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PREFACE

TrE 1industrial age has complicated the scheme of life in many
ways, some of them directly affecung the public health;
among these are the diseases due to the inhalation of certam
kinds of atmospheric dusts ansing drrectly from industrial
operations 111 effects due to dust contamtnation of the at-
mosphere have been recognized from earliest times.

Ths book has for 1ts purpose the presentation of the medi-
cal and public health aspects of silicosis and asbestosis, two
defintely industrial dust diseases Silicosis looms larger in
the picture than asbestosis because the former 15 much more
widely spread, affects a much greater number of the mdus-
tral population, has been recogmzed and studied longer
and, consequently, more 15 known ahout 1t

The form of the generic term pneumoconiosts, rather than
I OMmosts O pIk fomiosis, has been adhered
to throughout the book The International Labour Office
and both British and American editors have adopted 1t as
preferable

The editor wrshes to express special thanks to Miss C M
Bresnan for reading proof and for making the ndex and to
acknowledge with grautude the help recenved from many
sources and from many tndividuals To them and particu-
larly those working 1n the field of industrial hygiene, this
bool 1s dedicated

A ] Lanza, MD

February 24, 1938



CONTRIBUTORS

A J.LANZA,M D

Assistant Medical Drrector, Metropolitan Life Insurance
Company , Chavman, Industrial Hygiene Gommutiee of the
New York Tuberculosts and Health Association

Formerly n Charge of the Office of Industrial Hygene,
Unuted States Public Health Service ; Chief Surgeon of the
Umited States Burcow of Mines, ddwiser on Industnal Hy-
giene to Commonwealth Government of Austiala , Special
Staff Member of the International Health Board of the
Rockefeller Foundation, Medical Consultant of General
Motors Corporation

R R SAYERS,AM ,MD
Semior Surgeon, United States Public Health Service , Chuef,
Diuision of Industrial Hygiene, National Institute of Health
Formerly Chief Surgeon, United States Burean of Mines.

EUGENE P PENDERGRASS, M D
Professor of Radiology, Medical School, University of Penn-
sylvanwa , Professor of Radrology, Graduate School of Med-
ane, Umwersity of Pennsylvania, Associate Director, De-
partment of Radiology, Hosputal of the University of Penn-
sylvania

S ROODHOUSE GLOYNE, MD DPH

Pathologist, Pathological Laboratoyies and Research Inst
tute, The London Chest Hospital

LEROY U GARDNER, M D
Durector, Saranac Laboratory for the Siudy of Tuberculosis

E L MIDDLETON.MD,DPH
H M Medical Inspector of Factories, London, England.



CONTENTS
1 HisTory OF SILICOSIS AND ASBESTOSIS
1 History of Silicosis
South Africa
Great Britain
Germany
Australia
Tualy
Canada
Unated States
2. History of Asbestosis
II Eroi06y, SympToMs, DisgNosis OF
SILICOSIS AND ASBESTOSIS

1 Euology, Symptoms, and Dragnosis
of Stlicosts

Sthea in Nature

Occupational Exposure to Stlica

[

32
33



CONTENTS

Factors Influencin the

Silica Dust Pparticles @ the

Exating Cause of

Silicosts

Occupattonal History

Predisposing Causes

S)'mptoms

Subjecttve Symptams

Objecttvt S)'mploms

Diagnosts

The Relatton of Sulicosis 10

Dusabrlity
Prognosts

» Euology: Symptoms
of Ashestosts

symptoms
Asbestost Bod1es

Diagnosts

jas! ROENTG!:N-RAY THIAGNOSIS
The Healthy Chest

The Soft Parts

and Dmgnosis

Action of

66
67

67



CONTENTS
The Bones

The Pleura

The Mediwastinum

The Diwaphragm

The Hiwm Shadows
The Zones

The Lobes

The Vascular Markings
The Bronchy

The Lung Frelds

Effect of the Phases of Respiration
on the Roentgen Appearances in
the Chest

Roentgen Technic
Roentgenological Stages of Progress
First Stage
Second Stage
Third Stage
Other Classifications

Stnple Stlrcosts

86
86

87

92

1y

17



CONTENTS
Tubcrculosu with Silicosis
Healthy Lungs and Adnext
simple Silicosts

Silicosts with Infectton

Rocmgeno\o“\c Consu\er:u'\ons of

S

Sylicosss and Silicosts M ith Tnfection

Sulrcosts

Dzﬂercntml Dragnosts

Metastalt¢ Mnhgnnut Gondittons
of the Lungs

Tuberculom

Mycolic Injections

Mihary Calct{watians

Barttost

Salicosts with Infectio? (nodulnr

[7rcdommmlce type)
Srhicost® with Healcd Infectto®
(canglamerate nodule? type)

chv€ Infection

Selicost anth A4
(mnglomemte nodula? ype)

144

145



CONTENTS

Dfferenual Diagnosss
Infidrating or Permeatng
Malignant Metastases

Polyeythemra or Erythremia

Stlicosis wnth Infection and
Massive Lesions

Furthe: Considerations of
Tubercosis and Silicosss

Complhications 1 Silicosts
Primary Bronchogeme Carcsnoma
Cardiac Lesions

The Ersthiocyte Sedimentation
Reaction m Silicosis

Ashestosis
The Asbestos Industry
Autopsy
Symptomatology
Roentgenologre Consulerations

Ducusston of the Nahoe of the
Roentgenologte Appearances seen
i Asbestosts

Prognosis

145

145

148

149

166
166
166

168



X CONTENTS

Predisposition to Tuberculosis

Differential Diagnosis
Passive Congestion of the Lungs
as a Result of Cardiac
Decompensation

Advanced Bilateral Bronchiectasis

IV PaTHOLOGY
Introduction
Definitions
Nature of the Dust
The Portal of Entry
The Tussue Reaction
Silicosis
Macroscopical Appearances
Lungs and Pleurae
Alicroscopral A ppearances
The Sthcatic Nodule

The Complications and Sequelne
of Silicosts

Sthicosts and Tuberculosts

187

188

190

214
216



CONTENTS

Stlicosis with Obsolescent
Tuberculosis

Sthcosis with Manelest
Tuberculosts

Tuberculo-Silicosts

Some Unusual Pathologscal
Varteties of Sthicosis

Silicosis 1 Coal Miners
Stheosis m Haemaute Miners
Acute Silicosts
Asbestosts

Naoked Eye Appearances
Lungs
Mediastinal Glands
Other Organs

Microscoprcal Appearances

The Asbestos Fibre and the
Asbestosis Body

The Lungs
The Plenra

Histology of Other Organs



Alv CONTENTS

Complications and Sequelae

Chintcat Pathology and Post-Mortem
Examination

Sputum N
dsbestoses

Stlicoses

Blood

Urine

Autopsies

Histology t.

Lxtraction of Asbestos and Sthea
Particles from Lung P

Chemical Analysis of the Lung

V  EXPCRIMENTAL PATHOLOGY
Experimental Frneumoconioses
Experimental Methods

General Tusue Responses to
Various Kinds of Mineral Particles

Silicates

Free Silica

©



CONTENTS

Amorphous silicas

AMestares of Free Sdeea and
Qther Muterals

Gramte
Ferrugimous chert
Gold
Inhatatton of Tartous Dusts
Non-stliceous dusts
Free silica

Inhalation of Mixtures of Free
Seleca with Other Substances

Hematite with 6 per cemt
Quarty

Ferrugtnous Chert with 50 pet
cent Silica

Arttfical Mintares of Calaned
Gypsum and Pure Silica

Granite
dbestoy

Infectron and Preumoconoss

301

307

309



v CONTENTS

i Occurxr Ym‘vg\ﬂv:

Sand\)\asm\g
Preventmn
Compensunon

Grinding of Metals
Prevennon
Compematwn

Reimcmnes Tndustries
Preventmn

Campzumhun

s\i:m\\iacm\‘e of Abrasit€ Soap

powders
Preuemmn
Compensatmn

The gandston® Tndustty
Prcvennon
Compznsnnan

Gramte 1ndustry

Prtventlon

LE CGISLATIVE z\svu:rs GREAT ﬂ\“’l’A‘\



CONTENTS xva

Compensation 369
Slate Quarrying and Diessing 370
Prevention 371
Compensation 371
Pottery Industry 371
Prevention 375
Compensation 376
T Mining 377
Compensation 377
Haemmatite Iron-ore Munng 378
Prevention 379
Compensation 380
Coal Minng 380
Prevention 384
Compensation 385
Asbestosis 385
Prevention 389
Compensation 390

The Prevention of Silicosis 391



xvit CONTENTS
Compensation lor Silicosts and
Ashestosts

VII Pusric HEALTH AND EcoNOMIC ASPECTS
UNITED STATFS
Introduction
Silicosts and Compensation
Extent and Nature of Hazard
Asbestosis
Control and Prevention of Siltcosis
Engineering Control
Dust Sampling

Medical Control



ILLUSTRATIONS

CuaprEr 11

1 — Velocity of Fall for Various Kinds of Dust

Crarter 111
1 — Schematic Presentation of Intercostal Muscles
2 — Healthy Adult CGhest — Front View
g — Healthy ddult Chest— Side View
1— Galcified Tracheobronclial Lymph Nodes
5 — Roentgenogram Showing Vascular Marlings

G — Dufferences 1n Appearance when Rays Were
Directed wn Several Planes

4 — Composite Diagram of Primary Lobule
Lymphatic System

8 — Diagrams Showing Differences in Expansion in
the Tarious Portions of the Lung

9— Diagrans Showing Differences i Lxfranston
the Uarous Portions of the Lung m a Case
anth Infection

10— Roentgenogram of a Healthy Chest

xin

Pace

39

90

91

98

10}



LY STRATlONS

/Smxple Silicosts sth ynifor™ Distribu!iun of
gmatl, Rout d De mmes 108
Galrcosts with lnjcmon 109
Anthmcos:lwusu with Infectto? 1

4 Glose-wP of Aassivé Leston Right uppe
Lobe 112

15 —La ateral View of Chest of lmlmuluul Havb
Anl ﬂn’nmuhm 119
16 /Mmslve Lexon® m e Hard Conl pMane? 14

v Metast? Hy mrnephmma Inuolvmg the Glands

of the \[zdmstmum 13%
8 Aoy Tuberculnu 135
__ ey Calclﬁmtmn of ynknowh ongm 136
- Casé of Banitost 187
_-Soft l\'odulauon n ard coal Ane 138
22/5 ft Nodulﬂnon m e Gramité worke? 140
zg/Slhcusu with Acurv® Infectto™ 14
_.‘A/SIIICOSIS anth @ Heale(l nfectio® 142
:;B/Close-up of Lestot m Raght upber Lobe 143
140

a5A Gelrcosts with lnjecnon



ILLUSTRATIONS
258 — Same Lung Frve Years Later

26 — Primary Carcinoma of Riglt Lower Lobe in a
Worker

27— Asbestosts, Early Manifestations

28 — Lungs of Man Aged g1 — Sk Weaver for za
years, Asbestos Weaver, 5 years

29— Examtnation § Years Later — Asbestous
Moderately Advanced

g0 — Close up of Rught Lower Lung Shown i
Figure 29

31 — Asbestosis Moderately Advanced
32 ~—Asbestosts Markedly Advanced
35— dAn Unusual Type of Asbestosss
31— Asbestosts with Complicating Trberculous
Leston i Rught Upper Lobe
Crarrer 1V
t = Stltcolic Lung Shounng Massive Neodules
2 — Stlicotic Lung Showing Extenstve Nodulation
g — Dhscrete Silicotic Nodules

t — Componte Nodules of Stlicoss

rice

147

179

180



xxid wasmM'ons

8- Asbestoti€ Lung Showtng Respxmtmy
Broncluolcs Packc:l with Asbestus:s Bodies

(_)/Asbestotlc Lung showtng Rcllcu!ar Fibrosts of

\0/,43[)85!0\ Fibres (Gvout[oh!c)
\\/Stages of Formutmn of the Asbcslusts pode’

\2/Asbmtom Bodits (low [mwer} m Umlmncd

Sectio™ of Luné

/Asbcslans Giant Cell showtng lep,oaytcd
Asbestosts podies and Frbres

13

/Vemml sectrott lhrough Lungs © Wiate Rat
[rhaltn® Jmlcedmw or 9 months

2/1ntmuenous In’cclmns of ure Selett
q- Ral)lut Liwe?s after Inhm}enmu In)cchuu

‘;/lnlmlntmn of yanots Dusts

;,/Rmcuom to Gramtte and chert Dusts

]
)



ILLUSTRATIONS xxiii

PacE
G — The Course of Ry Inhalatton Tuberele 1n
Normal Guinea Pigs 332
7-— Ry Inhalatton i Guinea Pigs Exposed to
Various Dusts 331
Crarrer VI
1—d Gun Flint from Brandon 318
2 — Localized Exhaust Jor Dust Removal at
Stone-dressimg 363

83— Attachment of the Expanded End of the Duct
and [is Gonnection with the Suction Apparatus 366

{ — Movable Hood Connected uwnth Fxhaust
Apparatus by a Flexible Tube 368



INTRODUCTION

ParnorocicaL conditions of the lungs, due to the inhala-
tton of excessive quantities of dust in certain occupations,
have been known to exist for many centuries It 1s also true
that the frequency of infection, particularly pulmonary tu-
berculosis, as a complication has been realized for a long
trme  Pneumoconiosts 15 a comprehensive term, designating
the effects upon the lungs of the inhalation of excessive quan-
tittes of dust, marufested by structural changes in the lung
tissue and entirely distnct from the action of paisonous
dust, such as lead or mercury, mn which case the lungs act
merely as the pomt of entrance mto the body without defi-
nite local mfluence. At first it was associated chuefly with
mining but with the advancement of the industrial age, dusty
mdustries multiplied.

It 1s customary to speak of the dust mhalation effect upon
the lung ussue by the name of the chief consutuent of the
dust breathed, as silicosis when silicon dioxide (810;) is
the princpal ingredient and asbestosis when asbestos 15 the
offending agent Silica dust, when the particles are sufficiently
small, has the peculiar property of inducing a fibrosis of the
lung tissue This effect ts characteristic, as is the resulting
roentgenologic appearance. In asbestosis, the pathologreal
process is quute different as 1s the roentgenologic appearance
These matters are thoroughly dealt with in the text. There
1s still, however, much to be learned with respect to both
conditions We know the results of the mhalation of these
dusts but we are not sure how they are produced.

There are two ways i which the pulmonary infections,
tuberculosts and pneumoma, may affect or complicate pneu-
moconiosts First, there may be infection before the exposure

XX1V



INTRODUCTION XXV

to dust. It 15 an undecided question whether such infection
can so change the pulmonary structure that the later dust
effect is more pronounced than st would otherwise be. There
seems to be reason to believe that such an enhancement s to
be expected, especrally if the previous infection were tuber-
culosts, but thrs must be left to the histopathologist for final
proof. Secondly, do such mfections upon an already dusted
lung become more seyere or aggravate the dust effect or other-
wise change its character ? There is even more evidence that
any of these effects may result but here agamn the histopathol-
ogtst must be called upon to tell us the exact truth The first
ntimatton that accurred to us that the character of a silicotic
Iesion could be so changed was when we were searching for
an cxplanatton as to why certamn individuals with stlicosis
showed masstie consolidations of fibrosis in the lungs and
others 1n the same occupation and apparcntly exposed to the
same amount of dust of the same 1arety showed a more
evenly dffused nodular fibrotic process It was a great satis-
factton to hear a well krown pathologist say that a com-
paratively recent mfection Like lobar pneumomia might be
the answer but that at present there was no defintte proof
of such theory bemg correct

It was giaufying to learn that most of us were tnnking
along sumlar lines That most cases of silicoss die of an mter
current nfectton, especially tuberculosts and possibly pneu-
motua, 15 esrdence that silicosis my exert some effect upon
the progress of some pulmonary infecttons It his not been
proven as vet that the same s true of asbestosis.

A comprehensine knowledge of the effects upon the lungs
of excessne mihafatons of dust 1s not to be quickly gained
Fhe combined efforts of the istologist, pathologist, clim-
cian, roentgenologist chemist, physicist and other techno-
logral eperts are necessary, The legal profession deserves a
certam share of commendation for stunulating the study of



XXV INTRODUCTION

occupational dust diseases and has made a thorough knowl-
edge of pneumoconiosis a necessity among many of the medi-
cal men Were 1t not for the demand for exactness from out-
side the medical profession, 1t is difficult to say how soon
curiosity or medical research would have achseved our pres-
ent accuracy of knowledge with respect to the etiology, symp-
toms, and pathology of pulmonary dust diseases and their
modification by certain mfections

A large number of us have, no doubt, taken up the study
of pneumoconiosis from the standpoint of 1nterest Following
the experience with silicosis in South Africa, starting several
decades ago, text books for the medical student simply men-
tioned 1t 1n a more or Jess cursory manner ay an uncommon
condition We are sure of the necesstty of many angles of
approach to the subject The first comprehensive report of
silicosts 1n the United States was made about twenty years
ago by one of the authors. It described what was occurring
among miners m the south west Almost simultaneously and
without any knowledge of tlus report, 1t occurred to a small
group of medical men in the east that the best way to study
the differences in the appearances of trunk shadows in the
roentgenograms of the lungs might be to study the chests of
persons engaged 1n various dusty occupations The maimn
pomnt learned 1n this investigation was that organic dusts do
not mduce lung changes but 1t further stimulated the study
of the effects of morganic dusts, particularly siltca, and later,
asbestos This study has continued up to the present time.

Some of the authors of this book were among the pioneers
1 silicosis and asbestosis ; they have blazed the trail for fu-
ture myestigations It can be truthfully stated that those who
studied these occupational diseases 1n North America and
the Briush Empire have always had the good of the affected
workers mn mind. Their researches have saved life and have
made many occupations safer for the worker

Henry K. Pancoast, M D,
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1. HISTORY OF
SILICOSIS AND ASBESTOSIS

R R Saygrs, M D.

SENIOR SURGEON, UNITED STATFS PUBLIC HEALTH SERVICE
CHIEF, DIVISION OT INDUSTRIAL HYGIENE
NATIONAL INSTITUTE OF HEALTH
AND
A ] Lanza, M D
ASSISTANT MEDICAL DIRECTOR
METROFOLITAN LIFE INSURANCE COMPANY

1 HISTORY OF SILICOSIS

ALTHOUGH to the general public silicosis 1s a disease of recent
origm, the history ot dust diseases reaches far into the past,
and the first recognition of a definite relation between ex-
posure to dust and pulmonary infection 1s lost in the musts
of antquity

As Colhs? states, ‘In hustoric times references are to be
found 1n the works of ancient writers who, however, seldom
dutinguish between the various forms of respiratory disease,
but rather refer to a general connection between lung affec-
tions and dust inhalation”

Probably the earliest recorded 1eference to the harmful-
ness of dust exposure is Pliny's description of the devices used
by refiners to present mhalation of the “fatal dust’? The
symptoms of a metal digger, as noted by Hippocrates, who
lived 1n the fifth century n ¢, a1e comparable to those ob-
served among present-day mners suffering from the effects
of dust inhalation * Other early writers discussed dust phthi-
15, and 1t 15 behieved they had in mund the type of disease
desenibed by Celsus,* a medical writer of the first century,
who stated

3
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HISTORY 5

Thackrah,"* 1n 1831, began 2 study of the effect of the
dusty trades on British workmen’s longevaty, and contributed
valuable mformation. including the fact that not all dusts
shorten the lives of the workers exposed, as evidenced by the
expertence 11 varwous mines He noted that, while sandstone
workers generally died before forty, there seemed to be little
or no unusnal incidence of Jung diseases 1 brick and lime-
stone workers

Dr Greenhow.!2 an instructor 1n public health, became the
first state medical factory nspector 1n Fngland and made
personal 1nvestigations of health conditions m 1ndustries
throughout the country He collected lung specimens of
workers, who had died from dust diseases, for pathological
study and he was perhaps the first to use polarized Light to
1dennify mucroscopically the tiny particles of sihca n the
lungs of a metal grinder As a result of Ius work, the first
Royal Commussion was appointed m 1861 to make a thorough
wvestigation of health conditions 1n munes,

In 1862, Dr Peacock,'? who had interested himself 1n the
lung discases of buhrstone cutters and who had detected par-
ticles of the stone in their lungs, was made a member of the
Commussion In lus report on the medical aspects of miming,
he distinguished between the conditions of the lungs known
as ‘memer’s phthisis’ and the ordinary type of tuberculosts,
noting that the miner’s disease occurred 1n otherwise healthy
men with healthy familtes and that it appeared in them at an
older age and was a more chromic type than the usual m-
fective tuberculosis

Although mechical opuuon at thes persod attributed the
disease among mmers more to bad hygiemce conditions than
ta the dust to whch they were exposed, some ol the Scottish
and Iuglish physicians notrced that even i mines where
mmer’s phtlusis was presalent, drilfers of rock suffered from
more rapid anset of the disease than other miners Thus, to-
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HISTORY 7

silica In 1902, the Government miming engineer noted that
miner’s phthisis seemed to be prevalent among rock drllers
and a Commussion of Enquiry was appointed. Physical ex-
ammattons were made of 3,000 men, the roentgen ray being
used 1n South Africa for the first time 1n 3oo cases,

Compensation was maugurated 1 1912 and m 1016, the
Miner's Phthisis Prevention Committee issued a compre-
hensne report Pre-employment and periodic physical ex-
amnations were 1nitrated by the Medical Bureau and en
gmeering methods to improse ventilation and allay dust by
the use of water were instituted The estimation of the
amount of stlrca dust 1n vartous working places underground
was developed, Sir Robert Kotze having devised an mstru-
ment for this purpose, the Kotze Konimeter A threshold
Limit of goo particles per culne centimeter {about 8,500,000
particles per cubic foot) was set as a reasonable (at that
ume) standard of safe practice

The Miner's Phtlusts Medical Bureau defined diagnostic
standards and regulations for compensation The Bureau
established the classification of siltcosis into four stages —
ante-primary, primary, secondary, and silicosis with tubercu-
losis Watkins-Puechford and the other medical members of
the Bureau — Watr, Irvine, and Stewart— made notable
contributions to chimical knowledge The importance of tu-
Lereulous infection as an accelerator of lung fibrosis, the
marked suscepubnlity of silscotics to tuberculosis, the progres-
sive nature of siltcosts were among the mmportant aspects of
stlicosts which this group desertbed From the Institute for
Medical Research came the important pathological studtes of
Mavrogordato and Sumson, No one interested m the medical,
econonc, or engmecring phases of silicosts can afford o over
look the publicatians that hate come from South Africa for
the past twenty years
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GREAT BRiTAIN

In 1902, fifty years after Peacock’s investigations, a gov-
ernmental commission was appomted to study the persisting
lugh mortality among the tm miners of Cornwall. Dr. Hal-
dane, one of the members of this commission, definitely as-
cribed the disease of these muners to rock dust and stated
that the dust itself was what caused the primary injury to
the lungs.!?

Investigations among slate workers showed that slate dust
exposure was related to phthisis, particularly in Wales,
where the slate 15 high in quarez.!s

From this time on, frequent and intensive investigations of
many of the dusty trades 1n England were made, and nu-
merous reports contamning valuable informauon and sug-
gestions were 1ssued by the British Home Office Among the
industries studied were slate, refractories, sandstone, pot-
ternes, and coal minug

Dr Collis, m 1915, in the Milroy Lectures, reviewed the
status of pneumocontosis i England at that time. He clearly
expressed the theory that ‘free’ or crystalline silica is the
causative agent m nearly all dusts that produce serious lung
mjury and susceptibility to tuberculosis !

In 1917, an investigation was made of the refractories in-
dustry, where a species of sandstone shale with a high free
silica content 1s used 1n making bricks and 1 1919, the first
stheme of compensation for silicosts was set up for this in-
dustry. Dr. Heffernan has given an account of the problems
connected with this industry 2

The situation 1 the Enghish pottery industry had existed
for many ycars, Wedgewood having found that his workers
employed in grinding flint lived only a couple of years
Several Royal Commissions were appointed to investigate
the potteries industry ; one by Sutherland and Bryson for-
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fects of exposure to silica dust on mortality by comparing
the death rates for a group of occupations having exposure
to dust containng free silica with a group having equal ex-
posure to dusts not contaming free silica, wotking condutions
being smular Comparison was also made with the rates for
all occupied and reured males, with correction for age dis-
tmbution The authors concluded from this analysis that
sthica dust tends to be a poison to the whole body and that,
although 1t exerts 1ts important influence on the respiratory
tract, especially with respect to tuberculosis, 1t also wmpars
the airculatory, nervous, and digestive systems and the glands,
hidneys, and liver 2

The chemical aspects of the action of silica n the tissues
have been painstalingly studied by Gye, Purdy, and Kettle
Kettle has concluded from his experiments that silica, after
it has entered tlte body, dissalves w1 a colloidal form 1 the
weak alkalis of the lung flurd and is very gradually absorbed,
the soluble portion then acting as a tissue poison. He thinks
that through its toxic action st paralyzes the phagocytes so
that they lose their phagocytic ability and also their power to
deal with the tubercle bacillus, thus leaving the lung unpro-
tected.?* Kettle, Gye, Purdy, and S Lyle Cummins have all
proved by experiment that far from being ‘poisoned’ by silica,
the tubercle bacillus 1s sumulated by silica.?

Extensive studies have been made on the health of coal
mmers Dr Middletan, m a five year study of silicosis deaths
reported m British industries, showed that durmg the perrod
from June 1, 1931 to December g1, 1935, there were 147
certified deaths from sihcosis apd sihicosss with tuberculosis
and p11 total disablement cases among 139,228 employed coal
muners in South Wales and Monmouth. In all the rest of
England and Scotland, there were only 22 deaths and 70 total
disablement certficates for silicosis in coal miners, in a total
of over 600,000 employed.”s Physicians practicing in the
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South Wales coal fields believe the silicosis observed there 1s
of the “mfective’ type ; ‘infective’ 1s Dr.Irvine’s term for the
type of extensive fibrosis found in silicotic lungs wiich is
suspected of bemng produced by the aid of the tubercle bacil-
lus, but m which the bacillus cannot Le demonstrated.'® In-
vestigations 1 the ron mimng ndustry disclosed a rather
hugh silica content 1n hematite miners’ lungs at autopsy and
Stewart and Faulds felt justified m namng this lung conds-
tion ‘sidero-silicosts.”

In 1933, W R Jones brought fornard the theory that mn-
eral sericite (a hydrous silicate of aluminum and potassivm )
was the chiel factor in the development of sihicosts.?® How-
ever, this has not been substantiated  Silicosis has been dem-
onstrated 1n experimental ammals and in human cases 1n the
absence of sericite and where pure quartz was the only causa-
uve factor. It 1s mteresung to note that many attempts have
been made to find an ‘anudote’ dust to neutralize or delay
the harmful action of silica Carleton,? 1n experiments with
combined lint and coal dust on guinea pigs, found that coal
dust appeared to cause enough nitial immediate irritation
to promote ehmination of some, but not all, of the flint dust
inhaled No definite conclusions have as yet been reached n
this work which 1s still being conducted.

Compensation for workers disabled as a result of silicosis
or silicosts and tuberculoss has been provided for in England
by amendntent to the compensation law. From 1923 to date,
five schemes have been put into operation dealing with sili-
costs in various industries, mcluding the refractories, metal
grinding, saudstone, tin mimng, coal mming, potterses, gran-
tte working, and others, Processes not involving exposure to
stlica dust are exempted. i some cases, the linuts of the silica
content being speafied for the purpose of the law. The most
important feature of these schemes 1s the provision for medi-
«al certtfication of physical fitness for work in such exposure,
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for medical cerufication of disability with fimited compensa-
tion for non-disabling stages of uncomplicated sihicosis, and
for post-mortem examunation in death claim cases.

GrRMANY

In Germany, Paracelsus was first to deal with mjury to the
Tungs of mmers caused by inhalation of dust and to desig-
nate such injury as an occupational disease. In the nineteenth
century, German pathologists and clinicians made consider-
able progress n regard to research connected with diseases
caused by dust, Arnold succeeded in producing experimental
dust fibrosis of the lung and 1n distinguishing clearly between
that and tuberculosis Eulenberg definitely affirmed that si-
ticac acd causes serious fibrotic disease of the lungs. The
connection between mhalation of dust with quartz content
and tuberculosis has been shown statisticafly by various
writers : Oldendortff, Sommerfeld, Moritz and Rophe and
others showed the high mortality rate from tuberculosis
among metal grinders, Lewin, Hixe, Wilbrandt, and others
drew attention to simlar conditions among pottery workers.

Baumler described the symptoms of silicosis and stressed
the arrhotic character of the accompanying tubercnjosis.
Staub-Otiker described in detail the roentgen-ray appearance
of the silicotic lung as found m metal grinders and also dis-
ungwshed the various stages of the disease. Stahehin, Ickert,
Jotten, Arnolds, Lehmann-Engel-Wenzel have all given com-
prehensive exposttions of this subject. Koelsch and Kaestle
designated the appearance of fine mottling on roentgenogram
as the first stage of silicosts, associated with shight dyspnea
akter effort. While 1t 15 admitted that vesy often tuberculosts
js associated with dust (ibrosis, the majority of German in-
vestigators are of the opmion that fibrosis due to dust 15 a
disease 10 self and to be distnguished from tuberculosis
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and that dust inhalation, as such, may lead to extenstie pul-
monary fibrosis without associated tuberculous infection
Schmorl, Staub-Ouker, Ara, Koopmann, Bohme, and
Schridde describe such cases Merkel has concluded from lus
al findimgs that 1l mhalation of dust and
tuberde baailli occns and that these exert a double action
m the production of the majority of dust fibrosis A great
deal of expermental work has been done i Germany re-
garding siheosts by Lehmann, Gioss, Jotten, and others
In 192g, ‘severe preumotoniosts’ (sthicosts ) was included
m the hist of occupational diseases subject to compulsory
compensation In the ase of severe dust hibrosis combined
with tuberculosss of the lungs, tuberculosis 1s regarded as
pueumoconions (stlicosis) for the purposes of compensa-
tion
Up to the beginning of the prescut century, all changes of
the pulmonary ussue caused by ditferent kinds of dust werc
convidered as farrly sumlar However, the obsenattons of
the last few decades, particularly the thorough mesugations
effccted in the last twenty vears, have fundamentally altered
the fmmer theories Taoday 1t 1s recogmzed that the vartous
types of dust must be judged m a different manner and that
the deasne lactor regarding effect 1s not the morphological
phancal actnny of the vanous ypes but rather the contem
ot fiee erystallized sihac acid (quartz) n the dust. Koelsch
began some sears ago to imvestigate conditions i dusty n
dustries and 1n the List few vears, oter 1,200 worhkers in var
1ous branches of mdusts imvolung exposure to nuneial
dust were examined chinically and 1oentgenclogually Tt was
found that the most dangerous occupations i regard o
pneumoconiosts, as relted to dust exposure, were gramte and
sandstone working The statsstcal morbidity and mortaliyy
returns as well as the chmral roentgenolestaal examinations,
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show clearly the fundamental principle that the greater the
quantity of free silicic acid 1n the dust, the more dangerous
1t 15 for the lungs 15

AUSTRALIA

The rapid mcrease 1 Australia’s population in the latter
half of the last century was due 1n large part to the discavery
of rich alluvial gold fields in several parts of the Continent.
This sumulated prospecting and brought about the discovery
of other metalliferous deposits. A large portion of the mi-
grants came from mimng districts 1 England and other
countries,

Sihcoss has been demonstrated in many of the mining
fields and a high death rate from pulmonary diseases, -
cluding tuberculosss, has been evidenced in connection with
the industry,'s

In 1goz, while a system of sewers was being dug 1n Sydney,
Australia, a Sewer Works Ventilation Board was appointed
to inquire mto the working condrtrons and to recommend
means of unprovement to render the work less hazardous.
The board found that miers employed in this type of work
suffered from a disease known as ‘sewer disease’ but which
was strongly suspected of being due to dust. It was the board’s
opion that although fumes from explosives, poor ventila-
tion, etc, were contributory to the high mortality, the sole
cause of the disease was probably the dust from hammering,
drilling, and use of the pickax

The Australian government has made many mvestigations
of the mining industry throughout the country and vigorous
efforts hate been made to control unhygiemc conditions
The chief metal mning sections 1 which health conditions
have been surveyed are. Bendigo, Victoria, Broken Hill,
New South Wales, Kalgoorlie, Kimberley, and Coolgardie

in Western Austraha.™
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In 1912, Armstieng investigated a reported eprdemic of
pueumonta at Broken Il and found the death rate from
pneumonta among underground miners m that Jocality dur
g 1g10-2 was nearly 4 tunes as great as that for all males
m New South Wales In 1g14, the 1eport of a Royal Com-
mission investigating the mung industry at Broken Hill
stated that although the prime cause of pneumemna was sud-
den changes i temperature, dust mhalation m any form
would predispose to disease.’®

In 1919, the Techmcal Commussion constituted to ex-
armmne the mrners at Broken Hall wsed the roemgen-ay, for
the first tme 1n Australia, as a means of duagnosing silicosis
as an occupattonal disease, The Commussion made an elabo-
rate report 1n 1921 and set up standards for diagnosing the
ifferent stages of silicosis 3

In 1924, 2 very complete imvestigation of the sewer system
situation was made by Dr Charles Badham, Industrial Medi-
cal Officer of the New South Wales Department of Health.
Dust counts were taken and 1t was found possible to set a
standard for pernussible dust concentrations of 200 particles
per cubic centnmeter (approximately 5,664,000 particles per
cubne foot)

A special scheme for the compensation of silicosts for Syd-
ney sandstone workers was put through 1n 1927 and the whole
field was checked again , surveys were also made among sand-
stone masons and quarreers in the neighborhood These were
found to be exposed to much the sime hazard as the wn-
nelers Open sheds and wet methods were recommended for
controlling the dust hazard 1+

Since 1926, the mine employees in Western Australia have
been examined annually by the Commonswealth Department
of Health Of 2,290 men presviously classed as normal, 1.3 per
cent were found on re-examination m 1927 to be suffering
from uncomphicated silicosis and o 5 per cent had tubercu-



16 SILICOSIS AND ASBESTOSIS

losis only , of 491 diagnosed as silicatic, 86 (17 5 per cent)
had silicosis with tuberculosis In 1929, ot 2,293 noimals 1e-
examined, 100 were iagnosed as siliconc. Silicosis was not
found m any case under forty years of age or with less than
five years of underground work.3

IraLy

Iralian research workers have furnished interesting contri
butions to the knowledge of respiratory diseases resulung
from the inhalation of dust. While expesimental work was
done by Brondi, Tommast-Crudeli, Feliziana, and others,
the report of Devoto and Cesa-Bianchi i 1911 must be con-
sidered especially notable. In thetr experiments with guinea
pigs, they found that animals subjected to the inhalation of
very fine ltmestone dust are less suscepuble to tuberculosis
than those which have inhaled silica dust.!s

Among other workers who have studied the occurrence of
prewmoconiosis n vartous Itahan industries are Pesenti,
Rota, and Finzi, who reported on health conditions of
workers mn lime, cement, and plaster, Frongra, who noted
that the cause of death among Sardutian miners was most
frequently an acute infection ( pneumonia) , Biaanchi, who
made careful climieal and radiological examination of work-
ers employed as sculptors, hewers, modelers, and workers in
grinding rooms In regard to the importance of silica dusts
as the cause of pneumoconioss, a report by Gigliolt is of real
mmportance Preracami had already remarked that among the
workers 1n the Cornacchino mine, there occurred a bigh
incidence ot broncho-pulmonary affections and pulmonary
tuberculosts , a later mquiry by Puccinelli and Ginannescht
confirmed this fact Giglioli found that in many of the mmers
at Cornacchino, and 1n almost all who worked where the air
15 rich in silica dust, there occurred, after two to three years
of work, broncho-pulmonary affections, with coughing,
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silica’ s0 often predicated by pathologists working on silicosis.

Outstanding experimental research on silicosis is being car-
ried out at the Banting Institute of the University of Toronto,
under the direction of Banting, by Doctors King, Fallon,
Irwin, Stanual, Franks, and others. Irwin has developed 2
micro-ncineration method which makes it possible to de-
termine amounts of silica in tissues with considerably greater
accuracy for the purpose of relating it quantitatively to the
degree and location of fibrosis present in the lungs.}4

Recent experimental work by Denny, Robson, and Irwin
showed that animals dusted with quartz, to which less than
1 per cent of metallic aluminum dust had been added, showed
pracucally no fibrosis.?

UNntTED STATTS

As early as 1887, Dr. Fredenck Peterson!* of Pough-
heepsie,’® New York, presented a report of an autopsy upon
a foundry worker which unmistalably indicated silicosis and
called attention to the prevalence of this type of disease among
fellow employecs of his patient. In the same year, a series of
patients employed 1 a cutlery factory were presented to the
Franklin District Medical Soctety by Dr.F.J Canedy of Shel-
burne Falls, Massachusetts,3* Dr.\William  W.Betts of
Nevada, in 18gg,'* described ¥ a series of cases of pulmonary
disease among employees of a gold crushing plant.

Not until 1g1y was the first study of silicosts and allied dis-
orders initiated by the United States Bureau of Mines and
the United States Public Health Service, jointly, in the lead
and zinc minmng district of southwest Mijssouri3® This in-
vestigation was followed by similar studies in hard rock metal
minng regions in other parts of the United States 7

In 1924, the United States Bureau of Mines established a
clmic m the Tri-State Lead and Zinc mning district ( Mis-
souri, Kansas, and Oklahoma) which was later (1927) ex-
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panded mnto a co-operative enterprise by the Bureau of Mres
with the Tr1-State Producers Associatton and the Metropoli-
tan Life Insurance Company Tlus clinic was mantained for
nine years Over Go,000 complete physial examinations of
27,000 individuals were performed at this chinic while it was
maimntained under Government auspices, including roent-
genogram of the chest and a blood Wassermann or Kline test
The results are partially surmmarized 1 Technical Papers 545
and pg2 of the United States Burcau of Mines.3 The general
tenor of these studies in the Unuted States was 1 close con
formity with those of South Africa and Fngland

Attention was later dnected to the anthracite coal mining
mdustry, in which a disabling pulmonary disease, locally
known as nuner’s asthma, had long been recogmzed In 1933,
the United States Public Health Service. in co-operatron with
the coal mine operators, the United Mine Workers of
America, and the Pennsylsania Department of Labor and
Industry, undertook a survey of pulmonary disease i1n the
anthractte mines, the results of which were published in
Bullettn 221 of the United States FPublic Health Service ¥
This study confirmed what many had suspected — that dis
abling pulmonary filnosis among coal miners was dite to silica
and not to coal dust, although the coal mught modify the
chinecal and pathological pictore

Other studics of the United States Public Health Service
m bituminous coal mines faled to establish a disbling
fibrosts in the absence of silica Brundage of the Public Health
Service had demonstrated from mortality records that it
minous corl mimers had a low rate of tuberculosts To the
condition found mn the anthracite mimes where silica bering
1ock s often adpacent to the conl Savers and hus colleagues
gne the name anthraco-sihicosis and demonstiated that in the
older age groups, the inadence of tuberculoss as a complica
tron was ey prevalent In the age group forts five to filts-five,
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the tuberculosis rate was five times that of the general popula-
tion and above age fifty-five, ten times as large,®

About the same time, Gardner and Cummings of the
Saranac Laboratory started their extensive studies of pul-
monary disease in the 1ron ranges of northein Michigan and
Wisconsin. The general conclusions of all these field studres
indicated that the incidence of silicosis and the resulting
clinical picture were directly related to the severity of ex-
posure to quartz dust and to the presence of infection and
that other substances, in combination with the silica, might
and often did modify the action of the silica.

These conclusions are supported by the results of investiga-
tions of foundries. Foundry studies were conducted at various
times by the Umited States Public Health Service,* by the
Industrial Hyglene Division of the Metropolitan Life In-
surance Company,* by the Saranac Laboratory and the
American Foundrymen’s Association,*’ the State of Con-
necuicut,® and the State of Massachusetts.#

A number of investigations were also made in the granite
industry, notably in 1018 by the Committee on Mortality
from Tuberculosis in the Dusty Tiades,* under the leader-
ship of Dr Frederich L Hoftman, and later, in 192¢, the im-
portant study by Russell of the Public Health Service.#

The sandstone mdustry was mvestigated by Hayhurst i
1926, %7 the marble industry by Dreessen of the Public Health
Service in 1934 ; ¢ and the pottery industry on a number of
occastons 4

The cement industry also has been thoroughly studied,
beginning in 1915 by Tucker,® and later by the Public
Health Service 5! and also by the Smanac Laboratory ** These
various v estigations of the cement mdustry revealed httle
or nothing in the way of occupational pulmonary disease and
served to confirm the so-fm accepted principle that disabling
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and Pendergrass published the first book to appear on this
subject  These authors, together with Sampson and others,
have carried on experimental work in technique and in
elaborating standards of diagnosis.s?

The determinauon of disability in silicosis has proved
vexatious to both chinicians and workmen’s compensation
officials. At the University of Rochester, McCann and his
associates have been working on physiologic methods of
estimating pulmonary imparrment.

Harrington of the United States Bureau of Mines, Philip
Drinker at the Harvard School of Public Health, Cummings
at Saranac, Bloomfield and Dallavalle of the Public Health
Service, Fehnel and his associates at the Metropolitan Lafe
Insurance Company, have contributed a very large amount of
work to the engineering and chemical methods of dust de-
termination and control Here again, the reports and pubhca-
t1ons are far too numerous to detail and the reader is referred
to the original sources.

