have deslgnated
this nr the interstitial tppe of predominance and have sulkiivided It Inte rapld
nnd rlow, which subelassiflention muat depend Inrgely upon the physlenl factors
and tlme of exposure, * ¢ ¢

This type of fihrorlgs will almost fnvariably progress to the terinlnal stage with
Httie or no appreciable nodular appearance, Care must he exercised in differen-
tinting 1t from a chronfe Interstitinl ang change resultlng from pneumonta or
continued upper resplrntory Infection ngin the sfnuses, * ¢ ®

The condition responsible for this appearnnce fn advar sed form and of rapld
development hnr been termed “acute altlconts™ by Chapnmn and rome others
L] L] -

There are few, If any, ntgnmenta to be recorded in connectlon with the terminnl
stapes of stlicotle ibrosls.  Instend of the third stage, we have preferred to endl
(hin aupect of the digenge the terminnd diffuae Aibrosis, 11 18 ntore or less ineapnet.
tattng In practieally il Instances, nnd all too often completely ro,

With respect to the elnssification of silicotic n[lmonmncos based upon
known pathological changes, Panconst and Pendergrass (£02) suggest
tho following in place of the old numerical stages:

1. Peribronchlat-perivancular lymph-node predominance or type. ‘This mny be
raphl or slow, usually the Intter,

2, Karly interatitial predominance, This may be extremely or iwmlerately
raptd, depending on the alllea lntake. It may or may not hiave an assoclated
stipght nodular appenrance,

3. Advanced Interstitinl predominance,

4. Nodular predominapce. Rapldly or slowly progresaing,
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5. Advanced diffuse or terminal fibrosis. Conglomerate nodular type. Inter-
stitial type. Massive fibrotic type.

DIAGNOSIS

According to the Silicosis (Medical-Arrangements) Committee of
Grent Britain (772) silicosis can be dingmosed, even in its early stages,
but the diagnosis is not free from difficulty. For instance, the clinical
signs of silicosis resemble to a great extent those of other chronic dis-
3 enses of the chest ; further, silicosis may be complicated by the presence
of tuberculosis in any stage. Irvine (203) says that it is impossible to
deduce a practical standard of diagnosis from accounts of the disense
» fnrnishedpsopnrntoly by the pathclogist, the radiologist, and the clini-
cian.  Clinicnl examiuntion is obviously an essential factor in the deci-
sion in any individual case, becnuse it provides important information
otherwse not obtainable regarding the general and local condition of
the patient, the degree of incapacitation, if any, and the presence or
absence of complication by active infection or by disease of other
organs; but in a disenso like silicosis clinical evidence in many cases is
inconclusive and may be misleading. Other menns of diagnosis in the
living subject are radioscopy, radiography, and in the last resort the
{mtllologicnl condition found after death. Radiography also has its

imitations; on the one hinnd, not all forms of puffnonm-y fibrosis re-
vealed by it, even in miners, are of silicotic origin; and, on the other
hand, certain types of radiograph which do not show unequivoeally
“specific” signs of silicosis may under certain circumstances be ve-
garded legitimately as affording evidence of the presence of a sili-
catic factor in the ease.  Accurate knowledge from which to formulate
a relinble general standurd of dingnosis can be obtained only by corre-
Intion of the results of pathologicnl observation in a large number of
cases with radiographs taken from the chests of the same individuals
shortly before death and with the results of clinical examination made
during life. The final adjudication in any individual cnse must
always incorporate the additional evidence supplied by expert clinieal
exantination, which indeed is frequently the (‘eciding fuctor, particu-
larly in borderline cases,

Sayers (185) included under “clinical manifestations” those factors
that cun be ascertained from the individual having the disease—per-
sonal data, past history of diseases, occupntion, present history, physi-
eal examination, and roentgen and Inboratory observations. Ieve
(173) believed that any dingnostic medium in tho early stagres of sili-
cosis should not be overlooked. The importance of the serologic ex-
aminntion and correlntion of the physical examination with the past
history is so great as to render all the steps of the completo
examingtion of almost equal importance.  Although some clnim that
no dingnosis of silicosis ean be made properly without roentgen-ray
exnmination such exnmination must not be considered adequate, except
i advanced stages.  The examinations at the Bureau of Mines Picher
Clinic (89) included collection of data on race, fimily history, per-
sonal history, past history of illness, occupational history, and physi-
cnl, Xeray, nm‘ Inboratory examinntion. A brief summary of some of
the results of the examinations follows:

RO3210—00——0
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Family history.—The incidence of silicosis or silicosis complicated
with tuberculosis was found to increase as the family histories of the
men were classed as good, average, or poor.

Personal history.—The use of tea, coffee, or tobacco apparently has
no relation to silicosis or tuberenlosis. A fter silicosis has developed,
however, the use of alcoholic drinks and patent medicines increased
markedly; the men take these to alleviate the symptoms of silicosis
so that they can continue work.

A study of age groups in published results of several investigations
on silicosis shows that, in the early years of the occnpational life of
those in dusty occupations, the incidence of silicosis is low; but,
with increase in the age group, regardless of length of employment, it
increases slightly up to about the age of 40 and therenfter markedly.
Ago, therefore, has an important bearing on the occurrence of sili-
cosis and should be considered in employing men for work in dusty
atmospheres.

No correlation could be made bet ween silicosis or tuberculosis and
overcrowding in sleeping accommodations. The number of hours of
sleep bore no apparent relntion to silicosis or tuberculosis.

Past history oi illness.—The data seem to indicate that all infections
discases of childhood, except diphtheria and scarlet fever, probably
decrease resistance {o tuberculosis and silicosis. ’icher is free [rom
malaria, but many of the men reported they had had malaria; among
these men the incidence of tuberculosis and silicosis was compara-
tively high. Tonsillitis, especially if the attacks are recurrent, seems
to be nssociated with tuberenlosis but npparently has no relation to
silicosis. The highest incidence of silicosis or tuberculosis, or both,
wAs Lmong men who reported bronchitis, pleurisy, and asthma. The
Towest incldence was among those who reported influenza, pneumonia,
coryza, and hay fever. An' nnk!\own and disturbing factor in the
nttemnpt to discover a relationship between silicosis or tuberculosis
and other diseases was the difliculty in detormining in many instances
whether they oceurred befors or after silicosis and tuberculosis had
been contracted. The data show that the incidence of physical de-
fects increnses nmong men with silicosig and tuberculosis, Several
explanations are offered for this fact: Men with silicosis or tubercu-
losis usnally nre somewhat older than thoso in the essentially negative
group; the silicotics have had a much longer period of service in the
mines than the negativa subjects; certain physical defects may in-
crense susceplibility to rilicosis,

Nasnl obstraction and chronie eatarrh, enlarged turbinates, ade-
noids, or other conditions that enuse mouth breathing are nssociated
with an inerenen in the incidenco of silicosis. Persons having a verti-
cal-hanging heart are mora likely to develop tuberculosis or alrendy
have it ; this finding agrees with South African experience.

Occupational history.—A detniled statement of occupation is the most
important single item in the history of silicotics. ‘Tho mero statement
that the man is a miner has slight value, if any. Many underground
occupations expose the workmen to very little dust, especiaily tn well-
opernted mines.  The Picher listories included --~cupation before
mining, past occupation underground, number of years in present
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occupation, kind of mineral mined, and total years in metal mines.
All examined were divided into two groups according to duties—those
exposed to large amounts of dust (those employed at the face) and
those exposed to relatively small amounts (those away from the face).
The data indicate that the men in certain positions contract the disease
more quickly than those in other positions, .

With the development of first-stage silicosis, there was a drop in
the number of weeks and shifts worked, and with second-stage silicosis
there was & marked drop in amount of work performed on each shift.
Men with silicosis and tuberenlosis worked intermittently during 15
weeks of the year, while third-stage silicotics worked part of only 9
weeks; the number of shifts worked by these two groups, however,
was ilmost the ssme (54 and 52, respectively).

Physical examination.—No marked symptoms of ill health, such as
paleness, loss of subeutaneous fat, or decrease in muscnlar development,
appear until silicosis reaches the third stage or until it is complicated
with tuberculosis. Men with first- and second-stage silicosis appeared,
on the whole, to be in Letter health than those in the essentially nega-
tive group. .

As silicosis ndvances, weight shows a slight tendency to increase
until the third stage is renched or until the disense is complicated with
tuberculosis. This increase may be due to some extent to the increase
in age.

An analysis of systolic blood pressure by age groups shows that
the blood pressure of the younger men did not change appreciably but
that the average of the ()I({or men who had silicosis was slightly higher
than of those in the corresponding age group who were essentially
negative. Clinical observation shows that the blood pressure of sili-
cotics tends to remain normnl or increase only slightly, but in tuber-
culous cases it shows n definite tendency to drop. Any persistent
marked drop in the blood pressure of silicotics indicntes probable
tuberculous nfection.

It is ﬁ‘ronornlly accepted that the cardinal physical finding in sili-
cosis is diminished chest expansion.  Emphasis should be put not upon
chest expansion but rather upon the importance of comparison with a
man'searlier chest expansion. PProbably if the vital capacity of a large,
unselected series was measured for comparison the decrease in vital
capacity of silicotics would be grenter than any chest-expansion meas-
urements, however carefully taken, would indieate.

Certain breath sounds rarely noted in the chesta of healthy people
not working in dusty occupations are often detected in the chests of
miners, particularly those with silicosis. :

T'he slight changes revenled by examination of the heart probably
could bayattributed to the nges of the groups of silicotics.

ROENTGENOLOGICAL ASPECTS OF SILICOSIS

It is generally accepted that the X-ray offers the best and most re-
liable indication of the lung changes that occur in silicosis, particularly
in the early stage. The value of this method of dingnosis depends
lIargely upon the skill of the technician who takes the pictures nnd the
experience of the render who interprets them.
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In fact, according to Croizier, Martin, and Policard V.’M), radio-
graphic dirgnosis often is very delicate. This is due to the unceasing
movement of the organ; if even for an instant it can be voluntarily
immobilized in “its incessant coming and going,” nevertheless it 18
subject to perpetual agitation, determined by the periodic flow of the
arterial blood; this is why the posing time for making an impression
on the film necessnril( must be extremely short (195).

Panconst and Pendergrass (£02) believed that the ability to inter-

ret roentgenograms of cases of pneumoconiosis promrly must be
Hnsod upon several very important factors, which may be enumerated
as follows: Knowledge of the anatom of the chest and many of the
physiological [l)roblems associated with its anatomical constituents;
thorough familiarity with normal roentgenographic and fluoroscopic
appenrances and permissible variations therefrom within normal
limits; knowledge of the histology of the lungs and especially of the
lymphatic system ; clenr perception of the pathology of the condition
of pneumoconiosiz and of all conditions which may simulate it in
roentgenographic appearances; experienced intimacy with the roent-
genographic appearnnces of the condition in question and of those that
resemble it, based upon fundamental knowledge of the pathology
represented ; knowledge of the physical factors involved in producing
the suspected or alleged pneumoconiosis; and employment of the
proper technic to show to full advantage any or all of the abnormali-
ties present, for technic may fully enlighten, may so modify appear-
ances ns to be confusing, or may be quite misleading.

The fibrotic changes revealed by the X-ray study of the Picher Clinic
(99) are classified arbitrarily as definitely negative, more fibrosis than
usunl, decidedly more fibrosis than usual, three stages of silicosis, and .
silicosis plus tuberculosis.

Definitely negative.—In the definitely negative cheat the hilum shadows are
not more than 7% em. in width from the nddline and do not cover more thnn
two Interapaces and vne rih nt a target distance of 48 inches, The hilum shadows
ocearionally may show one or more falrly Inrge ealeifications,

The pletures disclosed Httle if any evidence of an unusual amount of perl-
bronchinl thickening in any of the definitely negative chests. ‘The hroncehinl
tree usnally caunot be traced farther than the Inner edge of the mid-third of
the lung and never beyond the funer rectlon of the outer third of the lung, The
arenn hotween the fhinttowa thrown by the hronchial tree nre clear and rhow no
evidence of any inflnmmatory changes,

More ibrosis than nsual.—The hilin shadown are larger than normal—that fs,
more thun 7% cni, wide (from midilne)—and cover more than two Interapnees
and oue rih. Mort of these cover more than two Intersjmees and two ribs, The
caleifieations within the hilum ahadows show a very deflnlte Incrense and fone-
fimen are very inrge, The bronchinl tree shows definite thickening and often
extends well into the apexes. In the mnjority of cases Its branches can be
vhrerved radiating to the onter third of the fung.

Deoldedly more fibrosis than usual.—Thir clasr correaponda to that sometimes
referred (o a8 presllteotie.  The hilum nhadows are definltely entarged and dense,
The X-ray reading showed that (4,408 percent of thefie cares at Plcher had lnrge,
dense, blluin shadowa, The hronchinl tree shows a definite thickening and extends
to the periphery of the lung, involving the bronchloles and possibly the nir
ventclea,

Pirst-stage silicosts.—The hilum shadows are Increared In denslty nnd are
Inrger than normal.  In many inatances (of Picher cnrer) larger cnlelfted spota
were noted o or around the hilum shadows, These were Inrger than thowe
generally obrerved as the result of tubereulosis In childhood, In severnl instances
ccllections of such enletfientlons tnvolved the entire hilum,
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Following enlargement of the hilum shadows, the entire hronchlial tree Increases
In density. It I3 very noticeable and often can be traced to the outer marglus
of the lungs, Along the thickened bronchial tree near the hilums nre small
shotlike rpots, sometimes described as “beads” or bronchial “buds.” When the
spots hecome notiveable throughout the lower section of the lungs the case ix
classified as the beginning of first-stage silicosis. The spotx are fairly dense,
one-efghth inch or less {n iameter, discrete, with irregular fuzzy outline, With
advance in the disease the spots Increase in number, denslity, and size.