In addition to all the publications made available by all this
field and laboratory work, the Harvard School of Public
Health, the Saranac Laboratory, and the Dvision of Indus-
trial Hygiene of the United States Public Health Service
have undertaken direct educational activities A recent organ-
ization 15 the Air Hygiene Foundation, sponsored by various
industries to encourage reseatch into atmospheric pollution
and pulmonary disease and to carry on educational work

2 HISTORY OF ASBESTOSIS

Asbestos was mined and the fibres were separated from the
mineral and used in the making of fire-proof fabrics several
centuries BC Attention is called by Cooke % to a cremation
cloth described by Herodotus in 450 & ¢. Materials made of
asbestos have been used ever since but in the past three dec-
ades, the industry has grown tremendously owimng to the
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greatly increased use of fire resisting and insulating materrals
as well as brake Iinmngs m the automoble industry

Asbestos 1s 2 mag| silicate, ¢ i asmall amount
of iron and a trace of aluminum, The fibres are long and flex-
ible and for many purposes are combined with cotton to
undergo regular textile processes of spinmng and weaving
Most of the asbestos used 1n the United States comes from
Canada,

‘The first report of a death resulting from asbestos dust 1n-
halation was presented by Murray 1n 1goo ¢ A second case was
reported by Cooke & 1n 1924 and again 1n 1927.8 At that
tume, Cooke described the unusual and characteristic asbesto-
sis bodies In 1927, Ohver ¢ reported 2 cases, to be followed
by McDonald 67 and Seiler.$® In 1928, Simson % reported 2
cases in South Africa Other cases were reported by Wood and
Page 7° 1n 1929, ITaddow ! in 1929, and Wood and Gloyne??
1n 1930, in that year appeared the comprehensive report of
Merew cther and Price 7

In the United States, Lynch and Smith 7 reported the Grst
cases e 1930 The first imvestigation of the asbestos industry
m the Umted States was made 1n 1930 and 1931 by Lanza,
McConnell, and Fehuel.”s In the last few years, much atten-
tion has been given both to the clinical aspects and diagnosis
of ashestosts and to its pathalogy In 1936, Shull reported a
roentgenological review of 71 cases.”s Recently the United
States Public Health Service 77 has published several reports
of dust control inethods 1n asbestos plants and of the industry
i general
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. ETIOLOGY, SYMPTOMS, DIAGNOSIS OF
SILICOSIS AND ASBESTOSIS

R.R. Savers, M D.
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AND
A.J Lanza, M.D
ASSISTANT MEDICAL DIRECTOR
METROFPOLITAN LIFE INSURANCE COMPANY

1 ETIOLOGY, SYMPTOMS, AND
DIAGNOSIS OF SILICOSIS
SiLicosts tas been variously defined  Dorland ( Dict 16th ed
pp68) P iosis due to inhalation of the dust of
stone, sand, or flint;" ( Webster’s New International Dic-
tionaty, 1930, p 1g56) ‘An aftection of the lungs occurting
in stone cutters, caused by the inhalation of quartz dust

‘The Committec on Pneumoconiosts of the Industrial Hy-
giene Section of the American Public Health Assocration,
recently defined silicosts as ‘a disease due to breathmg air
containing silica (510, ). characterized anatomically by gen-
eralized fibrotic changes and the development of mthary
nodolation in hoth lungs, and clinically by shortness of
breath, decreased chest expanston, lessened capacity for work,
absence of fever, increased susceptsbility to tuberculosis
{some or all of which symptoms may be present ), and by
charactertstic Xeray findings”?

The compensaton law of West Virginua defined silicosis
as ‘an insidious fibrotic disease of the lung or lungs, due ta
prolonged mbhalation and accumulation sustaned in the
course of and resulting from employment, of minute particles

an
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of dust containing silicon dioxide (810, over such a period
of time and m such amounts as result in the substitution of
fibrous tissue for normal lung tissues ; and the term silicosts
shall also melude stlicosis accompanied by tuberculosis of the
lungs evidenced by the presence of tubercle bactllus in the
sputum * 2

While the foregoing definttions express somewhat different
viewpoints, they have this in common — the cause of silicosis
1s silica or quartz. Although other dusts, when inhaled in
sufficient concentrations over a long enough period of time,
have been shown capable of producing a definite pulmonary
fibrosis, nevertheless the pneumoconiosis characterized by
nodular fibrosis has to date been shown clinically and ex-
perimentally to be associated only with the inhalation of dusts
contamming free or uncombined silica. ,

Siica 1N NATURE

Silica 1s the most abundant constituent of the minerals and
rocks that make up the crust of the earth, It occurs in two
forms, free and combined The free silicas, as a group, are
definite compounds in the form of 510, The combined forms
are silicates. Of free silicas which occur in nature, that known
as quartz 1s by far the most common Quartz 1s 2 hard mineral
and chemucally resistant to reagents. I¢ is an abundant con-
stituent of granite, schist, and other rocks, and the chief
component of sandstone and quartzite Many ores are de-
posited 1 verns that constst nearly wholly of quartz. Probably
the next most common form in which free silica exists in
nature 15 the amorphous hydrated form known as Opal
($10,H,0) . Opal 15 a sthea of colloidal origin and occurs
abundantly 1n the diatomaceous earths It is less resistant to
reagents than quartz Another type of free silica is flint and
with flint is found chalcedony, a waxy, translucent form of
silica interpreted as consisung of fibres of quartz with a small
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amount of interstitial opal. Other forms of free sthca oceur-
1ng less abundantly  nature are tridymite, cristobalte, and
siliccous glass or vitreous sthea

Occurational EXPOSURE T SILica

As the earth's crust contans so large an amount of sthea, 1t
is obvious that those occupations concerned with mining and
the drivang of wnnels are associated veith a sthicosts hazard
Other occupations exposing the workers to this hazard are
those cancerned with the processtng and industrial use of
mneral products, such as smetung and refiming, the use of
sand and gravel for structural purposes, the cuteing of stone,
partteularly granite, the manufactuie and use of certan
abrastves ; and the processing of the various forms of free
silica According to Knopt,? the most common forms of free
silica nsed 1ndustrially are massie erystalline quarts, guartz-
e, sandstone, fint, inpoh, diatomaceous earths and sithea
sand. Table 1, from Ladoo.? illustrates the great variety of
nses to which silica is put in industry and the ind of silica
adapted to each purpose

TABLE I
USES OF SILICA TYPES OF SILICA USED
Abrasine uses

f5 weourimz and polishing soapsand  Quariz quartzite flant, chert sand
ponders stone, sand, tripoh, and diatoma
cepms earth, all m Snely ground

state
In sandpaper Quartz, quarente it sandstone

and sand  covrscly ground and
dnely sizet
1n sand Mast work Quartz quantnte vindstone and
sand ershed o sharp ansular
grams amiform 1 size
Metal buffig, buranhing and pol  Ground mipoh and other forms of
sshing ground sihica,
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USES OF SILICA

TYPES OF SILICA DSED

For sawing and polishing marble,
granite, ete

As whetstones, grindstones, buhr-
stones, pulpstones, oilstones, etc

Tube-mal lining

Lithographers’ graining sand

Fube-mll grindmg pebbles
In tooth powders and pastes

Wood potishing and fimshing

Refractory uses
In maling sia fire brck and
other refractoncs

Metallurgical uses
Tn making silicon, ferrosificon, and
silicon alloys of other metals,
such as copper
As 2 flux in smeltng basic ores
Foundry-mold »ash

Foundry parting sand
Chemucal industries

As a hning for and owers

As a fltering medim

In the mannfacture of sodum
silicate
In the manufacture of earborun-
um
Papt
As au inert extender

Sharp. clein sand graded jnto var.
ious sizes

Massive sandstone from very fine
to moderately ¢oarse grained

Chert, funt, and quarizite an dense
solid blocks .

Medwim to fine sand or rather
coarsely ground ilica ang tripols,

Rounded funt pebbles

Vanious forms of pure silica finely
ground,

AL fosms of shiea gronnd 1o me-
dim fincness

Faly pure quartiite lnown 2
gawister ; not less than gy per
cent 510, nor more than o 40 per
cent alkahs, tightly interloching
grains desired.

Moderately pure saud, massive €1}8+
talline quartz, sandstone, quartz.
ite, or chext

Massive quartz and quastzite.

Ground sandstone, quartz, and
tripote,

Fine sand and ground tripolt

Masuive qUartz oF quattnte

Masuve diatomaceous earth and
tripoli, sand, finely granular
quartz or quartzte, finely ground
tnipoli, diatomaccous earth, and
other forms of sifica

Pure pulverized quartz sand, pure
tripol1, and diatomaceous earth

TPute quartz sand

Finely ground erystolline quartz,
quartzite, and Munt; also finely
gronnd  sandstone, sand, and

mpoh.
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mechanical mdustries i this country approxumately 14,000,
000 persons If the above survey can be accepted as repre-
sentative of the occupanonal distribution of these workers,
it would appear that there are nearly 1,200,000 1ndividuals
possibly exposed to a silicosis hazard in the manufacturing
and mechantcal industries alone Lanza and Vane$ in their
discussion concerning the prevalence and effect of silicosis,
state * ‘Our very rough, but obviously conservative estimate
of the number of workers exposed to silica dust to a harmful
degree in the United States 15, therefore, upwards of 500,000

FACTORS INFLUTNCING THE ACTION OF SiLica Dust PARTICLIS
As THE ExciTiNg CAUSE OF SILICOSIS

Although 1t has been accepted that silica 1s the exating
cause of silicosts, there are certan factors which must be
considered as influencing 1ts action, Early workers were in-
chned to consider that the mjury produced by the dust
particle was due to the mechanical weritation of 1ts hard and
cutting edges Gardner? has shown experimentally that the
mhalation of finely divided carborundum dust, which has
sharp edges and a greater bardness than silica, does not
produce the nodular reaction characteristic of silicosis Collis #
was one of the early workers to draw attention to the chemical
action of dust Gye and Kettle? have shown that silica
solution or non-<crystailine form exerts a toxic action upon
the tissues which leads to the proliferation of fibroblastic cells
Lately, Miller and Sayers !° have reported results of experi-
mental studies and have classified the reaction of peritoneal
tissues 1o certain dusts Only the silica contaming dusts have
uniformly produced the proliferative harmful reaction Other
dusts have been either completely absorbed, leaving no scar
tissue, or have remained unaltered in the form in which
they were mjected These latter reactions are classed as ab-

sorptive and 1nert
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Sunce dust, to exert 1ts harmiul action, must enter the finer
drvisions of the lung, 1ts particle size bears a dehmte rela-
tionstup to its injursons effects The sthica must be present in
the arr in particles smail enough to enter the finer arr spaces
and of such dimensions that the phagocytic cells may engulf
them. The natural defenses of the respiratory tract probably
prevent many parucles Jarger than 10 microns from reaching
the finer divisions of the lung and such as do are likely to be
expelled with the bronclual secretzons. The solubility of the
sihea may play a defintte pait i the production of disease and
the size of the particle also affects the rate of solution as the
smaller the particles, the greater the total surface area exposed
to the action of solvents.

Table 2 shows the size distribution of vartous industrial
dusts as compared with the dust particles observed n the out
door arr m the general aumosphere About 70 per cent of the
particles found in industrial dusts generally ate between
o 5 and § microns in diameter There are, no doubt, a great
many particles too small to count by the method used but
experimentally it has been shown that such sub-microscopic
partcles are not retuned in the lungs but pass out with the
expired air Sayers!! has shown that less than 15 per cent 1s
retained when finer particulate matter, such as lead in the
form of fumes, 15 inhaled. The majority of parucles found
upon microscopic examination of lung tissue also fail within
the Itmuts of from 1 to § microns

Anether 1¢ason for considering the size of the particles as
affectng the harmiuiness of the dust, is that the larger ones
settle out with comparauve rapidity from the atmosphere
while the rate of falling for the smaller particles is very slow
Figure 1 1llustrates graphucally this difference , particles under
1 micron falling at the rate of from 1 to § feet per bour, vary-
mg with the specific grauty, whie particles 5 microns in
diameter and of specific gravity 7 fall about 6o feet per hour
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Particles of more than 10 microns settle out in a relatively
short tume.

Thus we may say that the harmfulness of 2 given dust 15
directly nfluenced by the number of particles 1t contains of
free stlica less than 10 microns mn diameter and that probably
the most damage 1s produced by those between 1 and 3
microns.

The relationship of dust concentration and duratton of
exposure 15 closely associated 1 their etiological significance.
The rate at which stlicosis will develop, excluding certain
tactors constdered as predisposing, depends upon the dosage
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of free silica, This dosage 1s obviously dependent upon the
amount of silica m the air inhaled and the duration of ex-
poswre. In ths lies a pownt of great practical importance which
explains the apparent discrepancies between the 1eports of
different myestigations with respect to the tume necessary for
silicosis to develop

In 1902, a commuttee, of which Dr.).B S.Haldane 12 was a
member, reported upon an nvestigation made to determine
the cause of excesstve mortality rates from tuberculosis among
Cornish tin mmers These investigators pointed out that it
was evident thac the mhalation of stone dust by these miners
was the cause of permanent damage to the lungs. Further-
more, they noted that the condition developed gradually in
the case of the ordinary miner but rapidly in the case of the
machine workers who were exposed to greater amounts of
dust, Dr.Watkins-Pitchford 13 and Dr.Mavrogordato,'* as well
as other South African mvestigators, emphasize the relation-
ship of the concentration of dust and duration of exposure to
the degree of lung changes produced. Intermittent employ-
ment has been suggested as an aid in preventing sihcosis but
aside from the fact that 1t does delay the ultimate result, it
has not been shown that such interruption of work can safely
be relied upon where harmful concentrations of dust are
involved In the United States, the reports of the Picher
Clinic 15 have ndicated the effects of varying periods of ex-
posure to stlica m the mines of that district. Stmlar studies
of the health of granite workers ' 17 likewise stress the dura-
tion of exposure necessary to produce definite degrees of
silicosts

Various mvestigators have stated that the presence of ather
substances 10 sihica contaning dust may mfluence the action
of slica tending either to aggravate or retard the usual reac-
tion, The question was raised by Heffernan 1# in 1926 as a
result of a study of a group of brick makers i Derbyshire He



ETIOLOGY, SYMPTOMS, DIAGNOSIS 41

concluded that the clay present in the silica dust was re-
sponsible for the absence of silicosis i this group of workers.
Gardaer 15 strongly of the opinion that the action of silica
1s modified by other substances which may be in combination
with 1t and this 1s supported by the recent Canadian reports
with reference to the acuzon of metatlic aluminum 12 What the
nmphication of this may be with respect to spectfic dust
problems 1 various industiies remains 1o be determined.

Cases of so-called acute sihcosss, resulting from the presence
m highly sihiceous dust of alkalt in a fine poudered form, have
been reported by Chapman,?® Kessler MacDonald,? Kil-
gore,¥ and others Some have suggested that the action of
siica 1s made more rapid by the presence of these allalis
becanse sthica 15 more saluble m alkalme solutions, Kettle ¢
farled to d ate such action experd ity and states
that proof 15 sull lacking that any acuion of the nd may
occur The effects of whaled coal dust 1n conjuncuon with
sliea have been reported at length by the Public Health
Service & m thewr study of anthraco sihicovs among hard coal
miners

Taken all m ali, the avalable data indicate that other
components of silica Iaden dust are not merely inert diluents
whose effect 15 to reduce the amount of silica inhated Some of
these substances mav act in thns manner  others apparently
ad m removing the sitica parucles from the atmosphere ,
and others may accelerate or retard the action of silica, More-
over, nhen mhaled with silica, these latter tend to alter the
anatamical farm of the siticotic tesion The degree of modifi-
cation 13 determined by the character and amount of the
adulterant dust

OcourATIonar History

Most tportant (n determusng the significance of a given
dust exposure 15 a complete, carefully taben occupational
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of free silica This dosage is abviously dependent upon the
amount of silica in the air inhaled and the duration of ex-
posure In this ies a pownt of g1 eat practical importance which
explams the apparent discrepancies between the reports o
different investigations with respect to the time necessary for
silicosis to develop.

In 1goz, a commuttee, of which Dr ] B S Haldane 12 was a
member, reported upon an mvestugation made to determine
the cause of excessive mortality rates from tuberculosts among
Cornish un miners These 1nvestigators potnted out that 1t
was evident that the inhalation of stone dust by these miners
was the cause of permanent damage to the lungs. Further-
more, they noted that the condition developed gradually 1
the case of the ordinary miner but rapidly in the case of the
machine workers who were exposed to greater amounts of
dust. Dr Watluns Pitchford 13 and Dr.Mavrogordato,™ as well
as other South African mvestigators, emphasize the relagron-
ship of the concentration of dust and duration of exposure to
the degree of lung changes produced. Intermittent employ-
ment has been suggested as an aid in preventing stlicosis ln}l
aside from the fact that 1t does delay the ultimate result, it
has not been shown that such interruption of work can safely
be relied upon where harmful concentrations of dus.l are
invoived In the United States, the reports of the Picher
Chinic'* have ndicated the effects of varying periods of ex
posure to sthica 1 the mines of that district Sumilar studies
of the health of granite workers 16 17 likewse stress the dura-
tion of exposure necessary to produce definite degrees of
silicosis

Various investigators have seated that the presence of ather
substances in silica containing dust may influence the acton
of stlica tending esther to aggravate or retard the usual reac-
tion The question was raised by Heffernan 18 in 19.25 as 2
result of a study of a group of brick makers 1n Derbyshire He
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concluded that the clay present in the slica dust was re-
sponstble for the absence of sthicosts in this group of workers
Gardner 15 strongly of the opimon that the action of silica
15 modified by other substances which may be in combinaton
with 1t and this 1s supported by the recent Canadian reports
with reference to the action of metallic alumminam 2 What the
wmplication of this may be with respect to specific dust
problems 1n vartous industries remains to be determined,

Cases of so-called acute silicosis, resulting from the presence
1n highly sithceous dust of alkaliin a fine powdered form, have
been reported by Chapman,? Kessler,?! MacDonald,?? Kil-
gore,® and others Some have suggested that the action of
silica 1s made more rapid by the presence of these alkals
because silica 1s more soluble m alkaline solutions Kettle 2
fatled to demonstrate such action experimentally and states
that preof 1s still lacking that any action of the hind may
occur, The effects of inhaled coal dust 1n conjunction with
silica have been reported at length by the Public Health
Service 2 1n their study of anthraco silicosss among hard ceal
miners

Taken all 1n all, the available data indicate that other
components of stlica laden dust are not merely 1nert diluents
whose effect 15 to reduce the amount of silica mhaled Some of
these substances may act i this manner , others apparently
aid 1n removing the silica particles from the atmosphere ,
and others may accelerate or retard the action of sihca More-
over, when inhaled with silica, these latter tend to alter the
anatomical form of the silicotic leston The degree of modifi-
cation ts determined by the character and amount of the
adulterant dust

OccuparioNat History

Most 1mportant in determnung the significance of a given
dust exposure 15 a complete, carefully taken occupational
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history, whereby the total dust exposure may be estimated
and compared with other cases of a similar nature. Tables 3.
4, and 5 illustrate a practical method of analyzing and record
ing occupational factors in the study of a dusty industry.2

TABLE g

OCCUPATIONAL RECORD

Division of Industrial Hygtene — United States Public
Health Service

Dated August 8, 1933 Office Industnal Hygiene
Name K M Present age 49
Age began work 15 Number of years worked 34
Specsfic Specific No of years n
Occupation Industry  Hard Coal Now dusty
Present Section foreman  Anthracite coal 5
Preceding 1 — Contract miner (chamber) “ 15
2 — Muners’ laborer { chamber) “ 3
3— Mule dnver (dry mine } “ “ 3
4— Patcher (dry mine ) “ “ 2
« P 2

5 — Slate picker (dry breaker )
6~ Farm laborer ( Pa ) Agnealture x

Remarks Estimating the total tune idle dunng working Ife — 3 years

Table 4 shows the occupations and associated dust ex
posure of chamber miners and laborers. Each occupation en
gaged in by these coal miners was studied separately. Fx-
perience has shown that the varions occupations comprising
the activity of any dusty industry are usually assoctated with
dusstmilar dust exposure.

Table 5 shows a method of analysis used in estimating an
individual's total dust exposure

With such occupational histories available and the knowl-
edge of the percentage of total dust exposure revealed by
detailed occupational analysis, 1t was found possible in a
recent study to predict 1n g cases out of 10 approximately the
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TABLE 4
Dust Exrosure OF CONTRACT A[INERS AND HELPERS
{ LARORERS )
Chamber Mining

Aserage
Dust Count Millions of
Number of Number of Lsmellians of  Partice-

Oconpation Samples  Howrssn  particdes  Honrs Per
Actiwity  ger enbic  Cubic Foot
Joot of asr)
Jack-hammer dnlling 23 1 575 575
Hand lazding 2 2 1,138 2,216
After finng H 1 B34 209
Taping and winng 2 ¥ p 2
Setting up props, and i mamn
arways 8 ¢ 15 4

Totals 62 64 - 3r21
321 mllion par:;;t;,hmln Berult o ihon pastice hours per cu ft
™

pulmonary condition that would be found upon phystcal ex-
ammnation, msotar as changes due to dust inhalaton were
concerned.

A statement on the effect of variations and concentrations
and composttion was developed by the Committee on the
Prevenuon of Silicosis through Medical Control, 26 An abstract
of this report follows

The effects of the vanauon in concentration of sihca 1n the
air breathed must be judged by data from those field and
Iaboratory studies which have reported results that can be
compared The folloning concentrations have been accepted
as permussible for particular industries in the localities in-
rcated

‘It 15 believed that the effects of other substances assocrated
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with silica 1n atmospheric dusts are sufficiently marked and
well defined to preclude comparison of silica hazards merely
on the basis of the amount of free silica in the atmosphere. Tt
is concluded that atmospheric concentration of silica, which
may have proved incapable of producing silicosts in one
industry, will not necessaraly be harmless under other condi-
tions. The reverse 15 equally true. If these premises are as

TABLE 5

ESTINATION OF THE INDIVIDUAL'S T'oraL Dust EXPosurr

NameK M
Dust Contentration
Number of  in Millns of  Milltons of
Oceupation Foreman Years  Partides Per Cubic  FPorticle-Years
Fool (merage)  Per Cubsc Foot

Slate Picker { dry mme ) 2 380 760
Patcher ( dry mmne ) 2 71 142
Mule driver { dry msne ) 3 7t 13
Miner’s laborer { chamber ) 3 480 n440
Contract miper { charaber ) 5 480 7,200
Section foreman 5 7 35

Total 3 - 9790

9.700 millions of ""’;‘"e‘-‘f“” E2# 126 millions of particle years per cu ft
3

sound as they seem, there can be no umversal regulatoly
standard of permussible dust concentration at the present
time. Separate standards must be set for different industrial
dusts and processes When all of the factors determining such
standards have been more accurately measured and correlated
1t may become possible to use them as a basis for the general
regulatary standard .
‘It 15 recommended that climcal and engineering studies
be carrred out as rapidly as possible to establish the necessary
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producing demonstrable evidence of significant reaction in
their lungs.

“There is evidence that for prolonged expostre, a concentra-
tion of more than 5,000,000 particles per cubic foot of a highly
siliceous dust 15 dangerous Therefore, it is now considered
good practice to Liold concentrations of highly siliceous dust
at 5,000,000 particles per cubic foot or less

‘Since standards of safe atmospheric dust concentration,
based on medical findings, have been established but for a
tew industrial dusts, and in view of the fact that to establish
such standards for other wmdustrial dusts will require con-
siderable study and investigation, some arbitrary standard
to serve tentatively as a measure of good practice may be
useful. This arbitrary standard should be based upon what
is believed to he within the hmits of good engineering prac-
tice and that which, from a medical viewpoint, it is judged
will largely control the silicosis hazard for most industrial
exposures It has been suggested that the maximum permis-
sible concentration of silica in the air breathed might be
expressed by the following formula ( Determination of dust
concentration according to the technique described by the
United States Public Health Service 1n Reprint 1320 from
Public Health Reports, March 18, 1g932) . Multiply the per-
centage of free silica by the total particle dust count. If the
result is under 5,000,000, the condition may be considered
permussible. If the result is over 5,000,000, the condition may
be considered too high For example, 10 per cent free silica
with an average total dust concentration of 30,000,000 par-
ucles per cubic foot would give 0 10 times 30,000,000 which
equals 3,000,000 { good practice ) ; 30 per cent with an aver-
age total dust concentration of 50,000,000, would equal o3
times §0,000,000 or 15,000,000 (unsatisfactory). This for-
mula is not applicable to any dust containing less than 3 per
cent free silica.”
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PREDISPOSING CAUSES

The wide distribution of silicosis indicates that all races
are susceptible and that no nationality 1s exempt Although
available data show that the madence of silicoss s higher
among the younger miners in districts where the percentage
of free silica 15 hugh and among older miners where the per-
centage of silica 15 low, age, 1 1tself, 15 probably not a factor
The history of previous dust exposure and of previous respira-
tory mnfection 1s obviously of the utmost importance 1n the
study of exther an 1solated case or of an indusirial group In-
dividual susceptibility 1s frequently mentioned but the weight
of evidence is that 1t may be considered an acquired and not
a congemital condition

Lehmann’s 7 experiments to determine the functional ef-
ficiency of the upper respiratory tract, in the removal of dust,
suggest that abnormalities of the nasal passageways may af-
fect the ume element in the development of silicosis

Infections of the upper respiratory tract may be of im-
porfance Sinus infections may act by decreasing the efficiency
of the upper respiratory tract in the remosal of dust from the
air passing to the lungs and also may be responstble for the
spread of infection to the lower respiratory tract Acute pneu-
monic conditions as well as the more chronic lung changes
such as chronic bronchitis, bronchiectasis, and bronchiolec-
tasts, emphysema, and pleurisy, all tend to lessen the abiirty
of the lung to nid itself of foreign matenals, through m-
parred lymphatic dramnage and mability to force the bron-
chial secretions and foreign matter from the lungs

SyarTONS
The Commuttee on the Prevention of Sthicosis through
Medical Control 2 has summartzed the symptoms associated
with siticosts both in the presence and 1n the absence of -
fectton, as follows (condensed) -
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SUBJECTIVE SYMPTOMS

Dyspnea. The complamt most frequently mentioned 1s
shortness of breath. Depending upon the extent of the n-
volvement, this varies from slight dyspnea, following exer-
tion, to marked dyspnea upon the least exertion or even
when at rest The shortness of breath noted 1 silicotics pre-
sents one peculiarity 1 that 1t 1s seldom accompanied by
orthopnea, the individual being no more short of breath ly-
ing down than when n an upright position This may not
be 50, however, when silicosis is complicated by cardiac dis-
ease or by true asthma

Stlicosis

Noted as a rule only after sud-
den or extra exertion Seldom
so marked as to interfere with
routine dutres However,
cases with extenstve pulmonary
fibrosis, 1t may hmut the .
dividual’s activities

Silicosis with Infection
1f complicating infection is not
widespread, may be no more
marked than in cases of ssmple
stheosis but as infection and
fibrosis 1ncrease, 1t becomes
disabling,

Cough Many sthcotics complam of a troublesome cough
This cough differs from that resulting from simple irntatron
due to dust which clears up upon removal from exposure
When present, 1t 1s more pronounced in the morning or

upon begmning work after a rest period.

Sthcosis
The typical silicotic cough 1s
dry and non-productive It
usually parallels shortness of
breath m degree and may con-
tribute to disability

Sulicosis with Infection

The cough usually becomes
more troublesome and is pro-
ductive The sputum vanes
from thick, tenacious, mucous
matertal to that of a foul,
purulent or purohemorrhagic
consistency
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Microscopic  exammation  or
anunal mocolatuon frequently
reveal tubercle baallt or,
some cases, orgamisms of the
fusiform spirochetal group In
advanced cases, coughing at-
tacks are often of such severty
as to leave the mdividual ex-
hausted,

Chest Pamn Thus symptom 1s complained of by a majority
of silicotics It varies from a feeling of tightness in the chest
to the sharp pain typical of pleurssy (Since chest pan 1s
offered as a complaint m many conditions, 1t cannot be
stressed as especially characterstic of silicosts §

Sthcosis

A late symptom in cases of
simple sihcosis Then seldom
more than a sense of ughtness
ot fecling of substernal pres-
sure.

Silicosis with Infection
Pleunuc pain s suggestine af
a complicating infecuon It 1
increased by extrase and by
couglung and may be distress
ing 1n advanced cases with ex-
tensive nfection

Hemoptysts, True hemoptysis seldom occurs Frequently,
however, the sputum may be blood-streaked foliowing a se-
vere coughing attack  Hemoptysis must always be considered

as suggestive of tnbereulosts

Silicoses
Occasiomal blood streaked spu-
tm May result from alveolar
rupture following sudden ex-
erton an advanced cases

Stlicosts with Infection

May be (he first indication of
tubereulous infection May be
consequent upon the duyelop-
ment of pneumotheiax  May
ocaasionally be excessne af
cavites are present
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General Complaints. Weakness, loss of weight, digestive dis-
turbances, night sweats, insomnia, dizziness, and edema of
the extrerities are not characteristic of uncomplicated sih-
costs but are apt to be present if mfection supervenes, espe-
cially when the infection becomes extensive.

ORJECTIVE SYMPTOMS

Changes in the general appearance are infrequent 1n sim-
ple silicosis unless far advanced. Such changes as are mani-
fested are usually due to complicating conditions

Silicosts Silicosis with Infection

Early cases appear unchanged ; The appearance sooner or later

m fact, 1t is common to find
these individuals showing a
shight increase i weight, possi-
bly because they are less active
As the disease progresses, re-
spiratory  embarrassment 15
noticeable and there ts a gen-
eral loss of muscle tone.

becomes that of chronic phthi-
sis. The bony landmarks of the
thorax become promment and
there is an increase in the an-
tenor-postertor diameter of the
chest, possible hypertrophy of
the accessory respiratory mus-
cles of the chest, and i the
final stages, retraction of the
supra and 1nfra clavicular
spaces. Cyanosis and clubbing
of the fingers are not promi-
nent except in those cases of
long standing, with cardiac
disturbances

Chest Expansion. Decrease m the expansion of the chest
may be demonstrated in cases with extensive pulmonary

fibrosis
Stlicosis

In early cases 1t is usually not
possible to demonstrate de-

Sthcosis unth Infection

Decrease m expansion may not
be noted in early sihicosis with
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creased expanston In advanced
cases, expanston may be less-
ened by 20 to 3o per cent but
remains equal on both sides

slight infection but as the con-
diion  progresses, a definite
decrease 15 readily observed
When infection 1s more pro-

nounced 1n one area of the
lung, expansion may be more
markedty decreased on the af-
fected side, particularly af there
1s pleural volvement

Prolonged Exfuration In most cases, decreased chest ex-
pansion 15 preceded and later accompamed by a definite
change 1n respiratory rhythm Close observation reveals that
even at rest there 1s a disunct tendency to prolongation of
the expiratory phase, which, as silicosts advances, becomes
more marked Following exercise, the sthicotic may breathe
less raptdly than the normal person under stmilar condstions
as the lungs cannot be emptied rapidly enough to permt
more rapid respiration , but although the respiratory rate 1s
not so rapid, as m the normal person, 1t wtll persist for a
longer period

Silicosts Silicosis with Infection

Eatly 1n the development of
simple siicosts, prolonged ex-

In cases of early silicosis with
shight mifcciion, prolongation

prration may be evident only
after exertion Later the degree
of prolongaton usually paral-
lels the increase 1n pulmonary
fibrosts

of the expiratory phase may be
no more marked than 1n stmple
siltcons  As  the  conditton
progresses and fibrosis in-
creases, 1t may simulate char-
actenstic asthmatic respiratory
rhythm

Signs Revealed by Palpation of the Chest Fxcept in the
late stages of sthicosis with infection, httle 1s revealed by pai-
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Silicosis

Decrease m breath  sounds
general and more marled as
the conditon progresses Sub-
creputant rales, which clear up
after coughing, are occavionally
heard

Sthicosts with Infection

Usnally heard, some of the
following - Persistent post-tus-
sic crepitant and sub-crepitant
rales, coarse thonclu associated
with  productive  coughing,
wheezaing or musical rales in-

creased by exertion and cough-
ing, amphonc breath sounds
over cavitics and arcas of pneu-
mothorax: pleural  friction
ubs occasionally

Diagnosis

The diagnosis of silicosis must be based upon information
furnished by past occupational and medscal history, the rec-
ord of present complaimts, and the evidence revealed by a
careful physical examination of the chest, including a roent-
genogram,

The past and present occupational lustory should, as far
as possible, detail the speafic jobs 1n each industry in which
the worker has been employed during lus entire working
hife and esumate the tume spent at each job and the duration
and nature of previous dust exposure

The edical history should inciude all disabling illnesses
and any history of contact with cases of active tuberculosis
“The dates of all 1llnesses should be recorded,

Physical examination of the chest should be carnied out
a systematic and thorough manner. Subjective symptoms and
positine chinical signs are usually absent or difficult to eliat
m early and wncomplicated sihicosis . there are no signs or
symptoms which may be considered as pathognomonic
Where the disease has progressed to the point when there 15
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decreased capacity for work, there will usually be clinical
evidence of pulmonary changes.

Included 1n the diagnosis should be a statement whether
there 15 evidence of tuberculous infection, erther active or
latent, or infection of other nature.

A posinve diagnosis of silicosis should not be made with-
out a good roentgenogram of the chest, revealing nodular
shadows throughout the lung fields. Although it is not ad-
visable to make a diagnosis of silicosis based upon roentgen-
ray findings alone, nevertheless the chest conditions revealed
by fluoroscopic and roentgenological examinations of the
chest furnish the most convincing evidence of pulmonary
fibrosis Diagnosis by roentgen-ray is discussed mn a separate
chapter.

A fluoroscopic examination is of distinct advantage. Par-
ticularly is it possible, by such procedure, to study diaphrag-
matic movements and note the presence of areas of icreased
density which, of course, are better shown in detail by film
examination The general information regarding pulmonary
density furmished by fluoroscopic examnation is of benefit
m decding the particular technique to use to secure the best
roentgenogram of the lungs

Laboratory Examination

Laboratory examination of the blood, unne, and sputum
are of value when correlated with the clinical manifestations
of silicosis. There are no blood characteristic of simple sili-
cosis When 1nfection is present, blood examinations ate
sometimes helpful in determining 1ts severity and progress
Cases complicated by tuberculosis often show an increase in
the sedimentation rate, paralleling the activity of the tuber-

culous complication. .
Urnalysis offers little of particular value in silicosis. Uri
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nary silica determunations may show an increase n sihica pres-
ent, paralleling the silica exposure 2

The chief value of sputum examnation 1s to determine
the presence of tubercle baailli As in the case of chronic
fibroid phthusis, too much dependence must not be placed
upon microscopi¢ examinations of the sputum Where many
sputum examinations have been negauve for tubercle bacills,
gune pig moculaton or sputum culture may mdicate their
presence.

Tne RELATION or Sivicosts TO DIsABiLITY

A diagnosis of siltcosts does not necessarily mean disability
Swnce 1t 15 2 slowly developing disease, r genol 1 evi-
dence of stlicosis may exist for many years prior to the dem-
onstratton of any decreased capacity for work

The term ‘disability’ 15 usually employed to indicate less-
ened capacity to do the work required of an individual 1 the
course of iy usual occupation It may vary from partial to
complete Disability may persist as partial, but when the
fibrosts 15 complicated by pulmonary tuberculosis, 1t becomes
serious and permanent Individuals with active tuberculosis
are considered unsuitable for further employment 1n even a
minunal silica exposure, regardless of whether or not they
may also be silicotic

The exstence of marked or complete disability 1s relatively
easy to establish However, the clinician may find 1t possible
to arrive at such a conclusion only after repeated examina
tions, made over such a pertod of tume as to afford him an
opportunuty to determine definitely the nature and sexverity
of mfection and other comphcating conditions

The matter of prtial disalulity 1s far more difficult to
determme sausfactorily. The cause and estent of partal dis-
ability frequently requires careful examnation to be ac-
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curately gauged before proper placement of a worker can be
effected or a fawr settlement of o compensation clatmm
achieved

To declare whether or not a workman should be allowed
to continue at his work is a grave responsibility and calls for
the utmost care, as well as expertence, on the part of the ex-
amuning physteran. Fitness for work may be expressed as fol-

lows .

I Partial disabihity due to sihicos:s without infection .
(a) May continue at usual occupation, if environment

15 satistactorily controlled as regards dust concen-
trations and tuberculosis contact ;

(b) Degree of fibrosis and rate of development may re-

quire that the individual seek less arduous em-
ployment and avord even mimmal exposures to
silica-containing atmosphere

IL. Partial disability due to silicosis with complicating pul-

monary nfection
(a) Primary silicosis Infection mild and non-tubercu-

lous In most instances, after successful treatment
of non-tuberculous complicating infection, may be
allowed to return to usual work, provided environ-
ment under which they are working is safely con-
trolled

Primary silicosts with pulmonary tuberculosis as
complicating nfection. Those individuals with
silicosts who develop pulmonary tuberculosis are
considered totally unfit for further employment in
an mdustry affording even minimal exposures to
free silica. This disability 18 obviously total, so long
as active tuberculos:s is present. Following success-
ful treatment, these cases regain their health to the
pomnt where they can be safely employed at other
work.
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PrOGNOSIS

There 1s but a lunited amount of factual data regarding
the progress of sthicosis and the relationship of 2 previous or
superimposed infectson to the progressive nature of this con-
dition must be considered Nor 1s there adequate nforma-
tion as to the ultimate results to silicosis cases after removat
from exposure, and the etent of their subsequent pulmonary
mfection

It may be stated that the prognosis of the individual case
of silicosts ts almost as variable as are the mdustrial condt-
tions which cause the disease Where the hazard 1s not very
senious and the resulting damage to the Jungs of slight or
moderate degree, with removal [rom further dust exposure,
there may De lutle to apprehend either 1n the way of dis-
ability or shortened life Tubercle infection occurning 1n such
cases tendls to become chronic and the patient may hve for a
long time with no marked disability as do other cases of
fibvord phthusis

Where the pulmonary damage from silica is considerable,
the outlook 15 usually unfasorable and when, as so often hap-
pens, this type of pattent becomes tuberculous, hus prognosis
1s very grave Everything considered, the silicotic who 1s re-
moved from further dust exposure has a fairly good prog-
nosis When tuberculosis superienes, he may go the quich
route or the slow one. His chances of seeuring an arrest of his
tuberenlosis are much less good than if his lungs were not
previousty damaged by sihca

2 ETIOLOGY, SYMPTOMS, AND DIAGNOSIS OF
ASBISTOSIS

Asbestasis has been defmed by Merewcther 2 as ‘a specilic
occapatonal disease of the lungs caused by the inhalation of
asbestos dust and characterized by progressne replacement
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of the essential active functioning tissue of the lung by in-
active non-functioning fibrous or scar tissue. It is essentially
a pneumoconiosis, a fibrosis of the lungs, caused by the in-
halation of dust and, therefore, is in the same category as
silicosts, which disease 1t resembles mn some respects, while
diflering considerably 1n others*

Asbestos is 2 hydrated magnesium silicate. More than go
per cent of the raw muneral used in manufacture m the
United States and Great Britain is Canadian chrysotle.
While most of the asbestos dusts in industrial plants are made
up of very small particles, ashestos fibers exceeding 200 mi-
crons in length have been found in the lung tissue of asbestos
workers

Asbestos 1s subjected to two main manufacturing processes
It may be combined with diatomaceous earth and other simi-
far mert substances to be used for packing, msulating and
fireproofing maternals, or it may be combined with cotton or
other materials and submitted to the usual textile processes
of cleaning, mixing, carding, spinning, twisting, and weav-
mg The asbestos cloth may 1n turn be subjected to further
processes of tmpregnation with various substances for special
purposes

Merewether and Price,® m thejr comprehensive report,
state that approximately 2,200 mdividuals are exposed to
practically pure asbestos dust in the factorzes of Great Britain
They examined 363 workers and the following table gives the
result.

Years at Work Cases Exanuned Showing Fibrosis Per cent
otoy 89 ° o0
5t09 141 36 255
10 to 14 85 27 321
15 to 19 28 15 536

e So-p

20 and over 21
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“Thus table does not apply to any one group of workers in
the factories. The authors have collected also, outside of
these statistical cases, records af ten deaths resulting from as-
bestosis, mine of which were verified by aulopsy and \hc lenlh
by repeated clinical and roentg e
Nine of these deaths occurred from xng to 192g. The ex-
posure of the ten cases varied from nine to twenty-four years,

In a study commenced 1n 1929, Lanza, McConnell, and
Fehnel 3 arrived at the following conclusions :

1. Prolonged exposure to asbestos dust canses a pulmonary
fibrosis different from silicosis and demonstrable by
roentgenogram. Climcally, 1t appears to be of a type
mider than silicosts,

z. Definite cardiac enlaggement was frequently found to
be assoanated with asbestoss.

3. A predisposition to tuberculosis, due fo asbestos dust,
was not incicated although 1t was not known how much
asbestosis may add to the mortality from pneumonia
and acute non-tuberculous pulmonary infections,

Page and Bloomiield,** of the United States Public Health
Service, have given a comprehensive report on dust control
methods in an asbestos fabricating plant, and Dreessen, Dal-
lavalle Edwards, and Muller,® of the United States Public
Health Service, have made a recent study of the asbestos in-
dustry This study included physical examinauons of g
asbestos workers and of a control group. No cases of asbestosis
were found among workers exposed to dust concentrations
below 2,500,000 particles per cutnc foot of atr. Three doubt.
ful cases were found i the 2,500,000 t0 4,900,000 particles
range The definute cases were found where the exposure had
exceeded 5,000,000 particles The anthors suggest 5,000,000
particles per cubne foot of air as a threshold limit pending
further investigauons,

Carders showed the lughest propartionate amount of as-
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bestosis, next were mule and ring spinners, and then weavers,
As with silicosis, 1t was found that the incidence of asbestosis
mncreased 1apidly with increasing dust exposure. A fifth of
those with an exposure of 50,000,600 t0 §9,000,000 particle
years and one half of those with more than 100,000,000 par-
ticle years, had asbestosis. No free silica was found in the
dust of the factories studied.

SyMPTOMS

The onset 15 gradual and depends upon the nature and
extent of exposure to asbestos dust. There is a general 1m-
pression that asbestosis comes on more quickly than stlicosis
and whereas the roentgenogram may show considerable in-
volvement 1n silicosts with few, if any, symptoms, the reverse
16 apt 1o be found in asbestosts, Cough is variable and ex-
pectoration little or none, unless there 15 an accompanying
mfection. Anorexta 1s a fairly constant late symptom and
Haddow % regaxds it as an indication to stop work.

As in silicosss, dyspnea 1s the most striking symptom. It 1s
progresstve and severe and 1s due to impaired elasticity of the
lungs and to interference with blood supply. Cyanosis and
clubbing of the fingers ave common late in the disease as is
loss of weight and emaciation

There is a typical skin lesion found sn asbestos workers
known as the asbestos corn The fine asbestos fibers penetrate
the superficial Iayers of the skin and produce small corns or
hypertrophies of the epiderm No asbestosts bodies have been
found 1n these lesions, .