The dlaphragm was humped In only a small number of the Picher cnses in
early ellicosis, and no displacement of henrt shadow as a result of the dicease
In this atage was observed,

Second-stage silicosis.—The hilum shadows are large and dense but genernlly
do not show any more definitely than in first-stage sllicostx.  The beads or buds
along the bronchinl tree become Inrger, mare numerous, denser, and clearer in
outtlne; the condition is heat descrlbed ns a general “mottling.” The mottling is
bilateral, and the density is about equal on hoth sldes, Indieating that the changes
started In both stdes at or about the same time,

The diaphragm i often humped or “peiked,” and numerous hands of adhe-
rlons are noted at the bases, The heart shadows usually are normnal.

Third-stage silicosis.—The spots described under second-stage silicosis tend to
conlesce, forming Inrge nrear of marked density. In some of the cases very Inrge
nrens of marked density were ubserved—usually in the middie section of the
lungs—which were similar to tuberculous consolidation: these areas, however,
usunlly were bllaternl and blended so perfectly with the snowstorm appearnn~e as
to muggest sllicotlc aregs, which the physical examinations and laboratory find-
ings tend to confirm.

8ilicosis plus tuberculosis.—The ordinary sillcotle findings described under the
different stages of silicosis were noted in the Picher cases  (100). In many of
them detection of the beginning of tuberculous infection wns difficult becnuse of
the extenslve sllicotle changes. The hilum ghadows were more likely to show cal-
cified spots than In uncomplicated sillcosis, In some of the cases the caleified
spota or glnnds were very large and occaslonally occurred In Iarge numbers,

With the beginning of tuberculosis arens of marked denslty were observed,
usunlly nt one or hoth npexex, These areas were not ro dense or opaque as the
fibrotie arens of silleosls and appeared cottony or wooly, Usunlly they were
unilateral n the heginning bt often beenme bilateral before death. In rotne
Instances these arens oceurrad in the mikdsection of the lungs opposite the hitum,
Large arens of marked density may oceur In this reglon, and it was difticult to
determine by X-ray whether the aren was a walled-off tuberculoun abscess or a
dense fibrotic area of sfllcoxis,

Panconst and Pendergrass (204) summarize the roentgenological
phases of the condition as follows:

L The perlvascular-pecibronehinl iymph-node aspect s due to the veluying of
phagoeyted dust to the pulmonary 1y mph nodes and thelr subscquent enlargement
and ultimate partial flbrosls to the gradunl enlnrgement of lymphokd deposits
ntong the course of Iymph vesseta and the subsequent thickening of these vessaels
and stasls of contents,  Thin is characterlzed roentgenogeaphically by Inerensed
prominence of the hilum and trunk shadows and Hnear mavkings,  This appear.
ance 12 by no menns characterlstle of pneutoconiogls nlone, and even It it does
Indleate the condition the phase 1& abrolutely not ineapncttating. Tt together
with a barely perceptible appenrance of macroscople nodules, corresponds to the
wo-called first stage,

2. The Yodular aspect 18 due to the gradual enlargement of lymphotd deposita
and thelr conlescence futo quite apparent macroscople nodules symnetrieatly
seattered throughout hoth lungs,  ‘This correaponds to the so-eatled second stage,
It s conspleuously abwent in many industeles, espectatly when the sitlen Intnke s
rapld.

3. The tnterstitial type of the condition resuits from a hiltmward and plenrat.
ward block i the Iymphatics and the eseape of dust phagoeytes tn lnrge numbers
Into the Interstitinl Interalveoinre t1ssue and subsequent Ahroats. It appenrs an
fuint hontogenous haze, first on the right slde, then on the left. I the ailica
fntake I8 comparatively slow, It may accompany the perlvascular-peribronchial
Iymph-node aspect, but If more raphd, {t muy be asrociated with the nodular type
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or may progress without the Iatter directly Into the terminal atnge of the condl-
tion without any evidence of nodulation. The unprotected or Inadequately pro-
tected mandblaater, mand pulverizer, and sandstone-abrasive worker or granite
cutter have been among those especially prone to present this rapid Interstitial
aspect.

r(:l‘crminnl and Incapacitating rilicosis is characterlzed by three general ap-
pearances—a terminnal diffure fihronis of a conglomerate nodular type, one which
is quite rimilnr in appearance to a generalized chronic fibroid tuberculosis, and
the terminal atage characterized by Iarge fihrous consolidated areas, which closely
rescmble tuberculous censolislations quite frequently, but which we are now
learning to differentinte one from the other,

According to Gardner (785), anatomic and roentgenologic studies
of the lungs of persons exposed to various types of industrial dusts
have demonstrated that all inhaled foreign substances do not produce
the snme kind of pathologic reaction. He divides the forms produced
into three categories—linear, nodular, or diffuse in character. A
linear pattern characterizes the general type of response to most in-
Jinled inert foreign materinls; nodular lesions apparently are confined
to silicosis; and diffuse reaction is exemplified in ashestosis. Mixed
patterns are produced by dusts such as granite, which is composed of
several different elements,

Bihme (77) stated that the haid-rock miners of the Ruir coal dis-
tricts are peculiarly suitable for investigations of the development of
tuberculosis in the silicotic lung since hefore beginning work they are
examined medically and employed only if they prove to be healthy and
free of tuberculosis

His description of the process of the devel.pment of tuberculosis in
the silicotic lung follows:

By X.ray examination of hard.rock miners with finely mottled siiicoris, we
encounter occnaalonnily plctures which, in addition te fine rllicotle mottling,
show unflateral round poduler, moatly in the Infraclavicular reglon, whnt we
otherwine derignate anx premature infiitreation, However, they urually cause no
clintenl aRymptomna §n sificotlen ax premature inflitrationa ro often do—losa of
welght, night awentn, weaknesr, fever are Incking at first; indeed catarrh
cannot be determined am a result of the obatruction of the dralnage ayatem by
sllicorin, Likewine the settling time of the red bload corpuscles at firat is
often normnl. Neverthelerr these nodulem do not henl entlrely but progress,
although rliowly, and often lead to very extenalve consollidation which anatomf-
crlly appenrr aa an intimate mixture of sillcotie tismne with small tuberculons
focl (tuberenlo-silfcosin).  Flunlly, however, these tuberculo-silicotle nodiles
utider formation {end to dislntegrate into central eavities, often rapidly Increns-
ing In mize and recreting bactllus-containing gputum.  From this moment on the
tubercutoats dominaten the direase plcture, Numerous tuberculour asplration
noduler develop, eapecintly In the lung rectliong of those [ers affected by silicosls,

Larger tuberculo-allicotic nodulen almo may be developed In the lungs, which
otherwina rhow only silght aillcotic changea, It appears as though in these cnres
the rock duat (8 depoalted mostly where alrendy tisrue changea were determined
by allght tuberenlonr focl, The observations of Gleae may be mentioned here,
nccording to which nn enrichment of allicle actld has been detected tn the tuber-
culous hitm cavitles even when no ailicotle conmolidation has been formed In
the fungs,

1n contrart to there very chironlenlly progreasing forrma swith tuberculo-silicotic
nodulea a tuberculoua focua ocensionally may tend to distintegrate in aillcotie
Inngs from the beginning withont the formation of the larger tuberctlo-silicotic
nodules, ro that the occurrence of tnberculosls with all its accompnnying rRymp-
toms appenara in the foreground prematurely, Such formm are freqnomlj' en-
countered erpecially when the rock-duat hazard 1s very aevere and the silicosin
develops after a few years (aandblastera, scourlng-ponder workern),
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b The infraclavicular consolidation focus is a frequent form of development of
tuberculosis {n silicotics but not the only one. Many times a progressive tubercu-
losis 1a developed in the sillcotlc lung from former apeX-focl.

With another group of patfents {t f= to be assumed again that an old Inactive
disseminated tuberculosis flares up under the action of rock dust and thus 1n
numerous places leade simultaneously to the formation of focl of consolldation
with which a silicotic wall Iz often found around the cageous tubercutous
center, or tubercnlous and silicotic tizsue is combined In almost all focl. * * ¢

We can flud, as mentioned above, In the finely mottled silicotic lung the
same form of evolution of tubercuiosls as formerly and certalnly as Infracla-
vicular focl from a chronic apex nffection or as seattered foci of diseare. The
course of tuberculosis, however, i3 differentinted most from accompnnying aili-
coris by the formation of tuberculo-sllicotic nodules and the return after years
of the clinical symptoms of tuberculosis,

It silicoals hns alrendy reached the corresponding third stage the moment of
the appenrance of tubercnloais and fta extent nre often very much more difficult
to determine. The more severe infiltration of the lungs with silicotlc nodules
makes very difficult the recognition in an X-ray plcture of & begluning tubercu-
loslg, and clinical symptowms, a8 nlready stated, tend to make the tuberculosls
firrt {f {t ham progressed further.

My opinion I8 based on the tuberculosis becom!ng manifest with third-stage
sillcosls often after it has remalned completely latent for years and cannot be
diagnosed certainly by X.ray. ‘Thir 18 especially confirmed by the fact that
fnoculation of guinea plgs with sputum from such patients frequently doea not
show poritive resuits for years hefore the appearance of tuberculous symptoms,
Often enough tuberculosis may alrendy be present in the first or second stage, A
demnarcation between tuberculous and silicotic occurrence is searcely possible
during life in many advanced cnxex, In any case tuberculosia Is much more fre-
quent with third-atage &ilicosis than is clinically recognized.  WiitJen found active
tuberculosis twice as frequent by lung autopay as waas determined clinfenliy ; my
ov n experience confirms this,

The anatomlical finding, however, also does not always allow a sharp differ-
entlatlon between silicosis and tuberculosis in extenslve consolldation.

‘Haldane (205) considered the diagnosis of silicosis, apart from a
history of serious exposure to dangerous dust, extremely difficult, and
the sooner an agreement can be reached as to the ground for a dingnosis
of silicosis the better; but these grounds must be consistent with known
facts regarding the infrequency or frequency of phthisis in the kind of
occulmt ton_in which the patient has been actually engnged—for ex-
ample, ordinary collier’s work or work in driving n road through
highly siliceous rock without adequate precantions,

Snnth (206) has pointed out striking discrepancies between symp-
tomsand physical signs and pulimonary filrosis, as shown by the X-ray,
In a study of rock drillers in the vicinity of New York 25 percent of
those whose X-rays showed unmistakable silicosis had no symptoms
whatever, and in a study of granite workers (207) in the samo locality
6 cases of 17 with advanced silicosis had no symptoms.  Absence of
?5'".‘8’“"“9 does not indieate absence of silicosis. Smith quoted an
incident. reported by Watkins-Pitchford; of a group of 541 miners
who had been rocoi\'in{: compensation for silicosis on tho basis of a
(hyswol examination alone, 41 percent were found not to have it when
X-rays were introduced. She considered a physical examination
somewhat of a luxury where Inrge groups of workers are being ox-
amined for silicosia; where cconomy of time and expense is desirable,
it would seem legitimate to limit the examination to a good roentgen-
ogram aupplemented by occupational history,

MeNally (208) stnted that, during life, the dingnosis of silicosis
depends on the history, clinical examination, and roentgenographic
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evidence of the disease. Many times the roentgenograms are not
decisive, so the dingnosis of silicosis, silicosis plus tuberculosis, or
tuberculosis cannot ’ie made wtih certainty. At autopsy the doubt
may still linger; then s chemical examination for the quantitative
determination of silicon dioxide aids in reaching the correct diagnosis.

The Committee on Pneumoconiosis of the American Public Health
Association (209) has prepared the following tabulation of the vari-
ous lesions of silicosis and has attempted to depict the character of
the shadows cast. on an X-ray film by these lesions. The tabulation
applies only to silicosis resulting from inhalation of dust with a high
sill)lcn content.

Healthy lungs and adneaa

Roentgennlogicnl appearance;

1. Healthy lungn, ar defined by the
N. T. A. Committee report.

Histologlenl appenrance:
1. Easentlally the normnal tissuea of
the vascular tree, the medl-
astinum, the bronchl, and

trachen.

2. Irregninr exaggeration of the 2. Cellular connective tlrsue pro-
linenr markinga, with poasibly literation nabout Iymphatic
romie beading confined to the trunks in the walla of vessela
trunka, and bronchl. Beading may be

due to various causes, as blood
veraels peen end on, arterlo-
relerosis, mintte arean of fi-
broris in !ymphold tissues
along the trunka,

3. Cellular reaction In the tracheo-
bronchial lymph nodea with
extenrions along different Iyin-
phatle trunks,

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

8. Increased ront shadow,

Simpla siliconia

Roentgenologicnl appearnnce :

4. Nodulntion—dlrcrete  rhadown
exceeding @ mm. in diameter,
tending to uniformity In rize, parenchyma of the lung. Oc-
denglty, and blinteral dintrl- castonally some of these nod-
button, with well-defined bor- ulern may Rhow mleroscopic
ders surrounded by apparently foct of centrnl necronla,
normn! lung rRhadows  ‘The
outer and lower lung flelds
chnrncteristically show fewer
nodilen,

. Conglomerate shndows that ap-

Hiatologlcal appenrance :
4. Clrecumscribed nodulea of hya-
Iine flbrosia located in the

6. The result of the corlescence of

prear to reanlt from a combina-

tian ap eonantidntion of nody-

Iation usunlly with nrsocinted

emphysemn mnnifented by —

(a) locatized Increared trans.
pareney of the lung with
lors of fine detnll,

(b)) Intensification  of the
triunk shadowr hy con-
tramt,

(0) Deprenslon of the domen
with pouslbie tendency
toward Individuntizntion
of the coatal components
of the dinphragm,