AssrsTosls BODIES

Asbestosis bodies are, perhaps, the most teresting [eature
of pulmonary asbestosis, They lave been described in de-
tail by numerous authors, notably Cooke, McDonald,*
Stmson,” Gloyne,’® Merewether and Price,*® and Lynch and
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Smuth ¥ The description given by Cooke 15 abstracted as
follows :

The ‘curious bodies’ so characteristic of pulmonary asbes-
tosts are found m the alveoh and bronchioles and in the
fibrous and necrotic arcas They measwe 20 to 100 microns
i length One or both ends are bulbous, giving a clubbed or
dumb bell appearance The shafts are either homogeneous or
segmented crosswise They are golden yellow to browmish tn
color. They do not stain but give a Prusstan blue reaction to
iron The Bragg roentgen ray spectoscope showed that they
wert not altered asbestos fibers Most of them are soluble
1 strong acids and alkalis and Cooke, McDonald, and Gloyne
have been able, by this means, to identify a slender muneral
core derised from the asbestos fiber Lynch and Smth 3% were
able to see this core as a central filament with shightly green-
1sh tinge These bodtes are not essentially rron, but contain
1t They are not found m the lungs of 1ron worhers

These curious bodies have been induced experimentally
Sumson ¥ states that Mavrogordato gave hum for examation
the lungs of 2 gwinea prg which had been exposed to asbestos
dust from the munes two hours a day for fifty days The am-
mat died from other cause The mucroscopic examimation of
lung structure showed a shight generalized fibrosis and the
curtous bodtes sumlar to those found i the human.
Gloyne ™ injected ashestos dust mto antmals and after twelve
days found foreign body giant cells but no curtous bodies

I'rom a diagnostic standpoint, 1t 15 generally agreed that
the curous bodies” signify exposure to asbestos dust but
cannot be depended upon for a dragnosts of asbestosis 40

Diatnoss

The diagnoss of ashestoss must be predicated on the lus-
1ory of exposure, mcduding the essential factors of length of
exposute and ats extent, as well as a characteristic roentgeno-



62 SILICOSIS AND ASBESTOSIS

logical appearance, together with definite symptoms that
cannot be ascribed to other organic disease. Because the pul-
monary fibrosts of asbestoss tends to cause cardiac enlarge-
ment and rmpairment, caution should be taken to avord
diagnosing, as asbestosss, cardjac or cardio-renal vascular dis-
ease 1n an individual merely because he worked in an ashes-
tos plant, even though there may be ashestos bodies in the
sputum. With the complications of pulmonary tuberculosis
or cardiac disease present, the occupational factor may be
difficult to determume even by the roentgenologist after a
series of films and a post-mortem may be necessary to ascer-
tamn to what extent asbestosts, if present, contributed to dis-
abulity or death. The roentgenological diagnosis of asbestosis
is discussed in another chapter,
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For many years, pneumoconiosss, in spite of its often rather
spectacular roentgenographic appearances, was very largely
regarded m the light of an nteresting disorder. More re-
cently, however, the extreme umportance of roentgenograms
as a means of accurate dragnosts in indicating the exact patho-
1ogxcal condition present 1n connectron with pneumaocontosis
has received considerable recognition. At the present time.
1t is generally conceded that the roentgenographic examina-
uon, properly carried through, is the most precise method at
our command for determming lung pathology m a case of
suspected pneumocomosis, or for differentiating this affec-
tion from another one that may be present.
The proper roentgen interpretation of pneumocontosis
cases is dependent upon certain important qualifications
These may be enumerated as, (1) a knowledge of the anat-
omy of the chest and the many phystologteal problems asso-
ciated with 1its anatomical constituents; (z) a thorough
familiarity with normal roentgenographic and fluoroscopic
appearances and their permissible variations therefrom;
(3) an understanding of the histology of the lungs and more
especially of the lymphatic system; (4) a clear preception
of the pathology of pneumocomosls and of all condmons

which may late 1ts 1 g F PP i (5)
66
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an experienced intimacy with the roentgenographic appear-
ances of pneumoconiosts and of those which may resemble
it, based upon a fundamental knowledge of the pathology
represented , (6) a heen insight of the physical factors 1n-
volved 1n the production of the suspected or alleged pneu-
moconiosis , and, (7) the use of the proper technic to show,
to full adiantage, any or all of the abnormalities present.
Techme may completely enlighten, may so modify appear-
ances as to be confusing, or may muslead entirely

Tue Heavruy Cugst!

Famlrarity with the roentgen appearances of the healthy
chiest 15 a prerequusite for anyone who attempts to properly
interpret chest roentgenograms Unfamiliarity with normal
vanants and with the modifying influences of a faulty tech-
nic not infrequently results i nusinterpretation, with an
attendant chain of difficulties A common example of such
an error 15 the diagnosts of pulmonary tuberculosis, pneu
moconiosis, and silicosts based on the presence of prominent
truncal shadows, Within recent years, improicments 1n cer-
tain techmical factors and apparatus have created marked
varations and changes in the voentgenographuc appearances
of some of the chest structures. In view of such facts, there-
fore, a review, and where necessary a revision, of the more
pertment aspects of the chest problem, both in health and
disease, seems a necesstty

The vanious tissues demonstrable in the chest roentgeno-
gram will be discussed indnvidually and in the order in which
they are taken up in our routine consideration of such an
exammation To follow a defimite system 1 the study of
any roentgenograms s to prevent the overloohing of, 1n some
instances, obvious condittous

The Soft Parts — The approximate development of fat
and musculature can readily be determined from the roent-
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genogram. The density of the axillary fold frequently serves
as an index of the pauent’s state of nutrition A loss, as well
45 a gam, 1 weight can easily be determied by comparison
of the thickness ot the soft parts m those instances in which
repeated chest exposures have been made. Sometimes, ap-
parent roentgen evidence of diffuse pulmonary haziness and
lung pathology may be explained by unusually thick soft
parts Examples of such mstances include the well-developed
pectoral folds 1n men, and the large breast shadows in women.

The nipples of the breasts and pigmented moles may pro-
duce shadows 1n the roentgenogram that simulate those of
metastatic nodules or other pathological processes. Other soft
ussite shadows, such as calcifications of vessels, angiomas,
tumors, thyroid, and lymph nodes, may be observed n the
neck and axillae Shadows of soft tissue masses ( benign or
malignant ) and enlarged lymph nodes can be demonstrated
1n the axillae, neck, or supraclavicular fossae

The Bones. — The bony thorax can be fairly well visuahzed
n the chest roentgenogram m the anteroposterior, posteroan-
tertor, and lateral projections.

In the posteroanterior and anteroposterior wiews, with the
sternal ends of the clavicles equidistant from the spine, in
order that the chest be symmetrically placed, one can see the
clavicles, the upper end of the humer: and the scapulae, the
ribs, the cartilages when ossified, and the alignment of the
thoractc spine In a few instances, one can see the 1rregular
appearance of the rhomboid fossae on the under surface of
the mner fifth of the clavicle This may be umlateral or
bilateral and should not be mistaken for a bone lesion Oc-
casionally, one can see the shadow of the foramen of the
supraclavicular nerve, near the upper aspect of the middle of
the clavicle 2 The epiphyseal development of the inner end of
the clavicles can be readily demonstrated, as can eprphyseal
centers in the humeri and scapulae. The normal varsants of



mmmf_w-uv DPIAGNOSIS Gy

the 1ibs such as \nc\p\m\ and cervical nb, showld be noted
A mental nOtE showtd pe mdde 28 to the denstt’ of the ossit

caused bY some ¢ on such & pa hyrotd dusease, OF € en
Jocalired ArE s of bont destructiov o metast e makg
nancy will assist 10 srecung b ention of the cimaan
1o the pOmm y cause { the paucm’s complant Recognition
of eronon he under surface of the T1D% y jead t0 ?
diagnosts of coarctad! he aortd Ossification f the costal
cartitages ¥ £ ver 1e signbed e place ¥ rehance oft

such mstances 4t may be Qfcult, ¢ umes, 10 mterpret struc
Lures near the mdhing, due to the s\\pcnmposcd shadows ob
\he costal cartilages onhhaque Liews are of great assstance W

these patieit There seems 10 be very nittle dsfierence W the
width of e intercd aces 10 HE pence of p\cum\ m
volvement n ol nd\\\d\\;\\s with mcrcascd aeration ©F
emphysem e rercostal spaces pe shghthy © dar, bt
the 1mpoTtd quifestation 1s that the 1 assume 2 more
nr,\u-nw_-,\c(\ position with the spt tie abgnme? 1 of 1the
thoraqc Spe can bE ceachly dem surated finor degrees ©

shadows of he spne O one Sic and the closeness of the nbs

1n the lateral eew, ON€ can se¢ the 1> pmnom of the
houlder qurdie, and the horack spane The spne ' peadih
ismahred bt \\l\xu\m‘m\u\ aadonss of s sanctwes &
confusg 1 evalnating pone et wl I adults the [T
the reytebra¢ mn, or M pot show \\\pcnmplm hang
and evetd (alaficauon of the nucleus pulposts Usualty the



70 SILICOSIS AND ASBESTOSIS

15 a gentle, double curve to the spine, concave postertorly
above and slightly convex, or straight, below. In kyphotic
individuals, the anteroposterior diameter of the chest may be
greater than the transverse. The vertical diameter of the body
of the vertebrae and the mtervertebral discs increases slightly
from above downward

The Pleura.— The parietal pleura is so thin that 1t does
not cast a shadow which can be seen in the roentgenogram
unless 1t is thickened and diseased or obliterates some portion
of the costophremc sulci, Very slight thickenings of the parie-
tal pleura may be suspected in those instances when there is
mterference with the costal expansion, especially when the
process 15 untlateral

In anteroposterior roentgenograms of the chest made with
the Potter-Bucky draphragm, the reflection of the pleura, liga-
ments and muscles over the vertebral column produces a
straight line shadow on each side of the spine. Disturbance
1n this normal straight line may occur in spinal caries, bone
tumors, some spinal cord tumors that emerge from the sptnal
canal, and pleural collections occurring in the vicinity of the
vertebrae.

In this country particularly, where one finds many refer-
ences to the aprcal cap ( thickening of the visceral pleura
over the apices of the upper lobes ), 1t is a wise roentgenolo-
gist who recalls that there are other structures whose shadows
create a sumilar appearance in a similar position. Subcostal
muscles, 1 the oblique views, may be misinterpreted as thick-
ened pleura. i

The roentgen appearances of these various anatomical
structures hase been emphasized by Knutsson,3 whose obser-
vations are briefly abstracted. On the posterior portion of the
thoracic wall, the nternal surfaces of the ribs are covered
with subcostal muscles. In the lateral aspect of the thorax,
the muscle lining disappears The narrow muscle layer on
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the inner aspect of the ribs produces a shadow, seen only in
the oblique view, with one exception, which gets thinner
from above downward and disappears entirely 1o the region
of the costophrenic sulet, In pleurisy, on the other hand, the
pleural thickening usualiy gets thicker from above downward,

Fioire 1

and may obliterate the suleus. { Tigure 1) The thickness of
the muscle shadow depends upon the muscular develapment
of the indinidual In the upper thorax, the muscles extend
Tateraily, far enough to be seen 1 the posteroanterior and
the anteropostertor projecions Thus structure is called the
‘companion shadow of the sccoud nb,’ Mesial to the angle
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of the second rib, there are no subcostal muscles, and the
shadow here is produced by the connective tissue. The first
rib, likewise, has a companion shadaw which 15 produced by
a sheet of connective tissue interposed between the posterior
part of the dome of the pleura and the first and, to a certain
degree, the second r1b The following structures are situated
i this interspace , the last cervical ganglion of the sympa-
thetic, the supreme thoracic artery and vein, and the first
thoractc netve. The ‘companion shadows of the first and
second r1bs,” as well as those produced by the subcostal mus-
cles 10 the oblique views, are symmetrical on the two sides
Thus fact should be of assistance in differentiating these shad-
ows from those created by pleural thickening. The pleura
does not calafy under normal circumstances.

The visceral pleura covets the different lobes of the lungs
and ordinarily does not cast a shadow that can be seen in
the roentgenogram, except m the mnstance of the azygos and
other accessory lobes At times, straight and very thin shadows
of the interlobar lines can be seen in the chests of healthy
ndividuals We have felt that such pleural shadows represent
a permanent thichening of the pleura from a pre exsting
nfection. Furthermore, such slhight thickening of the nter-
lobar pleura 15 capable of producing shadows because the
roentgen rays are projected m then axial plane This con-
cluston 1s supported by the frequency with which a shadow
of the nterlobar pleura 1s found 1 one roentgenogram of a
stercoscopic pair and not 1n the other. Any mterlobar thick-
ening not observed 1n an avial plane will, nevertheless, pro-
duce shadows in the roentgenogram, which, when superim-
posed upon those of the lung fields, will create an increased
density If such a density 15 not recognized 1n 1ts true relation,
1t may be mistaken for an wmtrapulmonary lesion In hsease,
the visceral pleura rarely, if ever, becomes as thick as the pa-
rietal pleura. Clark * believes that, when adhesions have
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foimed, the mciease in the thickening of the pleura in the
fower chest and avound the heart, s compared to that occur-
ring i the upper chest, is due in part to the relatively more
powerful movenients of structures such as the domes of the
diapheagm, the Sanng of the 1ibs, and the pulsation of the
Beart, The viscera) pleura is reflected over the mediastinal
structures and does not cast a recognizable shadow. In disease,
howerer, 1t may produce changes which can be observed in
the roentgenogram

The Med —~1n grams of the chest, we
prefer an exposure that will show the shadow of the rachea
down to, and snctuding, 1ts ifurcation. In the posteroanterior
or 101 with the patient placed
correctly, th shadow of the trachea in the nech will be seen
in the midhne Deviation to the nght ar left of the mdlme
abere the level of the danicles may result from rotation of
the head, and must Le differentiated from displacemems of
other origm, Below the clasacles, the trachea continuces m ats
undline posttion untid it reaches the level of the aorta, where
1t deviates shghtly to the right m 10entgenograms exposed
dunng the wsy y phase of resparati In adults, 1n
rocutgenograms made in the expiratory phase, the trachea 1s
displaced shghtly ta the nght thioughout sts thoracic posi-
twn In all instances. the shadow of the lumen of the wrachea
1 faurly umform, although sts lomen decreases shghth from
above downinard Just above the trachea, the laryngeal por
tion of clic upper tespitatary pathway is narvoned and pro
duces a funnelshaped shadow, with the apex of the funnel
cephally placed

The trachieal carulages, espectally when osafied, ad greatly
i the demarcation of the trachea $ Careful inspection of the
shadow of uts contour will not infrequenthy show evidences
of compressian or deviation that may prove sigmlicant. As
a rule, the tumen of the trachea 1s larger 1 men than in
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women. Its caliber 1s not uniform throughout, becoming pro-
gressively narrower as 1t approaches the bifurcation,

The level of the bifurcation of the trachea varies with age
In adults, 1t usually divides at the level of the intervertebral
disc between the fourth and fifth, or as low as that between
the fifth and sixth, vertebral bodies It is well to remember,
however, that the relattonship 1n the cadaver may vary con-
siderably from that m the Living. Likewise, the level of the
roentgen tube may cause discrepancies in the level of the
bifurcation and the carina,

‘The angles made by the bifurcating bronchi with the
trachea vary with age and from one another. In adults, the
angle of the right bronchus is approximately 20 degrees and
the left, go degrees. The eparterial bronchus sometimes
branches directly from the trachea.

The shadows of the trachea and the night and left bronchus
can readily be seen 1 the oblique and lateral projections of
the chest. In the lateral view, the trachea may be followed
from the suprasternal region down to its bifurcation. During
spiration, the enure trachea moves downward and shightly
forward, unless fixed by mediastinitss.

The soft tissues flanking and surrounding the trachea hase
been discussed by Dann ¢ His nvestigators have helped sub-
stantially 1 wdenufying the structures producing these shad-
ows The right border of the supracardiac portion of the
medrastinum 1s formed by the superior vena cava and in-
nomunate artery, wlule the most lateral margin of the medias-
1inal shadow is almost invaniably formed by the superior vena
cava. { Figure 2) The more medual density is a combimation
of the vena cava and the ascending aorta, which lies slightly
antertorly and to the left.” The space between the vena cav
and aorta, as described by Dann® m his studies in young
cadavers, 1s rarely scen roenigenographically. However, 3
markedly distended aorta may approach the right border of
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the superior vena cava and, in some instances, actually forms
the right border of the saperiot mediastinum, When en-
larged shadous of this general configuration are seen, one
should consider a substernal twnor, ancurysm of the innomi-
nate artery, and diverticulum of the esophagus. Roentgeno-
scopic observations of the changes in the shadows during the
grunt of forced expiration and a study of the esophagus may
assist in differentiating between substernal thyrowds, innomi
nate aneurysms and esophageal diverticula.

The left horder of the supra-aortic portion of the superior
mediastnum 1s formed by the soft tissue shadows of the left
common carotid and subclavian arteries. The recurrent lanyn-
geal nerve hes to the left of the trachea. The shadosw of the
aortic arch s usually seen extending beyond the lelt hovder
of the spime With mcreasing age. its knob-like contour bhe-
comes more prormnent. unal it is mast prononnced danng
the arterjosclerotic period of life. The left posteroarterior
oblique view of the chest permits excellent visualization of
the aorta and, when ased 1 conjunction with roentgenoscopy,
gives valuable information concerning aortic dimensions and
elastierty  The aorta follows a more sagittal course in NArTON:
chiested mndividuals than 1n fatchested persons, Increases 10
prominence m the outline of the shadow of the zortic fnob
may result fiom syphulis ot hypertension, while an absence o
decrease in the outline of the knob suggests either coarctation
or right aortic arch,

The pulmonary artery 1s seen best with the patient in _lhf
anteroposierior or right antero-oblique positions. Tt lies just
10 the Jeit of the base of the aotta, nestled within the con
fines of the aortic arch, Sometimes it is seen better after a
cough, which serves to separate it from the aorta.? .

In recent communications, O'Kane, Andrew and Warrent
and Margolies ® reemphasize the importance of the mcmigml"
graphic and roentgenoscopic examinations in determiniig
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the stze and shape of the heart In addition to these estima
tions, the roentgenologist must concern Iumself with the pul-
sations and the mobility of the heart and any abnoimal den-
sities There are many conditions, such as congenital deformi-
ties of the chest and acquired affections, such as pneumothorax
and hydrothorax, which may exert profound influences upon
the heart. Examinations must be made in the anteroposterior,
posteroanterior, obhque, and Iateral views, 1n order to assure
adequate study of the heart The most important view is the
left antero-oblique view, but the degree of rotation and the
opttmum position for a roentgenagraphic demonstration must
always be guided Ly the preceding roentgenoscopic 1mpres-
sions

Under normal conditions, the heart m thin indiaduals
hesn the vertical position, whereas i the more stochy, broad-
chested person, 1t assumes a more transyerse posttion, Turther-
more, pattents with round chests more frequently have a
rounded heart than patients with flat chests.! In the latter
type of patient, the heart has a more oval arcumference,

Normatly, with the piuent facing i an anteroposterior
direction, the right border of the heart 1s formed, from above
downward, by the right auricle, the inferior vena casa and
the cardiophrenic hgament? ( Figurc 3) In some pauents,
paracardial fat pads form part of the cardiac border Roent-
genographwally, howeser, the shadow of the outline of the
hieart may sonietimes be seen as a density wirthin the less dense
fat pad The left candiac border 1s formed by the pulmonary
artery, the Jeft ausicle, and the left s entricle * With the patient
w the lateral positon, the antettor harder of the cardiac
silliouette 15 formed, from above downward, by the base of
the aorta, the pulmonary conus and the right ventricle The
postenor barder is formed, from abore dow nward, by the arch
of the aorta, the pulmonary artenn. the left auricle, the left
sentricle and the inferior vena cava The cardiac sithouette,
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the superior vena cava and, in some instances, actually forms
the nght border of the superior mediastinum, When en-
larged shadows of this general configuration me seen, one
should consider a substernal tumor, aneurysm of the innom-
nate artery, and diverucalum of the esophagus, Roentgeno-
scopic observations of the changes in the shadows dusing the
grunt of forced expiration and a study of the esophagus may
assist in differenuating between substernal thyroids, innomi-
nate aneurysms and esophageal diverticula.

The left border of the supra-ortic portion of the superior
medhastmum 1s formed by the soft tissue shadows of the left
common carotid and subclavian arteries, The recurrent laryn-
geal nerve hies to the left of the trachea. The shadow of the
aprtic arch s usnally seen extending beyond the left border
of the spme With mcreasmg age, its knob-hie contour be-
comes mare prominent, untl it is most pronounced dun}ng
the artenosclerotic period of life. The left posteroanterior
oblique view of the chest permits excellent visualization of
the aorta and, when used 1n conjunction with roentgenoscapys
gives valuable information concerning aortic dimensions and
elastioaty. The aorta follows 2 more sagittal conrse in narrow-
chested individuals than in flarchested persons. Increases it
prominence m the outhne of the shadow of the aortic knob
may result from syphilis or hypertension, while an nbsence‘ or
decrease in the outline of the knob suggests either roarctation
or night aottic arch

The pulmonary artery 15 seen best with the patient in ‘!hc
anteraposterior or right antero oblique positions. It lies just
to the left of the base of the aorta, nestled within the con-
fines of the aortic arch, Sometimes it is seen better after 2
cough, which serves to separate it from the aorta?

Tn recent communicatjons, O'Kane, Andrew and Warren ®
and Margolies ? veemphasize the importance of the roentgeno
graphic and roentgenoscopic examnations in determimng
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with the patient in the nght anterior oblique position, is
formed by the right auricle and the iferior vena cava on
the rght side, with the aorta, the pulmonary artery, the pul’
monary conus, and the right ventricle, mentioned in order,
from above downward, forming the left border. With the
patient mn the left anterior oblique position, the right bordes
1s formed by the superior vena cava, the night auricle and
the right ventricle, whereas the left border is made up of the
silhouette of the aorta, the pulmonary artery, the left auricle
and the left ventricle, mentioned in order, from above down-
ward These cardiac contours bear a definite relationship both
in size and degree of expansion with one another.

Normally, the average anteroposterior diameter of the heart
1s about two-fifths of the transverse diameter of the chest ¥®
Wiule empirical judgment of the size of the heart 15 used con-
stantly to decide increases in cardiac size, 1t ts by no means sat-
1sfactory. The cardiothoracic ratio, diagonal measurements
and cardiac area determimations are much more satisfactory. As
a tule, however, the average anteroposterior diameter of the
heart is less than three-fourths of the average transverse diam-
eter of the heart. Realizing that the average anteroposterior
diameter of the heart in fernales 1s 8.7 cm. and in males, 78
cm,, one can obtain a tair impression as to size 19 The obhique
diameter of the heart 1s about one-third larger than the aver-
age anteroposterior diameter.

In the lateral view, the attachment of the pericardium may
be seen extending down from the posterior edge of the hea.u
shadow. (Figure 3) It 1s seen as a famt shadow with its
posterior border straight, or shightly concave, e\tendmg. to
the superimposed diaphragmatic shadows This shadow is a
vantage point for observing slight pericardial effustons,’t
which tend to distend the cul-de-sac and distort its normal

concave appearance
Durmng deep inspiration, especially in tall, thin persons,
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the pericardium and the epicardinm, as outlined by air, was
almost neglgible when compared with the pneumopericardio-
gram of tuberculous pericarditis.

‘While practically every portion of the heart may become
calafied m disease, the calcification associated with old age
must be considered physiological. In the past, roentgenolo-
gists constantly overlooked calcifications within the heart.*
Calcified valves may be seen m the anteroposterior view near
the middle or lower half of the heart The aortic valves are
usually seen overlying, or just to the left of, the spine and are,
therefore, mare adequately seen on shight rotation. Mitral
calcifications, however, he well to the left of the midlme, and
when seen 1n the lateral projection, are situated more pos-
tertor than the aortic calcifications Roentgenoscopically,
these shadows have to and fro movements, going toward the
apex during systole and returmng during diastole.

The Diaphragm — The right dome of the diaphragm is
about 1 5 cm above the left dome, in most instances, When
transposition of the viscera occurs, the opposite obtains In
certawn other instances, the shadow of the left dome of the
diaphragm 15 erther on the same level or above that of the
night dome We presume that, 1n the absence of eventration
or herniation, such mstances may be regarded as normal va
riants The splenic flexure of the colon is ustially highly placed
in such mdividuals, or there may be a large collection of air
in the fundus of a cascade type of stomach, which may be
responsible, to some degree, for the position of the diaphragm

In the antetoposterior and posteroantetior projections, the
right and left halves of the diaphragm are dome-shnped"The
attachment of the mesial portions of the domes is on a higher
level than 1ts attachment to the ribs This results in a cos-
tophrenic sulcus of varying depths The domes of l.he 'dm-
phragm are regular in this plane and, during inspl'rnucn.
any peaking may be the result of either pleural adhesions or
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localized areas of inelastictty of the lung structures The domes
of the diaphragm may be wavy at their outer aspect or produce
a shadow of multiple ares over s snface, duc to saration
i attachment or Iy pertrophy of the constitucit muscle bun
dles. Tlis has been described as indiv rdualization of the costal
components. Occastonally, 1 the posteroanterior and lateral
projections, one finds a 10tunded hump of the mestal aspect of
the right dome of the draphbragm This obscrsation has been
reemphasized 1 as being due tn the healthy individual to a
weakness of the antcromedial portron of the diaphragny as
compared to that of the posterolateral portion In additon,
the snferior vena cava may play a part in prevenung down-
ward excursion of the chaphragm Tumors of the hiver and
subplirentc lesions may produce an appearance that simulates
stch a condstion

An anomalous enlargement of the right lobe of the Iner
will produce a shadow 1n the lateral view that may simulate
that of an interlobar collection % In the lateral ven, the
domes arc higher anteriorly and the posterror costophrenic
suleus is much Jower than the anterior, rendering it possible
for a relatively large localized pleural collection to escape
detection m the dorsosenual reentgenogram The upper sur-
face of the shadows of the right and left domes runs from
before hackward These shadows may be parallel or may cross
each other, cither antertor or postenior to a pont that cor
responds to the mddle of the domes Durmg the nispiratory
phase of respiration, the shadows ot the domes lose ther
dome stape and become relatively straight

‘The marement of the domes of the daphragm 15 cxiremely
varable The most correct mmptession of s movement ts
obtamed during aidinary 1espravon. Fregnently, efforts o
strdy diaphrsgmatic excurston danng fotced resptration are
confusing, due to the infiuence of costal and abdommal mus
cles The movement of the domes of the diaphragm 1s usu-
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ally more pronounced in men than in women, The domes
are higher and the excursion is greater in the horizontal
posture than m the erect. Therefore, anyone interested in
detecting shght restriction 1n movement should examne the
patient 1 the erect posture. Lateral Toentgenoscopy of the
daphragmatic domes, with the patient lying on the back and
the rays projected from the oppostte side, is difficult because
of the increased dome shape of the diaphragm and the en-
croachment upon the costophrenic sulci. If the patient 1s
studied roentgenoscopically in the horizontal plane while
lying on one side, and the rays projected ventrodorsally, the
dependent diaphragm will become more cephally placed and
will have a greater excursion. These observations have also
been noted by Pierson and Newell.1? Such positions or modi-
ficattons thereof allow a study of the costophrenic sulci and
aid in differentiating between thickened pleura and pleural
collections

The Hilum Shadows — The structures in the hila include
the bronchi, the pulmonary arteries and vens, the tracheo-
bronchial and aortic lymph nodes, nerves, and connective
ussue The lymph nodes are classified as follows ; (a) bifur-
cation nodes, located between the right and left main bron'-
ch1, (&) tracheobronchal nodes, sitnated above the bronchi
and along the trachea; (¢) the aortic nodes; and (d) the
paravertebral nodes. Suktennikow !7 states that there 15 2
greater number of lymph nodes on the right side. Miller
says that there is a greater number of nodes associated with
the eparterial bronchus than with the bronchi supplying the
muddle and lower lobes.

The hilum shadow 15 irregular 1n outline with ill defined
borders The denstty of these structures, as seen in the roent-
genogram, varies considerably with the type of roentgeno:
graphic exposure In the arbitrary properly exposed roent-
genogram, the shadow has varying densities and 1s not homo-
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geneous. It would seem that 1f roentgenologists could agree
upon what a properly exposed film consists of, varying denst-
ties could be regarded as significant obsersattons We have
placed considerable reliance upon ndividual ability to see
varying densities 1n the hilum shadow, re., the bronchial
shadow is different from that of the vessels When the density
of the shadow 1s more or less homogeneous, 1t 1s our 1mpres-
ston that one can be fairly certain that abnormal changes have
become manifest

The Natronal Tuberculosis Commattee 1 has described the
ints of the bula as follows -

‘On the nght side, the normal shadow may be said to ex-
tend, from above downward, from the top of the nght main
bronchus to approximately a pont where the nght lower
lobe bronchus, below the origin of the middlelobe trunk,
begs to subdivide 1nto 1ts lowerlobe branches ( or trunks )
This includes the anatomical hulum, the greater portions of
the larger bronchi, and some lung tissue 1n front and behind
The extent of this liulum shadow from above downward 1s
approximately two interspaces and a rib

‘On the left side, the pulmonary artery passes above the
left bronchus, and from abose downward, the left hilum
shadow may be sard to extend from the upper border of the
pulmonary artery down to approximately a point where the
teft lower lobe bronchus begins to subdivide 1nto 1ts lower-
lobe branches (or trunks) Such a hilum shadow on this
side 1s shghtly shorter than the one on the right and 1s shghtly
less than two nterspaces and one rib 1n length

‘Wlile the top of the right bronchus 1s higher than the
left, 1f thie tops of the hitum shadows be lemited 1n the manner
Just described, they are on 2 plane approximately level

“The thickness of the lulum shadow 1 the anteroposterior
direction is a matter that requires further study, and prob
ably Targely from the lateral view Measurements from lateral
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views are very uncertain and subject to considerable per-
sonal equation. One should learn to acquire the idea of depth
as well as length and width when interpreting lulum shad-
ows.’

In the Jateral view, the shadows of the hila are superim-
posed and 1t 13 impossible to define their Jimits, even within
wide margins, because of so many vaviable factors, such as
target film distance, length of time of exposure, and disturbed
shadow outline due to transmitted pulsation from adjacent
vessels We suggest, however, that one can develop an individ-
ual impression as to therr normal extent by studying roent-
genograms of the chest of healthy imndividuals, made with a
Potter-Bucky draphragm m an almost lateral projection, with
the patient so placed as to prevent the superimposition of the
lula Such films allow one to see shadows of the varying den-
siues of the hila, and, 1f a thorough understanding is obtained,
1t becomes possible to determune deviations from the normal
with a high degree of precision.

In the dorsoventral and ventrodorsal roentgenograms, the
outer boundary 1s regarded as normal when 1t lies within the
inner zone of the lung field Everyone famliar with the inter-
pretation of varations of hilum shadows realizes how difficult
1t may be. Obligue and lateral views often assist in detecting
glandular enlargements that might otherwise escape notice

Calcified lymph nodes occur frequently in the hila of
healthy individuals. They represent, as a rule, evidence of a
pre-existing active tuberculous process. Calcification of @
lymph node does not necessarily mean that the node may
not contain viable tubercle bacilli which, under certain con-
ditions, ate capable of muluplying and setting up an active
disease. In adults, we have fele that nodes that are caleified
in a 1¢elatively homogencous manner are probably healed,
whereas those m which the calafication is punctate and ap
pears as a mottled shadow have a much greater potentnality
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for reactivation. (Figure 4) Chests of ctuldren with calcified
nodes of this type should probably not be regarded as healthy,
Whle 1t is true that calcified nodes are usually regarded as
evidence of past tuberculous infection, 1t is entirely possible
for them to be due to some other process.

It is important to evaluate the dense, cireular shadows, due
to vascular trunks obtained in an axial plane, and appearing
in the roentgenogram as densities similar to those cast by
calcified modes These shadows are readily seen roentgeno-
scopically and, should any doubt arise as to their nature,
slight rotation of the patient will permit identification of
their true nature. Calaified shadow densities do not disappear
on rotation, whereas vascular shadows do.

The Zones.— The chest has been variously divided into
different zones for conventence of description of the single
film The classification m most frequent use is that nhich
divides the one side of the thoracic cavity into § zones ; the
nner or hilum, the middle or truncal (or vascular mark-
ngs ), and the peripheral, which contains the finer subdui-
sions of the vascular tree i which the only shadows vistble
consist of fine hinear markings.

In stereoscopic films, there is very little oceasion to use
such a classtfication, except so far as the various zones have
different capacities for expansion 1 The hilum zone expands
and contracts less than the truncal or vascular zone, and the
peripheral zone has more expansile and contractile paser
than the truncal or vascular zone.

The Lobes — Ordinarily, the right lung is divided into
3 lobes and the left, into z Not infrequently, there is an ac
cessory lobe on the right side called the azygos lobe ? This
Iobe is recognized by the fine plenral e which extends
from the apex of the lung downward, to end as a dense oval
shadow near the upper aspect of the right border of the
supertor mediasttnum The dense oval shadow 15 due to the
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anygos vein, whieh maintains its foetal position and carries
with it a reflection of the parietal pleura, down to the point
of entrance mto the superior vena cava The size of the
azygos lobe is quite vauable, depending upon the position of
the vem.

More recently, other accessory lobes have been described
n roentgenologic hiteratnre® An accessory labe may ocea-
sionally be found at the base of either lung, erther partally
or completely formed These lobes are warable m size and
represent a division of the lower lobe They can be recognized
by the presence of mterlobar plenral shadows, extending up-
ward from the meswal portion of the domes of the diphragm
toward the hila This lobe may accastonally be the site of a
pathological process and. therefore, readily recogmzable On
one orcasian, we observed two lobes only, on the nght side
The observanion was later confirmed by post-mortem exanu-
nation.

The position of the vanous lfobes 1s readily observed m
those instances where either nterlobar shadows are visible
or after introduction of an opague medium into the bronchi
It should be emphasized, howeser, that the size and extent
of the lobies are quite sartable On occasions, the lower lobes
may extend very igh posteriorly, so tugh thar physical signs,
and even shadows m the roentgenogram, may be misinter-
preted as representing lesions in the lower poruon of the
upper lobe

The Vascular Markings, — Extending from the hitum on
etlier side are heavy shadows passing into each lobe. These
shadows are more pronounced m the lower Iohes and, n
roentgenclogic hterature, are descrabed as truncal shadows.
It has seemed to us, howeser, that such a terminolagy conveys
an umpression that a bronchus s responsible for, or at least
assoctated with, these visble shadows From the wotk of
Miller, Miller 2 2% 24 2% 5 and Greineder,? such an inter-
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pretation may not be true. For years, roentgenologists ar-
tempted to localize foreign bodies and pathological lesions
flccording to the distribution of these shadows as they passed
into each lobe. It was recognized that only very large bronchi
were visible, and these were restricted, for the most part, to
the futum zone. On the other hand, the roentgenologtst
thought that the truncal shadow, as seen and described in the
roentgenogram, consisted of brouchus, artery, vein, nerves,
lymphatics, and connective tissue. Wherever one of the Jarge
branch shadows was seen, there was thought to bea bronchus
We know now that such 15 not the case Muller 2 has shown
that ‘the pulmonary artery follows, in all of jts subdivisions,
the subdivisions of the bronchial tree. As each main branch
of the pulmonary artery arches over its corresponding stem
bronchus, it comes to occupy a position posterior (dorsal)
and slightly lateral to the bronchus. The relation of the main
trunks of the pulmonary vein to the bronchi is quite differ-
ent, they are sitnated antersor ( ventral) and mesial to their
stem bronchs and wm therr ultimate distribution are sitwated
as far removed from broncht as possible”

Muller,2! interested m another phase of the same subject,
made similar ohservations, as did Gretneder,? with even more
striking demonstiations by tomography. If one can be certain
that veins, as a rule, have a larger diameter than the arteres,
1t 18 our belief that the shadows of the larger veins can be
dufferentiated from the larger artertes in roentgenograms of
excellent detai] made during the diastolic phase of the cardiac
cycle
We apprecte that the above discussion may be considered
academic and of no practical importance so faras the distribu-
tion of the broncht 15 concerned, becanse of the improved
methods for delneaung broncht after the mstillation of
opaque media and the increased use of the bronchoscope.
Nevertheless, 1t ts our firm belief that too many roentgenolo-
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Tiustration of a reentgenogram showing the vaseniar mashings
m the right upper fung fild The putmonary artery and vem
were higated 30 this sostance. In the lefs upper lung field, the
blaod has been attowed to dram out. Note the difference n suze
of the vascular markings. { Reproduced by permsssion from
Miller )

gusts are mmsinterpreung normal vanations of the vascular
mariangs in terms of pathology. ( Figure ) Miller,2 1n 119,
recogmzed and warned ns of such a possibility Now, 1t has
become necessary for industry to have pre-employment as
well as follow-up examuations and, unfortunately, many
roentgenalogists, upon whom the burdan of the roentgen ex-
amination has fallen, ave, oll too frequently, misinterpreting
vascular shadows as fibrosis, and thereby mmpoung an unnec-
essary hardslup on both the emplayee and the empilover
Vascular shadows are otherwise confusing in interpretation,
patticutarly with regard to the dense, aircular shadows, doe
to blood vessels recorded 1n an axial plane, which may simu-
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FICURE §

Cuned paraffin cylinders i ¢ were examined to demonstrate
differences 1 appearance when rays were directed in one plane,
@ and in another plane, b Note the differences in density of the
cylinders in a.and b. d vessel shadows in roentgenogram of in-
flated normal Iung ( Reproduced by permussion from Miller.™ )

Iate an appearance of thoracic calcrum 2 and, in the more
peripheral portions of this zone, may produce an appearance
of beading or early nodulation, when the roentgenogram is
made during the systolic phase of the cardiac cycle. The ap-
pearance of beading may sumulate that of a pathological
process, such as that seen 1 silicosis, baritosis, or a mycotic
fection. Stereoscopic dorsos entral films may not be sufficient
to 1dentify the exact nature of the shadows, but films exposed
m an oblique view and rotatton of the patient during the
roentgenoscopic examination will vsually be of 2id. If the
dense shadow 1s due to a blood vessel, slight rotatton will
cause the shadow to disappear , 1f due to a calcified lesion,
the shadow will remain, Furthermore, the blood vessel shad-
ows are arcular and homogeneous, whereas a calcified lesion
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may be jrregulal and less \\cmogcncous. or even mottled
{ Figure 6)

Mitter ® catled attention another structures the Ting®
shaped carulage which occurs where pronchn 16av€ the mait
stem pronchl This cartalage may pmduce a densés circular

ogram

cPhedra? and We yor mhave cmp\msilcd the mportance
of s)nc\\(onll\n" the Toentge? exposures of the chest during
the 1ate diastolic phase of the cardiac € cle. They have per

d\spL\ccmcm a vibrauoh canse €O derabl lurnng @
memgcnogmp\n i Lewse, BY™ s tliustrat®
dearly what 2 arhed jnftuence the cardiaC pu\sauon exerts
on the 18 structnres 1ose 1o the hea

The Broncht — The first subdivisiont of the nght pronchus

15 the nght upper lobe pronchus cpanenn\) , which comes
off at an and e of atmost go deg 5 and passes above the P
monary art Ty Tlns\)mnchusgiv oft pranch, th vertebral,
which passe upward to ¥ ape% ¢ the Wng P rallel 10 the
spine pronchus & s off b nches which extend 2
rertorly and postenor y The upp 1ob pronchns guves ©
another smportant ranch el 18 des\gmx:d as the second
mrerspa ronchus, pecanse 1t € s oft beb nd the 1evel
g the ond itersy: m Lakewise, this pronchus
wes oft tersor and P ter1ot es

wiich the upper and maddle lobe pronchi €'
the stem pronchus Toreigh bodies (re(\ucm\y jodge ™ tha
reglon

The mrddle lobe pronchus comes off the stem Bbronchy
antenorty ¢ dwades o many pranches, put there are
main dwvisions, 352 rule . (e) the pranch which passes dow
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ward and anteriorly, and (Y the branch that passes upward
and faterally.

The lower lobe bronchus bifurcates into several main
branches which have been variously described as the anterior,
muddle, postertor division branches in the lower portion of
the lower lobe, and the apical branch in the upper poruon.
All of the main subdivisions give off many branches. Disease
of the mestal and posterior dvision bronchn produce shadows
that border upon the shadow of the fieart in dorsoventral
roentgenograms Further identification of the bronclu ca
be obtained in the oblique and lateral projections

The left upper lobe bronchus (hyparterial) passes below
the pulmonary artery, Its subdivisions are similar to those of
the right side, except that there ts a branch which goes to the
lingual up of the upper lobe which is that portion n frant
of the heart.

The lefe lower lobe bronchus has a longer course than that
of the right side before it gives off any subdivisions, other-
wise 1t and its subdivisions are similar to those of the right
side
The Lung Fields. — Medicine owed a debt of grantude to
‘Willam Snow Miller whose hfe has been dedicated to the
study of the anatomy of the lung. No discussion of the healthy
hing can possibly be complete without frequent reference to
Miller's work, and much of that which we shall discuss has
been gleaned from his reprints and recent book ¢
" In the discussion of the healthy tung, we have :\pproac.hcd
1ts cansideration from the standpoint of the smallest function-
1ng unit m the lung, the primary lobule. It is obvious, lhc{e~
fore, that the tollowing discussion 1s of more 1mportance his-
tologically than roentgenologically. .