Arerete nodulen; an area In
which the nodules are closely
packed and most of the In-
tervening lung Ir replaced by
more or lems hynline Abrous
tlnaue. The Itng architecture
ir partinlly obacured. No de-
monatrable evidence of Infec-
tlon.  Kmphyremna 18 a com-
penantory diintation of the atr
sprced with or without thick-
ening of the septa,



Roentgennlogical apperance—Con,
5. Conglomerate shadows, etc.—Con.
(d) Lateral view: Incrense in
the prenortic and retro-
cardlac space with exag-
gerated backward bow-
Ing of the spine. Widen-
ing of the spaces between
the ribs may or mny not
be present.

modified by infection as follows:

Roentgenvlogical appearance;

6. Locnlized  Qiscrete  dengitles
and/or stringllke shadows ac-
companying those of simple
sillcosis described above.

7. Mottling—shadows varying in
size with Ili-defined borders
and lacking uniformity {n
density and distribution, ac-
companying shiuple silicosis,

8. Soft nodulatlon—the mnodular
shadows described ander stin-
ple sillcosis (4) have now as.
sumed fuzzy borders and/or
irregularities {n distribution,
The clinnge may or may not
accompany the simple mottling
of (7).

9. Masrlve ahadows of homogene-
our density not of pleural
origln symmetricnlly or asym-
metrically distributed.

SILICOSIS

Bimple silicosis—Continuved

Rilicosis 1cith infection

The characteristic appearances described under simple silicosis are

Histologleal appenrance:
6. Strauds of fibrous tissue, often
along trunks and septn, with
or without arens of calcifica-

tion, Indicative of ‘*healed”
infection.
7. (n) Areas of broncho-pueu-

monia with or without care-
ation, 1. e, acute Infection,

(b) Lobular areas of prolifera.
tive reaction with or wlthout

cagentlon, ‘. ¢, chronle {n-
fectlon.
8. Perinodular cellular reaction

elther exudative or prolifera-
tive in character.

9. Extenslve arcens of fibroxis prob-
ably due to organlzed pnen-
monia of tuberculous or non-
tuberculous  orlgln  wuperim-
posed  upon A coexisting
afllcotle process, Ountlnes of
normal structure may be prac-
tically destroyed.

Croizier, Martin, and Policard (795) stated that, in spite of their

efforts, they found it impossible to use the nomenclnture suggrested by
the 1936 Conference of the International Labor Oftice, believing the
classitication to be too complicated and absolutely unusable in ordi-
nnr{ practice.  These authors (195), as n result of their extensive
studies of underground conl miners in the region around Snint-
Etienne; grouped the radiographic images into subnormal, nodular
and pseudotumornl images and unilateral or bilateral densifientions,

HOW FIBROSIS OF THE LUNGS I8 PRODUCED

Kettle (183) pointed out that silicosis presents to the pathologist
two fundamental biological problems: “’Lat is the exact process by
which fibrous tissue is l#n'mm\ in the lungs in response to the presenco
of dust and how docs dnst influence the progress of a coincident in-
fection?  He considered that these problems lie “at the very root of




e e

86 REVIEW OF LITERATURE ON DUSTS

the matter,” and even if the answers were known he doubted whether
the situation as it exists in industries could be handled much more
satisfactorily. Ile said,

Rut It we cannot explain the Aot of the matter we may still hope to spenk
with rome authority about the wchen and the where. We can discuss with
profit such questions as the ldentification of dangerous dusts; whether they act
chemienlly or physically; the Influence of their physicnl state on their actlon;
the Influence of nrroclnted dusts; and the relationship of dust to Infection,

For many years it was held that fibrosis of the lungs characteristic
of silicosis was produced in response to irritation caused by hard,
sharp quartz crystals; that is, the dust was believed to act mechanically.
To llg(-ltle (783) this point of view had some merit, as it is natural
to think that hard, sharp quartz particles would wound and tear the
soft tissues of the fungs; it is, of course, a commonplace of pathology
that foreign bodies in the tissues excite a certain amount of reaction
which is followed by the production of fibrous tissue. 'This fibrosis,
however, is never extreme and is never comparable to the extensive
fibrous tissue formations recognized as lesions of silicosis.  In point
of fact, if a harmless dust is inhaled in Iarge enough quantities some
of it renmins in the lungs and causes mild fibrosis by the mere me;
chanical irritation of ita presence. This fibrosis is never severe enough
to interfere with the function of the lungs; and in its distribution,
particularly in its amount, it bears no comparison to that seen in
silicotic lungs (183).

Kettle (183) considered solubility a primary factor in the harmful-
ness of silicn, and he believed that a perfectly insoluble substance is
incapable of cnusing pneumoconiosis.  Exactly how the dissolved
silica acts in the production of fibrous tissue is not known. His sug-
gestion that it acts chemicnlly as a cell poison has been severely crifi-
cized prnlml)l'v on the grounds that, since silicn enters into the com-
position of animal and vegetablo protoplasin, it cannot boe a protoplas-
mic poison. Iis reply to this criticism was that phosphorus entery
into the composition of protoplusin, yet people have beer killed by
phosphorus und others have heen hanged for rmsanmg them. Kop-

nhifer (£70) suggested two theories to explein the reaction of (Ilm

dy fluids to quartz: (1) The superficinl lnyers of the quartz par-
ticles corrode, resulting in a splitting off of minute portions; (2% a
colloidnl reaction takes place in the wenk atkaline medium provided
by the tissue fluids, resulting in a gradunl solution of the particles,
He thought that probably both factors operate but the presence of
silicic ucid in colloidal form has the most harmful effect. Peacock
(211) in 1860 wus the first to describe n microscopic demonstration of
gilien in the lungs.  In 1866 Schmidt (£7.2) reported sand in the lungs
of nll persons—except the newborn—ranging from 4.2 to 17.3 percent
of silicon dioxide in the ash.  According to Woskressensky (£13) the
lungs of individuals whose oceupations do not exposo them especially
to dust inhalation contain an increasing amount of silicn in direct
proportion to tho age. ‘This investigator found that 3.5 to 33.7 per-
cent. of the ash of the lungs was silicon dioxide, and in the peribron-
chinl lymph glands the amount. was much higher, ranging from 18.3
to 55.0 percent of tho ash.  McNally (£08) gavo tha silicon content of
the lungs of eight persons working in dusty atmospheres ns follows:
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Ash e polr
sh, per- m o
Oa% cent  |dried tlssus, Occupation
mg.

1078 8.8 | Milistone sharpener.

17 14 14.0 { 8tone cutter.

12.36 24 | Machinlst,

14 58 3.6 | Enginecring draftunan.

1990 4.3 | Conl miner, 25 yeare,

8R4 8.0 | 8tone quarry man, 9 years.

846 26.0 | Granite cutter.
889 109 | Zino miner.