As the bronchial tree 15 followed to its ultumate divisions.
there occurs a lack of the regular bronchial outline and the
gradual appearance of an air passage, whose walls are hined
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with vaniable, irregularly placed air spaces These terminal
air (hannels are called the 1espiratory bronchioles, which, m
tarn, divide mto smaller hianches known as the alveolat ducts
‘These alveolar ducts are smaller than the resparatory bron
chiole from which they spring and are Iined by more alveolr
than the aforementioned bronchiole 22 2¢ The alveolar ducts,
mn turn, lead mto from 2 to j spheroidal cavities called atria
The atria, 1 turn, open into numerous air sacs around the
peniphery of which are situated the alveoh

The bronclnal musculature torms sphincters about the
channels leading into the atrta and around the alveoh which
Iine the smaller bronchioles # These sphincters probably play
an important role 1n the muscular spasm known to occur m
asthma, Normally, air passes unimpeded by these sphincters
With muscle contraction, the air channels reduce 1n size pre
senting the egress of air, which produces an ncrease n re-
sidual air with the formation of emphysematous lobules

The structures described above comprise the anatomical
unit or primary lobule of the lung, which may be defined as
a ductulus alveolaris, the air spaces connected with 1t, and
all ther assoctated vessels, nerves, and lymphatics The pri-
mary lobule has the form of a truncated pyramid, with 1ts
base directed toward the periphery of the lung 2* 24 Its air
passage (ductulus alveolaris) usually enters the primary
lobule at the side rather than at 1ts apex Prumary lobules vary
1n s1ze trom 0 45 mm to 0 845 mm , the larger umits situated
tn the peripheral and bastlar portions of the lung It 1s obvious
that these lobules are not seen in the roentgenogram It 15
only barely possible that one sees, 10entgenographecally, the
larger, secondary lobules, which are made up of 5o to 250 of
these primary umts

The primary lobules recetve relatively hittle blood from
the bronchial blood vessels 22 2¢ The pulmonary artery, on
the other hand, follows the course of the resptratory bron-
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distinction to the pulmonary artery, courses along the periph-
ery of the primary lobule at a distance from the air channels 5
(Figure 7) Its branches anse from the pleura, the end of
the alveolar duct, the walls of the alseolar sacs and the points
of division of the bionchi and bronchioles

‘The lymphatcs of the lung may be divided 1nto the deep
Iymphatics and the superficial lymphatics 2 The deep lym
phaties include all of the channels which follow the bronchial
tree and 1ts associated blood vessels toward the ulum The
superficial lymphatics hie wathin the pleura

The bronchial lymphatics 1n the primary lobule are 3 in
number, with no lymphatics present n the air spaces as ves-
sels, The lymphatics of the pulmonary artery lie between the
artery and the bronchiole, anastomosing with 1 of the g bron-
chial lymphatics These, in turn, unite with others to torm a
rich network running toward the halun. The lymphatcs of
the pulmonary veins follow the course of the veins from the
various points of origin described previously, with one excep
tion Since no lymphatics lie 1 the walls of the air sacs, there
are no lymphatics along the veins arising from their walls

The pleural lymphatics form a rich network which drains
mto the lymph nodes 1n the hilum. There 1s some evidence
supporting the belief that the superficial pleural lymphatics,
covering the draphragmatic surface of the lower Jobes, drain
1nto the abdominal pre-acrtic nodes by way of the ligamentum
pulmonale # The numerous valves 1n the superficial lym
phatics point 1 no particular direction The valves are less
numerous tn the deep lymphatics and lie close to the hitum
1n the large vessels, allowing flow 1n the direction of the ilum
only Sumilar valves lie in some of the deep lymphatics close
to the pleura These valies point toward the pleura, allowing
lymph flow 1nto the superficial pleural lymphatics without
permutting a reflux of superficial lymph 1nto the deep set of
lymphatics

e
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In addition to the lymph vessels, the primary lobule con-
tans small masses of lymphoid tissues, which may be found
in the walls of the primary lobule.® Bestdes these distinct
lymphoid masses, one can identity a sheath-like disperstion of
lymphoid tissue along the pulmonary artery and along the
air channels. This faintly defined sheath of lymphoid tissue
15 rarely found m the lungs ot humans under thirty years ot
age With the advent of middle hife, however, these lymphoid
deposits become more conspicuous until they are quite promr-
nent at approximately sixty years of age. The lungs in healthy
mdividuals over sixty frequently show the artery and bron-
chus completely suirounded by this lymphoid tissue.?? Per-
haps this accounts for the prominent linear markings fre-
quently associated with advancing age, markings which are
usually lacking 1n children and young adules It 1s important
to know the distiibution of these lymphattc masses and lym-
phioid networks as they are the centers about which disease
processes often commence

Considerable evidence hias been accumulated substaatiating
the belief that massage, passive motion, capillary wall wnjury,
increased venous and capillary pressure, and decreased blood
proteins accelerate lymphatic flow.3 31 The importance of
these findings may be apprectated when one realizes that the
rate of lymph flow and the progress of phagocytes within
Iymph vessels are negligible when the part being studied 15
at rest Without the former observations, one would be at
loss to explamn the 1apid appearance 1n the hilum glands (?E
foreign particles ducted into the lung, In one set of experi-
ments, ik particles were demonstrated within the Intum
nodes several minutes after their mjection into the lung %
Drinker and Field 3¢ demonstrated that phagocytosis was not
entirely responsible for the transfer of foreign particles nta
the perialyeolar spaces Perhiaps alveolar pores reall.y do exist,
allowing free interchange of such material * * This, 1n part,
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helps explam the rapid appearance of faregn bodies wm the
fnlum nodes, as the findimg obviates complete dependency
upon phagocytoss i the wransfer of foreign nuaterial from the
alveolus 1nto the penalveolar tissue

Dolley and Wrese # recently found that unilateral pneumao-
thorax produced a decrease of about 45 per cent in the hmph
flow from the lungs. Such data, correlated witht those prevy-
ously referred to, would seem to mdicrte that the respiratory
excursions of the Jungs and the massagmg action of the pleara
play an important role tn pulmonary hmph flow It also seems
reasonable to conclude that the rate of lymph flow might vary
in different portions of the lung. depending upon differences
in respiratory excursions in varjous portions of the tung That
such differences m the amy de of put pansion do
oceur seems well substanuated by (hc work nf Keith, Miller,
Scott, et al

While there 1s good esidence sndicating that hoph con
stantly courses through the tung toward the bila, no absohite
praof concerning the magnitude of this Jymph flow 15 asal
able. Drnler and Freld 30 were unahle o demonstrate any
appreciable flow n their ammal expensments I htte s
known concermmg this partcntar factor, cerntmnly Jess 1
Anown of the true funcuon of the lymphatcs

Effect of the Phases of Resprration on the Roentgen Appear-
ances iy the Chest — Durning wspiration, the first five rths ro-
tate up and out, carrying the sternum forward and upward
These movements increase the anteropostertor dimenstons of
the chest, thercby cxpandtag the upper lobe tn an antero-
posterior directron, allow g an influx of arr.?* The nibs mun-
tan a constant relationship with the upper Inbe in its antero-
posterios excursions, with the sessle that dhe ampressions of
the first fise ribs may frequemt)s be scen m post-mortem speci
mens on the anterior surlace of the upper lobe Such mark-
ngs, however, are unusual in the lower lobes Duning mspira
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tion, the lower lohes are expanded by the descent of the power-
ful diaphragmatic muscles, which mncrease the depth of the
chest, and by the action of the lower intercostat muscles, which
increases the transierse diameter of the chest 18 These forces
are much greater than those influencing the upper lobes Be-
cause of this, the lower lobes are drawn downward during
inspiration, thereby massaging its pleural surfaces against the
long aus of the ribs, which explains the abisence of the rib
markings pireviously referred to as being commonly found m
the upper lobes The evidence concexming the formation of
nb unpressions in the upper lobe 1s indirect Clark ¢ has called
our attention to the relatrve lack of pigmentation of the lung
surface where rib impressions are found, whereas more pig-
mentation 15 found 1n the lung ussue adjacent to the inter-
costal muscles Such evidence 1s n favor of Kerth's 13 1deas
concerning the mechanism of respiration Clark 4 also believes
that these observations support the premse that the massage
effect of the ribs 15 an 1mportant factor m lymphatrc flow

Thus seems reasonable in view of the fact that other portions
of the lung, such as the lung around the heart, the up of the
tung extending 1nto the costophrenic sulcus ( where 1t 15 mas-
saged by the diaphragm ), and the posterior surfaces of the
lower lobes, are less pigmented than the inside of the lung
and the lung sui faces where massaging action is mimmmal The
summation of these 1nspiratory forces produces expanston n

a forward, downward and outward direction, wrth consider-
ably more cxpansion taking place in the lower lobes than m

FIGURE 8

Diagrams showmng the differences mn expansion 1n the various
Dortions of the lung Note decreased expansion mn upper Jobe
and m peravertchral gutter (Reproduced by pernussion from
Macklin %)
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the upper 1 The trachea and 1ts ramufications also feel the
cffects of these mspiratory foces as the tiachea and hila move
dovnward and forward, whide the onchial nee and the
vascular structunes become clongated * 2536 Kenth '8 has stated
that, when more 1s learned about normal respiration, the
lobation of the lung and the great fissures will be found to be
of functuonal significance

Working against these mspiratory mechanisms are the
heart, the vertebral column and vertebral portions of the 1ibs
These portions of the cliest are antagonists to pulmonary ex-
pansion by virtue of their anatomical charactersstics 1% 35. 3
Being 1elatively fived structwnes, they cannot move to atlow
the nearby lung to expand ( Figures 8 and g)

In like fashion, the apex of the upper lobe does not expand
as fully as the lower portion of the upper lobe, which 15 not
1nfubited by the peculiar comcal shape of the upper thoracic
cage One can conclude, thaetore, that the amount of air
entering the lower hing field and periphery of the lung 1s
greater than that wiich enters the upper lobes or hila

Attention should agan be directed to the 1mportance of
tespiratory mosements upon the lymphatic flow and tts pos
stble mfluence upon the distribution of a pathological process
While the evidence 15 pmely deductive, 1t seems reasonable
*heith and \biler beliese that the bronchual tree spreads and elongates

dunng insprration Macklins work, wlule not conclusise does not support
the spreading of the Lroachu although 1t does show the elongation very
wel

Ficure g

Diagrams showing differences 1n expansion 1n the vartous por-
tions of the lung 1n a case with infection The shaded poruon of
the diagram 1n the upper, mesial and posterior portion of the
lung field represents the area of infecion Note the marked de
crease 1n the expansion of the lung Compare with Fig 12 (Re-
produced by permission from Macklin *)
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that adequacy ot lymphatic flow and degree of Tespiratory
mobility go hand in hand, Perhaps this might account for the
frequency of upper lobe tuberculosis and for the mid-lung
field changes of siltcosis Perhaps 1t might also account for the
clear peripheral and paracardiac zones in the lung fields m
patients with pronounced changes due to silicosis with a
quiescent infection

Roentgen Technic.— Considerable data have been ac-
cumulated showing that the diagnostic value of chest roent-
genograms depends upon certain film characteristics which
are detexmined by the techmcal factors used for the examina-
tion, ¥: 38 For this reason, certain fundamental technical te
quirements have been defined which, when adhered to, have
produced a high quality of chest examination. Briefly, these
factors may be summarized as follows :

1 Tume. Exposures made m from 344 to 14o second are
essential to overcome lack of detail resulting from vascular
motien Synchrontzation of the roentgenographic exposures
with the Iate diastolic phase of the cardac cycle further re-
duces vascular blurnng This method, 1f coupled with some
means of determining full nspiration, would be 1deal, as
one could then be reasonably sure that slight vascufar
changes in diferent films of the same patient were, or were
nat, due to physiological variations # 2§

a. Distance Focal spot film distances between and 6 feet
are most satisfactory, as distances under 1 feet produce con-
siderable distortion, while exposure made at dstances over
6 feet are not sufficiently superior to warrant the espense of
bulky high tension apparatus

3. Screens. Screens should be chosen for excellence of de-
tail, although high-speed 1ntensifying screens are of con-
siderable assistance 1n avoiding blurred images. Scrsc:ns must
be kept clean and care taken that contact s maintained
throughout their surfaces
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4. Voltage. The roentgen tube voltage should be so
chosen that the densities tn the diagnostic areas of the film
will lie between the Inmts of 0 4 and o 6. This depends upon
the other physical factors employed, but, as a rule, will xary
from 5o 10 8o kv { peak).

5 Current. The choice of the tube current also depends
upon each of the factors previously considered Bearnng these
factors 1n muind, that tube current should Le chosen which
will produce proper roentgencgraphuc densties.

6 The Roentgen Tube The line or band focus tubes
have been recommended as they combine the detail pro-
duced by a small effective focal spot with the durability of
the broad focalspot tube.

7. Film Processing. Unless a tune-temperature method of
development 15 employed, in which all facters are carefully
calibrated and controlled, it 15 useless to follow the technic
described ‘Warm solutions, impure chemucals, over or under
developing will rain any filt, no matter how perfect its ex-
posure may have been

In addition to these factors, it 15 necessary to us¢ accurate
methods for measuning patients One must also be careful to
malke all measurements through the same anatonical points,
An impulse timer, a cathode current stabilizer, smitable m-
dicating meters, adequate power supply, full wave recufica-
tion for the Mgl tension equipment, and 1 kv per step auto-
transformer controf, are all essential for obtaiming roent-
genograplhic results which can be repeated on different occa-
s10ns

Stereoscopic examinations made 1n the anteroposterior or
posteraanterior directions are desirable in chest. roentgenog-
raphy. The gross exaggeration of vascular markings and
other abnormal denstues, seen 1n single flat films of the chest,
ts avoided and properly evaiuated by stereoscopy, which
places these questionable areas at their right depth. Lateral,
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oblique, recumbent, or any other position, determined roent-
genoscopically, will add valuable informauon

Most chest cassette cliangers are equipped with some type
of fixation device, such as a windlass and binder, which en-
circles the patient’s back for amobilization After immobili-
zauton has been accomplished, care must be exercised to de-
ternune whether or not the patient 15 rotated, Even slight
rotation will cause a difference n density of the two sides
of the chest Such differences i density have been regarded,
by some, as evidence of pleural thickening or hyposentila-
uon {Figure 10)

ROENTGENOLOGICAL STAGES O PROGRESS 49

Roentgen appearances tepresent pathological changes At
first, i the study of pneumoconiosis, 1t seemed logical that
the stages of progressive changes should be based upon a
sequence of advancement which could be shown by such a
simple means as the Clinical groupings must
necessarily be based upon such phenomena as increasing
dyspuea and 1ncapacity for work, together with certam chni-
cal signs Exen these, when the first classifications of puen
mocomiosts were based upon similar mdnstries, rather closely
followcd the roentgenographic demonstration of the progres-
siont of pathological changes

It is unf that the x 1 i piags of
the sarious countnies have differed In the United States, the
roentgenological classification of Lanza and Childs39 who

FIGURE 10

a healthy chest, b same patent Note the macasced density
over the tight hemithorax which 1s due to shight rotation Tlus
was produced by the supporting strap when the patient was
placed agamnst the film changer
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divided the condition, as shown by the roentgenogram, inta
3 welthnown stages, designated numerically, was followed
il comparatively Tecent years, when it no longer seemed
feanible. In South Afnca, where the disease received prob-
ably the greatest amount of study in the eatly years of our
more extensive knowledge of silicosis, three pathological
stages were first recognized — early, intermediate and ad-
vanced silicosis.*® The roentgenographic appearances ascribed
to these were quite slar to those of our own three stages.
Later on, the condition was legally dtvided into three clinical
stages— ante prumary, primary, and secondary. Roentgeno-
graphic appearances were grouped to conform to these in
showing progression or extent Compensation laws elsewhere,
as i Ontario, have been based, to a considerahle degree, upon
the highly successtul legislation 1n force in South Afrita. As a
result, the roentgenological classification of silicosis has fol-
lowed the same designations of stages as that of the legal dJasst-
fication. which 15 quite natural, With no federal Jaws mn this
country directly goverming the condron, and no chinteal
classtfication of the disease, the roentgenological classifica-
tion first adopted has held prionty.

In order to make comparisons with the groupings used
elsewhere, 1t 15 necessary to give a brief résumé of the roent:
genological stages of silicosis as described in this country.

Furst Stage. Thus stage has been characterized roenigeno:
graphically by a defimte increase i the promineuce and ex-
tent of the hilum shadows, an increased promience and
thickening of the trunk, shadows, and a greater prominence
of the linear markings of the peripheral zone. Enlarged
glands may be interpreted m the hilum yegions. This stage
must be subject to certain modifications Frequently, appear-
ances are detected i the central portions of the Jungs,
asually more or enurely on the right side, conststing of 2
shight haze, with or without fine lines Within these areas,
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there occasionally become mamlest a few small, faint, hazy
spots, which are probably the beginming of lymphoid deposit
enlargement In many cases, the defimte appearances of the
first stage, as Just described, are not apparent, In a flat roent-
genogram, these hazy arcas often have the appearance pre-
sented by a sery small female breast or a pectoral muscle in
a male, but m the wrong locality Tius mamifestation 1s prob-
ably due to the beginming of the mterstiual fibrosis and of
the visibility of a few of the indinidual nodules. One who
has observed the effects of dusts 1n many occupations wiil
find that individuals who follow certain dusty trades do not
present progressive appcamnces that run true to form or that
can be made to conform to the usual general stages, for the
reason that there are types of the condition peculiar to cer-
tamn mdustries, and, possibly, to certan individuals

The general manifestations of this first stage are not char
actenistic of pneumocorioss alone, but may be simulated by
many other conditions, espeally, passive congestion, acute
or chronic respiratory infections, chronic bronchial catarrh
and bronchicectasts Moreover, the hilum and trunk shadows
are subject 1o considerable normal varations in appearance
1 the adul,

As a numencal stage. this one mplies, theoretically at
least, an early pertod 1in progression, yet individuals may
remain m this phase for years, or ndefinitely As the mam-
festations of a typical first stage, with promnent hilum and
trunk shadows and hinear markings, are not charactersstic
of pneumocomiosis alone, I am inchined to doubt the fairness
of giving ths stage a defimite medicolegal status, or of using
1t as a basis for compensation

Second Stage Tins most typical stage has been charac-
tenized by the disunctine distnbution of small, rounded
densities, varying 1n size from a pinhead to a pea, through-
out both lungs (Tigure 11) The nodules appear first on
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Fioure 11

Sumple siheosts showng the untform distribution of small,
round densities throughout both fungs, i a hard coal mnen

the nght side, around the 100t of the lung, and usuaily be-
come quite percepuble here before they aic scen on fhc !cl!
side This predominance is apparent until the distribution
becomes quite genera) throughiont both Inngs, and then there
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FIGURE 12

Sulacosts wath IALELOT and begning contescence of the nod-
ules 1n both 1ung s especialty i ot upper lobe 1 2 hard

coal mner wath an 2CUYE Jubercutons nfection There 18 2 small
‘me\m\mhun\ n the pight »ae

able Aufferente “Fhe spots are alw
numerous 4 ound the Tl and less i the basilat portion of
he Jungs THE densest and most sharply defined nodules are

wsually found M association ith the more rapudly fibrosing

n no appreed ays WOTe
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dusts, such as those to which many abrasive tool grinders are
exposed. There is always more or less evidence of diffuse
fibrosis present, as & continuation of that often visibly started
1 ¢he fiest stage, and as a forerunner of the essential process
of the third It may not be apparent because of emphysema,
When not apparent, its presence may be suggested by lack of
Iung expansion and diaphragmatic excursion, or sharp peak-
ing of the domes. Theoretically, one would expect this
second stage nodulation to be superimposed upon first stage
appearances, but very often, the latter are not apparent.
They may be obscured by emphysema, Lut this is not the
sole cause.

Third Stage. This stage has been characterized by mani-
festatons due to a predominance of diffuse fibrosis, which
may present three fauly definite and disunct appearances,
although all of them may be abserved in the same case:

(1) The Inrger nodules of the second stage, where most
prevalent, either may coalesce into very much larger and 1r-
regular masses, or be found close together with more or less
haze hetween them. It may be difficult in such cases to differ-
entiate between second and third stages, except by a Jack of
expansion and diaphragmatic excursion, and the presence ot
absence of diaphragmauc irregularities. ( Figure 12)

(2) A more or less diffuse fibrosis, somewhat similar in
appearance to the fibrotic process representing the late res|§h
of an extensive bilateral chronic pulmonary tubercufosis.
Usally, definite nodules are still present, although not al-
ways
(3) The presence of massive {ibrotic areas presenting the
appearance of extensive pulmonary consolidations. In the
Iate period of the stage, there 1s usually one such arca on
each side, rather symmetnically located subapically, but
sometumes untlateral, or more extensive on one side than the
other. (Figures 15 and 14) In an earhier perod of the stage,
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or conglomerate lesion 1 the night upper
extend to the

tus lesion

Close-up of a massne

lobe The lesion 13 ccntrally placed and does not

eriphery at any pomnt From the roentgen standpoint,
is regarded as sthcosis with a quiescent infection.
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FIGURE 16

Masstve lesions in a hard coal miner Note the symmemcal posi-
tion of the masses

subapical masses are 1n the apices of the lower lobes, and
numerous autapsy reports 1 the literature have confirmed
this location (Figure 15) Often, associated with these
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manifestations, dense, fibrous bands are found extendumig
rarious directians, but promunently dawnward, and fre-
quently causmg marked diaphragmatic deformities. They
often resemble thichened truwks The heart and vessels are
quite likely to be displaced when these bands are preseat
Diaphragmatic excursion is very much restricted or entirely
absent {Figure 16)

Other Classifications The present general classification of
Sauth Africa 15 as follows |

3+ Rather more fibrosis than usuat

2. More fibrosis than usuat

3 More fibrous fuil

4. More fibrosis 1o com

menang fibross
5. Commencing fibross Ante primary
6 Commencing fibrosis

plus

7 Commencing to eacly
8 Latly commenang Primary
9 Early to medwumn

10 Medmm fibrosts

11. Mediam to advanced
fibrosis

12, Advanced fibrosis

Secondary

Complicated classtfications atre more apt to become popu-
lar in the exanunagions of indvduals m a single industry
than when several dustries are studied, as scems 1o have
been the ase i connection With the South African gold
muners, and as was the case with Jarvis 44 42 % 1n lys studres
of the Barre granue cutters, They are, no doubt, admrably
adapted for use when pracucally die entire work of an -
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lII\’l(lll.ll Or boary is festriceeq o the e\:lminau'on of stlicoy,
Persang, (*apccmll} mnone mdusu;', bug they are lmnll} prac.
ticabie for mcnlg('nulq',ml\ m 8eheray, Who ape nore faig,.
able ¢, Mmple (I.mllunuons.
Inthe forny, AUran of the most Ccellen, Workmcn
Pelisatiop, 4 <t of Oy,
the dineyy classll:cauon of the Souehy Alrican Boarq gy,
been CMhodeq. Thyg Section o the Ontarig Act regq, as
[oIIowx

(9) — (a) Stlicosyg shali Mmean slicosjg of the lungs (a
fibro,q ondygy, of the lungs Cuseq by the inhalaggy, of
Sthicg dust )

b) A Person shall go, the Putpose of this pcq be deemeg
to haye o, 0 haye had Sthtagy,
(1) 1y the anm—pnmal)' Stage Wwhen 5y is foung by
the Boarg that g4 Carhiese detectap), Specific
Physicap Signs of sthicogyg areor hay been Present,
“hether not @pacity for Work is o pag been
51

(1) In the Thmary Stage, when j, 15 foung by the
Boarg thar definge d specyfie Physicaj signs of
sthcogs are or hase been Present, 4 that 3.

(ry o, the sccondayy, SHAZE, Whien 4y 4 found py e

Boarq thae defimge and speeifie Physica) signs of

e en Present, 4p4 that ca.

Pacty g, Work 45 o has beey Seniously ang

pcrmancnlly IMpaireq by thar disease, or when

15 foung by the Boarg thar tberculnggs with
‘csene,

The 1925 Souep, Africay law defines three legal xtagES‘Of
ICOsts pmcucally tdengjcy; with the above Ontaryy Specif;.
lons, 1n view of the 8reatly altereq pect of e dtsca{c
Souety Afm:a, it hag cCome Hetess:xr} to 1ecogmze adq;.
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nonal dimcal gioups of cases, which Wathins-Pitchford 4
sunmareees somenhat as follons

{a) Semple Sthcosts The condition m an mdnadaat who
remans tree of overt tul } Tt 15 non-progressive and
produces but hitle effect upon the health From the patbo-
logual standpomt, these subjects present numerous small,
mert nodules of dense Rbrous ussue, symmetrically distrab-
uted Each nodule is sharply defined from the surrounding
tissue, and s 50 well encapsulated as to be easily shelled vut
They vary m size from 3 to { mthmeters and are rarely over
6 milhmeers 1f closely aggregated, they may produce a cer-
tam amount of disabidty, mainly shortness of breath The
roentgenological exammation is more rehable than the clini-
<t one

(b) Tuberculosts with Stheosis. This is a progressive and
serious disease associated with larger nodules unsymmetrs
cally distributed and composed of young connective tissue
elements among which tubercle Laallt ave found. Adjacent
nodules are frequently aggregated mto masses There are 2
classes of cases in this group (1) The ndndual may have
had sumple stlicosis at first, followed by the development of un-
symmetrical tuberculous lesions { tuberculosilicosts)  This
change may occur after many yeus (2) The tuberculous
lesions may be manifest first, followed by the sihicotic ones
w close association (sthicotubercufossy Hee agam, the
roentgenographic findings are wmportant In tuberculo
silicosts, the Intherto uniformly mottied areas are now n-
vaded by one or more unsymmetrical areas of shadow with
motthing around them The Miners' Phthusis Act now pro
vides scparately for these two geneial groups of cases, as has
been the case in Ontario.

At the meeting of the First International Conference on
Sthicosis 45 at Johannesburg, m August, 1930, the three chinical
stages recogmised locally were accepted by the Conference,
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‘They were as follows: First Stage — Respiratory symptoms
shight, few or no physical signs and capactty for work httle
impaired. Roentgenograms show the lmear shadows in-
creased and present discrete shadows of nodulation. Second
Stage-— All physical signs are increased. The nodular shad-
ows are mcreased m number and size and show a tendency
toward confluence. Third Stage — All signs and symptoms
are greatly accentuated, and there 1s a total loss of working
capactity. When tuberculosis 15 present, the stage classification
must be based more or less upon a loss of working capacity
than upon physical signs and roentgenographic appearances.
It was recommended that an internatignally comparable
roentgenographic techmc and termimology be adopted, and
that a further study be made of the correlation of roentgen
appearances, pathology and symptomatology of stlicosts with
or without tuberculosis

In 1931, Dr Pancoast and 1 decided that it was more ra-
tional to dispense with any attempts to employ general
stages of progression m any of the ways so far discussed
and to substitute a pathologic-roentgenological classificatton,
which could be combmed with the clinical aspect peculiar to
any one imndustry, or with all of them. Those who have
studied a smgle phase of pneumoconiosis in one accupa-
tional group, such as asbestos workers, coal and hard rock
miners, granite cutters, and sand pulverizers, for example,
have found it most difficult to apply any definite numerical
order of progression by stages such as that used for other oc-
cupattons. Likewise, those who study a large number of oc-
cupations and idustries find 1¢ difficult to adhere toa general
division into stages, such as that, for example, as hﬂd.“s
ongm m the study of hard rock muners, without making
exceptions or creating certain variants. This becomes more
complicated with each new occupation studied. Pnenmoco-
niosss implies a condition of fibrosis, occurning, so far as we
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know, in only one general way, but with certan vanations
dependent npon uncertain or unknown nfluences.

Now, the dmical phenomena must, of necessity, depend
upon obvious forms of pathological changes urthermore,
roentgenograpluc appearances portiay these pathological
changes as soon as they become macroscopic, or reveal their
wfluences while the actual changes are sull microscopic
Therefore, 1t seemed wiser to substitute, for a numerical
progression of pathological changes typual for a few of the
otcupations, a general pathological dassification  which
would nclude the typrcal and the varants, and, at the same
ume, be apphicable to both chimeal and roentgenological
studies for each wrlustry or accupation,

A study of the duagrammanc representauon of the lym-
phatic system of the lungs, such as that of Miller,** ¢ and an
applicauon of the pathologual features of the condition to this
serves to mhicate that there ave practically three sumultaneous
primary dastributions or accumulatson pomts for dust, which
correspond to later possible mamfestations of fibrosis ( Fig-
ure 7) These have been suminarized as follows- (1)
Blockage of the peribronchial and penvascular lymphatic
systems, with later intensification of trunk shadows, linear
marhings, and pulmonary lymiph nodes, {(2) Lodgment m
lymphoid deposits, with subsequent development of nodular
Gbrosis, (3} Thoroughly intersutnl fibtoss following a
rapid block of fymphatc channels To these are added the
pleural side-track, which 1s mmore or fess common to all cases
und needs no special classification

From a study of various industries, 1t scemed evident that
fibrosis mught exhibit predomiance i any of these distribu
tions mn individual occupations For example, 1n coal miming,
the dulier may show predominance of the nodular type.
whereas the man 1 the breaker may exiubit only the first
stage for many years, m hard vock smpng, the rodular type
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predominates until diffuse Gibrosis supervenes ; in the granite
cuter, the uerstitial type predominates, although the nodu-
In may, exceptionaily, do so; in the asbestos wadker, the
mtersttial type s charactenistically predomtnant. Interstitial
predommance, rapidly progressing, will develop into diffuse
fibrasss withowt nodular predomnance. Aud so we might
tun through all the fibrosts producing dusty occupations.

The following pathologic-roentgenological classification
was offered as a suggestion 1o overcome the exisung con-
fusion .

v Peribronchal-perivascular-dymph  rapid
node predonunance stow
with nedular appear-
2 Emly intersuual predummance ante
(nterfeses with diaphragmatic sy one nodular ap-
movement } pearance
Tapid ot slow

4 Late or advanced witersutial pre-

dominance
non-progressive
4 Nodular predommance progressie

conglomerate nodu-
s Advanced diffuse or rermimal  lar type
fibrosis inteystitial type
massive fibrons type

It was thought that many individuals ymght show, or oo
cupations be characterized by, various comhinations of these
types : and that, i one industry or occupation, there would
be a sequence of predominant appearances which \f‘O\ﬂd
correspond closely to the clinical aspect and progression ot
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the discase, This has not been true 1 my experience, hot-
ever, even m studies of individuals exposed to pure silica
without contaminating dusts,

We found it diffienlt 10 understand, or to explamn, all of
the underlying factors w the rapidly developing ntersuitial
fibrosis  Gardner,®® however, offered an explanation ile
stated that the obstruction m the deep pulmonary lymphat-
1¢s diverts the lymph flow and dust cells toward the pleura,
where counter-resistance 15 met Consequently, dust cells pass
through the walls of the lymph vessels and accumulate in the
surrounding connective tissue at a pomt where the two
Iymphatic systems communicate In support of the theory first
advanced,® of the cholung of lymphatic channels by dust cells
and the contraction of thetr lumen, which has been open to
cutiasm. Gardner believed that the point of actual obstrue-
tion could be 1n the pulmonary lymph nodes, which would
profluce stasis 1n both deep and superfical lymphatics He
further suggested that the previous condition of these lymph
nodes, as to changes induced by chiidhood tubercuioss and
other agencies, might have some influence on the rapidity
of onset and progression of siicosis It 1s my feeling that ac-
tive mmfectsion may exert an important mfluence upon the
1oentgen maniestations.

These roentgenological phases of the conthition, wiich we
have described previousty.® 59 jnay be briefly swmmarized
as follows

1. The perivascular-perthronchial-lymph node aspect due
to the relaying of phagocyted dust to the pulmonary lymph
nodes and their subsequent enlargement and ultmate par
wal fibrosis to the gradual enlargement of lymphaid deposts
along the course of lymph vessels and the subsequent thuck
emng of these vesscls and stasis of contents “This is charac-
tenized raentgenographically by mcreased prommence of the
ftum and trunk shadows and linear markings This appear-
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ance 1s by no means charactenistic of pneumocontosis alone,
and even 1f it does indicate the condition, the phase 15 abso-
lutely not mcapacitating It, together with a barely percepti-
ble appearance of macroscopic nodules, corresponds to the
so-called first stage.

2. The nodular aspect 1s due to the gradual enlargement
of lymphoid deposits and therr coalescence into quite appar-
ent macroscopic nodules symmetrically scattered throughout
both lungs, This corresponds to the so-called second stage.
It 15 conspicuously absent m many instances, especiaily when
the silica mtake 1s rapid.

3 The mterstitial type of the condition results from 2
hilumward and pleuralward block in the lymphatics and
the escape of dust phagocytes i laige numbers into the m-
terstitial miteralreolar ussue and subsequent fibrosis It ap-
pears as a faint homogeneous haze, first on the right side,
then on the left If the sihica intake is comparatively slow,
it may accompany the perivascular-peribronchiallymph node
aspect, but 1f more rapid, 1t may be associated with the nodu-
lar type, or may progress without the latter directly into the
termmal stage of the condition without any evidence of
nodulation The unprotected or inadequately protected
sand blaster, sand pulverizer, and sandstone abrastve worker
have been among those especially prone to present this
rapid interstitial aspect

4 Termmal and mcapacitaung silicosts 1s chavacterszed
by two general appearances, — a terminal diffuse ﬁbmsi.s ofa
conglomerate nodular type, one which 1s quute sunilar in ap-
pearance to a generahized chromc fibrowd tuberculosts, and
the terminal stage characterized by large consolidated areas

In 1935, another classification or stlicosis terminology was
suggested because 1t was felt that, 1f objective terms, descrip-
uve of the type of pathological change, could be genf:rall‘)'
adopted, material progress would result. The committee’s
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report,$! given below, will certainly be revised from time to
time as experience directs, Abstracts from the report are as
follows -

It should be distinctly understood that the tabulation
which follows applies only to silicosis, that form of pneu-
mocontosis resnlting from the inhalation of dust with a high
sthca ($10:2) content® Other forms, hke asbestosis, are
excluded from thus consideration because their pathology 1s
essentially different from that of silicosis

‘The tabulation contains two columns, on the left, the
roentgenologtcal appearances ; and on the nght, the corre
sponding pathological lestons There is further subdivision to
describe the appearance of, (1) the healthy lung, (2) the
uncomplicated siicotic tung, and {3) the lung of silicosis
with infection The changes described under the first disi
sion are those compatible wrth a state of good health ; and,
while they may be produced by the mhalation of relatively
small amounts of silica dust, they are not sufficiently charac-
terstic or advanced to substantiate a diagnosss of silicosis
Sumilar or 1dentical appearances may also result from the 1n-
halation or nansiliceous dusts, from certain infections, from
cardio-vascular disease, and from certain other rare condi-
tions The changes 1nvolved are, for the most part, confined
to the lymphatics and penilymphatic connective tissues and
do not affect the parenchyma of the lung Since, by defim-
tion, silicosis is a2 disease characterized by nodular fibrosts in
the parenchyma of the lung, these alterations, even when they
may have been caused by inhaled silica, do not constitute a
bass for a diagnosis of stlicosis The second group covers the
discrete and conglomerate nodular fibrotic reactions of sim-
* Some of the nonsiliceons components of certam industrial dusts seem to

modufy the pathologicat rercuion, but the character of shadows cast by these

madified lesions 15 not suficently defined at the present tume to 1nclude

them m the tabulaton Later, when more information has accumulated,
certam other teyms may hare to he mdnded
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ple silicosis. The last group deals with silicosis complicated
by infection In the majority of instances. the infecting
orgamusm is the tubercle bacillus, but the classtficatron 15
sufficiently broad to include other types of infection. Certain
criterta by which one attempts to differentiate various forms
of nfection will be discussed

R al App es Histol 1 Appearences

Hrartry LUNGS AND ABNEXA

Healthy lungs — As defined 1. Essentially the pormal us
by the N.T A. Committec sues of the vascular tree, the
mediastinum, the bronchi,
and trachea

Cellular connective tissue

report

2 lrregular  eaaggeration of 2.
the Dnear markwgs, with proliferation about lympha-
possibly some beading con- tc trunks in the walls of
fined (o the trunks vesscls and broncht Bead-
ing may be due to various
causes, as blood vessels seen
end on, arterioscleross,
mipute areas of fibrosis in
fymphoid wssues afong the

trunks,
Increased root shadow 3 Cellular reaction in the

w

tracheo bronchial ~ Iymph
nodes with extensions along
afferent lymphanic trunks

These changes come within normal vartations when not
accompanied by recogrzed orgamic discase. Irregular exag:
geration of the linear markings, with possibly some be:arlmg,
belongs 1 the healthy chest group even when found in per-
sons with a history of considerable exposure to silica, o
such changes are nonspecific 1n character and they do not
involve the parenchyma of the lung. Silicosts as a chimieal
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disease begins only when the lung proper 1s affected. Like-
wise, under 3, Increased root shadow may be of nonspectfic
origin and hence 1s not diagnostic In the early stages of sili-
costs, the mediastinal shadow may be widened, owing to the
enlargement of the tracheobronchual lymph nodes from ac-
cumulated dust and cellular reaction to 1t, later, when spe-
cific fibrosts develops, the tissues generally contract and the
nodes decrease 1n size The changes described under 2 and g
may be caused by many forms of trritation , 1f they are due
to silica, they are identifiable only by microscopic examina-
tron They do not, apparently, mterfere with respiratory
function, and they are not of diaghostic sighificance

Roentgenological Appearances  Hstological Appearances

SinrLe SiLicosis

4 Nodulation — Discrete 4 Circumscribed  nodules ot
shadows mnot excecding 6 hyaline fibrous located n
mm n dhameter, tending to the parenchyma of the lung
uniformity 1n size, density, Occasionally. some of these
and bilateral  distribution, nodules may show micro-
with  well defined  borders scopic foct of central necro
surrounded by apparently sis

normal lung shadow The
outer and lower lung fields
characterestically show fewer

nodules
5 Conglomerate shadows that 5 The result of coalescence of
appear to result from a discrete nodules, an area i
combination or consolida- which  the mnodules are
tion of nodulation usually closely packed and most of
with asoctated emphysema the intervening lung s re-
manested by — placed by more or less
@ Localued increased trans-  hyaline fibrous tissue The
parency of the lung with lung archutecture s par

Toss of fine detal] tally obscured No demon-
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Roentgenalagical Appearances Histological Appearances

S1MPLI SILICOSIS —~ continued

b Intensification  of the strable evidence of infection,
trunk shadows by con- Emphysema is a compensa-
trast tory dilatation of the ar

¢ Depression of the domes spaces with or without
with  possible tendency thickening of the septa

toward individualization
of the costal components
of the diaphragm.
Lateral view : Increase in
the preaortic and retro-
cardiac space with exag-
gerated backward bow-
g of the spine. Widen-
ing of the spaces between
the ribs may or may not
be present.

u

The second group of changes is limited to ssmple n:liwm
uncomplicated by demonstrable signs of infection This con-
dition 1s characterized by the presence of small. discrete
nodules of fibrous tissue disseminated throughout the func-
tional parts of both lungs. The lesions and the shadows cast
by them tend to be spherical, hard, sharply defined, and vary
m size from 2 to 6 mm While the distrbution s usually
umform throughout both lungs, the extreme apices and the
outer portion of the bases are frequently uninvalved In less
advanced cases, the nodules remain discrete and separated by
ar-containing tissue. .

Number 5 deals with the conglomerate shadows of simple
silicosis, which appear to develop from a con\l)nn%tnon or
consolidation of discrete nodules. The resultant lesion and
the shadow that 1t casts are often difficult to dislinguisl:l from
the massive shadows of silicosis with infection, g It is gen-
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erally assumed that conglomeration results from accidental
overlapping and fusion of discrete nodules when they be-
come very numerous , but since conglomeration 1s usually a
localized affarr and does not occur mn the same position of
the lung of every mndividual, 1t 15 logical to enquire why the
nodules happen to fuse 1n one portion of the lung and not
1n others Microscopic examunation of the ussues from such
areas reveals no evidence of active infection The nodules
seem to be much closer together than m other portions of
the lung, they are less uniform n size, and they are usually
embedded 1n a matrix of diffuse fibrous tissue having the
same characteristic hyaline appearance as that forming the
nodules themselves It seems probable that conglomeration
may have occurred because the portion of the lung in ques-
ton was previously damaged by a localized inflammatory
process occurring before or during the early period of dust
esposure Because the tissue was injured, more dust would
tend to accumulate in the area, the nodules would develop
srregularly and would frequently be very close together The
silica lodging 1 pre-existing granulation or scar tissue would
exert 1ts charactensuc effect, and a diffuse hyalimzatton
would result This explanation for conglomerate reaction
1s, at present, hypothetical , proof will come from long con-
tinued serial roentgenographic studies of groups of persons
exposed to silica dust and from the chance autopsy that may
be obtamable To differentiate conglomerate shadows from
the massive shadows of infection, g, reliance must be placed
upon the absence of change in size and character of the
shadows n sertal films taken over an extended period of
tume and upon the climical findings in the case

Emphysema 15 usually assoctated with far advanced silico-
s1s and 1t 1s particularly liable to complicate conglomerate
nodulation It occurs m the immediate vicinity of the con-
glomeration as a result of the distortion produced by con-
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tracting scar tissue ; there is, also, a generalized ‘compensa-
tory” emphysema found along the borders of the lung, par-
ticularly at the bases The latter type is also common m far-
advanced generalized nodulation.
AuTnOR's No1E: I am not at all certain that conglomerate
shadows and even nodulanon should be included under a
classificaion of simple or uncomplicated silicosis My expen-
ence m an industry of pure silica workers rather points to
some complicating factor 1 am almost convinced that shad-
ows, such as described above, can be explawmed by a compli-
cating healed mnfection This will be discussed later.

Rocntgenologral Appearances  Histological Appearances

S$iL1costs wiTH INrreTiov
The charactenisuc appearances described under simple
silicosis are modified by infection as follows
densities 6 Strands of fibrous tissuc,
often along trunks
and scpta, with or
without areas of cal-
cification ; indicauve
of ‘healed’ infection.
4. (a) Areas of broncho-
pneumonia  with or
without caseation, 1€,
acute infection
() Lobular areas of
proliferauve reaction
with or without case-
atjon, ie, chronic m-
fectton
8 Pernodular cdiular re-
acnon erther exuda
tne or proliferame
in character

6 Localized  discrete
and/or string-like shadows ac-
companying those of simple
silicosts described above

7 Motthng — Shadows varymng n
size with 1ll-defined borders
and laching umformity
density and distribution, ac-
companying simple stlicosis.

8 Soft nodulation — The nodular
shadows described under sim-
ple silicosis, 4, have now as-
sumed fuzzy borders and/or
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Roentgenologreal Appearances Histological Appearances
SILICosts WITH INFECI 10N — continued

sregularities m distnibution

This change may or may not

accompany the simple mot-

thing of 7
9 Massive shadows ol homogene- ¢ Extensne arcas of fi

ous density not of pleural Lrosis  probably due
ongin symmetrically or asym- to  organzed  prcu-
metrically distributed monia of tuberculous

or nontuberculous or-
1igin supernimposcd
upon a coeuisting sitr
couc process  Our.
hines of normal struc-
tures may be parhalty
desiroyed

In the last group, stlicosis with wmfectron, are sncluded all
cases with detectable evidence of mfection whether active
or mactie. In this respect, we depat from the South African
procedure, which includes here only active mfection The
difficulty of determnmg activiey, parttcutarly m the sihicoue
subject, 15 our chief reason for tlus arrangement

Number 6 cosers foar of healed nfection Identihicatron
of such changes depends upon the same critera that are
generally employed 1n otherwise normal indisiduals In the
siltcotic subject, the shadows usually occur upon a back-
ground of generalized nodulation, although in some cases,
there may be a distinct tendency toward excessine nodula-
uon m the immediate vicinity of the scars left by the nlec-
tton Where the cxposure to dust has been lumted, the major
evidence of nodulation may occur about the foct of healed
infection with much less 1eaction 1 the remamnder of the
lung The string-like shadows of healed fibrord tuberculosis
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are not difficult to mnterpret if they occur 1n the classical loca-
ton, 1e, 1n the upper third of the lung. In the lower lung,
they present a problem whose solution depends largely upon
the expenience of the roentgenologist.

The term, mottling, %, we have reserved to describe the
shadows of infectious lesions m contradisunction to nodula-
tion, which 1s restricted to those of the silicotic dust nodule.
It is essential that this distnction be appreciated and re-
corded 1n the terminology. In tuberculosis, mottling 15 due
to bronchogenic or aspiration foci of disease which exhibit
a characterisuc clustered arrangement. The lesions may be
exudative (acute) or productive (chronic) in type; the
difference will be registered mn the roentgenogram by a
motthing which is fluffy and 1ll-defined, or hard and sharply
defined, as the case may be The distribution of the mottled
focs, together with the presence of large foct of older disease
interpreted as tuberculosts, and clinical and laboratory find
mngs establish the character of the infection. Mottling due to
chronic mfection that has developed previous to or simuf-
taneous with the relatively early periods of dust exposure
may exhubit Iittle or no effect from the inhaled silica for
many years In nontuberculous broncho-pnenmontas, the
large chronic foci are absent, and the disseminate mottling
may involve different parts of one lung or of both lungs In
many tnstances, the nature of the infection must be estab-
lished by serral exammations over considerable periods of
tume and by careful correlation with clinical and bacterto-
logical findings.

Soft nodulation, 8, 1s a term that has been coined to C.lﬂ‘
seribe a rather uncommon combination of sihicosts with in-
fection, usually tuberculous The ordinary hard, shar}?ly de-
fined nodular shadows of sunple silicosis, under these ciroun-
stances, appear to have enlarged and lost definiion Thesr
borders are now furzy and blend 1mperceptibly with the sur-
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rounding lung structure Such lesions generally occur in
association with focalized conglomerate shadows in the apex
or other poruions of the lung Histologically, the infection
appeats to have localized 1n and about pre-existing silscotic
nodules, so that each 15 suxrounded by a zone of exudative
ar productive cellular reaction

Masswwe shodows of homogeneons densily, g, are cast by
the areas of combined sihicosts and rnfection, usually chronic
mn nature The two processes appear to have developed simul-

fy and unusnal of dust a late m the
diseased area. Generalized nodudation  usually  occuts
throughout the remamder of the tungs, Pleural densittes can
be differentiated w steresroentgenograns, and by overexpo-
sure, 1t often becomes possible to penetrate the extremely
dense wncrapulmonary areas and analyze thewr uiternal strtic-
ture, Not infrequentdy, cattues may be visualized that were
completely overlooked with the usual techiie When due to
tuberculosis, such lesions are often bilaterally symmetrical
If the process extends to the pleural surface, a tuberculous
etiology 15 postulated, wiule other wiections are more often
deep seated.

Histological exarmination of such lesions shaws conglomer-
attonss of simple nodules embedded 1 masses of more ar less
perfectly orgamzed granulation ussue Often the fibrous tis-
sue has undergone the same pecultar hyalimzauon that
characterizes the inenior of the stheotrc nodule, Usually, the
outlines of the oniginal lung architecture are completely de-
stroyed Mamtestations of mfection depend upon the nature
of the process If tuberculous, there will be foct of caseation
and posstbly small cavines, Calafication 1s not nfrequent
1t the process 1s inacunve, the presence of fibrous tubercles,
which do not exlubse the hyalimzation of silicesis, may be
present The occurience of grant cells 1s helpful A partially
orgamzed nontuberculous pneumonsa usuilly contamns foa
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distributed throughout the lung, more on the night at fust
There 15 a shght homogeneous laze, beginning in mid-lung
fields At tlus tune, there s no nterference in diaphragmatic
movement. There 1s, occasionally, thickeming of the mnter-
lobar pleura { Fygute 11)

The above observations are included under simple silico
sts only because of the fact that those most interested m this
subject support such statements. I have always accepted
early nodulation as evidence of simple silicosis, unal it was
possible to study a group of workers it a pure sitca industry
m which some of the workers were esposed to large quantr-
ties of finely divided sihea over a period of years. In some
mstances, the exposure pertod was over forty years. In spite
ot such exposmes, a large percentage of the workers showed
no changes n their lungs. Individual lack of susceptibility
has not secmed an adequate explanation to me for such ob-
servatiouns,

Differential Diagnosts, — There are many conditions that
will cause lung changes which ssimulate the roentgen findings
of silicosis Some of these affections have been definitely
identibied, others have not.

Metastattc Malignant Conditions of the Lungs — Most
ases of this hind are readily differentiated from nodular
silicosss, it oceastonally, one encountets & case in which ap-
pearances are very similar, because the metastatic nodules
are large and widely separated. ( Figure 17)

Tuberculosts — These nodules are small, soft and fluffy,
unlike the smaller, dense ones 1 stlicosts, yet in some cascs,
it 15 unpaossible, erther wich chincal or 1oentgenograplic evi-
dence to differentiate the two conditions. The lustory will
greatly axd n reaching a definite conclusion Roen.lgcr'lo«
graplucally, the main vanation may be the difference in size
and density of the Iula, although this is not always the
same ( Figure 18)
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Ficure 18

Muiary tuberculosrs Thuis appearance could readily be mus
taken for that of a nodular type of silicosis

Mycotte Infectrons — Actinomycosts, sporotrichosis, lep-
tothrix, and other fungoid mfestations may cause nodulation
i the lung and simulate silicosis Such nodules, however, are
usually larger, softer, and of considerable varation 1n size
In proven mycotic mlections, dyspnea has been an outstand-
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FIGLRE 19
Miliary calaficanon of unknown orgm This patient had 2
carcinoma of the stomach and the nuhary calcilication in the
lungs was a comcdentat finding He had never been exposed to
dust and had never worked mn the wheat fields Dr. LeRoy U
Gardner studied pathological sections obtained at post-mortem
examination and was unable to determine the cause of the calci-
ficatson
ing symptom. Fawctt 52 believes that these conditions m¢

more presalent than 1s commonly thouglit
Alihary Cal, — Most 1 logi

have had
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Ficure 21
Soft nodulation m a hard coal muner, dlagnosed‘as s:lmmls
with mfection Note the tendency toward coalescence in the mid-
dle third of the nght lung
withont good reason to so diagnose the condition The ap-
pearance 1s not Likely to be confused with siltcosis Sayers
and Meriwether had the unusual experience of finding 125
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FIGURE 24A

A rather typical lesion seen 1n an mdividual having silicosly
with 2 healed infection. These lesions are often bilateral and
often found n the upper third of the lung fields Note the aeraced
lung surrounding these areas
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mftuence  Unless the infection be active, as indicated by
changing 10entgen appearances, determined by serial 10ent-
genograms or by clincal observations, one may justifiably re-
gard the lesion as silicosts with healed infection. ( Figure 23)
Stlicosis unth Healed Infection {conglomerate nodular
type) — The roentgen findings are as follows: The hila
may be increased in prominence, but usually are not notice-
able The trunk and other lung markings may be increased
There me conglomerate masses and beginning massive
fibrotic masses which do not extend to the periphery of the
lung and are usually found in the upper two-thirds of the
lung fields, involving exther the upper lobe bases or apices
of the lower lobe. ( Figure 24) The lower third of the lung is
emphysematous, as a rule. The trachea is not displaced, un-
less there has been a pre-existing tuberculous process. The;r:
1s moderate mterference with diaphragmatic movement, with
possible peaking, humping or waviness of the domes. Not
mfrequently, there is thickening of the interlobar pleura.
In previous communications onr this subject, I have Te:
garded the above findings as indicative of a simple stlicotic
process Increasing experience with pure silica workers has
lead me to beheve that such roentgen appearances reprcsf:n(
silicosis with a healed infection, or at least a quiescent p'enod
1n the infective process During the active period of the infec-
tion, the lesion extends to the periphery of the Iung As the
mfection subsides, the conglomerate mass is found more
mestally, with a clear lung area peripheral to it Such obsersa-
tions as these have taught me to feel more optimistic as ©
the future m the treatment of silicosis with active iufection.
Figure 2
¢ Igh:ne (so)nsldered. under the healthy chest, 2 pqss:ble ex
planation tor the location of the conglomerate lesions. It is
1n such lesions as these that the massage actlon.of the thoracic
cage, heart, and diaphragm upon the lymphatic flow may be
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of major importance With the subsidence of the acttve 1
fection and 1ts accompanying fixation, the lung structures
can again begn to move relatively freely. In my experience,
1t has seemed that the extent of the lesion has progressed
more readily 1n those areas of the lung (upper lung fields )
that are more susceptible to fixation or interference with
respiratory motements. ( Figures g and 25)

Selicosts with Actwe Infection (conglomerate nodular
type) — Pulmonary tuberculosis may be present before a
silicotic process becomes predominant, or 1t may occur after
ward. It the infection 15 active, the lesion extends to the
periphery, usually It should be borne i mind that oblique
or lateral views may be essential lo diagnose or exclude
peripheral extension of a leston siluated in certain portions
of the lung

If the silicotie process was present before the tuberculous
infection, the trachea nsually remarns 1n the midline, whereas,
1f the tuberculous process was present first, the trachea 1s
more likely to be displaced, either to the side or anterorly or
postertorly Usually, pulmonary tuberculosis, with the pos-
sible exception of Friedlander’s pnewmotua, can, for practical
purposes, be regarded as the cause of tracheal displacement

In the larger lesions, heavily exposed roentgenograms, or
those made with the aid of the Potter-Bucky diaphragm, may
asstst 1 demonstrating a cavity or calcium nodules, as 2 means
of denufying the nature of the infective process.

1 have seen only a few mdiuduals i whom stlicosts with
active fection was pl by a s
thorax All of these patients did poorly. One \\onders, there-
fore, 1f such observations may not be regarded as collateral
evidence aganst the use of collapse therapy m the treatment
of silico tuberculosis

Dufferential Diagnosis® — Infiltrating or Permeating Ma
lignant Metastases — Quute frequently, metastatic mahgnant




Ficure 254

Silicoss with anfection There are a few small, discrete nodules
distributed throughout both lung fields In the right upper lung
field, there 15 2 massive lesion which extends to the periphery
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processes in the lungs ave of such a character as to take on an
appearance closely sunulating that of pneumoconiosis of a
conglomerate type Naturally, the individual is incapacitated,
and often mn a manner similar to a silicotic pauent.
Polycythema or Erythremia. — This condition may be re-
garded from two points of view, As an independent disease, 1t
usually has an assocrated ncreased prominence of the hilar
and trunk shadows, due to the engorged pulmonary vessels
On the otlier hand, lugh red cell counts, even sufficient to
suggest polycythemia, are very frequently associated with
pneumoconiosis There seems to be reason for believing that
lung fibrosis and pulmonary arteriosclerosis can produce a
condition akin, perhaps, to polycythemia and due, presum
ably, to impaired interchange of oxygen and carbon diovtde.
Yater and Constam 5 reported two cases of primary pulmo
nary artertoscleross, one an anthracotic patient with emphy-
sema, and the other with a murtral stenosts They stated that
secondary pulmonary arteriosclerosis mvolves the larger \es-
sels and may be due to nutral stenosi cong!
heart disease, and cond#tions 1n which lhe lung volume is re-
duced, as tuberculosis and tumor, Polycythemia is one of the
climical phenomena Rosenthal 5 reported three cases of
workers in dusty atmosplieres or with 1rritating gases in whom
there developed cyanosis and dyspnea, and true polycythemm
in one. Moschowitz 36 believes that secondary pulmonary
arteriosclerosis 15 very common He found it in 6 5 per cent
of autopstes and places the causes in the order of frequency
as, mitral stenosis, emphysema, pulmonary fibrosis, extensive
pleural adhesions, kyphoscohosxs. and congenttal heart
lesions We have been interested in determining any relations
between pneumoconiosis and polycythemsa, and, in our
search for any true assoctations, we have been mchned to ac-
cept the views of Wood,s that there are really two conditions
to be considered One 1s 2 compensatory mild polycythemsd
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lower lobes. Emphysema is marked. A Potter-Bucky flm
shows a homogencous density of the lesion, with occasional
cavity formation At times, there are evidences of calcification.
Almost invariably, there is interference with diaphragmatic
movement, with peaking of the domes of the diaphragm

One frequently observes a case in whach there is a rather
extensive consolidated leston 1n the upper chest, more marked
on one side, or limited to one side. In addition to this, there
are nodular lesions, usually lower down, on one or both sides
Thus type of case represents a most difficult one for differential
dragnosis. If the case is essentially one of tnberenloss, the
massive lesion is most Jikely a rapidly progressive one and the
nodular appearance may be due, in part at least, to a bronche-
pneumonic spread to one or both sides

The differentiation really Ites between massive consobida-
tons of the terminal stage of sificosis with a healed infection
and massive tuberculous lesions which are made up of a large
amount of fibrosis as a result of the accompanying pneu
moconiosts Such lestons have the contracting characteristics
of any large fibrosing tuberculous areas. This may be bilateral,
but the chances are that one side started before the other, or
progressed further and fibrosed more than the other. One
must regard these lesions as of tuberculous, or partly (ubcr':l.b
lous, origin when they are peripherally located The uni-
lateral or older bilateral leston of this nature will cause homo-
lateral displacement of the trachea and possibly of the vessels,
and because 16 must retract upward and outward, the hilun
shadow 1s apt to be similarly displaced These displacements
were brought to our attention in the first American paper on
the roentgenological aspect of silicosts by Lanza and Childs
m 1917. Silicotic consolidations with infection will not d‘15<
place the mediastinal structures unless the tuberculous in-
fection preceded the silicotic process
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a. silico-tuberculosis

1. The pauent has had a well developed silicosis before
tuberculosis became superimposed. In such instances,
the trachea remains 1n the midline.

2. Silico-tuberculosis may mean that the tuberculous
lesion although predommant, has had its clinical and
rachologic manifestations modified to such an extent that
the roentgen and clinical signs are not those of tubercu-
losis alone, even though the tuberculous process is out
of proportion to that of silicosis.

tuberculosilicosis

1 The term tuberculo-silicosis is employed 1 those in
stances in which tuberculosis was the primary lesion and
silicasis was superimposed. In these individuals, one does
not refer to childhood tuberculosis, but only to the adult
type and in such instances, the trachea is usually dis-
placed toward the tuberculous process.

It has seemed advantageous to discuss the relations of
tuberculasis and silicosis under certain definmite groups of
cases, which wili be dealt with in numerical order as follows:

1+ The first group to be discussed comprises those cases
of pulmonary tuberculosis in which there can be found no
roentgenological evidences of silicosis after several years of
ervice 1 a dust-laden atmosphere, and the condition present
is obviously only tuberculosis Ve must bear m mind that
dust exposure does not preclude the possibility of anyone
contracting tuberculosis. A considerauon of this group m_ust
include the differentiation of the evidences of the infection
from all of the plases of pneumocomosis. We have seen all
phases of silicosts mterpreted from roentgenograms whent
tuberculosis was obviously the only conditton present. {ll
some of these cases, compensation had been granted and in
others, clanmed on the basis of silicosis simply through fack
of diagnostic experience, and because the claimants worked

2
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upon ammals over a period of very many years Ordinarily,
one recognizes two distinct types of human pulmonary
tuberculosis, childhood and adult, which are, in many re-
spects, almost different diseases, Anyone familiar with stlicosfs
must recognize a third type, namely, silicotuberculosis, which
presents many points of difference from the other two, and
which will be discussed later.

In the group of cases now under discussion, we would not
use the term stlicotuberculosis, In these individuals, one
would expect to find the usual appearances of adult tubercu-
losis, throughout 1ts course. In many instances, we have noted
evidences of a tendency to heal with only the usuaf amounts
of fibrosis, Complete clinical and roentgenological healing of
such lesions would almost always imply lack of predisposition
by reason of dust. Lack of complete healing may leave one in
doubt as to future predisposition and change in type, whether
the individual changed hus occupation or not, and subsequent
serial exammations would have to be the deciding factor. In
this connection, 1t should be borne in mind that silicosis with
an active infection may be a progressive condition for many
years after cessation of the dusty occupation, and predisposi-
tion may become manifest a long time after the dust exposure.

Our greatest experience with the group of cases under dis-
cussion has been 1n connection with coal-miners The fre-
quently alleged protection against tuberculosis afforded by
coal-dust is well known to everyone interested in pneumo-
contosts. In discussing tlus problem, we must not lose sight
of the fact that, in the coal-miner, we are dealing with tuo
different kinds of dust, and, therefore, two entirely different
conditions , one, anthracosis, due to coal-dust alone and rela-
tively harmless ; and the other, best designated by the term
anthraco-sificosis, or slico-anthracosis, recently used by
Cooke,’ and due to a muxture of coal-dust and sihca. Pure
coul-dust by 1tself, does not produce more than a mild degree
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the cases of more chronic silicotuberculosis. Moreover, the
climeal aspects differed There was a rapid onset of dyspnes,
cough, hemoptysts, night-sweats, asthena, and extreme weak-
ness, 1 contradistincton to the characteristic comparative
freedom ot the more chronic cases from serious symptoms
untd near the end We have no way of determining whether
any of those cases had tuberculous lesions before starting
work, or whether some or all contracted the disease during
their comparanively short time at thenr occupation All of
these workers were cases 1n which a complete hnowledge and
understanding of the physical factors madent to the mdustry
were absolutely essential 1n the correct roentgenological -
terpretattons.

t The fourth group, which merits separate considerations,
embraces cases of obviously advanced tuberculosss in which
there are no demonstrable evidences of silicosis. or. if present,
they are entirely masked 1n mdividuals working under condt
tions m which the physical factors mn the occupation would
lead one to suspect the possibility of a rapidly developing sili-
costs, as 1n group § The essential theoretical pomt 15 that the
intake of stlica has been unusually rapid, but there has not
been sufficient time for demonstrable fibrosis, or even demon-
strable prefibrotic stages to become established ‘The questton
arises as to whether a silica saturated lung, with the Prellfm
nary stages of silicosis 1n progress, can act as a predisposinz
factor 1n the madence of tuberculosts, or can reactivate old
but unhealed lestons We have frequently come in 'col'ﬂﬂ“
with cases in which these questions have arisen and it is 211
1ssue that we can no longer evade.

These two aspects of the situation must be considered sep-
arately, and the second will be discussed first It would seel:il
that the question of reactivation would have to be nnswereﬁs
largely by the results of ammal experimentation Gnr_dnerv
states that 1t has been generally assumed by clinscal investt-
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gators that the termnal tuberculoss, which causes the deaths
of at least 25 per cent of silicotic subjects, 1s the result of 1n
fection acqurred during mdustrial life Hence, he cairied out
a series of animal experiments to determmne whether or not
certain dusts mught not reactvate old, partly healed foci, and
from tlus source produce endogenous reinfection Guinea
pigs were 1nfected through the air passages by the author’s
usual attenuated stram of tubercle baallt, which produced
the typical ‘primary complex’ with defintte tendencies to
Limitation and healing, and the usual primary involvement of
regional lymph nodes Groups of intected animals were dusted
with quartz, gramte, and carborundum dusts respectnvely
The dusting occurred at mterials when the healing process
was started, well under way, or nearly completed We are
mterested particulatly 1o the effects of quartz dust, contain-
mng 99 34 per cent $10, In the first group, when dusung
began fifty-four to eighty-seven days after infection and was
continued eight hours per day, except Sundays, for vartable
pertods, there was a spread of the tuberculous process mn all
the antmals In those exposed to dust one hundred fifty-one
and one hundred seventy-seven days after infection, there
was evidence of a spread m 6o per cent In the third group,
m which dusting began two hundred six days after infection,
33 per cent showed spread This was usually most marked m
those ammals dusted fos the longest period befme killmg
The spread developed by direct extension from the primary
foct with or without subsequent widespread bronchogentc
dissermnintation

We are partrcularly interested in the question as to whether
reactnauon of tuberculous lestons can occur before 1t 1s pos-
sible for any demonstrable evidences of silicosis to become ap-
parent Gardner's «xpermtents would seem to prove that 1t
can, but we must bear 1n mind that lis quartz-dusted animals
were evposed to an atmosphere contaiming 85 million par-
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ticles per cubic foot under 10 micra, of which 188 miltion
were under 1.5 micra in size, which are very high silica dust
counts for human industrical exposures On the other hand,
we must remember that the micro-organisms in the human
subject are of much greater virulence than those used by
Gardner
Let us approach the problem from the standpoint of reac-
tmanon durmg a prefibrotic stage of sihcosis. Gardner and
many other mvestigators have shown us, and many of us have
seen for ourselves, that dust cells will phagocyte very vartable
numbers of particles of different dusts, and that, in the case of
stlica, only as few as one to four particles will be incorporated,
compared to enormous numbers of coal ar carborundum par-
ticles Probably, or at least, mainly for this reason, according
to Gardner, quartz gives no limitattons to locomotion and
rapid removal to lymphoid tissue, nor does it interfere with
physiological action in the sense of phagocytosis for the
tubercle bacillus. It 1s also known that a reacttvated tubercle
has mdluded in 1ts structure great numbers of dust cells.
Gardner states that 1t is uncertain just how the dust reactivates
the quiescent tuberculous focus. It has been proved that in-
flammatory reactions, specific in the case of the frequent inci-
dence of Friedlander pneumoma, and nonspecific through
the applications of irritants, are not the factars per se.
Gardner % concedes that, in view of our present knowledge,
or lack of it, the action must be chemical, either by silica or
some other substance He regards two general views as tena-
ble : (1) That silica may injure the tissues and produce an
environment particularly suitable for the growth of the bacil-
lus through the elaboration of some substance by the a(:.lion
of silica on the body cells and better suited to the micro-
orgamism than its environment mn the tubercle protected from
body fields by a wall of hyaline fibrous tissue ; and (2) that
in dilute solution, silica stimulates proliferation of the bacil-
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lus, although we have as yet no accurate information as to
such solubility in body fluids

The second aspect of the situation, 1n regard to the newly
silica saturated lung acting as a predisposing factor in the
ncidence and rapid progresston of a tuberculous infection,
15 not so easily disposed of. The foregoing remarks on animal
expertmentatton would certainly apply to the raptd progres-
s1on of the infectious process when once 1t had been 1n1trated
Predisp; 10n under the ct! ces 1mposed has not been
proved, but 1t 1s an 1ssue which must be met We are inclined
to regard 1t as a strong possibility as yet unproved The type
of case discussed under group 3 would lead one to suspect the
possibility from both clinical and roentgenological stand
points

As to the roentgenological appearances 1 such cases,
whether the infection was reactivated or tnadental through
chance or predisposition, we might expect the usual rapid
forms of adult tuberculusis or a rapidly progressing and
spreading pneumonic process, such as were encountered n
many wstances in group three cases The wuportant decrding
tactor 1n predisposition for the merdence of infection or n
the silica saturation’s being the cause of reactivation and pro-
gression cannot be the roentgenological examination, because
the latter does not show evidences of silicosts The decision,
for the present at least, must rest almost solely upon the
actual and proved physical factors present m the individual’s
occupation, which must be beyond all shadow of doubt be
tore condemning a man in this group or placing the responsi-
bility

5 : The fifth group comprises those cases of obvious tuber-
culosts 1 which there 1s evidence of stlicosis which could
readily be a predisposing factor 1n the madeice of the mn
fecton Tiis group embraces a large number of cases, and
has recenved nide recogmuon The pecuhiar leature of tlus
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group 1s that the roentgenological evidences of the infection
are usually out of al} proportion to the clinical aspect of the
cases. These cases are well recognized as one of the group ol
silicotuberculosis The rapidity of progress of the infection
is often, 1f not usually, commensurate with that of the silt
costs. In the move slowly developing cases of silicosis, the
mfection behaves differently from ordinary tuberculosis. As
Gardner © states, the chnical study of human pneumoconioss
complicated by tuberculosis has shown that the disease tends
to run a chirotic course, and the symptoms of intoxication are
not so pronounced as 1 undusted individuals. The slow prog-
ress 15 due to the fibrosis, which 15 usually intensified by the
combination of the two conditions, as Is generally recog:
nized. Gardner regards the lymphatic obstruction of the
stheosts as sufficient explanation for the lack of toxic symp-
toms Obviously the more rapid the progression of the sil-
cosis, the more likely 1s the infections process to be mfluenced
like the cases of groups three and four, .

6 The last group does not so much concern a definite
group ol sthcotuberculous individuals as it does a pathologi-
cal problem Frequently, when examining silicotic suspects,
we encounter cases whose roentgenograms show very obvious
caletficauions n the pulmonary Iymph nodes, with or withaut
a calaified primary nodule, and the guestion arises as to the
possible effects of childhood tuberculosis upon the progres-
sion of silicosis In 1925, Gardner ¢ stated that the lungs of
mdividuals whose pulmonary lymph nodes were i'nvolved
with healing or healed tuberculosis would more readily react
to smaller amounts of dust, and that an obstructive ﬁbr.osls
would occur 1n a shorter time He intimated that this might
account for the great irregularity in the time required f(fr
the development of demonstrable silicosis in industry We
beheve this stll remams a theoretical problem, but we feel
that an indwvidual with a homogeneous caleification of the






FIGURE 26
Primary carcinoma of the right lower lobe in worker. There
15 very hitle, if any, rocntgen evidence of silicosis Tlhe silicouc
changes, howeser, were demonstrable in the post-morten exami-
nation.
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might mold procuberant inflammatory new formations into
tumor-like form,

Fried,” Itke many others, is inclined to ascribe bronche
genic carainoma to infections and inflammatory condittons
Of the three types of cells found in the bronchial mucosa-
cihated, goblet and ‘basal’ epithelial cells — the Jast is con-
cerned in the regeneration of respiratory mucosa. Metaplasit
of these cells occurs 1n numerous bronchopulmonary diseases,
as infl 1 pne measles, diphtheiia, apd whoopmg
cough, and Fried regards this metaplasia as, in a sense, a pre-
cancerous state He believes that only the basal cells produce
cancer This opinion 1s not shared by others Fox,’ for ex-
ample, found 3 cancers with mucous producing or goblet
cells among 37 positive biopstes in 8 referred bronchoscopic

tissues

A brief review of the Schneeberg and Joachimstal situz
tions seems worth while for a better understanding o{ the
relations between lung cancer and mning operations
Weller & states that cancer among the Schneeberg miners ‘1s
probably the most extraordinary and at the same time the
least understood of all associations which have been dis
covered to exist between occupation and the maidence of
neoplasm* Literature on the subject of the high mortality
among the underground workers of the Schneeberg cobalt
mines in Saxony began as early as 1500. Weller refers to the
report of Thiele, Rostoski, Saupe, and Schmorl ™ of official
investigations of 154 muners durwng a period of near]y. four
years, during which time 21 died, and 13 of these with 2
diagnosts of primary lung cancer made at autopsy- Two of
these men had not worked 1n the mines for many years,
which, we believe, makes the theoty of radium emanatton &3
the etiologic factor a debatable point, although it may lﬂm
exclude 1t Weller also refers to the insestigation of the mines
by Rostosks, Saupe, and Schmorl.”s There was much hard rock
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lobules remained open, the sacs having thick fibrons walls
In these open alveoli, the epithelium was sometimes cuboidal
and there were fairly numerous large round phagocytes,
some with a group of nuclei, some mononuclear. These mac-
rophages contained black or greenish-black or brownish
granular pigment and an occastonaf asbestosis body. Where
the Jung was less fibrous, there were young connective-tissue
cells and lymphocytic accumulations, The bronchioles were
dilated and thewr walls thick and fibrous. In some areas, the
lobules of alveols showed marked emphysema, Jarge empty
sacs with thin walls Asbestosis bodies in typical forms, with
a variety of architectural figures, yellowish-brown, clubbed,
dumb-bell and rod forms, were to be found widespread,
singly or m groups within giant cells in the alveoli of
less fibrous areas, singly i the alteolar walls and interlobular
tissues showing the younger fibrosis Associated with them
was much granular substance of the same color, as if from
disintegrated asbestosis bodies. Besides these pigments, there
was much ordmary black anthracotic material around the
vessels of the interlobular tissues The interlobar pleura was
especially thick. The large broncln were pracucally normal
The peribronchial lymph nodes were the seat of marked fi-
brosis, edema, atrophy of follicles, and accumulation of
masses of black and yellowish-brown granular pigment, of
the same order as that in thie Iung.

The hver was grossly and mucroscopically in a state of ex-
treme chronic passive congestion, which state, m less;r de-
gree, was conspicuous 1n spleen, Nidueys, and other viscera

More and more data of this type are becoming available
as recorded in the more recent contributions of Merewetlter,”
Lanza, et al,,% Lanza, and Shull 8

Sym logy — The p! complex of pulmonary
asbestosis may be of Interest to roentgenologusts, espectally
because the condition 1s a rather new one mn the group ©
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a result of mterference with blood supply. Therefore. it is
slow and insidious in 1ts development, until, finally, the
lungs are able to accomplish ro more than just sufficient
oxygenation of the blood to sustain life.

(6) Cyanosis This is a very frequent late manifestation

(7) Weight Loss and Emaciation. These manifestations
are very striling 1n the late stages. They are out of all pro-
portion to the phystcal signs, and thus differ from tubercu-
losis alone

All of these symptoms are more or less those found m
ather forms of pneumaconiosis, and a symptomatolagy largely
applicable to all forms 1s placed here for emphasis on this
particular one, The last three symptoms are to be emphasized
in connection with the same pulverizing industry. i

There 1s an mteresung skin lesion found in connection
with the asbestos industry known as the ashestos corn It
has bheen mentioned particularly by Gloyne and by Soper,
among the writers on pulmonary asbestosts The fine asbestos
fibers penetrate the superficial layers of the epiderm like
thisele thorns and produce small corns or hypertrophies of
the eprderm around them. No asbestosis bodies have ever
been found 1n these lesions.

Roentgenologic Considerations.*® — Comparatively few of
the report on pulmonary asbestosts contain Toentgenographic
findings, and 1n many of those which do, the descriptions ar¢
not so scientifically made as to permit of easy comprehenstont
or interpretation Most writers who describe the appearances
or mention them casually seem to regard them as most t-
usual or characteristic of the occupation, notably Wood:”
‘Wood and Gloyne,?* and Merewether # It is true that they
are unusual, but we would hardly regard them as dmmc-tél"
wstic for the reason that other conditions induce quile similar
roentgenographic appearances In all industrial pnenfﬂo
comoses 1n which the roentgenographic appearances deviate
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The transition to the third stage, 1f we should adhere to that
term, or at least to the terminal stage, would seem to have
been mawnly through a continuance of the interstitial pre-
dominance with very little prominence of nodular fibrosis.
The early interstitial predominance was described as resem-
bling a ground glass appearance.

On reviewing our own roentgenograms with Dr Sparks
and comparing them with the excellent roentgenograms of
some of Wood's cases, we found a great similarity 1n the
appearances. The early evidence of the condition was a faint
homogeneous haze in the lower part of the mid-lung field
which seemed to correspond to the appearance we have pre:
viously suggested as an early predomunance of interstitial
fibrosis This haze spreads through the lower one-half or
twothirds of the lung field and may almost obscure the
domes of the diaphragm later on, with very litele evxde]}te of
nodular fibrosis. With 1t, there is a very decided restrictiont
in moyement of the domes of the diaphragm without che
appearance of pleural adhestons, which seems to be proof
of the general fibrotic nature of the process. Thickened
pleura does exist, of course, as in any fauly well advanced
case of pneumoceniosis. The most unusual feature of the
condition seemed to us to be the fact that, m both sets of
roentgenograms, the appeatance seemed to begin more often
on the left side than the night, and progressed more on that
side Ths is the reverse of all other occupations that we have
studied Merewether # states that it begins on the right side.
as one would expect. and the cases we observed_ may have
been examples of the exceptions which are occasionally ob-
served in any industrial pneumocontosis We noted the same
tendency to obliteration of the left cardiac border as menl-
t1oned by Wood, because of the diffuse fibrosis and the promt-
nent trunk shadows Wood states that the late stage ma¥ or
may not show consolidations Wood and Gloyne 91 state (hat
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fibrosis of serious import has matured, the worker is nnduly
short of breath on any extra exertion, has a slight cyanosis
of the lips, and a hittle dry cough, mostly i the mornings
He still, however, 15 quute able to work and, usually, is not
concerned about hus state of health, Many workers, in fact,
will not admit symptoms of any Lind at this stage.

Duscussion of the Nature of the Raentgenologic Appear
ances seen 1 Asbestoss. —From my experience, the roent-
genologic findings 1 asbestosis are largely imited to the
lower half or lower two-thirds of the lung ficlds, whereas
stlicosts, the oppostte obtains. In asbestosts, the lesion may
be bilateral or largely unilateral. Emplrysema, blebs, or
bullae always accompany well established changes in asbes
tosts and occur in the upper portions of the lung frelds;
whereas, in silicosis, the lower lung fields, to a large extent
are the site of these changes

1 have found 1t extremely difficult to determine the early
maufestations of asbestosis. T believe an explanation for thus
would mnclude the lack of an adequate pre-employment €%
amnation, in which a careful fluoroscopic study of the 1e-
spiratory and cardiac movements is made. It seems to me that
fluoroscopy, divecting special attention to costal :\n.d dla{-
phragmatic expansion, 15 essential in the determination o
early changes in ashestosis. .

If one can assume that the pﬂthologu:n] pracess is (‘Illﬂ [“’
changes secondary to the lodgment of asbestos fibers in the
smaller bronchioles, the toentgen findings might be €
platned as follows. Disturbance 1n the roentgen “PP"-”"‘"}:c
would not be seen except following the lodgment of the
fiber 1n the smaller bronchioles Suffictent time would have
to elapse until a definite collar of fibrosts had hecome mari
fest so extensively thae 1t would limit the ingress and egress
of air into the lung areas distal to the point of obstructiot-
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In such damaged bronchioles, 1t is justifiable to anucipate
that the lack of ventilatton and dramage, distal to the point
of obstruction, might become an 1deal site for the develop
ment of infection or atelectasis. The infection, in turn, would
ncrease the amount of serum protein 1 the tissues and as-
sist, or sumulate, a pre-existing tendency for fibrosis. The
fibrosss, itself, might limit the amount of normal lymph fow
and, in successton, the infection would extend to and mn
volve neighboring areas. When a sufficient amount of tissue
had become involved, one mught be able to demonstrate
beginning changes 1n the roentgenogram, such as beginnng
obliteration of the costophrenic sulcus and fluoroscopically,
some limitation of costal and diaphragmatic expansion. {Fig:
ure 27) I should assume, when such an appearance is ob-
served 1 the roentgenogram, that the process might be 1e-
garded as moderately advanced.

The next step i the pathological process would seem t0
mctude an extension of the affection to the periphery. With
nvolvement of the periphery, there is a definite lintanon
m the resprratory movements, which would be extremely
slight m the early case of asbestosis but marked mn the wore
advanced degrees of the disease. (Figures 28 and 29) The
r1bs are somewhat fixed and in thin individuals, they are de-
pendent. In fat persons, they change very lttle. The mter
spaces may become quite NArrow.

In the consideration of the healthy chest above, I called
attention to the importance of the respiratory movements
in lymph flow, and also to the fact that any restriction of
these movements would tend to lumut the flow of lymph AnY
limitation of the flow of lymph increases the development
of pre-existing pathologic changes It was, likewise, empha:
sized above, that thickening of the pleura occurs to 2 greater
extent 1 the lower thoracic region than 1t does in the uppehs
the explanation for tus betng the powerful costal and du
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Fic1re 28

Man aged g1, stk weaser for twenty years, asbestos weaver
for fne years 1 he roentgenographic fmdings are within the ks
ofa healthy chest
phiragmatic movements i the lower chest and the rlane
fnation of the upper chest

Almost every autopsy protocol has called attention o the



FIGURE 29

Asbestosis maderately advanced Same indusdual as illustrated
m Fig 28, Exammnation made five years after that 1lfustrated it
Fig 38 Note the relanvely marked changes i the right loner
lobe, which include thickening of the parietal and diaphrag-
matic pleura, obliteration of the costophrenc sulcus, slight thick-
ening of the mterlobar pleura, some narrowing of the ineerspaces
and enlaigement of the cardiac silhouette. There 15 evidence of
hyperventilation in the upper lung fields.
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marhed thickening of the pleura and occasional thickemng
of the plasropenicardiom, Juis iy fecling that these definue
changes i the plenra Gn be adeguately explamed upon
the basis of an underlying miection of the fung, extending
to the pleura with subsequent thichenmng of the structure,
due to the powerful respiratory mosements and cardiac pul-
sations  ( Figures go and §1)

The haziness of the lung fields, called attention to by al-
mast exery writer, can be explamed by pleural thuckemng
and a lack of ventlation. One should be careful m disun
guishing Letween the shadow cansed by pleural thickening
and that resulting from the subcostal muscles This has been
draussed under the healthy chest

1 have been forced to place less and less importance upon
observations concerung the trunk o vascular markings
These shadows are so changeable with sarations in phases
of respiration and cardiac pulsations that, uniess one 1s re-
camning patients and employing entical techmes, such as
making esposurcs during forced msparation and duwimg the
systotic er diastolic phase of the cardiac gycle, one 15 abso-
lutely confounded with changes m the size of the shadows
entirely within physiologic Tums

However, when changes develop sufficiently, one can sce
disturbanee in the mos ements of the domes of the duapliagm
and of the nibs, and obliteration of the costophremc suley
From this point on, the pathiofogic process n the fungs scems
toadsance fairly rapidly, exactly as one sonld expect i 1o do
This can readily be demonstrated by compinng the verucal
diameter of the thorax in sersal examinations of an indiidual
who hs a well developed asbestosis If a period of at feast
five years 15 allowed 1o elapse. the vertcat dumension 15 ma
terally reduced This obsenvation eorresponds to the lum
tation of the maveinent of the domes of the daphragm, and,
A tongh way, ndseates the atalny of the mdndeal o



FICURE 30

Asbestosis moderately advanced Close-up of the night 1o
field in the indavidual illustrated in Fig 29

pwer Jung



Fuure
Ashestons maderately adbvanced Note the posteon of the nibs,
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FIGURE 30

Asbestosis moderately advanced Close-up of the 1y
field in the individual 1llustrated 1n Fig

ght Jower Jung
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ventilate the lung ficlds. The shadows are more pronounced
i the bases and diminish as dhiey approach the upper third
of the Tung ficld.

FIGURF 32
‘0 « oMl adyanced The lesion occupics the ‘[ur;:l
N . .
posed shadaws s the lung tielas Mot snpes 4

the ribs.
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Ficure 33

Asbestosts, an unusual type "This may be due to the fac} ni}rel
the individual has had some silica exposure The shndowslm
muddle third of the right lung ficld are not typically nodular.

where there 15 great cuncentration of dust, The LOndmO.l’l is
apparently progyessive, even after cessation of occupation
Merewether and Price 7 state that, with continued exposufdt
to high concentration dust, fibrosis may be fully deselope
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few nstances. Cooke's case had advanced tuberculosis Sim-
son reported 1 case which died with tuberculosis and 1 with-
out evidences of the infection He thought that we could not
as yet formulate any definite opinion as to the frequency
of the predisposition. Stmson quoted Hoffman %7 as reporting
13 deaths among asbestos workers, 3 of whom had tubercu-
losis He also quoted Collis® as reporting 5 deaths from
tuberculosis among less than 40 workers at a factory Wood
and Gloyne %! referred to g cases showing evidences of f-
berculosis at autopsy. Haddow 8 observed many ashestosis
cases, among whom 4 died. He did not believe that the con-
dition predisposed to the infection, at least not as a rule
Merewether and Price ¥ stated that asbestosis differed from
silicosts in the distribution of the fibrous tissue, in more
rapid development, in roentgenographic features, and, pos-
stbly, 1 a lessened susceptibibity to tuberculosis Mere
wether . 31 states that, out of 374 cases examined, evidence
of acuve tuberculosis was found in 3. He thinks that, while
there 15 no outstanding susceptibility proved, the question
has not been fully settled as yet. I believe, however, that
when tuberculosis does complicate asbestosis, that ope can
readtly suspect or diagnose the tuberculous Jesion with a fait
degree of accuracy, due to the fact that the tuberculous proc
ess often occurs 1n the upper lobes, where there is usually
very little evidence of asbestosis If a basal tuberculous
process were superimposed nupon asbestosis, it would be very
dafficult, 1f not impossible, to dragnose it. ( Figure 84)
Dufferential Diagnosis — Passtve Congestion of the Lungs
as a Result of Cardiec Decompensation — In this condition,
the enlargement of the heart shadow, the abnormalities f)f
the cardiac silliouette, especially in cases of mitral stenosis,
and the chnical pictwie serve to establish the presence oF
absence of passive congestion If asbestosis is absent, the
appearances are litkely to disappear with restoration of com-
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few instances. Coole's case had advanced tnberculosis. Sim-
son reported 1 case which died with tuberculosis and 1 with-
out evidences of the infection. He thought that we could not
as yet formulate any definite opinion as to the frequency
of the predisposition. Simson quoted Hoffman # as reporting
13 deaths amaong asbestos workers, 3 of whom had tubercu-
losis. He also quoted Collis® as reporting 5 deaths from
tuberculosts among less than 4o workers at a factory. Wood
and Gloyne 7! referred to g cases showing evidences of tu-
berculosis at autopsy. Haddow # observed many asbestosis
cases, among whom 4 died He did not believe that the con-
ditton predisposed to the nfection, at feast not as a rule
Merewether and Price ™ stated that ashestosis differed from
stheosis 1 the distnbution of the fibrous tissue, in more
rapid develog m g phic featutes, and, pos-
sibly, i a lessened suscephibrlity to tubercnlosis. Merc
wether #0.#1 states that, out of 374 cases examined, evidence
of actve tuberculosis was found in 3 He thinks that, wiile
there is no outstanding susceptibility proved, the question
has not been fully settled as yet. I believe, however, that
when tuberculosns does complicate ashestosis, that one can
reacily suspect or diagnose the mberculous lesion with a fair
degree of accuracy, due to the fact that the tuberculous proc-
ess often vccurs i the upper lobes, where there 1s usually
very hittle evidence of asbestosts. If a basal tuberculous
process were snperimposed npon asbestosis, it would be very
dufficult. if not 1mpossible, to diagnose it. ( Figure 34)
Differential Dhagnosis — Passive Gongestion of the Lungs
as a Result of Cardiac Decompensation.— In this
the enlargement of the heart shadow, the abnormalities ?{
the cardiae silboucetre, espeaally in cases of mitral stenosis,
and the clinical picture serve to establisi the presence of
absence af passive congestion. 1f asbestosis is 'absem, the
appearances are likely to disappear with restoration of com-




T'IGURE 34

Ash with a comp leston 1n the right
upper lobe It 35 entirely possible that tuberculosts may account
for the entire e found m this i but 1t was

PP d
subscquently shown that thes sndividual not only had tuberculosis
but also had asbestosss 1 the Jowcr lung ficdds
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few 1nstances. Cooke’s case had advanced tuberculosis, Sim-
son reported 1 case wlich died with tuberculosis and 1 with-
out evidences of the tnfection He thought that we could not
as yet formulate any definite opimon as to the frequency
of the predisposinon Simson quoted Hoffman 97 as reporting
13 deaths among asbestos workers, 3 of whom had tubercu-
losis He also quoted Collis® as reporung 5 deaths from
tuberculosis among less than 4o workers at a factory, Wood
and Gloyne %! referred to 3 cases showing evidences of tu-
berculosis at autopsy. Haddow 8 observed many asbestosis
cases, among whom 4 died He did not believe that the con-
ditton predisposed to the infection, at least not as a rule.
Merewether and Price 7% stated that asbestosis differed rom
sthicosis 11 the distribution of the fibrous tissue, m more
1apid development, in roentgenographic features, and, pos-
sibly, i a lessened susceptibility to tuberculoys. Mere-
wether - 8 states that, out of 374 cases examined, evidence
of active tuberculosis was found 1n 3. He thinks that, while
there 15 no outstanding susceptibility proved, the questton
has not been tully settled as yet. I believe, however, that
when tuberculosis does complicate asbestosis, that one can
readily suspect or diagnose the tuberculous leston with a fair
degree of accuracy, due to the fact that the tuberculous proc-
ess often occurs 1n the upper Iobes, where there 1s usually
very lhittle evidence of asbestosis If a basal tuberculous
process were supeiimposed upon ashestosis, 1t would be very
difficult, 1f not impossible, to diagnose it. (Figure 31)
Dufferential Diag — Passive Cong of the Lungs
as a Result of Gardiac Decompensation. — In this condition,
the enlargement of the heart shadow, the abnormalities of
the cmdiac silhouette, espectally in cases of mitral stenosts
and the chnical pictine serve to establish the presence ot
absence of passtve cougestion If asbestosis 15 absent, the
appearances are likely to disappear with restoration of com-
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Asbestosis wath a complicating tuberculous lesion in the nght
upper lobe It 15 enurely possible that tuberculosis may account
for the entire appearance found i this mdividual, but 1 was
subscquently shown that tins tnduadual not only had tubercalons
but also had asbestosis 1 the lower lung hicds
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pensation, but not altogether in long-standing cases. Marked
empliysema 15 uswally associated with asbestosis and is apt
to cause a certam amount of rotation of the heart, so that
the sagittal roentgenogram does not convey a direct impres-
sion of cardinc size or shape. The lateral view s always nee-
essary to clear up the diagnasis, Any phase of ashestass is
Tikely to have us roentgenographic appearance greatly ac
centuated by passive congestion.