McNally (208) nlso stated that the lungs of tubercnlous subjects
contain somewhat more silicon dioxide than those of normal persons;
this may come from inhalation or directly from the blood stream, ns
the blood of tub reulous subjects contnins more silicon dioxide than
that of normal persons. e quoted Collis to the effect that all clinieal
observations have shown that a silicotic patient is particularly linble
to tuberculous infection and that the silicotic process continues to
advance nfter complete withdrawal from exposure.

_Garduer (214) }ound that, witain limits,; silicosis is a progressive
disense. A man may leave a dusty industry without demonstrable
evidence of nodulr fibrosis in his roentgenograms: if he has nlready
inhaled enough quartz, tissue reaction will continue in the absence
of further exposure until its effects become apparent in roentgeno-

rams of subsequent years. However, equilibrinm between the irritant
i the lungs and the tissues is eventunily established. New silicotic
nodules cease to form, and the original ones undergo only slight
increase in size. D’rogression is always self-limited, and most of the

ulmonary tissue remains essentially normnl. There is no disability
ocause the pulmonary reserve greatly exceeds the amount of lung
relr)lnco(l by small localized nodules of scar tissue.

n his report. ou a comparative study of the solubility of finely di-
vided rock dnst in water, kerosine, and nleohol Myers (£75) mndo the
following statement. regarding siliceous dust.

It will be noted In test 1 that the process of solutlon (in diatilled water) of
the 5S-ang. quantity of slifecons dust was gradual throughout the 28-day perted,
rolution being nenrly complete at the end of this time, while the 66-mg. weight
of aillceous dust did not dissolve after the firat 24 hours. It ia belloved that the
finest particles went lnto solution very rapldiy and that there was enough ot
them In 60 mg. to suturnte the solutlon in the firat 24 hours. The §-mg. welght
conta{n{ng many Inrger particles and only a teuth as many of the extremely fine

particles a8 50 mg. went nto solntion alowly, and the solution was not raturated
until the entire amount was fu solution which took between 21 and 28 days.

Heffernan gem) summarized his theory of the action of silica on
the lungs ns follows:

1, Siliconta {a a result of the loeal actlon of hydrated aitiea upon the pulmonary
tiraue. This actlon ta of a physlcochemical nature, and the apeed of {tr develop-
ment, other thinga being equal, depends upon the rapidity with whlch fresh
stllea hydrosol 1s formed amd brought into contnct with pulinonary tisaue.

2. Substances which favor the formation of allica hydrusol from slllea, when
added to the sllfen dust, aceelerate the development of siliconis—for example,
the atkallen, Subistances which retard or prevent the formation of hydroao)
from Rrillea, or which coagulnte the hydrosol when formed, retnrd or prevent
rlitlcosta—tor example, carbon, coal dust, clays, and probadly many other sub.
ntances,
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3. The nctlon of alllica in producing the nodular pulmonary fibroais which
we term “siilcorin” hnr not been paralleled so far by any nonsiliceous substance,
4. Sillen Ir a normal constituent of plant and animnl cells; its presence seems

essentinl in certaln tisrues, and its absence from the food of the organism dis-
astrous.

5. The atudy of the role of allica in blology suggests that many of the procenrses
of cell metabolism belong to the realm of colloidal phyrrics,

6. Some characteristic cellular phenomena are expiained most simply by re-
garding the living cell as n polyphase colloldal systen).

Kraut (217) found that the silicic acid contont of the blood of vari-
ous normal persons {luctuates between 1 and 3 percent of the sulfate
nsh but that the individual maintainsg his silicic acid content with

reat constancy. The ndministration of easily resorbable silicic acid
increnses the silicic acid content of the blood many times the absorbed
amount of silicic acid.

Lieb and Schadendor(T (278) found the SiO, content of pathological

\ lungs of silicon workers to be 0.3 to 1.46 l&ercent if dried at 120° and
4.6 to 22.8 percent of the ashed tissue. Normal lung tissue showed
values of 0.08 to 0.40 percent. The pathological findings corresponded

: with the analytical results,

. Smith and Wikoff (279) noticed a striking correlation between the

' percentage of Si0, in dried lung substance and the severity of silicosis
a8 detormined by an entirely independent method of diagnosis. They
reached the following conclusion from their analytical findings cor-
related with the histological dingnosis and occupational history of
nine cases of silicosis in men engaged in the construction of a tunnel
through rock rich inrilica:

If one compnten the percent of arh In the dry lung substance In ench eane with
hintologlenl dingnosia he will nate A very good vorrelation, for the S1Oy content
of the lung Increarea with the severtty of the case, On the other other hand, if the
reverity of the care Ir to be determined chemically by the percent of |10, in the
total nsh, the correlation fails. We belleve, therefore, that the percent Ki0,
in the dry lung aabatance Is o much better criterion of silicorin than la the per-
cent of SiOy in the total ash,

Hnldane’s (220) explanation of the large percentage of the silicate

. soricite which Jones Emnd in the lungs he examined is that sericito
i 13 less soluble than frea silica in the alkaline liquids of the lungs, Ket-
i tlo mentioned (£79) in this connection that crystalline silien when
inoculnted in the veins produces lesions but. that amorphous silien does
not,; moreover, rendily soluble silica and insoluble silien do not produce
lesions, but between these two 18 a silicn that “turns the trick.” In
1029 Mavrogordato (24) gnve as the cause of simple silicosis the re-
action of the reticulo-endothelial systom of the organ concerned to in-
vasion by free silicn; but dust phthisis, the clinico-pathological entity
met in practice, igsuparficially n verinblo disende. Beyond the external
factors and the roticulo-endothelinl system as an apparatus lies the
man, Indivi-loals vary in their ability to resist the dust they inhale,

"The amount. of dust that can be recovered from a hung need bear but

little rolntion to the extent. or character of the lesions found.

Travoers (£21) remarked about one or two frcts that were brought to
his attention following a reviow of the literature on silicosis but that
apparently had been unnoticed before. A study by Ray (1923? showed
that the solubility of mechanically ground silica was marked(y higher
than that of crystalline silica ; this fact may go far toward accounting
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for the poisonous character of mechanically produced dusts. Tt issug-
gested (227) that the microcrystalline material present in the lunfz,
which is probably silica, is separated from the lung fluids already
saturated with mechanically transformed silica. The presence of the
microcrystalline material may have no connection with the toxic
property of the silica.

rom a mineralogical standpoint, on the basis of solubility ratio
of quartz and the silicates, Udluft (£22) presented for explanation
of silicosis the following theory :

The chemlicnl and mechanical theorles recommended by medicine are both
partly right. Both methods of operation go along side by side. The body attempts
to get rid of the inflitrated dust by mechanieal and chemileal wenns.  Thereby,
those minerala which are stable, unaffected, and as far ax possible even newly
formed under the given conditions, are to be considered as mechanieally harm-
ful; while on the other hand the easily attacked and more or less soluble ninerals
in a chemlcal way are rentovedd and thereby can be chemically active and cheml-
cally harmtul. The remarkably severer harmfuluess of the free mineral nclds
(alllete acid, titanic acld) and acld minerals over the baslc appears to be ex-
plicable in that between the alkalies of the blood or of the haly and the portions
of the Inhaled dust particles pnsring into solution there exiats an equiltbrium
which tn the case of free nclds and acld minerals leads to excessive alkall loss,
while with the Inflitration of basic minerala such an {njury does not occur. This
alkall Interpretation should be carefully proved.