Advanced Bilateral Broncliectasis, — The dilated bronchi,
retained secretions and associated tracheobronchitis charac-
teristic of this condiuon will produce the appearance of
greatly accentuated trunk shadows, whicl may simulate that
of the moderately advanced phase of asbestosts.

Other conditions that simulate asbestosis include poty-
cythemia or erythrerma and infiltrating malignant metasta-
ses, espectally those extending from the mediastmum.
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IV. PATHOLOGY

$ Roobnoust Groyne, M.D ,D P.H.
PATHOLOGIST, PATHOLOGICAL LARORATORIES AND RESEARCH
INSTITUTE,

THE LONDON CHEST HOSPITAL

INTRODUCTION
DEFINITIONS

THE term silicosts will be used in this chapter to denote the
changes which take place m the body tissues as a result of
the inhalation of dust contamning silicon dioxide, generally
referred to 1n this connection as “free silica.” The Interna-
tional Conterence held at Johannesburg ! in 1930 proposed
m interpreting this term that the following conditions be
satisfied, viz, that the silica must reach the lungs (a) ma
chemically uncombined condition, although 1t might be
mixed with other dusts; (b) mn fine particles of the order
of less than 1o mucrons m diameter, (c) in sufficient
amount, and over a certain period of time.

For some years pathologists regarded free silica as the only
siliceous dust likely to produce the disease, but recently
‘ combined silica” or various mineral silicates found in in-
dustrial dusts have been mcluded 1n the mdictment and 2
new term, stltcatosis, has come 1nto use to denote the types
of disease thus produced

The chief example of this new group of diseases has al-
ready become sufficiently important to receive a spectal des
1gnation, asbestosis, a disease resulting fror the inhalation
of the dust of asbestos, which contans the silicates of 1ron
and magnestum

As the diseases caused by these various substances differ

198
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in their pathology, 1t will be necessary to describe them sep-
arately, but before doing so certain general considerations
from a pathologist’s pomt of view require discusston Just as
a chrome mfective discase such as tuberculosis 1s regarded
from the three-fold pomt of view of the organism, the portals
of entry and the tissue reaction, so in the study of a pul-
monary dust diseasc the nature of the dust, the conditions of
1ts entry mto the body, and the tissue reaction which ensuces
all need separate consideration

Nature of the Dust Mavrogordato ? (1g30) has classified
the dusts which enter the lung ito four types (1) Dust
that 1s harmless , (2 ) dust that 1s usually harmless but winch
may contribute to the lung mischief when nhaled in asso-
ciation with a harmful dust, (3) dust that 1s usually harm-
less and may actually have a prophylactic salue when mnhaled
m association with a harmful dust, (4) dust that 1s harm-
ful. The first group does not concern us here In the second
group may be placed such dusts as won ore and coal dust
assocuation with sithca The third group 1s a doubtful one
At the moment one would not feel justified n placing any
dust 1n this category with certamnty, for the pneumoconioses
take many years to develop and surprises are not uncommon
The fourth and last group must include nowadays not only
free but also combined silica

Free silica occurs mostly i the form of nuneral quartz
In the Brituish Stlicosts Compensation Scheme of 1928 1t 1s
referred to as silica rock, quartzose sand or ‘any dry deposit
or dry residue of sithea®

Combined siltea includes a large number of silicates which
tend to mcrease with industry The commonest of those
use which are under suspicion as possible producers of pul
monary changes are enumerated by Middleton (1936) 20

The size of the dust particle 1s important. Only very small
particles reach the lung tissues Probably the majomity, as
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Mavrogordato suggests, are about the size of the common
pathogenic micro-organistns.

The shape of the particle has also a bearing on the re-
sultant leston Broadly speaking there are 3 morphological
types. (1) Small particles with wwregular surfaces and sharp
edges and diameters approxumately equal. This is the com-
mon shape for quartz particles. (2) Long fibres of asbestos,
which may extend up to 100 microns 1 length. Even if we
regard the particle as mert, size and shape are of great im.
portance because they determine the penetrating power of
the particle The long needle-like asbestos fibre readily “en-
gages” 1n the respiratory bronchiole and easily comes to rest
athwart the lumen of any narrow passage 1t may enter,
wherens the small silica particle whose diameters do not dif-
fer greatly can readily penetrate to the penibronchral lymph
spaces and the medsunal glands. (3) Minute needles of
fibrous sericite — a hiydrous silicate of alurmmnium and potas-
stum. These vary from 2 to 5 microns m length and have
been described by W.R Jones?® (1933) 1n silicotic lungs
as occurring 1 ‘piled-up bundles of needles,” hundreds of
which are present, he states, for every grain of quartz that
can be recognised Although sericate had been previously
described, 1t was not regarded as of great importance uanti!
the work of Jones He regarded 1t, rather than the uncom-
bined silica or quartz, as the important causative factor in
silicosts At the present moment the matter must still be
regarded as sub judice. Obviously a series of carefully con-
trolled pathological observations is needed in workers who
have been exposed to the dust of quartz particles alone and
sercute particles alone, but according to Drinker and Hatch ¢
(1930} quartz free fibrous sencite is difficult o obtam.
Middleton has pointed out, however, that in Britain mee.rs
exposed to sericite without uncombmed silica are found in
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of the worker, and the condition of the respiratory passages
prior to exposure These factors take long years to observe m
conjunction with employment lustories and  post mortem
findings and 1n many ndustries the necessuy data for assess
ment are not yet available Meanw hile the interaction of the
dust particle and the tissues may Le briefly and tentatively
summanised as follows —

(1) Many dust parucles are doubtless expelled en route,
but 1f a partide reaches the end of the journey m the distane
pats of the portal of entry 1t “stays put ” It does not muluply
or become bacteriolysed hike a micro-organism but remains as
a more or less nsoluble and nremovable irritant partidle

(2) The end of the journey for the silica particle 1s the
peribrenchial lymphoid tissue, but 1 the case of the ashestoy
fibre 1t 1s the respiratory bioncluole and the alveolus, hence
the difference in the pathological preture

{3) Although bacterta may be found mixed with the dust,
they are for the most part non-pathogenic orgamsms, the
dust particle can therefore be regarded as a nonaufective
wunitant, and the tissue teaction is fibrabiastic, ending w the
production of the collagenous fibre

(4) The amount of plasma exudation is munimal The
exudative reaction m the lung 1s charactenistic of the bac
tenial diseases

(5) Although we speak of the stlica particte and the as-
bestosis fibre as being practically msoluble, many nvesti-
gators believe that a collowdal silicic acid 1s actually formed
by a stow disintegration of the particles 1n the lung and that
the morbid processes are the result of a toxic action Theie
1s mndeed expertmental evidence in the work of Gye and
Purdy® (1922) 1n favour of such a view 1 the case of sihca
sal Asbestos fibres are known to peisist n the lungs of per-
sons who have not been exposed to the dust for more than
twenty years and any disintegrating action must therefore
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be extremely slow. Sundius, Bygden and Bruce? (1936)
mdeed, consider that this chemical theory of slow disitegra-
tion of dust particles 15 sull an open question

(6) It follows that 1f the dust particle 15 practically m-
soluble or only very slowly soluble, the lung must in the
course of trme become choked with 1rremovable foreign mat-
ter This dust accumulates chiefly 1 the lymphatic dramage
system. .

(7) 'The process of phagocytosis, so prominent a part of
the ussue reaction to bacterial diseases of the lung is much
modified Many of the particles, notably the asbestos fibre,
are too large to be engulfed by a single phagocyte and a
group of these cells can often be seen surrounding but nat
engulfing the meal which 1s obviously too large for them.
Agmmn, the particle even 1f engulfed cannot be digested and
disposed of n the same way as the more soluble protoplasmic
bactertum This may be one reason why the phagocyte ap
pears to remain so long m situ n the silicotic tissue 1 ex-
perimental ammals. Lastly the phagocyte 1s for the most part
a large mononuclear macrophage and not the small poly-
morphonuclear lencocyte from the blood stream. The Jatter
1s the phagocyte, par excellence, of pyogenic cocci it the
lung
(8) Lymphoid hyperplasia. This 1s one of the s[rlkl{lg
features of the tissue reaction Small collections of lymphoid
tissue are normally situated on the outside of the walls of the
small bronch: but they are so small as generally to escape
notice These nunute lymphoid aggregattons absorb much
carbon pigment and are a striking feature 1n the Tungs of all
persons exposed to the dust of large towns 1Tespective of sih-
cosis. They should be distinguished from true 1ymphatic
glands They become markedly hypertrophied as the result
of the dnft of the silicotic particles mto them, In the course
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only imparted to the knufe, as a rule, by extreme cases such
as the stone mason’s lung. In this case small parucles of
quartz can actually be dug out of the nodule with the pomnt
of the kntfe The nodules are usually more plentiful in the
upper lobes where they readily tend to 1un together into
masses of large size.

As the presence of the nodule js the essential feature for
diagnoss, attempts have been made to arrive at a classifica-
tion 1n terms of distibution and severity of the lesion. Sim-
son and Strachan ¥ (1930) m describng simple silicosis as
1t exists 1n the South African mmes give the following classi-
fication which 1s used by the Miners Phthisis Bureau *

(1) Shght — lesions small and moderately numerous, or
medrumsized to large but sparse;

Moderate — lestons numerous and small or moderately
numerous and large ;

(3) Well marked — lesions numerous and large

(4) Very well marked — lestons very numerous and large
These authors state that mn estumating the degree of nodula-
tion present the whole lung substance has to be considered
for the obytous reason that the distribution may be limuted
or unequal The term small is used for nlets of fibrosts with
diameters up to 2 mullimetres, medium from z to 4 mill-
metres, and large from 5 nullimetres up to a centimetre. The
term sparse 15 used to describe the distribution of nodulef on
the cut surface of the lung of the order of one nodule in 2
square with a side of 5 centimetres , moderately numerous
sigmifies one nodule per square with a 3 centimetres side, ni-
merous when the square has a side of 2 centimetres and very
numerous when the square has a side of less than 2 centi-
metres.

The nodule must be distinguished from calcified deposits
and from the small fibrotic patches of obsolescent tubercu-

)
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Ficure 1
Siliconc lung showing masse nadules best marked in upper lohe.
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FIGURE 2
Silicotte lung showing extensie nodulaten especially in lower
lobes

which may go on to a true red hepauzation These terminal
conditions will be reterred to agam under the complications
and sequelae of the silicotic lung

In uncomplicated cases little ot importance may be tound
in the other organs Myocardial degeneration 1s not uncom-
mon and 1s considered by some pathologists to be due to the
obstruction 1n the pulmonary crculation as a result of the fi-
brosts, but 1t must be remembered that, as a rule, silicosss as
scen 1 the autopsy reom 1s a disease of the elderly mdustrial
wotker whose heart 1s likely to show signs of wear and tear in
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any case Although silicosis 1s believed to show a biochemical
aspect there 1s as a rule no obvious toxic effect on distant or-
gans 1 man, such as one finds in gout for nstance, though
lesions 1 the kidneys and other organs have been obtatned
by Gye and Purdy$ (1922) and others in experimental ant
mals Chronte interstitial nephritis may be found 1 silicoss
but there are generally other reasons for its presence, (eg
atheroma) and one cannot with any confidence clam that
such lesions are sumply the result of a silicotic toxin.

MICROSCOPICAL APPLARANCES

The Silicotic Nodule. The silicotic nodule is best studied
when small and discrete and for this purpose the earlier the
nodule s obtained the better. The key to the situatton 15 to
be found i the minute aggregations of lymphoid tissue
which are normally located, in the lungs of man, in relation
to the bronchioles, saccular ducts, small branches of the blood
vessels and pleura These aggregations of lymphoid tisue
have been carefully described by W.Snow Miller 't (1937)
and should be distinguished from the Iymph nodes which are
found 1n intimate relation with the cartilaginous bronchi
These small collections of lymphoid tissue are simply minute
aggregates of lymph corpuscles without the orgamsed struc-
ture of supporting framework and capsule of connective tis-
sue which a true lymph node of the cartilaginous brond}us
possesses In relation to the bronchioles they are found lying
between them and the accompanying branch of the pulmo-
nary artery. They are also to be seen along the course of the
pulmonary artery and the pulmonary vein, in the interlobu-
lar septa and beneath the pleura, probably 1n this .cnse n
association with minute radicles of the pulmonary veins but
not necessarily so Miller has exammed the lungs qf elderly
persans o, order to determumne the distribution of this lymph-
oi1d tssue in relation to the usual carbon pigment which
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accumulates in the lung with age The masses of lymphoid
tissite around the hronchioles and the nanches of the pulmo
nary artery were found to be hypertrophied nto a common
mass, whilst those associated with the pulmonary veins and
the venous tiunks m the mnterlobulm septa were also hyper-
trophted He further noted that these masses were usually
found where alveoli wetc m the direct line of the air cur-
rent agunst the septa The lymphowd masses beneath the
pleura are simularly typertrophied.

These simall masses of lymphoid uissue, therefore, are the
sites of the formation of the sihicotic nodule, a pomnt which
has been well stressed by Strachan and Smmson® {1930)
Pathologists get very few opportumties of examming the nod-
ule in 1ts very early stages th man and the picture tends to be
obscured by subsequent events, especiafly by the presence of
pigment, but probably the sequence of events 1s as follows

Amorplious particles of silica together with carbon pig-
ment reach the saccular ducts and alveolr Here they are
taken up by large macrophages, generally designated by the
unscienufic but espressine term ‘dust cells,” and reach the
nasses of lymphoid tissue described above At this site these
‘dust cells' come to rest and are surrounded by fibroblasts
In the course of ume they degenciate and disappear leaving
behund them the insoluble particles of silica and carbon pig-
ment. Meanwhile the fibroblasts have gnen place to collage-
nous fibres and one or two minute capitlaries may be formed
from neighbouring vessels The early nodule 15 now complete
When sutably stamed it resembles a small round wicker
basket 1n which the interwoven wicker work may be taken
to represent strands of collagenous fibres ( Figure 3) In the
centre are a few small capillanies, and lying between the hbres
are particles of silica and carbon pigment Surrounding the
whole, new fibroblasts are formed producing mn therr turn
more collagenous fibres By this process the older fibres in the
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THE COMPLICATIONS AND SEQUELAL OF SILICOSIS

The following are the chief complications and sequelae
noted 1n the post-mortem room.

Emphysema. Thus has already been referred to as an almost
constant finding. Occasionally an emphysematous area may
become sufficiently large to form a cavity filled with muco-
pus and inhaled pigment from neighbouring bronchr Such
a cavity may be mistaken tor a tuberculous or bronchiectatic
cavity but as a rule 1t does not possess the well defined wall of
either of these

The Heart. The patient often dres wilh all the symptoms
of cardiac failwe. But this 15 a notoriously unsatisfactory
term, and at the autopsy there is usually nothing to be found
except a pale, soft, flabby heart muscle with some dlatation
of the chambers There are no valvular lesions, and histologi-
cally there 1s little to be made out.

Septic Bronchitis and Pneumoma. Secondary nfection
with one or other of the organisms assoctated with bron-
chitts and pneumonia 1s common, the streptococcus being the
orgamism most frequently found. On section of the lung
muco-pus exudes from the bronchi around which are areas of
broncho-pneumonia

The combination of a septic broncho-pneumonia and the
nodular fibrosis of silicosts may be contused with chronic
fibro-caseous tuberculosis , 1t 1s never safe to pass over the
condition without microscopical mvestigation.

Histologically the lestons resemble those of septic brot-
chitss and pneumonta 1n general, but mention must be made
of the hyperlrophy of the minute aggregations of lymphmd
uissue in the bronchial wall which may be confused with
early microscopic Jestons of tuberculosis

Bronchsectasis Dilatation of bronchi may supervene as 2
secondary result of the silicotic fibrosts It 15 not very com-
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mou and as a rule does not reach the stage of a fully devel-
oped foul smelling purulent bronchiectasis

Tuberculosts. Next to sepuc bronchius and preumonna,
tuberculosis is the commonest sequela of silicosis Indeed, o
common and so ntunate a part of the pathological preture
15 it that some writers have declined to admit that such a
disease as stuple sihcosis exasts, and have attrihuted the
whole condition to a chtomc form of tuberculosis Sthcosis
accompanied by tuberculosis is often referred to as ‘infectine
silicosis.” This form of the disease will therefore be treated
separately,

Carctnoma  Bridge and Henry’? [1928 ] have propased
that cancer, m ovder to be dasstfied as of industrial orgn,
should fulfil the following conditions+ (1) The rate of n
cidence in the occupation under review should exceed that
m the general population to a significant extent, and (2)
tn the occupation concerned there should be sufficient as
sociation of the worher with a substance proved esper-
mentally to have caranngemc propertics Suggestions hasve
been made from time to ume, notably m the case of the
Schneeberg tuners i Germany  ( Rostoshi 3 {19287
Schmorl # { 1928 1) and again recently by Dible 'S {1934}
in England that carcinoma of the fung is hikely to superence
A The data we possess
at the moment however are not sufhaient 1o satsfv Bridge
and Henry's postulates and we tannot do more than regard
the assocation of stheosis and carcinoma {and of ashestosts
and caromoma ) with suspicon The saneues of cancer
found in assaciation with silicosis are those found w mwra
thoracic malignant neoplasms 1 general  ( Gloyne 16
{1930]) Theyare (1) growtbsimolving the medustinal
glands (2) growths involving the Lronchi,

The primary growth involving the mediasttnal glands 1s a
rapudly growing white tumour situated m the neighbour

upon oniosis of long
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hoad of the bifurcatton of the trachea and along the course of
the two mawn bronchi. The glands become adherent to each
other as they enlarge and coalesce into an irregular collar of
growth surrounding the lower end of the trachen, the two
main bronchy, and the great vessels. For many years this type
of growth was described histologieally as a lymphosarcoma,
but it 18 now generally regarded as a carcinoma, an oat cell
carcinoma, by reason of 1ts characteristic oval cells, though it
1s not clear from what part of the respiratory tract it arises.
‘The deep layer of cells of the epithelial limng of the mam
bronchi has been suggested

The other type of malignant growth 15 more clearly bron-
clual 1n ongin. It may arse in large or small bronchi and
may be single or multiple It needs to be carefully dstin-
guished from the type of growth described above wluch has
a predilection for the mediastinal glands. These primary
bronchial growths estend along the bronchial wall pushing
thetr way through the silicotic tissue as they grow. Ulcera-
tion and necrosis with cavity formation 15 common. This
last point is important because the growth cavity may e;\%ll)’
be confused with a pyogenic abscess or bronchiectatic cavity.
Microscopic sections, therefore, should never be neglected
Histologically they are, for the most part, squamous cell car-
cmomata possessing the usual characteristics with prickle cell
arrangement, keratimisation, and cell nest formation

The precise relationshup of these tumours to the silicosts
in the matter of causation 1s of course mpossible to define
This subject will be referred to again under the heading of
asbestosts and carcinoma where the pathological relationship
has been worked out further.

SiLicosts AND TUBTRCULOSIS

If, when silicosts is accompanied by tuberculosis, the two
pathological processes were always found side by side as they
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as silicosts these signs are often difficult 10 nterpret, Caleifica-
tion is probably the most reliable, but the South African
pathologists have described small deposits of calcium in the
stlicotic nodule, and of course, caleification of non-tubercu-
lous origin may take place in a vessel wall or around a foreign
body. A ealcified nodule beneath the pleura, or attached ta
the wall of a small bronchus, or in a mediastinal gland geer-
ally means obsolescent tuberculosis, If calcified deposits are
found 1 the mesenteric glands, this fact may be taken as cor-
roborative evidence. Generally speaking, however, stlicosis
tound in the presence of obsolescent tuberculosis does not
present any unusual features.

Silicosts with Manifest Tuberculosis Frank active tuber
culosts when 1t occurs is most commonly a terminal event.
The following varieties are to be found. (1) plenral ef-
fusion, tuberculous empyema, or pyopneumothorax ; (2)
old cavities, often mululocular, with fibrotic walls having
silicotic nodules adjacent thereto or actually forming part of
the wall; {3) rounded foc1 of caseous tuberculosis wnth.a
sharply defined black run of compressed pigmented lung tis-
sue surrounding the foci ; (4 ) miliary spread from an old?r
tuberculous focus, () tuberculous broncho-pneumonia
(which cannot always be distingushed from that due to
other organisms without microscopic examination ) . We have
here a compostte picture resulting from the invasion of the
pulmonary tissues by two very different types of invaders. The
one is an insoluble particle which reaches the distal parts of
the bronchial tree but does not reproduce, the other is 2
parasite with a capacity for multiplication and for bemng I'ys(::d
by the tissues The former remains strictly bronchoger}lc n
its spread, the latter soon reaches the blood stream and is dis-
seminated widely. This applies also to the next group, but to
a less marked degree

Tuberculo-Silicosts. It 1s convenient 1f not essential to have
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a special term by means of which to designate a form of
stlicosts accompanied by tubereulosts in winch the one disease
1s modified mn association with the other. The term tuberculo-
sthicosis 1s used m tlns chapter in this sense only

‘The modification 1s generally 1 favour of the tuberculosis,
wliuch is frequently of such a chronc fibroid type that 1t can-
not be recogmsed until lustological examinatton is made

The hrst and essential feature 1s the excessive fibtosss The
second characteristic 15 the closely mternwoven texture of the
two disease processes, tuberculosis and silicosts, in contadis-
tinction to the picture seen 1n silicosis with mamfest tubercn-
losis The third 1s the tendency to calcification

Tuberculo-silicotic nodules vary a good deal i appearance
as a result of the distribution of pigment, the sihicotic portion
being as a rule darkly pigmented and the tuberculous portions
free from prgment. The resule 1s that at least four different
types of nodules may be recogiuzed  { 1) a nodute with a soft
gray tuberculous centre and a pigmented sihcotic periphery
{2) a nodule with a darkly pigmented silicotic centre and
a gray tuberculons periphery (3) a pigmented silicouc
centre surrounded by a ring of small gray satellite tubercles
(4) tuberculous and stlicotic nodules side by side, the one
compressing the other These varous types of nodules may
result in the affected poruons of the lung having a mottled or
marbled gray-black appearance ( Figure 5 )

Histologically the tuberculo silicotic nodule has the fol-
lowing characteristics . (1) a tendency to be more irregular
1n shape than the simple silicotic discrete nodule, the foc
runnmg together more readily into composite nodules (z)
collagenous fibres form only part of the nodule, the rest being
caseous maternal (§) manuate depostts of calaum are not
uncommon (4) gant cells are few and generally he just out-
side the nodule () tubercle bacill are varable, the more
caseous looking the nodule the greater s the likelihood of
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FIGURE 5
Tuberculo sihcoue nodulation, the upper half of the photo-
mycrograph showimg cascous nodules, the loner a tuberculo-sili-
catic nodule with a caseating centre (< 80).

finding them , they should be searched for in the neighbour-
liood of the giant cell (6) lastly, small branches of the
pulmonary artery may exhibit an obliterative thrombo-
arteritis which may be mistaken for silicotic nodules.

Of course, not all nodules found m a case of tuberculo-
silicosis exhibut these characteristics ; ssimple silicotic nodules
and uncotnplicated fibro caseous tuberculous nodules occur

Kettle and Archer ¥ { 1933 | have investigated some of
the problems encountered m this disease, which are par-
ticularly difficnit 1n Great Britain, where a Iow-grade tuber-
culosis with excessive fibrosis is common apart from dust
hazards. They believe that the differential I\ifmloglml diag
nosis depends upon the amount and distribution of collagen



PATHOLOGY 221

in the tissue reaction This is a matter of degree and they
cannot define any deliniting standards. They suggest, how-
ever, that a chemacal anafysts for sifica will often belp when
taken m conjunction with the other findmgs. In their ex-
perntence an ‘ordinary dned lung’ { amongst which may be an-
cluded uncomplicated tuberculosis) does not contain more
than about o2 per cent of sifica whereas in the tuberculo-
stlicotic lungs they imvesugated, analyses up to 27 per cent
were obtamned. It goes without saymg that a number of dif-
ferent portions of lung should be selected for analysis {Fig
ure 6)

SosmE UNUSUAL PATHOL OGICAL. VARIFTIES O S11icosts

The range of industries whose workers encounter free
silica §s & wide one and 1t 15 not surprising that certain forms
of the disease should, from the pathologist’s point of view,
appear unusual At least three of these call for specal deserip
tions

Stlicasis 1n Coal Miners Thas condition 1s occasionally re-
ferred to as anthraco-sthcosis and 1s met with 1n a sanety of
forms 10 those parts of the coal field which show a silica nisk
A great deal has been written on this subject and a distinction
1s not always made between pure anthracosis and anthracosis
with sthcosis One of the best recent accounts 1s that of Cum-
mns and Sladden ¥ (1930) dealing with miners m the
Welsh coal field in the ‘hard headings’ of which silica dust 1s
present. The outstanding feature of thetr cates was a lung
showing deep black to dark gray consolidated areas on a
hackground of chocolate coloured or gray aerated lung sub
stance The consohdated areas usually varied from small
‘maculae’ i the lower lobes to large confluent areas m the
upper Histologically the characterisuic appearances were a
diffuse fibrous hyperplasta of the Jung with massne dust
accumulation m the alveoli and Iymphatics together with
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F1cure 6

Quartz parucles from stone-mason’s lung. Photographed with
dark ground dluminauon (x 1200). (Courtesy of Tubercle)

the occurience of fibrous nodules, some of which showed
hetle or no lamination while others were markedly laminated
or whorled.

Stlicosis in Hematite Miners. Stewart and Faulds 1* (193)
have described a sertes of cases in which both hematite
and silica dust were present 1n large amounts in the Iu{!gi
(sidero-silicosts)  The hematite found was a ferric oxide
producing a fine dry dust and gave to the alfected parts
of the lungs a bright red colour. The condition appeared
to resemble closely the coal muner's lung 1 1ts histology, a
diffuse or massive fibrosis with much dust accumulation andf:
‘lew discrete rounded nodules of the usual silicotic type.
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In the one case the fibrotic areas appeared as bright red
areas on a dark brown aerated lung background, in the other,
the fibrotic areas weve almost coal black on a background of
chocolate coloured or gray aerated Jung Both these types of
disease are of much interest to the pathologist and doubtless
other similar conditions wilt in the course of time be de-
scribed

Broadly speaking there are two large groups of cases (1)
one in which the free siica dust 15 preceded or accompanied
by massne accumulanion of a fine non siiceous, non toxic
dust which acts duefly m chohing up the alieol: and the
wiiole lymphatic drainage system of the lung, (2) agroupmn
which the free silica 1s accompanied by a silicate which may
have tonic and lethal properues of 1ts own  { In thas connec-
tion the writer 1s indebted to Dr ER A Merewether for a
lung which shows the effects of exposure to free sihca and
asbestos

Acute Silicosts Of recent years a number of cases of so
called ‘acute silicosts” have been described, characterized gen-
erally by a short exposure to a siliceous dust and a rapidly
fatal 1ssue The records have been collected and reviewed by
Middieton % (1936) who gives the employment hstory of
the largest group so far reported In most 1ustances there has
been something unusual in the hind of dust to which the
worker has been exposed Often it bas been a fughly siliceous
one mixed with an alkali or powdered soap for the manu-
facture of abrasive soap powders, and the suggestion has been
made that a silica sol may be quickly formed in the presence
of alhalis which 1s responsible for the rapd course of the
disease

Descriptions of the pathology ave still very meagre The
fivst autopsy record was that of MacDonald # (1930} and
colleagues, They described the lower lobes of the lung as
bemng solid, greemsh-gray im colour somewhat resembling



224 SILICOSIS AND ASBESTOSIS

marble, with mnumerable tiy pimhead nodules of a lighter
gray colowr, whilst the upper lobes wete still aerated but
contamed sumlar nodules Microscapically there were large
fibrotic patches which were practically acellular and were
surrounded by small-celled mfiltration. They found no histo-
Jogical evidence of tuberculosis and no tubercle bacilly
Kettle 22 (1932) after examination of material from cases
of acute silicosis considered that the sections showed ‘acute
tuberculosts enhanced, no doubt, by the silica present”
Stuatt McDonald 2 (1932) recorded an example in
which post-mortem examination revealed minute silicotic
nodules 1n the lung not unlike miliary tubercles and strongly
resembling the lesions of experimental silicosis i amimals
Chapman # (1932 ) described a case in which the lungs, at
autopsy, were about half the normal size, the middle two-
thirds being shrunken, fibrotic, and almost as hard as stone.
Histologically the fibrotic nodules were found to have hyaline
centres 3
Obviously the scanty nature of the pathological material
available at present prevents our constructing a satisfactory
picture of the pathology of the disease, and there isa danger
of confusing the ssue, as Kettle pointed out, with cases swhich
are primanly acute tuberculosis A distinction should be
drawn between (1) workers who have had a very short but
mtensive exposure to siliceous dust but whose luags, at av-
topsy, contain large and even massive patches of fibrosis re-
sembling those ot the ordinary chronic form of s|licosls. and
(2) those with an equally short exposure but withe mx'lmf)'
silicotrc nodules resembling those of the experimental anjmal,
as 1 Stuart McDonald's case ( The natural life of the labora-
tory antmal 1s short and therefore more strictly comParﬁbk
with an acute than a chronic sthicosts in man.) It might b,e
best, at the moment, to confine the term acute silicosis to this
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second group In any case 1t 1s inadvisable to include in the
definition cases showing any evidence of tuberculosts, which
can play such queer tricks 1n association with silicosts

ASBESTOSIS

The word asbestosis was mtroduced nto medical hterature
by Cooke? (1927) and Stuart McDonald 2 (1927) to
designate that type of pneumocomosts induced by the mhala
tion of asbestos dust Several varieties of the mineral are used
m industry, ancluding  chrysoule  (white)  croadolie
{blue) and amosite, the first named being the commonest
A good account of the geology of the mneral 15 given n a
monograph by Hall# (1g30)

NanLp-EAE APPFARANCES

In an uncomphcated case the pathological signs seen at
autopsy are chiefly confined to the thoanic cavty, as {ollows

Pleurae Old dense adhesions are common, and are nearly
always sessile, produung 1n the end complete symphysis of
the pleura, the long pedunculated bands so frequently seen
1n tuberculosts are rare Apical adhesions howerer, occur and
the mterlobar fissures may be completely closed

In the least affected portions the pleura retains 1ts trans-
parency but as the disease advances 1t assumes a ty pical ground
glass appearance and eventually exhibiting suff, yellow and
horn-hike placues some 2 to § inches mn diameter { The older
writers on non tdustrial fibroid lung were conversant with
this type of thickening and hikened 1t to cartilage ) At the
apices there mnay be defimte scarnng, but whether this 15 to
be regarded as an invariable sign of healed tubercnlosts 15
doubtful [ere and there, generally nem the apiees also, the
pleura may be thin over emphysematous bullae protruding
from the lung Lastly, covering and obscunng these signs of
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old pleurisy are seen evidences of recent inflammation in the
shape of reddish patches of lymph arranged in thn flat gauze-
Itke layers or as small shaggy processes  Occasionally little
patches of recent haemorrhage may be seen, such patches be-
coming browner and darker with age.

Displacement of the mediastmum is unusual

The changes seen in the parietal pleura are simular to those
found i the visceral pleura, but less marked and the horn-like
plaques are absent.

Pleural eftusion is rare, owing to the obliterative character
of the disease.

Lungs. The asbestos worker is generally a town dweller and
therefore the pathological picture, like that of silicosis, is
superimposed upon a certain amount of anthracosts which
forms a background This confusion between the two 15 how-
ever greater than in silicosts.

The asbestosis lung is generally large and of increased
weight, though as the disease progresses it may become con-
tracted from excessive formation of fibrous tissue, It does not
collapse when the thorax 1s opened, and like fibroid lungs in
general, is firm, tough, and dense. ( Figure 7)

On section blueblack patches of irregularly [70]7'30"“]
shape about 14 to 14 inches across are seen , they are hard and
rough to the touch and are surrounded by a gray framewor}
of thickened nterlobular septa. Tlus forms the typacal urit
of the asbestotic lung, corresponding to the silicotic nthllt
In the upper lobe these polygonal areas are usually discrete
with unaffected lobules lying between dhem In the lower
lobe they tend to run together and become confluent En-

actual bronchopneumonia fre-

1 ent of the lung or an
S - e blue-hlack

quently provides a deep red background for th )
polygonal areas Much pigment and the blue-black polygmm]
patches of asbestosis are found in excess m llhe periphera
portions of the lung immedhately beneath the visceral plewra.



FIGURE 7
The asbestosis lung
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exemplifying the ‘pleural drift® of the dust so common m
pneumoconiosis The interbronchial and other lymph glands
of the middle mediastinal group which dram the lung, are
mtensely pigmented and fibrotic,

The pigmented polygonal areas of asbestosis are roughly
comnadent 1n size and shape with pulmonary lobules, and i
examined with a hand lens the cut ends of small bronchi,
sometimes dilated, can be seen. The fibrotic nature of the
lung is better appreciated when the specimen has been fived.
The pulmonary vessels and bronchi now show thickened walls
and the cut ends stand widely open, but the writer has not
seen a typical extensive purulent bronchiectasis such as 1s
sometimes described 1n chronic fibroid lung of nonandustrial
origin.

Occastonally the cut surface of the lung shows a honeycomb
appearance due to the breaking down of alveolar structure
analogous to the spongy emphysema described by Cummins
and Sladden ™ in anthracosis This is commoner in asbestosis
than 1 silicosis Cavitation without tuberculosis, such as 15
described by Cummins and Sladden in anthracosis, has not
been found 1n these areas 3

Mediastinal Glands The absorption of asbestos fibres into
the medijastinal glands, 1s a mucl more difficult task for. the
Iung than 15 the absorption of carbon or even small particles
of free silica, but 1n the course of time the glands become
small and hard with a thick fibrous envelope, and trabeculae
are seen as white hnes traversing them. When bronchopnet-
monta supervenes, they become secondarily enlarged and red-
dened.

Other Organs. Apart from the complications and sequelae
to be dealt with later, there are few naked-eye changes 11 other
organs As n silicosis the heart muscle may be tl|i|:|, pfnle, and
flabby, and the spleen hard and fibrotic, but there is Tittle else

of importance.
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smaller and smaller buadles, unul eventnally very fine fibres
are obtained. No branctung has been observed, Under dark-
ground tftummanon the fibres appear to be brightly itlumi.
nated hike the flament in an electric butb, and when very
thiny have a bluish lumunostty They are readily distinguish-
able from the wregularly shaped sthea particles of the sihicosis
lung. {Figures 8, g and 10)

The ashestos fibre 15 of a hughly resistant nyure, hence ats
use in industry It will withstand heat, and 15 not destroyed
by muneral acids It has been stated that with Jugh-power
magnificatton mumute pores ¢ be percerved m the fibre
which render it capable of absorbing, to a certain exteny, dses

FIGURE 10

Astestos fibres (cracidolite)}  Photographed with dark ground
alumination (X 1200)
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such as methylene blue. The writer has not been able to
confirm this.

The fibres are found in large numbers in the Jungs Therr
detection is readily achieved by destroying the surrounding
Iung tissue with concentrated sulphuric acid, but in ordinary
stained sections the presence of these fibres is often obscured
by other foreign particles.

In the lung of man two types of tissue reaction take place.
The one 1s the thickening of the fibre, as a result of deposition
of iron contaming materral 2long its course, to form the as-
bestosis body. The other is the cellular reaction to the fibre.

The asbestosts body has had a curions history In 1914
Faln,28 demonstrating to the Medical Society of Hamburg
specimens and photomicrographs of the lungs from a case
of pneumoconiosis occurring in an asbestos worker, observed
the presence 1n the lung of a large number of crystals and
stated that similar structures had been seen 1n 1906 by March-
and and Ruesel, who had speculated as to whether they were
due to the mbalation of asbestos dust or were a haemoglobin
derivative No prctures are given in Fahr's commumcation,
but it 1s probable that what Marchand and Riesel and Fahr
saw was the asbestosis body Howeser, these descriptions at-
tracted Iittle attention at the time and seem to hiave been for-
gotten,

The next step came 1m 1927 when Coohe and Hill? and
Stuart McDonald % described certam ‘cuious bodies’ found
i the lungs of an ashestos worker who had died in 1921
Cooke had previously recorded the case in 1924 but had not
at that time mentioned these bodies Cooke and Hill wrote
of them as follows - “They are yellowish-brown in colour and
do not st with the usual stams, but grve the Prussian biue
1eaction There 1s a umfornuty i appearance, group distribu-
tion, and fructating heads that make one think of a fungus
The hyphae are verruaform and discoid, and defimte spores



PATHOLOGY 233

are seen.’ Pathologists to whom the matenal was subnutted

g d various possitalities, viz , d eae, casts of small
cavities, particles of asbestos fibre that had become coated
with colloidal matter, fungod bodies

Later in the same year, Stuart McDonald, to wham post-
mortem material had been subnutted trom the same case by
Coolke, gave a fuller descraption of the Lodies He regarded
them as foreign bodies assoctated with the asbestos aned was
satisfied that they were nerther vegetable nor amimal 1n ongin,
and quoted another case of an asbestos worker 1n whose lungs
he had found similar bodies

The first 1llustrations were given by Cooke and Hall m
therr original description Subsequently they were depicted
by Sumson 3 (1928 ) 1n autopsies of Sauth Afiican cases His
paper also included a mucrophotograph of the hodies pro-
duced experimentally 1n the lung of the gumnea-pig by Mas
1ogordato, the first occasion on which the bodies had been so
produced.

At this stage Stewart and Haddow 3! {1929) made the
suggestion that the bodies should be called ‘asbestosis bodies,”
a term which has now been generally adopred

Fimally Gloyne 32 ((1929) showed in the following exper:-
ment that the body consisted of an asbestos fibre coated with a
substance soluble sn a strong acd

A wet preparation of the bodies was placed on the stage
of the dark-ground illurmnation microscope, and the josthon
of areadily recognisable group of these bodies noted Concen-
trated sulphuric acid was then run very gently under the cover
shp, the bodies being hept under observation all the ume
They began slowly to dissolve, and in the mddle of the
structure of each appeared a typical ashestos fibre At the end
of half an hour pracucally all the material of which the bodies
were composed had disappeared, leaving only fant ghost like
ontlines with refractiie asbestos fibres within them
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The diversity m shape of the bodies makes it difficult to
write a satisfactory description of them. The following sum-
mary comprises the cluel points: (1) Marked variation in
length ( 24 to 6o microns ) and breadth (12 to 24 microns)
Gardner and Cummngs 33 record them as long as 250 microns
in experimental animals The short forms are sometimes in
gested by phagocytes (2) Golden-yellow colour, Gardner
and Cummings have pointed out the resemblance in colour
to haemosiderin deposits 1 tissue in which haemorrhage has
occurred  {3) Homogeneous structure. (4) The central
fibre. This can be best seen by reducing the 1llumination. The
fibre may sormetines be detected projecting beyond the body.
(5) No differentiation with polarised light (Cooke and
Stuart McDonald). (6) Tendency to be arranged mn -
regular clumps and clusters (7) Very early forms unseg-
mented (‘sausage shaped’ ). (8) Later forms crenated, seg
mented, or resembling a series of oval discs or beads strung
together 1n necklace form, (g) Bulbous or pointed ex-
tremuties (or one bulbous and one pointed suggesting ‘heads
and tals') (10) Generally quite straight, occasionally
curved, very rarely S-shaped. When examined in a wet prep-
arauon shght pressure on the cover slip will somettmes cause
them to bend owing to the elasticity of the central fibre
(11) Forms seen ‘end-on’ look like knobs or door-handles
Small secondary knobs and bosses sometimes seen thereon

The bodies do not stain with the ordinary aniline dyes, h'ul
according to Gardner and Cummings, Wright's Blood stain
gives them a ‘greenush cast.” They will also retamn neutral red
slightly, but these partial reactions cannot be cailed true
staning reactions Cooke and I1i] and Stuart McDonald, in
therr onigmal descriptions, noted that the bodies could be
stained by means of the Prussian blue reactron, and .Gluyne
has shown that they become black on treatment with am-
monium sulphide Haematoxylin, which also ias an affinity
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for iron, can be made to colour them to some extent, but it 15
more a deposit of stain than a true staining reaction.

With regard to their formation, no such bodies have been
found 1n crude ashestos or in asbestos dust, and 1t seems
practically certan that they are only produced when the fibres
gan access to hving tsswes and remam there for a consider-
able period of time.

Gardner and Cummings showed that the golden-yeliow
matenal which covers the fibre contained iron, wiilst Stmson
and Strachan put forward the view that the ironcontaining
substance was of cellular orign

From 2 study of a large number of different forms of as
bestosis bodies, the present witer has endeavoured to bld
up a complete picture of formation from the ongmal mhaled
fibre Figures 11, to 11, show deposition of some material
on the fibres to a varying extent ‘When completels covered
the body thus built up bas a sausage lihe form without any
differentiation from end to end (Figure 11,). These thuck-
encd forms next begm to show definute fissures { Figures 11,
to 11, }, giving the appearance of mcomplete segmentation
at wregular intervals In Figure 114 this segmentation has
advanced a stage furtther, the fissures now extending almost
to the mid-line of the body and occurring at 1rregular intervals
along its length These fissures produce the appearance of a
head or knobs at the ends ( Fignres 135 and 31,,) . As they
become deeper and more numerous a completely but 1
regularly segmented body results ( Tigure 11, ). When the
fissures reach the strught central fibre they appear as (a)
a small number of long segments as 1 Figures 11,, to 11y,
or (b) alarge number of short segments as i Figures 11,,
10 11, These short segments may be regular 1n size and
shape resembling Leads on a necMace (Figures 11,, to
115,), or the segmentation may be complete at one end of
the body and incomplete at the other
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In this final stage some of the segments or even small
portions Lreak anay feaving bare lengths of fibre between the
remaining segments ( Figures 11y, to 115 ) Very occasion-
ally these broken fiagments can be actually seen m the
process of breaking away Thus ts well shown tn Figures 11y
and 11,,. Bodies viewed endon or obhquely are seent in
Figures 1155 10 11,

The asbestosis body would appear, therefore, to be formed
from the original fibre by a process of (1) deposition of
some material around the fibre so as to thicken it, (2)
fissure of this material giving rise to the appearance of seg-
ments ; and { 3) fragmentation or the separaung off from the
whestasis body of fractured portions of the deposited ma-
terial

The central fibre having been sausfactorily demonstrated,
the question artses, of what does the golden material consist
which forms the segmented coating ? {ron certanly enters into
1ts composition, for, as far as we hnow, all asbestosts bodies
gnean won reactron This metal 15 present m crude ashestos
n \arying amounts, but 1t is also present m haemogiobin
On the whole, the evidence 1s in favour of the iron being de-
rived from the ussues— probably irom blood pigment —
but the point has not been conclusiely settled, and st scems
probable that the golden yellow substance 1s the product of
2 collardal reactton between the fibre and blaod protem

Asbestosis bodies have considerabie power of resisung the
ferments of the gastro intesunal tract when swallowed with
sputm and hase heen found wn the facces. They also restst
heat The effect of acsds varies a good deal In sections of tung
tissue they resist decaletfying fuid which contains 714 per
cent of nutric acid, for several weeks Concentrated sulphuric
acud leaves only a mere semblance of a ghost-like body with a
central fibre Hydrochlaric acid has the effect of bleachung the
bodies, the yellow colonr 1s 1aken ont almost ymmediately
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leaving a coloutless sheleton of the body, suggestive of a
minute hyaline urinary cast Nitric acid has less effect and
glacial acetic acid none. The bodies will resist 20 per cent
caustic soda for twenty-four hours without lasing their golden-
yellow colour. They become black when digested with trypsin

The inference from these reactions would appear to be
that the asbestosis body consists of at least two portions sur-
rounding the fibre — viz, an acd resistant matertal which
forms a framework and gives the body the charactenstic
shape, and a golden-yellow pigment contained thercin which
is not acid resistant.

The question now arises, what nference can be drawn
from the presence of the asbestosis body ? Since these struc-
tures have not been found in any other disease, their presence
is an indication of exposure to asbestos dust, whilst the fact
that the bodies have not been found in asbestos dust itself
implies that their formation takes place in the body—pr?b'
ably as a result of a collowdal reaction with the blood proteins,
m which the iron plays an important part They have been
found in the guinea-pig by different observers from seventy
days to s1x months after exposure to dust. Simson has recorded'
the bodies in a human lung with a history of only two months’
exposure. .

Lastly, can 1t be inferred from the presence of the asbestosis
body that fibrosis necessarily exists in the lung ? The presence
of the asbestosis body implies a tissue reactron to the fibre, but
it does not necessarily follow that this reaction yuns parrt
passu with the production of pulmonary fibrosis. On one
occasion the writer found fine collagenous fibres in the tissues
of a guinea-pig as early as twelve days after subcutaneous m-
oculation of asbestos fibres, but the amount was very minuté
A heavy dose of fibres may be needed—-ar'nd e‘eu’lhell )’e:g:
may elapse — before pulmonary fibrosis is sufﬁc}ent to It
detected by physical signs or roentgenogram during life.
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would be unsafe, therefore, 1o accept the presence of the
ashestosis body as undeniable evidence of fibrosis , all we can
say at present 15 that the asbestosis body 15 an expression of a
tissue reaction to a loreign body acting as a bemgn irvuitant,
and that fibrosts of an appreciable extent may or may not be
a part of that nssue reaction.

There 1s some eudence that asbestosis bodies are not
formed with the same facility 1 all the tissues of the body.
Thus they have not yet been described i the shin warts to
which the workers are hable The wniter has examined with-
out suceess sections of a wart winch was known to have been
present for many weeks, and has failed also to find them in the
shin of a guinea-pig seven months after the asbestos fibres had
been introduced nto the cutaneous tissues Dewirtz also does
not make any miention of asbestosis bodies in sections of
warts he examined from the shin of Moscow factory workers
Furthermore, even the lung varies 1n its reaction to asbestos
m different animals. Gardner and Cummings s {1931)
record that the lung of the rabbit apparently offers a much less
favourable environment for the producuon of the bodies
than does the lung of man and of the guinea-mg The rat also
does not produce bodies readily, whilst Schuster 3¢ (1931}
failed to find them 1n the lungs of a dog which had been kept
on factory premises for the purpose of ratting for several years,
though fibrosis of the Iungs was present

The Lungs The tissue reaction to the asbestos fibre 1n the
Iungs depends partly on the nan-absorbable character of the
parucle and partly on s silicate content, There is little
Teucacytic reaction, the celis chiefly concetned being the lin-
ing epithelium of the respiratory bronchioles and the large
macrophage which is the striking feature of the cellular re-
action 1n many of the non-pyogemc pulmeonary discases, The
bronchial epithelial eells do not phagocyte the ashestos fibre
They are simply desquamated 1mto the lumen of the tube as



240 SILICOSIS AND ASBESTOSIS

a mechanical result of the irritant action of the fibre. The
macrophages are 1dentical with the so called ‘dust cells’ of dhe
lung and surround the fibre in an attempt to engulf 1t, Fre-
quently the fibre 15 teo long to be completely engulfed and
looks as though it was sticking into the cell with one end
protruding, hike a pin in a pincushion. Whether this is in all
cases a true statement of facts 15 not quite certain owing to
the lrability of the long asbestos fibre to lie obhquely rather
than 1n one plane. {Figure 12)

In addition to these tissue plagocytes, asbestosts giant cells
and fibroblasts are seen The former are foreign body giant
cells probably resulting from partial degeneration of small
collections of the above-described large phagocytes which have

.

Jp—
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FIGURE 12
1on of lung

t

Asbestosts bodies (low power) m unstamed sec ;

(» §20) (Reproduced from article by W Burton Wood and
D SPage) (Courtesy of Tubercle)
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lost all their enselopes In early lesions, e g. 1n the guinea-pig,
the cytoplasm has a pigmented stippled appearance 1n con-
tradistinetion to the almost structureless look of the tuber-
culosis grant cell. Sometimes the famt outhnes of the de-
generated mdnsdual cells which form ths composite ‘cell’ can
be seen The cell also varies considerably n size according to
the number of phagocytes composing 1t Finally, the nucle: of
the asbestosis giant cell are large and less numerous than those
of the tuberculosis giant cell and have not the same tendency
to be arranged round the periphery The {ibroblast does not
appear to differ in appearance 1n asbestos:s from the fibroblast
of other varieties of pneumocomosis It 15 found around bron-
chioles and alveol, 1n mnterlobular septa and m the sub-
pleural connective tissue  ( Figurc 13 )

The trachea and main bronchi are little affected 1n asbes-
tosis The bodies can be seen on the surface of the eprthelium,
having been carned there by bronchial secretion, and oe-
casionally they may be seen in the mucous or fibrous layer of
the wall of the main bronchus surrounded by phagocytes and
free pigment The writer has not yet seen them actually 1n the
tissues of the trachea In the mntra pulmonary bronchs, from
the pomnt where they enter the lung to the pomt where they
terminate 1n resprratory bronchioles, the most marked change
1s the desquamaton of the epithelinm, and lymg amongst
the desquamated epithehal cells asbestosis bodues, fibres and
loose pigment are frequently to be tound, often plugging the
lumen The basement membrane 15 thickened and the fibro
muscular coat surrounded by a ring of collagenous fibres
The elastic fibres generally remain 1ntact, but in some places
they are found to be contracted together as though definrtely
increased and when ulceration takes place they may be found
in the sputum  Asbestosis bodies may be found in any part of
the wall

Gardner and Cummuings ® (1931 ) hate shown by animal
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FiGuRe 13

The asbestosis giant ccl) showing phagocy ted ashestosis bodses and
fibres (x r200) (Courtesy of Tubercle)

inoculation experiments, however, that the chief site of a5
bestos dust Tocalisation is the respiratory bronchiole. In man.
asbestos fibres, pigment, cellular debris, phagocytes and asbes-
tosis bodies — the Iatter frequently in radially arranged
clumps ——are all to be found choling the ITumina of these
tracts, blocking the narrow alveolar ducts, and filling the 2it
sacs and alveoli. Lastly, around these distal portions of the
bronchial tree and of the alveoli a fine netnork of collagenou
fibres is formed, ultimately producing a generalised reticular
fibrosis which s a distinguishing feature of the disease. When
this diffuse fibrosts has reached an adsanced stage all alveol in
the area may be compressed out of recognition Wholed nod-
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The mterlobular septa may show asbestosis bodies, fibres and
pigment with or without collagenous thickening. In two
cases whorls of connective tissue resembling discrete silicotic
nodules were found by the writer near the point where the
septum joined the pleura — which 1s the pomt at which the
pulmonary deep lympl-vessels in the septum anastomose with
the subpleural lympl-vessels

Histology of other Organs H.L.Stewart, Butcher and Cole
man * (1g31) have found asbestosis bodies in the spleen
The present writer has failed to find them in any of the
abdominal organs, even 1n the walls of the stomach and in
testines where swallowed sputum might conceivably carry the
bodies.

To summarse, the typtcal histological lesions of asbes
tosts ate three . (1) The pourmg out of ldrge macrophages
1nto the most distal portions of the bronchial tree and of the
alveolt to surround and as far as possible phagocyte the mvad-
ing fibres, (=) the formation of the asbestosts giant cell;
(3) 2 generahised reucular fibrosis surrounding the bronchi-
oles, alveolar ducts, alveolt and air sacs, capillartes and V‘Eﬂ'
ules, the interlobular septa and pleura, ultimately resulting
in a complete obliteration of all lung structure. -

COMPLICATIONS AND SCQULLAE
The chief complications and sequelae of pulmonary asbes-

tosts are as follows + —

(a) Purulent bronchutis. .
(b) Bronchopneumonia, which is best seen t'he pasts o
the Iung least affected with the asbestosis This point s prob-
ably of importance because 1t explans why hmnclmpneu;
moma 1s such a fatal disease in asbestosis—1t puts cut ¢

action the last remaiming functioning portions of the lun;]ar
(c) Pulmonary tuberculosis In a series of 100 cases P‘-[,e.
lished by Burton Wood ¥ (1934) and the writer, actl¥
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cally the squamous carcinoma appeared to advance :\l.ong the
mucosa of the small bronchi, pushing aside the pigment,
asbestos fibres and asbestosts bodies as 1t grew, whilst in the
1 case of oat cell carcinoma observed, the tumour grew ont
wards from a centre in a compact mass without any tendency
to confine tself to prolongation along and infiltration of the
bronchial mucosa, (%) death occurred in 4 of the cases
whlst the growth was still small (i.e. not more than 1 to
114 1nches in diameter.)

CuiNicar PATHOLOGY AND PosT-MoRTEN EXAMINATION

Laboratory mvestigations of silicosis and asbestosis have
been few. The following is a bricf summary, and the reader
is referred to text books on biochemistry for the more detailed
account of silica estimations.

Sputum Patients usually produce very little sputum until
the late stages of the disease when the material expectorated
is often the product of intercurrent bronchitis and, owing to
the excess of mucus, may be of small value, The sputum of
ashestosis is more likely to yield helpful information than
that of silicosts by reason of the asbestosis body.

Asbestosis The sputum is generally thick and mucoid —~
frequently so thick that 1t resembles semi-coagulated egg
albumin. In the latest stages small nummules of pus appear
The asbestosis body may occasionally be found by examina-
tion of a direct smear, but as 2 rule a concentration method
is necessary for its detection. The one in general use is lh:ft
origmally devised by Stewart and Haddow 3! (1929). It is
carried out as follows : — About half an ounce of sputum
is dissolved in an equal quantity of undiluted formalut, cen-
trifuged, the deposit washed and examined microscopically-
This may be done by drying and fixing a direct smear of the
deposit { which need not be stained ) or by mounting a small
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tion of polymorphonuclear cells in the differential count was
increased, when compared with the figures obtained in simple
stlicoss.

King and Stantial 40 (1933 ) record metliods of estimating
the silica in the blood by a micio-determination technique of
analysis developed from those used by chemusts in estimating
small quantities of silicic acid in various natural waters
Briefly thus conststs in the reduction of a yellow silicomalybdic
acid complex to give a blue colour with aminonaphthol-
sulphonic acid, a blue colour being more accurately matched
with a colarimeter than a'yellow. The methods are too long
and complicated for abstraction here and the original papers
should be consulted. Both soluble and total silica are e
amined, the former with 2 ¢c and the latter with 5 cc blood.
The authors state that there appears to be an absence of any
msoluble particulate silica and of any orgamc compound of
sthicon in the blood so that the figures for soluble and total
silica are approximately equal.

Urine. King and Stantial 0 have also applied the above
methods to the estimation of stlica in small quantities of
unine, 1z, § ¢ :

Silica 1s 2 natural constituent of antmal tissucs and the de-
ductions which can safelv be made in cases of silicosts call
for a good deal of experience. King and Dolan # (1931)
found that stlica which was absotbed from the lung or ozllﬂé
parts of the body into the blood stream was rapidly excrete
in the urne, The elimmation of silica in the sputum w35
tugher than 1n persons having no silica exposure Ancm]:S
made to nfluence the absorption of silica from the Iungs' Y
the administration of alkali were inconclusive Comparind
the blood silica content of nonssilicotic and silicotic persotis

(all of whom had tuherculosis ) King and Dolan were llel::l‘
able to detect any signuficant differences The results obtain “
by these workers accord with those obtained with numerd
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other brochemical substances mn disexse There appeats to he
~ ‘tssue threshold” which enabiles the body to mamtan the
constituents of the blood on a Litly even keel unnl the last
stages of disease Brochemual imvestigations, therefore, 1 the
present stage of our knowledge do not hetp the chniaanvary
greatly in assessing the functional capacity of the siicotic ot
asbestotic Jung, though they are msaluable my all resench
nork on the subject

Adutopses. The followmg detads tn the making of post-
moriem examinattons mn these cases have, 1 the writer’s prac-
tice, been found worth attentron

The lungs should be apened in such @ manner that they
can be compared with the joentgenogram and the chest dia-
gram of physical signs made by the physician during hfe. It
wales changs uanecessanly difficult for those who have te
assess compensation claims to find that the Jungs have been
cut to ribbons m all directtons The writer’s pacuce 1s to
place the lungs, with trachea and bronchs attached, on the
opefating table with their posterior surfaces vppermost and
then to male sersal horizontal shices, which can be replaced,
frow the mid-hine of the mediastinuim cutwards to the pleura
1f this aperation can be postponed anul the Jangs have been
hardened m formalin, so much the better

The natmal tendency of the pathologist 15 to reserve the
most duseased portion of the lung tor histological examina-
tion Whilst this 1s in general sound practice, the portton thus
selected is often so altered by fibrosis or tuberculosts thae
satisfactory study 1s difficult The pornon of lang winch,
naked eye, looks least affected by the dsease 1s often the best
for fcroscapy  Here the silicotic nodules mav be found lying
1 the mdst of relatinely healthy tissue and can be examined
readily In cases of doubt a portion of mterbronchal }ymph
gland should alsn be selec ted , 1f there are silicotic nodules
anywhere 1n the speamen they ate most likely to be found
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here. A minimum of three sections should therefore be
chosen, (1) the most typical portion of advanced dsease;
(2} the healtinest looking piece of lung, and (3) an inter-
bronctual lymph gland. If possible (1) and (2) should m
clude pleura, whilst portions of lung representing inter-
mediate stages are also selected as required in difficult cases
The wrter uses a chest diagram similar to those employed by
phiysicians and marks thereon the position of all portions of
lung selected for Iustological study.

Histology. In silicosis where the demonstration of the
whorled nodule 1s all important, a good stamn for the col-
Jagenous fibre 15 essential. No doubt pathologists will differ
on this pownt, but the writer has a strong preference for Van
Gieson’s stan. Reliance on a simple routine haematoxyhin
stain 15 lable to lead one astray, especially in tuberculo-
silicosss. The only safe rule 15 to stamn three sections from each
block of tissue with (1) haematoxylin and 2 good counter
stain for celtular structure, (2 ) a collagenous fibre staun such
as Van Gieson or Malloryand (3) Ziehl Neelson for tubercle
bacilli L
These rules apply with less force to asbestosi%. A warning
may be given, however, with regard to the resistance prop-
erties of the asbestosts body.

In studying the microscopical picture of the different organs
one ervor must be guarded against, viz, the assumption ““J‘
the asbestosis body has been actually formed at the site 1%
which 1t is found Although these bodies probably do not
easily migrate far, if at all, during life from the position m
which they are formed, they are easily moved m dead 1f55“‘:
by various mampulations Moreover, they are highly ffs‘;"’;’
to cleansing, and glassware should be carefully cleanse u’?
concentrated sulphuric acid, In forming an opinion a .
whether an asbestosts body has been actoally {fnrmed \\'h;f‘
it is found lying in the tssues the following points ar¢ help-
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ful: (a) the presence of amorphous brown pigment,
phagocytes and fibrous ussue around, (b) its relation to
surrounding structures ( bronchuole, capillary, etc.) The car-
dinal point 1n the histology 1s the liability of the asbestos fibie
to be held up at the distal end of the respiratory bronchiole.

Silica particles cannot be detected satisfactorily in ordinary
sections mounted 1n Canada balsam and viewed with trans
mitted Iight, With a mounung fluid of lugh spectfic gravity
such as bromobenzene, particles are more readily detected,
but it is only by the use of crossed nicols in a petrological
mucroscope that stlica particles can be demonstrated with any
certainty. Viewed in tlus way the quartz particles stand out
clearly on a dark background For the actual techmque of the
petrological microscope the reader 1s referred to special min-
eralogical textbooks,

Irwin4® (1934) has devised a sumple method of micro-
maneration which enables the observer to detect sihica par-
ticles 1n situ 1n silica nodules 1n sections After removal of the
paratfin from the section ( whrch should not be more than 5
microns thick ) 1 the usual way, the shde 1s heated to 50~
Go0°C After cooling the incimerated section ts mounted 1n
concentrated hydrochloric acid covered with a coverslip and
examined by direct 1llumination for quartz particles A small
furnace 1s needed for the mcneration The microscope shdes
ary a good deal 1n their resistance to the necessary heat and
1 the writer's experience there are a good many casualties it
the way of cracked shdes The ash pattern obtaned with
silicotic nodules by this method 15 characteristie A somewhat
strular techmque has been used by Schutz and Braun
(quoted by Stegmund and Koppenhafer 1935 )

Dark ground rllumnation also has its uses It may be em
ployed wath ad ge to detect the ch 15t2¢ asbestos
fibres 1n wet or dried fibres of sputum and in sections Sreg-
mund and Koppenholer have also used it in silicosis ( quoting
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it as the method of Timms) but the present nriter has lound
s0 many pitfalls that he has discontinued 1t.

Lxtraction of Asbestos and Stlica Particlés from Lung. The
extraction of asbestos fibres and asbestosis bodies from the cut
surface of the lung 1s usually a simple matter, A direct smear
on to a shde o1 a film from the centrifuged deposit of a Jittle
tzsswe Huid winch has heen expressed from the organ is usa-
ally sufficient. In the old stane-mnason’s lung, also, quartz par-
ticles can sometimes be obtained readily by removing a sub-
pleural nodule with the point of a scalpel and compressing 1t
between two shdes.

But in most wstances silica particles are much more diff-
cult to isolate The hest technique is that devised by Jone.sl
(1933 ) for the isolation of sericite fibres and termed by him
‘shuning * Portions of the lung freed from prcsermtxve.bY
prelimmary washing are treated by gradual dlslnttgra{loﬂ
with strong mitric acid over a period of several days. The slime
thns obtamed is diluted about ten times with hot water and
the mixture filtered through No gy Whatman's filter paper

( this is important, since from the ash of many filter papess
munute fibres of cellulose which may cause confuston under
the petrological microscope are detached) After repeated
washings the residue 15 carefully dried (the fumes given o

are mAammable ) and the material ignited in the usual way{i
The light ash 1s removed with a mixture of hrom.ofm’m art

benzene 10 a Sollas separator and the minerals which sink lf;
the bottom are washed with benzene, then alcohol, dried, an¢
mounted on shdes in Canada balsam A petrologiml micro
scope is necessary for the identification of particles

Chemucal Analysis of the Lung. This is done by ¢
assay of the wet or dry asl of the Jung. In both cases it lf
necessary to remove the organic matter first. Jones rem;n
mends the method of wet ashig {as described above for t l:
exarnation of silica particles ) on the ground that dry 2

hemical
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V. EXPERIMENTAL PATHOLOGY

Leroy U Garoner, M D,
DIRECTOR, SARANAC LABORATORY YOR THE STUDY O TUBERCULOSIS

EXPERIMENTAL PNEUMOCONIQSES

It was once maintained that silicosis, the best known form
of pneumoconioss, could not be studied by expertmental
methods for 1t was a chromc disease which took years to
evolve and was commonly complicated by the most chromc
manifestations of an mfection like tuberculosis However,
expertence has demonstiated the fallacy of this contention
With pure silica 1t has been possible not only to reproduce
tsue changes that simulate the lesions of human silicoss
m several shortlived species but to demonstrate that such
changes alter native susceptibility to tuberculous infection
It has been necessary to curtail the essenual factor of tme
but tlus has been largely compensated by exaggerating the
rectprocal factor of dosage While this necessary adjustment
may have produced some distortion of the resultant lestons so
that they are not always 1dentical with those 1n human sih-
cosis, the same kinds ot cells parucipate i the reaction and
the type of tissue change 1s the same. (TFigure 1,a& b) All
of these effects are specific and cannot be produced with non-
siliceous materials On the other hand, the mixed dusts, com
posed of silica and other minerals, which apparently cause
sthicosis 1n different industries have not uniformly exated
comparable reactions 1in antmals In searching for an explana-
tion for kns apparent failures, the experimentor 1s beginning
to discover principles which may be much more rmportant
than hus successful reproduction of silicosis with pure silica
It would now appear that the non-siliceous components ot
a mixed dust are not merely mert diluents of the stlica but
237
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that they exert speafic effects upon the silica esther in the
atmosphere or after it has been nhaled Evidence 1s accumu-
lating from various sources to indicate that some types of
muneral particles may acceleiate the action of sifica on the
tissues ; others may retard st or perfiaps prevent its mnhalauon
from the atmosphere, The conditions governing such modi-
fications have not been defined but the experimental methods
now developed ofter a means of attach Certamnly a silicosts
that develops with unusual rapudity should be capable of
experimental reproduction The lunttations 1imposed by the
span of Iife in small ammals may preclude a complete evalu-
ation of whibnory effects Nevertheless evperiments should
point out principles which govern reaction to various com-
binations of dusts and they may disclose the manner in which
sthea mnjures the ussues

Other forms of pneumoconions have not been studied so
th ghly. The lack of sig degrees of reaction to non-
stliceous dusts has been sufficiently well established to assert
with a reasonable degree of certamty that the pneumocom-
oses of thus class are essentially pigmentations with Iittle or
no effect upon respiratory function Timally, there is the
group of conditions caused by sihicates, which Badham
designated as ’silicatoses’ Only one of thesc, asbestosts,
which may be produced by setveral of the fibrous silicates, 15
generally recogmzed as a disease Its carly mamfestavions
have been reproduced i ammals but the esolution of 1ts
more advanced phases still anaus demonstration The evi-
dence of other forms of sihicatosts 15 largely roentgeno-
graphic. Experimental studies with this group of mumerals
have thus far yielded nothung to support a belief 1 their
c@pacity to provoke progressive fibrosis

The basic facts that have already been discovered m an
intensive study of man 1n various dusty environments and
the rebable methods of procedure now m passesston of the
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experimentor offer hope that in time he may be able to
answer the peiplexing questions that still enshroud the re-
action to all hinds ot inhaled dusts.

With these general considerations in mind the achieve-
ments of the expertmental pathologist can now be examimed
Much of his work rematns to be done ; some of 1t will have
to be repeated because of the discovery of certan pitfalls of
swhich he was not aware n his earlier efforts But many of
his observations are undoubtedly sound and can be used as
the basis for further mvestigation.

EXPERIMENTAL METHODS

The expertmentalist has a variety of metliods at his com-
mand. Obviously the most satisfactory way to study the effect
of tnhaled dust 1s to make animals inhale 1t This Pmced\}rc
1s expenstve, time-consumung and requires very special equip-
ment but it constitutes the only means by which the effect
upon the lungs of atmospheric suspensions of dusts or mr¥-
tures of dusts can be determined. It permits mvesggnuon of
the physical properties of such dusts as they exist i the
atmosphere. It allows the protective mechantsms of the uppdﬂ
respiratory tract to come into play and to admit or exclude
the different components of a dust from the Jungs It per-
mits the foreign particles to accurnulate slowly and wlthqu;
gross trauma to the tissues and it does not mtel:fere wit
the natural mechanisms of elimination. In fact the inhalation
methad 15 the only one to demonstrate decisively whe'!h.cf a
given hind of dust suspended in the atmosphere will injure
the lungs

All other methods merely ndicate whet
certain composition are capable of producing reactio o
tissues, They are most useful in eluminating the subsmned
which are not irritating and which consequently do m[nn:)us
further mvestigation. Based upon the infection of aque

fer particles ofa
n in the
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or saline suspensions of particles, they have the advantage ot
Leing easy to perlorm, of 1equirng no special apparatus and
of producing results in relatnely shoit pertods of nme. All
of them are subject to the one fundamental objection that
they test the action of an aqueous rather than an air-borne
suspension of particles and 1t 1s now known that the prop-
erties of such suspensions are not necessarily identical With
proper precantions tlhs objection may not be particularly
serjous as long as pure substances are being tested In dealing
with mintures of harmful and bemgn minerals exclusive re-
liance upon injection techniques may lead to false conclu-
sions Many of the proposed procedures are also unsatisfac-
tory because such overwhelming doses of the substance under
myvestigation are mnjected that confusing non-speatfic mflam-
matory 1eactions are produced This 15 particularly true
when the parttcles are introduced directly mnto the organ
where their effects are to be observed In most nstances the
test organ 1s not the lung but this 1s probably of no moment
for expenience has demonstiated that free sihica and all non
siliceous wminerals particulate form have the same effect
upon connectrve tissues regardless of the organ in which
they are located Apparent exceplions are the fibrous sili-
cates known collectively as asbestos, which seem to exert
therr specific action only 1n the Jungs In spite of these ob-
Jecuons, injection methods have their place and the ones
which aie techmically satisfactory have contributed materially
1o the solution of the pneumoceniosis problem

One injecuon test, ( Gardner and Cummings’ 1933) ! 1n
the writer's opinion obsiates the non speafic effects that
have been mentioned and results n localization of particles
by physiological mechantsms It ts based upon repeated -
travenous injections of small fractional doses of particles
suspended i physiologic salt solution Full grown rabbuts
are mjected by ear vein with one gram of particles, 1 to 3
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mucrons m diameter, administered in 2o doses over # period
of sinty days.* Particles introduced by this method are re-
tamed in the capillary systems of vartous organs long exough
to be phagocytosed, Most of those of the standard size
adopted for thus test pass through the vessels of the lung and
come to rest 1n the sinuses of the spleen and the sinusouds of
the liver. A few lodge m the capillaries of the bone martow
but practically none remain in the renal vessels. The mobnle
phagocytes then transport them mto the connective tissues
where they either 1eman 1 masses or enter the lymphatics
and are carned to regional lymphord ussues. Whereser 2
sufficient number of partcles is thus collected one expects to
discover evidence of the reaction chaacteristic of the ma-
tertal If uncombined silica has been 1njected 2 progressne
fibrosis occurs whtch becomes visible to the naked eye within
three months and continues to progress throughout the hfe
of the animal ( Figure 2,4, b, ¢, d, ¢, f.) Allsilicates and all
non-stliceous particles that have thus far been tested hate
provoked such slight amounts of chronic inflammation within

eter 15
* A sufficient [t ricles between 1 and § microns 10 dun
A suffient quantity of part 3 g are wished

prepared by clutriation 1 water or other smtable fluid The:

gradually worked mto @ umdorm swspenion, adding more AIUpS Ut v
saline solution as necessary It may requue scyeral hours to work WP it
fall gram of particles but when finished onc has 2 chint watery Pise o,
no clumps and all of the particles wetted For routme purpeses €00
salt solonion 13 added to bring the final suspcnsion up to ¢ pCr cent Siengih
Suspensions of relauvely wnsoluble dust are agam sterilized 10 an‘nﬂw e
Tests with pure quarlz have domonstraced that such zu-axmr;e oriaed
metesse 113 trmtating properties, More soluble dusts have o bf TR
diy ana suspended smmediately belore foyection Jayection of 5 <€ €20t {0
made every three days into the ear vews of Full grown rabbid B o/
tull dene of 1 vram has been introduced To protect the ear veins S0

' 1 .
the last 1njection and the others six, fwelve and tweaty lul s
after
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pertods of one and two years that mmcroscopic sections must
be used to detect it. (TFigure 3,4, b, ¢, d, e )

Many other injection methods are being used with con-
siderable suceess 1n spite of then objectionable features For
example, the intraperitoneal techmeque of Sayers and Mitler
{1931) will gue gross evidence of reaction to iree silica
withan a few weehs or montlis The procedure 15 simple and
requires no special apparatus One or two ¢c of a 10 per cent
saline suspenston ot dust particles that will pass a 350 mesh
screen are hjected directly ate the abdonunal cavity of a
gusnea prg. Particles slowly soluble in water provoke 2 tiaust-
tory reaction winch later disappears, leaving no trace of the
dust or the cellular changes. Full doses ol more soluble sub
stances like sodium sthicate and dolomute are apt to Ll the
ammal immedrately becanse of their strong alkahniy , but
smaller quantitres may be tolerated. Insoluble dusts produce
a munmmal amount of inflammation which does not increase
with the elapse of time and the myected particles veman m
the tissues for an indefimte period Free stlica eathier alone or
i assocration with other materials causes progresswe pro-
hferatron resulung tn the formation of fibrous nodules sev-
eral centimeters in diameter alter stx to erght months, The
silicates produce nothing hike the reaction to free sshea,
some of the hydrous forms are rapable of causing necrosis
or death of the tussues but such reaction 1s of mucroscopic
proportions and it has not been followed by sigmificant
amounts of filnosis

Qu the basss of ther expertence with thus test Muller and
Sayers classtfied the actvaty of dusts as prohferatne, absorp-
tive or mert The only cause of proliderative reaction which
they or other inuestigators have discotered s free sthea The
slowly soluble cormpounds of calcium are generally classified
asabsorptive. The mert nunerals include most of the silicates
and 2 wide range of msolnble non-siliceous substances It has
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zone of ulceration develops so that the area resembles 2
strongly positive tuberculin reaction. Comparable mjection
of non-iliceous particles causes only a transitory swelling
and redness which quickly subsides leaving 2 central spot of
pigment 1f the particles are colored. Unfortunately some of
the silicate dusts also produce rapid inflammation and 1t has
not always been possible to differentiate them from reactions
to free silica.

A wide choice of animal species 15 open to the expen-
mentor and he can select one adapted to his purpose by rea-
sont of anatomic pecularities White rats of strams that are
resistant to pulmonary infection make excellent subjects for
dust inhalation experiments as their lungs develop nodntar
fibrosis during a six to erght month exposure to pure silica
These lestons more nearly resemble the silicotic nodules of
human bengs than any yet observed in other ammals (Fig-
ure T @, b) But the white rat is naturally resistant to
tuberculous nfection and hetle 1s known of the cause of 1ts
rmmunity, Guinea pigs, on the other hand, develop 2 modi-
fied type of silicotic nodulation at a somewhat sloner rae;
the reaction 1s spectfic for silica but it bears less resemblance
to the human lesions (See Figure 5-¢) Howeser, guned
pigs are susceptible to tuberculosis and so mUCh‘ 15 knownt
about their response ta this infection that they are invaluable
agents Rabbuts of certan breeds react reacily to nhated
sibca and develop nodular fibrosis. Such nodules tend to
undergo necrosts with subsequent calcification, a change e
countered n certain human beings who are apparently free
from 1nfection The rabbut’s large, superficial ear vetis
makes it the anumal of chotwce for intravenous injecuonf
(Figutes 2 ¢ to 2 f) This species s extremely S“SCQP“E
ble to tubercle bacillr of bavine type but less so to those O
human ongmn In rabbits alterations of native S“sccp“hﬂ(l:()('
mduced by coexistent silicosis have been well demonstra
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selves 1n a single row beneath the surface membrane Over-
loaded cells are apparently paralyzed for they generally re-
mam at the site where they develop, The smaller cells which
happen to have ingested fewer particles exhibit their custom-
ary amoeboid activity and they arc chuefly responsible for
the accumulation of particles in the stroma and lymph nodes.
In the case of nonsiliceons substances they may pile up
enough parucles to produce gross pigmentation but this 15
assoctated with the most insignificant changes in the fixed
tissues. There may be small accumulations of lymphoid cells
and perhaps a proliferation of a few fibroblasts. Once formed
such reaction does not progress or at least no progression has
been abserved over a two year period. While the histologist
mught be justified in describing this picture 2s 2 CE]I\TLN
fibrosis 1t is far too slight to be detected by gross 1nspection
or palpation 3
The manifestations of such reaction in the lisers of Tabbits
mjected intravenously consist of isolated smononuclear and

ocytes scattered through the sinusoids and col

iant phag
p i bout the biie

lected 1n small masses m the connective tissue al
ducts. (Figure 3, a, b, ¢, d, e.) A few Jymphocytes may
mfiltrate the latter area The picture is essentially tI\e.sa.mt
whether observed immediately after completing the injec:
tions or two years later The spleens of such ammals usu;ll]y
show more phagocytes and larger grant cells, most of which
rematn 10 the sinuses and cause little or no reaction 30 the
fixed tissues. 4
The result is the same whether the foreign bofl?’ 15 lm}:
and msoluble ( eg. diamond, aluminum oxide, 311[[011., the
carbide of silicon, rutile ) or softer (eg. coal, l{ﬂﬂ oxide)
or slowly soluble {eg gypsum, marble, calcit.e, hmeswnef>'
With the latter substances the cells tend to dis2ppear as]l‘\l:
particles dissolve Still more readily soluble materials "1 :
dolomute are toxic because of the rapid change in hydroger
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tities may of themselves cast shadows on the film must be
explored further This idea was once entertained and dis-
carded but Enzer s (1937) has now demonstrated that the
apparent nodulatton of electric arc welders ts probably due
to aggregates of very fine mineral particles in the lungs with
no assocrated fibrosis. His observation necessitates further mn-
vestigation of the subject to determine whether other dusts
may not have stmilar effects. Proof of such properttes would
account for many of the shadows seen in the roentgenograms
of silicate warkers and would be more in keeping with the
experimental observations to be reported n the followng
section.

To test the capacity of every known silicate to produce re-
action m animals would involve a tremendous amount of
labor and would serve no useful purpose for many of these
minerals are of no mndustrial importance. The group of 24
silicates on page 273 has been chosen to include vatieues
used 1n mdustry and ones Tepresentative of important mun-
eralogic classes, ( Figures 3a-3¢)

The specimens for this study were supplied by Professor
Esper S. Larsen of the Department of Geology at Harvard
Umiversity Exther he or Dr, Alton Gabriel of the USS. Bu-
reau of Munes analysed them petrographically and their
chemical compositron was determined at the author's labora-
tory Tle rocks were pulverized mn an iron mortar and then
ground 1n steel ball mulls until all of the pamc]es were §
microns or less in diameter Wherever possible the S”"dmg
was done dry but 1n some instances it was necessary to ad
water or petroleum ether. To make certam that the C‘;Jﬂ:_
position of the different minerals had m?t been alxer.ed val:l
mg this treatment the panicles were again nnnlysex!llg v T
ous ways Petrograplic examination s0 hequently faile (“b .
material of this size that this procedure was nb:mdonf(l ';I!
chemical analysis was always done. A few munerals whi
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Itke masses. Dr. William F. Bale of the University of Roches-
ter very kindly compared the roentgen-ray diffraction pat-
terns of untreated and treated ashestos and reported that
there had been no change. It was therefore concluded that
the treatment with water had not altered the molecular
structure, This test was not used for the other minerals.

Suspenstons of all of these silicates in physiologic salt
solutton were injected intravenously into rabbits and intra-
peritaneatly mto guinen pigs in the doses already mentioned.
The study has not been completed but as noted in the above
table the effects of 8 of the minerals have been follawed for
a year or more and 8 others, for at least four months. Most
of the remamng ones have been injected but only a few
animals ot cach series have been Ailled.

Within the period of obsenvation no rabbit successfully
mjected with any of these silicates has shown evidence of
connectne tissue proliferation, Intraperitoneal tests ot
guinea pigs wiuch concentrate much larger quantities of par-
ticles in localized areas have confirmed these observations
Two of the silicates hase thus far proved difficult to ifucct in-
travenously. Glauconite particles agglutinate sapidly in ﬂ'q'lf'
ous suspensions and tend to cause thrombi in the rabhits’ ear
veins, None of the ammals could be given more than 0.4 m
of thss substance for after g injections all of the larger &7
veins had been thrombosed. Chrysotile asbestos kalled 8 m})-
bits either tmmediately or within twenty four hours. agm;l
probably because of its tendency to agglutinate m water. Al
though no thrombi could be found in the cerebr;}l or athey
vessels it 13 beheved that s action was smechanical rather
than chemical because serpentine, which has the sime chem‘:
cal composition was tolexated readily. Furthermare, ;IHU:
peritoneal injection of chrysotile caused no untonard € .nor
Incidentally the latter has failed fo cause ru.her fibrosts )
the formation of asbestosis bodies in guinea pigs- Mjer an
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Sayers (1934 ) * had the same experience on injecting chryso-
tile mntraperttoneally and were forced to classify asbestos as
an ‘mert’ puneral, It 1s still possible that fibrosis may de-
velop later for none appeared until the sixteenth month m
gwnea pigs mnhaling this substance However, this outcome
is not anticipated 1n view of the excessive doses adminustered
by the injections under discussion,

While evidence of fibrosis has invanably been lacking 1t
cannot be mamtained that all of the silicates have been ab-
solutely mert, A rabbit has just been killed two years after
travenous mjection ot feldspar. The partiles have local-
tzed to produce pigmentation of sufficient intensity to be
visible grossly as a network of fine, yellow lines about each
lobule Microscopically the picture 1s essentally the same
as the one at twelve months, shown in (Figure <) The
only change has been a further concentration of phagocytes
in the portal areas Another rabbit has died of an acute
broncho-pneumonia approximately two years after a similar
imjection of talc particles. In this case the cellular reactron
is much more advanced than that at the last sampling period
About the portal collections of phagocytes there 15 a well
marked infiltration with lymphocytes The collections of
mononuclear cells 1n the ids show active prol 10n
and 1 many of them there 15 necrosis with an nfiltration of
polynuclear leucocytes ( See Figure 3-¢) The possibility
that some of the reactton m the liver 1s secondary to the
acute mfection 1n the lungs cannot be excluded
«+ Another unusual finding has occurred 1n amimals myjected
with fibrous sericite The sample selected by the petrogra-
phers as the most likely counterpart of the varety that
Jones ¢ (1933) described as the cause of silicosss has had
an effect upon the phagocytes which is unique among sih-
cates Like free silica m the spleen, 1t has produced epitheli-
od changes in the monocytes and caused the formation of
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glant cells of the Langhan's rather than the simple foresgn
body type. No other silicate has'acted in this manner; the
fat scaly sericite and the feldspar ptoduced cells that were
mdistinguishable trom those called out by inert nonssiliceous
nunerals. The exact signficance of tlus cellnlar change is not
understood but there 15 nothing to indicate yet that it is 2
preluninary step in the formation of fibrosis as Drmker,
Field and Drinker? (1934) suggested The last rabbit m
jected with fibrous sericite died of a chrontc abscess of the
right Jung after twenty-one months. The capsule of the dome
of the Iier mmmediately beneath the abscess was thick and
fibrous but 1n the other portions of this organ and m the
spleen and lymph nodes the reaction was essentially the
same as that 1 the preceeding members of the series If this
siligate were capable of causing fibrosis such reaction would
be expected 1n the presence of chronic infection

One other effect has been observed which might be of
some significance. Anthophyllite, both types of sericite, amos-
ite, chrysotile and glauconste have caused a Jimited amount
of necrosis when 1njected intraperitoneally into guinea pig
Such reaction has always involved only small pumbers of
cells m the centres of masses of pliagocytes bue 1t has o>
curred 1n all aptmals injected with these substances. It has
persisted without change for at least a year and has ne
been replaced by calcification In no instance has there been
any suggestion of fibrosis at 1ts margin. It is nteresting 1o
note that three of these substances have a fibrous szruclur:
and that all but anthophyllite belong to the hydrous grU“P;€
silicates Such changes may be entirely non-speafic but [ <
fact that they occurred in every amumal in each series 3}‘_
under conditions where non-spectfic pressure effects are Wi
1mal malkes it necessary to mention them ale

Intratesticular mjections of garnet, rhrysugle asbestos, ;1»
and feldspar have caused flammatory reaction whose sev

ver
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1ty has increased 10 the order named but for Teasons stated
above the sxgmﬁcnntc of such findimgs 13 ¢ oubtful Possibly
the more marhed responses 10 tale and geldspar WY pe mdic
ame of spcc\ﬁc Jrranng p(o‘lc(ucs Put 1t s the case
the effects are only pro(\\\ncd by oo e toeal coneentrd”

ns
50 much space would 1ot have beett giwven 10 yeporun®
incomplete obserations ad nOt Professors 2iscoe and

e
Vanous for™s of free qlica bave been subjected 1© the

same methods of testind “This phas® of the study 18 more
nearly wmp\e\ed, althoug! cer! ortant tyPe® pave sull
to be mv estigaLe followins 1es have been under

observauon for at 1cas! a year & et jection nto both rab-
nts and guined pigs
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Cryplocrystatline

Crystaltine Silica Silica
Normal Quartz Chalcedony
Trnlymue Trpol:

(23% cristobalite ) (Seneca,Mo, )
Cristolalite

Vitreous Silica

Amorphous Sdica

Colloidal Sihice Acd
Sihca Gel {1655 H0)

Opat (417 H0)
Duatomute (765 H0)

The three conversion forms of quartz, tridymite, cristobs-
Iite and vitreous silica were prepared synthetically by Dr.L
H. Milligan of the Norton Company. It should be noted that
the tridymute 1s not pure but contains about 25 per cent of
eristobalite. The amorphous silica in the gel plase is 2 com-
mercial product of high purity containing o.033 per cent of
Fe,Og and 0 00005 per cent MnO as contaminants. it was
made from sodium silicate, By petrographic analysis the wl-
ground dratomute was found to contain about 10 per cent of
quartz but practically all of 1t was removed by elutriation of
the ground matenial m water. All of the other substances
were pure materials,

All of the crystalline and cryptocrystaflne varietres of fre¢
sthica have provoked a progressive fibrosis m both rabbits anfi
guinea pigs Intravenous injection into rabbits causes a sl
cotic. currhosis of the hiver and spleen with replacemen} of
more and more functional tissue by hyaline fibrosis Coinc-
dent regeneration of liver cells 1s sufficently active to main-
tain hepatic function and life. One year after completing th‘;
injection of 1 gram of 1 to 3 micron particles whole lobes
the liver are reduced to exceedingly hard, white leathﬂ%
scar, while regeneration has produced irregular Jobules of
new glandular ussue at the periphery. The spleen btt'tﬂﬂ’f3
Iarge, pale, smooth and exceedingly hard. MlcmSCOP.lC S;CS
tions may reveal no trace of normal structure. Both in thr

. i i ich ate
and in the liver there is a diffuse fibrosis in which

organ
; les of lammated by

embedded characteristic stlicotic nodul
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Yine fibres. Many of the latter have necrotic or calafied <o
ters The only pormal elements left n the ar
fiver are pile ducts and blood cessels. (187

and new cells quickly wander e he area © take UpP the
matenial thus iberated- Repetttto™ ot thts process results 11
an excess Of cells Now the number of pamc\es per cell 15 RO
jonger O great that the hagocytes are Tatled they are

‘cpu\\e\lmd' changes chat occur 1™ ubercle formation ane
produce grant cells of the Langhan's ype These modihd
nons have never been © sserved with any other mumeral >
cept fibrous senicite- Asa further evidence of yrrtauon the
mulated cells move with ouswal rapidity They cotlect m
ompact nodules it the orga® fuyst 0% olved and they migLate
e rapidly 1wt the nearest ympht node Sueh action O™
centrates wrntattng silica 10 contact with the connective us
sues These clements are n thet rmn affected and underE?
primary necrosts followed by pro\\(er.mou o the hvet the
P“!nch\'malous cells are aled with an invasion of po\ym\-
clear lencocytes: The destroyed areas are€ uichly 1€ aced by
prohiferaing connective assue. A Asffuse obliterating fibrosts
results from the sithca which remains scm:rcd , nodula® -
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brosis develops about collections of silica brought to the
portal areas by stunulated phagocytes,

The picture that has been described has been produced
repeatedly by injecting 1 gram of silica particles, 1 to 3
microns in diameter. A further mvestigation of the effect of
dosage has demonstrated several, points of interest, As hutle
as 0.1 gram will cause nearly as much reaction but in twice
the time. Even 0 05 gram produces microscopic reactions but
gross evidences of disease are only barely apparent after tvo
years. When the dose 15 reduced to 001 gram the lwver de-
velops no lesion but the hepatic lymph node, which receives
the dramnage of this organ is completely destroyed and re
placed by silicotic fibrosis, The lymphatics are capable of
completely elimtnating such small amounts of 1mtant so
that the viscus escapes. ‘The spleen, on the other hand, %ms
no extravisceral lymphoud tissue, Most of the particles which
lodge 1n 1ts sinuses remain there and as a consequence €ien
the minimal dose provokes a certain amount of nodular
fibrosts, .