The manner in which stone Qust exerts its effects on nulmonary tisste
remained o matter of speeulation and argument for many yenrs (223).
The following review of the investigations that led to the modern
chemical theory of silicosis is taken from an nrticle by King (229).

It was first thought that the fine particles of stone dust cut and
lncerated the tissues with which they came into contact. As viewed
under the microscope the mineral particles certninly showed sharp
edges and points, but it was nevertheless diflicult to believe that such
extremely fine materinl could traumatize a tissue. As a consequence,
doubts were early expressed as to the validity of this “mechanical”
theory of silicosis. ‘T'wo crucial experiments turned the attention of
investigators to an alternative hypothesis.  The first of these was by
Gardner (224), who in 1923 bronght convincing evidence agninst the
“mechanical” theory by demonstrating that the dust of silicon carbide
(“carborundum™), which is extremely hard and has just as sharp
edges as stone dust, failed to produce the typical fibrous reaction which
powdered stone dust (particularly that of quartz or flint) would cause
when placed in the lungs of animals, These classic oxperiments of
Gardner’s marked the beginning of the modern theories and investi-
gations of silicosis.

_The second investigation which mads the “mechanicenl” theory of
silicosis obsolete was that of Gye and Purdy (226) in 1922; also Gyo
and Kettlg, (225) in 1922, and Gye and Purdy (926? in 1924, These
workera produced in mice treated with amorphous silica a lesion char-
nctorizo(ll by ncute inflammation and necrosis and in the liver a condi-
tion of necrosis by the injection of colloidal silicic acid. Gardner and
Cummings (927) in 1933 obtained similar results by the injection of
finely powdered quartz. All this work pointed to the possibility that
stone dust might be harmful to the Inngs, not becauso it was hard and
sharp, but because it produced a soiuble substance which was toxic
tothe tissues. Dolicard (228) in 1933 showed that cells poisoned with
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dissolved silica (silicic acid) do not disintegrate and disappear as do
other cells, but tend to preserve their structure in a fashion which
suggests mummification, Kettle (229) in 1932 brought the final proof
that the dissolution of a soluble substance from the stone particles was
necessary to produce silicosis by demonstrating that the same quartz
particles which readily produced silicosis in animals would no longer
do so if they were first coated with a thin layer of iron oxide, which
did not alter the sharpness but which effectively prevented any part
of their substance from going into solution.

The modern “chemical” theory of silicosis, then, supposes that the
fine particles of stone dust which get into the lungs are pathogenic,
not because they produce a sort of microscopic trauma, but because
something of a toxic nature dissolves from their surfaces, This toxic
substance is thought to be silicic acid.

King (229), however, has noted discrepancies between silica solubil-
ity and disense symrtoms. In commenting on the results of his experi-
ments on the solubility of dusts compared with their disease-producin
tendency, King (£23) said that the solubility theory had been too usefu
to abandon because of the discovery of some discrepancies and anom-
alies, although it is diflicult to reconcile these differences. He con-
cluded that either the noxious dust releases something that is harmful
to the living cell or it hns special surface properties that cause ab-
normal reactions in certain cell constituents which become adsorbed on
its faces. The difficulty of imagining what such reactions could be
drove him back to the notion that a noxious dust must be toxic becaunse
it yields a toxic substance. King (223) suggests the following as n
possible explanation:

Certain aillcrous duats, at lenat, ehave ns if they relense such a poison into
the cellm which engulf themn. Others, which have the same effect on cella, do
not liberate rilicte acid mo rendily In the test tube, St others lberate a little
more afllcie acld hut do not harw cella, May it perhaps be that alliceous dusts
relensre soluble silica Adifferently In cells than In the test tube, and that some
duatg may liberate the ailicie acld In a different and more noxlous state than
other duatr?  Sliicie acld s constaritly belng abrorbed into the body through
the Intestine and excreted by the kidney; it does no harm. It Is poraible that
this satlicie ncid s different from that relensed from the surface of & quartz
particte engulfed in the body of a phagocyte. It would he daring to apeak of n
“nascent rilien,” bt something of this sort may actunlly occur. For the allien
relenpnd from particler of the pathogenic rlliceons dusta certalnly han speclal
propertion, and these apecial properties may be due to the formn in which {t In
relensed futo the protoplasm In contact with the particles in the cell. Such a
apeculntion may appenr fir fetched, but it 18 a possible explanation, and it may
morve the purpore of leading to further experlments which may have a useful
outcome.

It wna ngreed at the International Conference on Silicosis in 1930
(IR4) that

To produce the pathologlend condition, siller muat reach the lunga:

(a) In a chemleally uncombined conditton, althongh the dust Inhaled may
be elther a natural mixture of allicon doxide with other dusts, such as occurs
tn granite, or an ariificin} mixiure, auch an scouring powiler,

(d) In fine particlen of the order of leas than 10 microna, There 1a no evidenco

an to the loweat limit of aize In which the particies may be capable of producing
the diseare,

(a) In mufficlent amount and over a certaln perlod of time; these two factors

are reciproenl varlanta, The maximum of these two respective factors has not
yet been determined.



e T

SILICOSIS 91

Siilca dust plays the dominant role in the production of sillcosls, ndmixture
ot other duste tending to modify the plcture In the direction of that of other
pneumoconioses, in some reintion to the proportion of free silica inhaled.

There 1s experimental evidence that the solubility of silica in the tissues !'s an
2ssential factor in the causation of silicosis,

According to Badham's summary (230) of the information sn\)plied
by various members of the International Silicosis Conference, silicosis
becomes noticeable after widely differing periods of exposure to silice-
ous dust, depending apparently upon:

1. The amount of dust inhaled.

2. The percentage of free silica contalned thereln,

3. The slze trequency (or finenesa) of the particles Inhaled.

4. The nature and sort of sueh other substances (Including vapors and gascs)
as may be fnhaled simultaneonsly or otherwise,

5. The powers of resistance of the Individual concerned.

6. The presence or ahsence of a complieation by an infectlve process.

In a discussion of the sericite theory as a eause of silicosis Irvine
(231) stated that, although it quite probably will become hecessary to
revise and widen the definition of the essential factors in the causation
of silicosis, even so nothing has sigmificantly altered the general con-
ception of silicosis ns a definite pathologicnl entity, which is readily
identifiable by the pathologist after death and which is adequately dis-
tinguishable during life by expert clinical and radiological examma-
tion, or the knowledge that this disease, yenr by year, \)roducos many
cases of incapacity or death. ‘The position, he stid, in these respects s
not significantly affected by the present lack of complete knowledge re-

rding the exnct constituents of a siliceous dust that may cause sil-
1cosis. In spite of considerable opposition from certain quarters, this
view was accepted at the meeting of the International Labor Confer-
enco at Geneva in June 1934, and the conference necordingly aflivmed
the international recognition of silicosis as an occupationnl disease and
1 described it ns “silicosis, with or without pulmonary tubereulosis, pro-
vided that silicosis is an essential factor in causing the resultant inca-
pacity or denth.”

In a paper on the etiology of stlicosis presented at the Fourth Sar-
anac Laboratory Symposium on Silicosis, Cummings (232) stated that
only two important factors arve involved in the formula for the causa-
tion of silicosis—the individunl’s susceptibility to injury by fine parti-
cles of free silica and the degree of harmful exposure offered by the en-
vironment in which he is employed.

The role played by im“\'il‘lm susceptibility is indicated by the fact
that some workmen have had long periods of uninterrupted sevvice in
some of the most dangerous occupations without having been affected
adversely (232). .

Among the important factors (232) affecting susceptibility to in-
jury by dust are anatomicenl peculinrities of tho respiratory mecha-
nism, the physiological response to dust inhalation, vavious dust ex-
posure, the precence of pulmonary infections or other pathological
processes—particularly tuberculosis—the age, nationality, and gon-
eral health.

The most important factors comprising the degree of exposure to
harmful dusts ave composition, size distribution, and physieal charac-
teristics and concentration of dust suspended in the ntmosphere at the
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breathing level, together with the duration of exposure and the gen-
eral conditions of work (272).

In the discussion of Cummings’ paper, Lanza (232) pointed out that
individual susceptibility had been exaggerated in the lay mind some-
times to draw attention from the major problem of atmospheric dust
voncentration. He expressed doubt of innate variationsin t&le capacity
of different individunis to renct to silica dust. He admitted that there
were varintions in the reaction of different individuals apparently ex-
posed under identical conditions to the same kinds of dust. He wasin-
clined, however, to believe that the conditions were not identical as no
hiistmiy could revenl avery detail of exposure from the time & man left
schoal.

Cunmmings 32.72) expressed surprise that medical men should ques-
tion individunal susceptibility, which provides the real reason for their
participation in the control of silicosis. Why otherwise should it be
necessary to make preemployment examinations before putting men
into dusty jobs if it were anticipated that all would react to their en-
vironment m the same manner? Jle was willing - qualify his state-
ment. to the extent of admitting that individual susceptibility was not.
ns important as the degree of exposure to silica,

Gardner (£232) interpreted Cummings’ qualifying statement as an
admission that v.riations in susceptibility migit be of an nequired
nature and due to infection or other causes; all his experimental ex-

erience indicated that the innate capacity of the col"s of different
individuals of the same species to react to silicn was essentially the
same.

In 1938 Croizier, Martin, and Policard (795) presented two factors
ns predominating in the etiology of silicosis—mineral dust and tuber-
citlosis.  They found in every ense a certain extension of tuberculosis
and n very specinl frequency of the fibrous forms of this disease wher-
ever siliceous dusts were present. They then brought up the question
as to which of these factors comes first; does the siliccous dust deter-
mine the fibrosis first and thus favor a localization and n secondary
development of the Koch bacillus or is the tuberculosis the first phe-
nomenon and under the nction of siliceons dust tnkes, from the be-
ginning of itg cvolution, a sclevous course?  Thae authors presented
arguments for both factorsbut stated that

On the whote, it tr only with occurrence of tuberculnr Infection, but under very

particulnr conditions, that formntlon of masslve pulmonnry fibroalr can be
determined,

They also stated that

If rock duat nlde pulmonary (ubereularization in a manner clearly more pro-
nounced than eonl durt, It haa on the contrary the privilege of determining on
the rurtnee of the affected partr A more mnrked acterour renetion, To remnin
tn the domain of practlenl stntementa we must say that if the dense, flhroun
phithises of conl miners rometimes are tdentical In appearance with those of rock
minera they nre, at the snme thee, Infinitely rarer.

To runnunrize the determtning causes of these pulmonnry fihroren of minera
uppenrrta urta be:

1. Loss roevere tubercular infectlon favored by the Inhnled duate which reduce
the eMencey of the natural menns of defense of the organ,

2. An exaggerated aclerour renction of the lung connected with the presence
of niineral particles endowed with apecial qualities.



-y

REVIEW OF LITERATURE ON DUSTS8 93

PREVENTION OF DUST DISEASES

As no cure is known for silicosis after it has developed, prevention
is the only effective remedy. There are two main lines of approach to
the problem of dust-disense prevention in industry—the engineering,
through control of dust production and dissemination, and the medical,
through selection and control of health of workers by examination;
success probably depends upon a comhination of the two.

Hatch (239) considered the following measures essential to a com-
plete, well-balanced program of control of the dust hazard in industry:

1. Selectlon of workers by means of physical examinationa In order especially
to eliminate those with tuberculosir and other disorders of the resplratory system,

2. Reduction of the dust concentration below the standard of permissible dusti-
ness through adequate menns of dust control and gool housekeeping,

3. Limiting the frequency and duration of employment in the dusty occupa-
tiong, thus reducing the rate of deposition of dust In the lungs,

4. Routlne mensurement of the effectlveness of the (ust-control program by
means of perlodic medical examinations aud dust surveys,

Of these, reduction in dustiness is the most direct in its effect and is
fundamentnl to any program of control. Hatch (233) emphasized,
however, that present-day standards of safety are only estimated values
and reduction in dust exposure below the estimated threshold value
does not give absolute assurance of complete control of the disense,
Moreover, a potential hazard always exists in basieally dusty indus-
tries, and a constant guard therefore must be maintained. Workers
should be selected by physical examination to insure maximum re-
sistance against the nction of dust in the lungs. The employment of
workers already injured by previous dust exposure thus would be
Inrgely eliminated.  Routine determination of dust concentrations
provides a menasure of operation of the dust-control system, but the
eflicacy of the control program must be messured by periodic medical
examination, as only by this means can the presence or absence of
silicosis be determined.” An inadequate control program thus can be
strengthened in time to arrest the widespread development of the
disease.

PRIKCIPAL DUST FACTORS PRODUCING PULMONARY PATHOLOGY

The principal factors now thought to determine whether exposure
to dust will produce pulmonary pathology are nature of the dust,
'mrliclo size, quantity of the dust dispersed in the atmosphere, and
ength of exposure. )

CGavdner (234) concluded from his field studies in somo of the dnsty
industries that the evidence mnkes it seem improbable that a silien
hazard is defined solely by the number and size of the silicn particles
1 an industrd atmosphere. ‘I he otiier components of a dust modify
its netion,  Some may inhibit, others retard, and perhaps some will bo
found“to prevent its injurious effects.

Every mineral has certain characteristic pmy(-rlios that separato it
from other minerals of similar appearance when viewed under the
polarizing microscope. ‘These dingnostic charncteristics nre supposed
to persist even to the smallest. grning; with patience, therefore, the
percentage of the various mineral constituents of a dust can be
determined. (£95).
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