Intravenous njectton of too great a quantity of particulate
sihica 1s toxic and causes a reaction stmulating that from col-
toidal silicic acid Rabhbuts will not tolerate more than 005
gram of silica mn 1 per cent suspension at a single time If one
attempts to introduce o 1 gram the animals dic very promptly
with acute symptoms of intoxication. They shiver, gasp: r!m
about 1n an excited manner and fall dead within a few mi
utes Autopsy reveals an mtense engorgement of the splanch-
nc vessels and perhaps petechial hemorrhages mto the sero}ls
membranes. In guinea pigs a single dose of ooz gram i
jected into the heart generally has the same effect The agf
of the suspension does not influence its activity ; fresh PYCX;JC
rations are just as potent as ones which have been kept in !;f
refgerator for several months Comparable SUS_P""S“’"; re
non-siliceous particles have no such effect. 1t is therélo
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nferred that ™ stenizing the suspension® enought solnuon

has accurred tO yiberate S 1A molecules: part of which 2%

sume 2 cottordad form

The siz¢ of the sthe? pamc\e has 2 marhed nfluence upon
0 £ the pesults ths far duscussed have

and witreous shca The ammals have gencm\h died before
2t a gram or even less could be m\ec‘ed

ension 1N water should APP amate josdal s
a0d used bY Gye and wmdy ¢ cent suspensmns yy weight

were freshly ‘“c‘mrc\\ Lefore cacht pectiont The 1abints
olerated the material without s)l\\pl(m\s a0 of the ve-
mamed well and & ete falled at II\KC\'\:\\S Ammsg 2 Lear Only
1he last ammal showed g0 evidenee of dusease which ot
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sisted of small localized areas of fibrosis in the liver Micro
scopically there were shght traces of silicotic reaction in all
other members of the series. Apparently the particles were
so extremely small that most of them passed through the
various capillary beds and were excicted 1 the urine. Colon
metric analyses of the latter in two animals yreld high values.
2717 and 32.95 mg per 100 cc. Only a very few particles
remained in the organs to produce disease after a year's
ume,

Guinea pigs injected intraperitoneally with 10 per cent
suspensions of the same forms of free silica particles develop
hard white nodules, 2 to § cm. in diameter 1n the ommsum
and other subperitoneal tissues The centres of these lesions
are at first soft and necrotic but after a year many hase cala-
fied. The retro-sternal and hepatic Ilymph nodes are enlarged
and show varying grades of silicotic reaction. The mesenteni
nodes ordinarily escape. .

Astde from the experience with this nnusual material just
described the experiments have demonstrated conclusively
that the intensity of tissue teaction to stlica ts nversely pro-
portional to the sise of the parucles The amount of sur.face
exposed to the action of the fluids and cells is llu? abvious
explanation A gram of particles less than 1 micron in 'dnmc;
ter presents infinitely more surface than the same weiglit @
10 to 12 micron partticles.

While all of the forms of crystalline and ¢:rypl0'3r)'m"mc
silica mentioned above produce reactions of t.lus type xher]e
are appreciable variations m the rate and severity with which
they act The tridymite has been outstanding. ( Flgurf’H[ )
It 1s extremely irrstating and has Ailled most of the nmmH:
prematurely In two different series of rabbits the mﬂ‘k
mum period of surviral was eighty days and many “m:':n
died before the injecuions were completed All shuu:t o
acute hepatitis with an associated replacement fibrosis,



EXPERIMENTAL PATHOLOGY 283

fuse rather than nodular 1 type The guinea pigs tested with
this substance have also suffered an excesstve mortahty al-
though repeated attempts finally produced one animal which
survived to be killed after exght months At autopsy its per
toneat cavity showed extremely large fibrous nodules with
calcified centers Cristobalite was not as 1rritating but caused
a more rapid reaction than quartz. the fibrosis was always
diffuse rather than nodular in type Next in order are prob-
ably the cryptocrystalline varieties, chalcedony and tripoli,
(Figure 2~d) although m some of the tests they caused
no more reaction than quartz Vitreous siica 1s about as
potent as normal quartz. In the order of the intensity of re-
action produced, these different silicas might be arranged as
follows  tnidymite, cristobalite, chaleedony and tripok, nor-
mal quariz and vitreous silica
The amorphous silicas have yielded surprismg results

Diatomtte ( Figure 2—f) caused as much and as rapidly
progressive, nodular fibrosis as chalcedony While this sub

stance may have been contamnated with a mnute amount
of quartz, 1t seems hardly likely that this was the cause of the
Teaction for other muxtures contamming much more quart/
have not had a similar effect Amorpbous sithica ( See Figuie
2-¢} 2s opal excited much less reaction , the nodular lesions
remaned cellular 1 type and only a lumted amount of
diffuse fibrosis des eloped Two years after completing the in

lections there was definitely less reaction than after one year

Amorphouns sitica prepared artsficially by powdering the gel
precipitated from collowdal stlica was no more potent than
fibrous sericute. Tt produced epitheliond changes m the mono-
cytes and giant cells of the Langhan’s type but no fibrosis
developed 1 one year's ttme The action of colloidal silicic
acid in the dispersed phase was thoroughly mvestigated by

Gye and Purdy 10 (1922, 1924) These authors described m
detail the tovc effects upon the liver, spleen and lidney of
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rabbits An illustration m their paper shows stimulated en-
dothelial cells and the formation of giant cells With re.
peated doses of small amounts of collowdal silica they pro-
duced a diffuse fibrosis of the liver and spleen,

The results obtained with these different forms of amor-
phous sihca are perplening and difficult to explain on any basts
yet proposed Perhaps no attempt should be made to explain
them until more observations have been made. A study is
contemplated with a series of silicic acid gels which contain
varying amounts of combined water, Possibly this may yield
information of value but 1t seems hardly probable for the
active silicic acid in dispersed colloidal form contains the
same amount of water as the mactive substance in the gel
phase Perhaps the capacity to take up more water may be
of more significance If the very marked response obtamed
with diatomite can be accepted at face value any explanation
based upon water content falls. Mr. E.W. Thompson
(1937) in commenting upon this finding has suggested that
the unexpected activity might be due to the tremendous sur-
face created by the presence of countless, minute holes perfo-
rating the shells of the diatomes of which this mineral 15
composed But 1f this were true 1t would seem as 1f at least
some reaction should have occurred from the silica gel

The possibility of “aging” of silica with consequent loss of
rmitating properties has received some credence recently, Pro-
fessor Brammall adopted Heffernan’s? suggestion (1935)
that freshly fractured particles may be more acuse b&c:ll}ie
of unsatisfied osygen atoms which are free to combine with
bases 1n the body flmds, This theory assumes that blastng
or grindmg actually distupts the silica molecules, an effect
which as yet awats proof. In the aging process it 1s nssu!ned
that the oxygen atoms on the surface of the fractured SI‘I.CQ
combine with water or with bases and are thus rendered in-
capable of reacting with the tissues On the baus of thus hy-
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pothesis Denny, Robson and Irwin 13 {1937 ) exposed rabbuts
to silica actually fractured in the dusting chamber by grind-
ing quarts pebbles i quartz hned mills Their animals de-
veloped cellular silicotsc nodules of the lungs after an expo-
sure of only s1x months The writer has never tried thus type
of expersment. With the commeraially ground silica used 1n
lus laboratory a mummum of eighteen months has been re-
quired to produce the same results The rate of development
of the lesions was essentially the same whether the exposures
wete continued for the full period or whether the animals
were exposed for six months and then set aside 1t a normal
atmosphere for a peried of one year But one cannot be too
certain that these apparent differences are altogether due to
the character of the stlica dust. The daily exposure of sixteen
hours was twice that used by the author tn his own nhala-
tton experiments with rabbits Furthermore 1t 1s not too cer-
tan that the ton of phenic dust employed
by Denny, Robson and Irwin may not have been partially
responsible for the rapidity of reaction While they report
Lonimeter counts of 4000 to 8000 particles per cubic foot of
air, 1t 1s not altogether justifiable to conclude that these
figures are equivalent to 112,000,000 and 224,000,000 particles
per cubic foot of air, the results obtained by mathematical
converston Expertence ts indicating that each type of dust
counting instrument has 1ts own standard and that the re-
sults obtammed with one of them are not comvertible nto
counts or weights secured by other methods This would
seem to be particularly true where hugh concentrations are
molved It 15 felt that judgment on the effect of freshly
fractured silica should be reserved untl ammals can be ex-
posed under comparable conditions to the same dust before
and after it has been allowed to age

Whtle 1t 1s granted that freshly fractured siica may be
more potent than that which has aged for some time the
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writer 15 positive that the aging process is not a progressive
one. For hiy dust inhalation experuments he has been in the
habit of purchasing both chalcedony and normal quartz in
lots of two tons from commercial sources These materials
are recewved 1n 200 pound paper sacks and stored in a rea-
sonably dry building but subject to marked variattons in
atmospheric humdity, The last supply purchased in 1932 has
been used for many different experiments started from time
to time during the subsequent years. As far as can be detet-
muned silicosis has developed just as rapidly in animals which
began to inhale these two dusts in 1936 as it did in others ex-
posed four years previously Likewse stenle suspensions of
stlica particles in phystological sale solution, which are kept
m the retrigerator for many months have nexther increased
nor decreased m capacity to excite reaction in the tissues.
These observations indicate that 1f a loss of potency occurs
1t 1s not complete and that silica remains active even when
suspended m dilute aqueous sodium chloride solution

MixTUrrs OF FRCE SiLicA anp Oriicr MINERALS

The reaction to mistures of free silica and silicate or non-
stliceous particles 1s not governed solely by the amount of
the first substance. Often the adulterating components are
not mere wnert diluents wlich reduce the amount of free
silica avatlable to react upon the tissues Some of them seem
to accelerate and others definttely retard 1ts action. Eriscoe?
{ 1937) and his co workers have shown fl}at the addition of
a variety ot substances to suspensions of silica in the test tube
alters 1ts solubility They have mferred that the rate of re-
action n the body would be cortespondingly altered. Denny,
Robson and Irwin,'s (1937) after making similar observa-
tions, used metalhic alumum to prevent the development
of silicosis m rabbits MacDonald, Piggot and Gilder ™
(1930) and later others have reported cases of rapidly de-
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veloping sthicosis from the inhalatton of mixtures of alkahies
and sihica my the manufacture of soap ponders, McCord,
Flemmung, Ainslce and Jolmston 'S (3936) have published
expenments on gumca pigs mjected mtrapentoneally with
mivtures of sihica and alkalis which seem to show an ac
celerated silicotic reaction. No phase of the problem has been
mvestigated sufficiently to permit generalizauons but the fol-
lowing experiences are iinstratve of nhibutory action
Others will be aited later when the effects of inhaled dust
are discussed.

Before describing the reactions to injections of mixed
dusts it shonld be menuoned that unusual care must be exer-
ased in thewr preparation to prevent alteration in compost-
tion. This 15 likely to happen for the hard quariz compo-
nents will obviously resist grinding longer than softer sub.
stances like 1ron or certan silicates As a consequence the
number of fine free sthaa particles will be comparatively
small unless the grinding 15 continued for prolonged periads
Liutriation in water also alteis the composition of the mived
dusts owing to variations 1n settling rates of different compa-
neats The ouly sausfactory method of treating mixtures 1s
to grind them until none of the particles exceed the desired
masvimum size Cherucal and petrograpluc analyses of the
material before and after grindmg are essenual to make cer-
tamn that there has been no alteration in the different nuner
als ot their percentage composition 1n the mixtures

Tour different mixtures have been mjected into rabbits and
gumea prgs and the reactions have been followed for a suffi-
cient pened o allow an evaluation of thesr potentialities, 5
others are under ohservation. Crude fluorite ore contasning
5716 per cent of CaF;, 31 06 per cent CaCO, and 10 46 per
cent 810, caused a delaved and a typical formm of silicotie re-
action when tested by the guinea ptg and rabbit methods
already descibed  Guinea pigs mjected ntrapernoneally
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stiowed nothing suggesine of siticotic fibrosts in a persod of
thiee hundred days. No specific sica reactions appeared
the rabbus untit the seventh month when the giant cells in
the spleen began to assame characteristics of the Langhan's
type. In the one year ammal there were microscapic foci of
ciffuse fibrosis 1 the portal septa and an early silicotic fibro-
sis with calofication m the hepatic Iymph nodes The last
rabbit of the scries was lalled at the fifteenth month. The
fibross 1 the fiver had advanced to a stage where it was
visible to the naked eye. Microscopic sections revealed a
more extensive diffuse fibrosis without nodule formation and
without the hyaline swelling of collagen seen in typicat sili-
cosis. There was no appreciable necrosis of adjacent liser
cells The hepatic lymph nodes were almost completely re-
placed by byaline sibicotse Joes, many of which bagd neootic
or calcified centers. A control series of rabbits treated with
almost pure finorite parncles ( CaFp 98.9 per cent, 510, 0.08
per cent) developed uo sigmficant changes in the same
pertod of time
This experyment demoustrated that the injecnion of 0.145
gm. of quartz in combmation with 088 gm. of calcium
fluonde and calum carbonate would cause fibrosis but that
the development of thus reaction was delayed and assumed a
typical form only 1n lymph nodes draining the liver where
fymphiauc acuwity had concentrated an unusual famtber ?f
silica particles. As already noted (p. 280) one half this
amouns of shica (005 gm ) not associated mzh~ ather sub-
stances 15 sufficient to produce munch mote fibrosis in anly &
vear’s ume One can only conclude that the caletum ﬂuo}qdc
or the calciom carbonate or both had slowed and modified
the effect of the quartz. The parucles were m the ussues for
they could be seen tnside of grant cells The lauer were
situated in the same Jocanons that they always assume, But
the silica dig not affect the cells for a long time. Incdentally
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Loth of the adulterants are substances which have been sug-
gested as accelerators of the action of sihica, Nicol ¢ (1933)
and later McNally ¥ (1935) postulated that fluorides were
responsible for solution of silica in the body Calaium carbo-
nate 1s one of the alkalis which McCord 13 (1936) found
would accelerate the reaction to silica, The obsenations just
reported are at vartance with their findings

Granite from Barre, Vermont 15 a hatural nuxture con-
taiming about g3 per cent quartz and 66 per cent of the sii-
cates mica and feldspar It has always been slow to cause
stlicosts in human bengs, exposures of fifteen to twenty or
more years bewng frequently reported. Inhalation by guinea
prgs and rabbits has never produced nodular fibrosis within
the usnal period of 2 year or two regardiess of the concentra-
tion employed. ( Fagures 4a & 4 &) To iearn more about its
action 4 groups of rabbits were mnjected ntravenously with
arying doses of gramte particles. The first group received
3.33 grams containing 1 gram of quartz, the second 1 67 grams
or o 5 grams of quartz, the third 1 gram containing 0.9 grams
of quartz and the last o 5 gram or 015 gram of quartz All
members of the first group, mjected with a full gram of
quartz, were kalled during a period of twenty two and a half
months None of them developed gross evidence of fibrosis
although there was enough pigmentation n the portal con
nective tissue to demarcate the lobules In an ammal hiled at
the end of twelve montlis the spleen contamed giant cells of
the Langhan’s type and the liver exhibited occasional minute
foci of monocytic proliferation 1 addition to localized collec-
tions of large dust-filted mant celis. { Ngure 4d) For the
most part, however, the picture resembled that produced by
the inert silicates Tn the last animal of the series, killed after
tuenty two and a balt months, the microscopic foct of pro-
hiferation were appreciably larger, the parenchyma cells ad-
Jcent to them were beginming to degenerate and polyhuclear
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FIGURE 4 See caption on page 291.
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leucocytes had invaded them and the centre of the monaocytic
nodules. (Figure ye) Even at this time the evidences of
activity were localized and 1 most places the reaction had
remained static. Unfortunately there were no survisors n this
group so that 1t nas not possible to determine the fime neces-
sary to produice progressive disease.

Two members of the second group mjected with a dose of
gramte contaning o 5 gram of quartz were not autopsied un-
ul the twenty seventh month when one of them died with
gross evidence of coccidiosts Microscopic esamination of
thrs ammal’s hiver revealed an advanced crrhosis with hya-
hne fibrous nodules and necrosis of the surrounding Iner
cefls In its spleen, however, the reaction was sull n the
giant cell stage with no evidence of fibrosis The companion
animal, with no mfection, presented a picture of moderate
celhlar activity comparable to that produced by twice the
dose after twelve months contact with the tssues

The members of the other two groups injected with doses

FIGURF ¢

Inhalauon of various dusts a Chalcedony, g months exposure
plus { months 1n a normat atmnsphere Domestic Foul Nodules

i
1 .

and gypsum, 25 months Iplm 2 months m a’normal atmosphere
Guinea pig Large dust-hilled plaques imside of thick wallid arr
spaces The nodule in the centre along the lower barder s cel-

yposure plus 24 months m normal atmosphere Guinea pig

igher fi of a fesion resembling that caused by hema
e (figure ge) Shght thidenmg of alveolar walls adjacent to
dust filled plaques inside arr spaces
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amount of pure sitica The fibrosts was confined to the portal
arcas and after a year's time 1t appeared as it an equilibrium
had been reached as necrosis of liner cells was no longer
visible. (Figure 4f) In a series of rabbits injected wrth
2 grams of chert containing approxmately 1 gram of silica
an advanced stage of stdero-sihcosis had developed withmn
cight months , at eighteen months the lesions were more ex-
tenstve and snll progressing The imvolsement was never as
generalized as in animals injected with pure silica, but the
affected areas were quute completely replaced by fibrous tis-
sue Intraperitoneal injections into gumea pigs caused large
stlicotic nodules 1n a year Apparently hematite 1n aqueous
suspension with silica does not retard the action of the latter
to the same degree as the silicates feldspar and mica
gram(e

Dust collected from an air filter located in one of the
Johannesburg gold mines has been studied because of the
general intevest in the disease n this industry The sample
submitted was composed of small particles but they saried so
much in shape and size that they were reground with water
m a porcelam mill until none larger than ¢ mucrons in diam-
cter was left Examined under polartzed light an excessive
number of bulliantly refracule acicular particles was seen
Dr. Gabuel furnished the following estumate of the petro-
gaphic composition “Lssentially quartz and fibrous sericate
with platy muscovite, a trace of feldspar and some opaque
matertal (1lumenite #) as accessory minerals ™

A partial chemical analysis showed gy per cent of frec
silica and 1 4R per cent of combined silica,

Intrasenous mjection of a suspension of the § nucron
particles of this dust produced silicotic fibrosis but at a
stower rate than aither pure silica ot chert After siv months
the ussues were only begmning o exhubit cellular activty
After ginteen months however there was gross evidence of
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fibrosis of moderate severity m the rabbit's spleen and Irver.
Intraperitoneal 1njections nto guinea pigs caused a reaction
of the sthicotic type which had not yet become fibrous in
eight months The findings with this material are of interest
in view of the high content of sericite i the mixture which
should, according to the Jones theory, accelerate the reaction
to quartz If anything this sample of South African mine dust
has caused a slower reaction than might be antcipated.
Other mistures of silica with coal, carbon and iron 1n
varyimng proportions are under investigation but their action
fias been followed for only s1x months, a period too short to
expect any siltcosis to develop Therr presence in a suspen-
sion of fine sthica particles prevents the development of acute
symptoms on intravenous njection. The action of gypsum
with sthica dust will be discussed 1n the following section

INHALATION OF VArrous Dusts

The actton of inhaled dusts 1s descrtbed in a separate sec-
tion because of 1ts direct practical bearing on the problem of
pneumoconiosts There are many methods of subjecting ant-
mals to dust mhalation but the types of apparatus need not
be described here. The main objective is the mantenance of
a rather constant atmospheric concentration of dust m an
enclosed space, large enough to accommodate a very consid-
erable number of ammals and sufficiently well ventilated so
that the humdity does not become excessive Since inhala-
tion experiments must be continued for at least twelse to
eighteen months 1t 15 essential to use only healthy ammn!s
and to take every precaution against the develop.ment of epi-
z0btic pneumonia and other infections. The maintenance of
proper temperature and humidity and the :\V(.)ldflnce of

verwhelming dust concentrations are therefore important.

Some method of deternuning and recording the concentra-
tion of dust in the atmosphere is essential for comparative
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studies. The writer has employed the Greenburg-Smmth m-
pinger techmque ™ (1932 ) smce this 1s the standad pro-
cedure in the United States. In adthition 10 makmg counts
at the recommended magmfication of 106 with hght feld
llumination, comparative counts are also made wnder dark
ficld Mummanion ar the same magutfiason The latter 1
quute essentzal to visualize the excess of small particles less
than 1 micron in diameter, which hate been employed
{ Particles much fmger than 3 microns are not used hecause
they are unlihely to praduce much result 1n the hmued pe
rrod of such expetsments } Caunts are made at the breath
ing zone of the ammals and large amounts of air-borne dust
are collected over periods of hours for chemncal analyss
Both are necessary to deterrmne the amount and the com
posttion of the dust actually mbaled. As will be shown,
samples taken in various parts of the dustmg chamber may
have quite a different composinon The counts have heen
repeated every month or two but the themal analysis were
not recheched unless the number of particles vaned greatly.
According to custom the counts are recorded m number of
particles per cubie foot. Whle 1t 15 possible to comvert this
fygure to aumbers of particles per cubte centimeter, the ustl
standard 0 the Briush Cmpure, 1¢ 1s doubtiul whether the
conserston means a great deat In dealing weth the Iugh con-
centrations used 10 the expeniments 1o be discussed the if
ferent instrments ordimandy emploved do not measure ab
solite quantites As mentioned above, these 15 urgent need
that some mternational standard be adopted so that the con
ditions definug expasures in different countries can be more
accurately comprred

The experrmental resules on whech this discussion 1s based
were producad by expostng amimls in groups ot 100 1o 150
to hgh concentiations of vassous dusts, compased of particles
fess than 3 mucvons i diameter, for periods of one to two or
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fibross of moderate seserity in the rabbit’s spleen and liver.
Intraperitoneal mjections into gumea pigs caused a reaction
of the silicotic type which liad not yet become fibrous in
erght months, The findings with this material are of interest
i view of the lugh content of sericite m the mixtare which
should, according to the Jones theory, accelerate the reaction
to quartz If anything this sample of South African mine dust
has caused a slower reaction than might be anticipated
Other muxtures of silica with coal, carbon and iron in
varying proportions are under investigation but therr action
has been followed for only six months, a period too short to
expect any stlicosis to develop. Their presence in a suspen-
ston of fine stlica particles prevents the development of acute
symptoms on intravenous injection The action of gypsum
with silica dust will be discussed w the following sectron

INHALATION OF Various DusTs

The action of whaled dusts 1s described 1 a separate sec-
tion because of its direct practical bearing on the problem of
pneumocomiosis There are many methods of subjecting anr-
mals to dust 1phalation but the types of apparatus need not
be described here The matn objective is the maintenance of
a rather constant atmospheric concentration of dust in an
enclosed space, large enough to accommodate a very consid-
erable number of animals and sufficiently well ventilated so
that the humudity does not become excessive Since mnhala-
tion experiments must be continued for at least twelve to
eighteen months 1t 15 essential to use only healthy animals
and to take every precaution against the development of ept-
zootic pneumonia and other infections The maintenance o:
proper temperature and humidity and the avordance o
overwhelming dust concentrations are therefore important.

Some method of determining and recording the concentra
tton of dust in the atmosphere 1s essential for comparative
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studies The writer has employed the Greenburg-Smith im-
pinger techmque * (1932) since this is the standard pro-
cedure wn the United States In addition to making counts
at the recommended magmfication of 100 with light field
tHumination, comparative counts are also made under dark
field \Bumacion at che same magndficacion The Jatter is
quite essentsal to visualize the excess of small particles less
than 1 micron in diameter, which have been employed.
( Particles much larger than g microns are not used leczuwe
they are unfikely to praduce much result m the Tunited g
riod of such expertments. ) Counts are made at the Ine
g zone of the amumals and large amounts of air-horpe
are collected over penods of hours for chemical z2nefaxs.
foth are necessary to determine the amount and the ¢n-,
position of the dust actually nhaled. As will he $rrag,
samples taken 1n various parts of the dusting damipr soq
have quite a different composition. The counts fiase YA.,',
tepeated cvery month or two but the chemical analyyiy sers
not rechecked unless the number of particles varjed grewess,
According to custom the counts are recorded in numtey (f
partcles per cubie foot While 1t 1s possible 1o Corent 1) i
fighre to numbers of particles per cubic centimeter, y$ o gs101,8
standard mn the Briush Empise, it is doubtfuf whet sy the
conversion means a great deal In dealing with the 4,05, tore
centranons nsed in the expanments to be Disrusied g2, a
ferent instruments ordinarily employed do not meyyy, A
solute quantities As mentioned above, there js UTgere fpd
that some utetmational standard be adopted so thag ¢, Zz7
ittons defining exposutes n different countries ey 1, stre
accurately compared
The experimental results on’\»hlch thus disenvsie, 7, frared
were produced by exposing animals i groups of 4y, ,
to hugh coneentiations of vanous dusts, composed o4
less than g microns in diameter, for periods of une §

1ot
SR75 7
% teer grp



266 SILICOSIS AND ASBESTOSIS

more years The average light field dust counts have varred
mn different experiments from 100,000,000 to 800,000,000 or
more per cubic foot, the corresponding dark field counts
being g to 5 tumes as high These concentrations have been
mammtained for eight hours a day, six days a week. The ani-
mals have remained 1n the same rooms fot the other sixteen
hours of each day and simnce considerable dust collects on their
bedding 1t 15 constantly bemg stirred as they mosve about,
Dark field counts taken at might, after the motor agitating
the dust 15 turned off, usually reveal from 30,000,000 to
80,000,000 fine particles in the air wside their “cages. It is
therefore obvious that the exposures have been severe ; for
eight hours datly the dust concentrations have been very
heavy but no greater than the worst encountered in mdustry.
In addition there have always been significant amounts of
dust 1n the awr throughout the life of the animals

The results of these mhalation esperiments performed
upon guinea pigs, white rats, rabbits, cats, fowl and a few
ndividuals of ather spectes have thrown considerable light
upon the evolution of various forms of pneumoconiosts.
These can best be 1tlustrated by considering the reactions to
4 different types of dust (1) non-sihceous dust; (=) free
sthea, {3) mistures of free silica and other substances;
and (4) the fibrous silicate, asbestos. Other stlicates have
not been tested i this manner owing to the fact that they
have caused so little reaction by mjection.

By no means all of the particles that are nhaled reach
the lungs, some probably possess properties such as wet-
ability and a tendency to clump which fayor retention m the
upper respiratory tract Since tlhus feature has not been m-
vestigated 1t will be disimissed with the statement that per-
haps 50 per cent of the baled particles are caught on the
sticky mucous membranes Limng the tortuous pnsAsngcs’of
the nose, throat, trachea and bronchi. Ciliary action and



L\PLRIMFNTAL FATHOLOGY 297

the cough and other retlenes carry them to potnts trom which
they can be expectorated, It 1s logically assumed that moutl
breathers mnhale more particles mto the lungs than petsons
who breathe through the nove Lehmann ™ (1936) demon-
strated that the nasal filter was less dfhiaent i subjects wath
silicosss than m ones without this disease Unpublished es-
peniments by A J. Vorwald,®® working i the writer s labora
tory, would seem ta prove the reverse although the mterpre-
tation of hus results 1s difhcult He produced a partal nasal
stenosts 1 guinea pgs by cautertaing the nostrls with silver
nitrate Most ot the animals could not accommodate them-
selves to breathung by mouth They swallowed air and died
with greatly distended stomachs. A few were more tactable
and after a penod of training they were exposed to high con
centrations ot hemaute dust for about a year When halled
both visual exammation and chemical analysis showed much
less aron 1 therr Jungs than in the controls breatbing nor
mally, The meanng ok this experument 1s not clear , but it s
mentioned to mdicate the difficulties unolved m attacking
tlus aspect of the problem.

Non-stliceons dusts, The general treatinent of inhaled par-
uculate dust which enters the lungs 15 perhaps best sllus-
trated by the reacnion to non-sihiccous matenals, for silica
1s 50 rnitating that 1t contuses the preture and fibrous asbes-
tos ts treated w an absolutely emque manner. Parucles of
«oal, (Gardner 2 1933), won, gypsun, marble ( Gardner
and Dworshi 2 1922 ), carborundwm  ( Gudner #1923}
ete, that suceced n reaching the terminal bronchioles tend
to drift o the subplewal air spaces. There they encounter
mononuclear phagocytes which mmgrate from the intertor of
the septa and move about on their surfaces Opinions differ
as to the nature of these cells, many behieve that they are
epithelal i ongm with special funcuon because of their
posiion , others, ndluding the author, beheve that they are
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FIGURE . See caption on pa;
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ordinary histocytes or connective tissue phagocytes that hap
pen to bave formed m the connective tissue separatng ar
spaces There 1s also a theory that they are monocytes which
haye migrated out of the blood stream Whateser theur origin
they are Ireely moving monocytie cells which suriound and
engulf runute foreign bodtes with which they come m con-
eact They remam mside the air space for some nme conttnu-
ing to pick up any particle in their path When excessive
concentrattons of dust hase been mhaled the phagocytes be-
come over-distended and appavently paralyzed for they re

main nside the alseolr for many months (Figure 5f)
When only an occasional dust particle must be removed the
cells pick them up and wander about until they happen to
reach the vicinuty of a deposit of lymphoid tissue Tlus may
beat the point where an mnterlobular septum joins the pleura
and the deep and superficial lymphatic systems communi

cate ; 1t may be on the bronchial system at the distal end of

FIGURE 5

Reactrans to granite and chert dusts g Inhalation m guinea

1g after 2 years exposure and 6 months m normal atmosphere
Small focal collectrons of dust filled phagocytes scattered through-
out parcnchyma b Detail of one of the areas shown in figure 5a
Collections of dust filled phagocytes 1 a group of air spaces
Tenlymphate rercuion in walls of small artery ‘¢ Inhalauon in
guinca pig with chironie pnewrmoma Exposed for 13 months and
then allowed to hine for 22 months 1 a normal aumosphere d
Liver of rabbit one year after intrarenous injection cf)s § gm
gramte particks (1 gm S10,) Collecuon of dust-filled phago
cytes 1n portal connective tissue One of the very rare areas of cel-
lular proliferation beside such a collection e Liver of rabbit two
years alter intravenous ijection of the same dose of gramite par
ticles Necrosts has begun in the larger proliferatise foct and there
15 prohferation 1 and aboui the smn{\ clumps of phagocytes f
Liver of rabbat one year after mjection of 1 gm- of chert (5o per
cent 5t03 ) Heavy fibrosis 1n portal area with an atypical non-
hyalunzed nodule “Two small focal areas of early nccrosis in adja.
cent parenchyma
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the alveolar ducts or at the bifurcation of arteries or veins,
In any of these locations a small number of lymphoid cells
surronnds a lymphauc vessel. The phagocyte leaves the an
space and enters the lymphoid tssue. There it may exther
remam or pass through mnto the lumen of the lymphatic. In
the latter event the current then carnes it toward the hilum
with the tracheobronchial nodes as its ultimate destination
The cell may not reach this goal but may be held up 1 any
of the lymph nodules along the way. Probably not all par-
ticles enter the lymphatics through the agency of phagocytes ;
a certain number may pass directly into these vessels. Smalt
amounts of dust in practically normal lungs are most apt to
reach the nodes at the root, as the quantity becomes larger
there 1s a tendency for accumulations to appear i the more
pertpheral Iymphotd tissues When excessive numbers of
particles are inhaled over prolonged periods of nme this
orderly sequence of events does not follow. Many of the
phagocytes do not succeed in entering the lymphatics through
the localized deposits of lymphoid tissue. They accumulate
in nterstitial tissue 1in all parts of the lung The heaviest de-
posits occur 1n the areolar coats of blood vessels, in the inter-
lobular septa and in the pleura, there are smaller amounts
1n the walls of the bronchi Since these are the locations
where larger lymphatic trunks also occur the distribution 1s
perilymphatic in type ( Figures ¢ b and 5 f) Whether dust-
laden phagocytes pass mto or out of the lymph vessels in these
locations has never been demonstrated

The dust particles thus accumulated by phagocytic cells
exert the same effect upon the tissue of the lungs that they
do 1n other organs The injectton experiments demonstrated
that non-siliceous matter produces only very slight amounts
of chronic inflammation The same 15 true m the fungs but
since the number of particles collected 1n any focus is even
smaller the reaction is apt to be less severe Gross mspection
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shons hincar and focal areas of mgmentauon 1 the pleura,
linear deposits along the trunks with focal collections m the
assocrated lyraphoid ussues and pigmentation of the tracheo-
bronchial lymph node.

The amount of cellular reaction 15 insufficient to be rec
ogmized by palpation In microscopic sections there may be
some proliferation of connective tissue but it imolses so few
cells that one 1s hardly jusufied in characterinng the reac
ton as fibrosts The changes produced in ammals with pure
non-siliceous substances are Jess severe than those encoun-
tered 10 human beings, The larter are generally due to much
longer exposure and i maost Jnstances there 18 a certun
amount of contamimating sihica to accentuate the reaction.

Free siltca Animals exposed to pure sthica m the form of
quartz or chalcedony develop lesions comparable to those
seen m human sthcosis  (Gardner 4 1gg2 ) The inhaled
particles are dealt with 1 the smne manner as the non-
siliccous ancs just descrbed but the srmitanng sihca produces
changes which disturh the mechamsms for physiologic dis-
posal The primmy phagocytes are hilled and degenerate,
attracting polynuclaar Jencocstes AR excessive number of
new mononuclear phagacytes form w the alveolar walls and
then migiate mio the an spaces produeng the condition
whach Irvine, Strachan and Simson 8 described as “‘bron-
cduohiis” (1930) Under the mfluence of sihea these cells
nndergo cpithehiond transformation and mant cells of the
Langhans tvpe develop Sumulation also increases the raie
of amoeboid actinity so that the phagocytes move toward the
Ivmphatic system with unuswal rapidity The concentiation
of sithea 1 and about the lymphoid nodules stimulates the
local comnective tissues The latter prohiferate to form celln-
far nodules that replace the lymphod clements. As the le-
slotis merease 1n sive they encroach upon the adjacent lym-
phatic vessels and ultimately compress their lumm Such
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reaction takes place simultaneously m the intrapulmonary
lymphoid ussues and m the tracheobronchial nodes. It is
particularly well demonstrated in rabbits and albmo rats,
spectes which normally have well developed lymphoid tis-
sues mside the lungs This sequence of events with the re-
sultant 1mpairment of the drainage system of the lungs con-
stitutes the first stage 1 the development of silicosis.

Atter it 15 well established particles that are inhaled sub-
sequently are perhaps eliminated less readily. Ar least it
appears that they now tend to accumulate at various points
n the walls of the air spaces. Here a repettion of the process
produces a second generation of nodules which in this in-
stanee develop from rritation of the local connective tissues,
With this stage true silicosts, which is charactenized by “dis-
crete nodules uniformly distributed throughout the paren-
chyma of the lung” may be said to begin. ( Figures1a&5¢)
With concentrations of from 200,000,000 to 400,000,000
particles per cubic foot, mature lesions appear i anmals in
eleven or twelve months , with only 100 000 000, twenty-five
to twenty-six months are required. Hard, pearly white nod-
ules, 1 mm or less tn diameter, project above the pleural
surface and are scattered over its cut surface. The tracheo-
bronchial nodes are greatly enlarged, very hard and exhibit
a pearly lustre on section The hepatic lymph node is also
involved although at a somewhat later period It is beleved
that ths node does not recenve its dramage durectly from the
lung but from the liver With heavy exposures many inhated
particles enter the blood stream which carrzes them to the
Liver and spleen In the latter they are retained and produce
nodules , 1n the liver they remain only tempomrily.untll the
Iymphatic system carrtes them out to the hepatic lym!‘h
node. Reaction 1n this node develops stmultaneousty with
that 1n the spleen. Later, when the node is completely fi-
brosed the sithca accumulates in the liver and visceral nod-
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ules develop Other nodes in the anmmals are rarely affected.
Hepatic lymph node mvoliement 1s common m human
sificosis ; abdommal visceral nodudes occun but they ate
rare,

With concentrations of silica in excess of 500,000,000 par-
tcles per cubne foot the defense mechamsms of the lung seem
to ful. Nodules develop simnitaneously in the fymphatic
system and in the walls of the air spaces In the latter there
15 also a diffuse, fine Obrostis and so many free phagocytes
are Lalled that the picture has been described as a dust pneu-
monia Such reactions have been encountered m human
bangs exposed to excessive concentrations of almost pure
sthica, The writer observed them mn a few sandblasters who
frad worked without adequate protection and in a number ot
men who had been employed 1n a notorous tunnelling oper-
auon i the Umited States  ( Gardner 13y y .\ sinular
pictine was found in men digging a tunnel for a sewer n
fohapnesburg  ( Irvine, 1935 )7

It 15 of no moment to describe the wunor vanations of
thas reaction which appear in dafferent species escept to state
that they exnt and that ther counterparts have been ob-
served i different human subjects Such for example are
the excessine tendency to necrosis {olloned by calafication
which 15 the rule in rabbats, the more discrete and dense
hyaline fibrosis of albmo rats which 1s the uswal form in
human cases, and the less arcumscribed fou of guimea pigs.,
The silicosss of fowls ( Figure 5a) is interesting because 1t
protnbly develops without primary festons 1 a well organ
ved puimonary Iymphatic system It has been dammed that
the tungs of tards fack such a system and although this state-
ment has not been verified by detuled anatomic study, the
whalation experiuents have faled to disclose evidence of
1t Lrven with moderate concentrations of dust, primary nod
ules scem to develop here and there mn any portion of the
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pulmonary stroma. Nothing comparable to tiacheobronchial
lymph node disease develops.

Thete 1s one feature which should be emphusized, namely,
that the typical nodulation has been reproduced in all these
arious species without evidence of coevistant mfection.
Many writers still maimntain that such complication is essen-
tial but these experiments constitute proof to the contrary.
The stlicotic lesions often sumulate tubercles but repeated
mtracutaneous tuberculin tests on several large series of
guinea pigs has definttely elimtnated thus possibility Other
infections, notably chronic pneumonia and pulmonary ab-
scess are frequent complications but the diffuse obliterating
character of the reaction can be recognized and differennated
from pure stlicosis

The cause of death in animals with silicosts 1s not always
obyious Superimposed pulmonary infection is unquestion-
ably the most common one Animals with the confluent, fine
diffuse fibrosts from excessive exposures or those with ex-
tensive fibrosis from orgamzing pneumonia develop chronic
passive congestion and die with dilated right hearts Rats
with discrete nodulation have never shown cardio-vascular
effects Renal lesions have never been observed in any spe-
cles There has been nothing to suggest a general poisomng
of all the tissues such as Collis and Yule ( 1933 ) ¥ postufated
Reactions develop only mn organs whose anatomy ts such that
they retain appreciable collections of silica particles

INHALATION OF MIXTURLS oF FRCE SILICA WITH
OTHER SUBSTANCES
The inhalation of dusts compased of both free silica and
other minerals has not always produced the same effects 1
the Jungs of experimental ammals that the same mixture.s
appear to have caused mn human beings Not a few experi-
mentors have reported the reproduction of lesions resembling
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those of human silicosts but thetr illustrations befie their
deseniptions. In view of the unquahfied success wath pure
sihen these results are perplexing and demand an explana-
tion. To dismiss them on the grounds of the inadequacy of
the experimental method might well mean a lost opportunity
to discoser important prinaples which govern the deselop-
ment of pneumocontosis,

It is concennable that the experiments have faifed because
they have not actually reproduced the conditions of industrial
exposure whicli have heen defined by oceasional sampling of
the atmospheric dust Whether analysis of the rock betng
worked and connts of the number and size of the atmospheric
dust particles are adeguate to define the extent of the silica
hazard may be questioned The composition of the dust tn
many industrial enyvinanments undoubtediy varies from how
to hour , at utes 1 may contan much higher proporuons of
{rec siica than others n mimng and 1n farge planes e
foundries the concentration of silica i the atmosphere de-
pends npon the nature of particular operations. Many em-
plovees salt hiequently from jobs imvolving exposures to high
concentrattons of almost puie silica to others where the stlica
15 hughly diluted with varions substinces Obviously the exact
duplication of such conditions for experimental animals
would be difficult and an explnation for e falures of o
peraments on tlus hasts 1s hughly theoretical.

Experimenters have not always appreciated the complexi-
ties of thent problem Not infrequently someone reports that
fic has worked with a dust produced by gnnding the rock
that was bemg worked 1n the industry under imestigation
As already noted, this imvolves mitfails, for 1o obtan a dust
whose components me present p the same proportions m
which thes exasted in the ongmal rock 1w is necessany to rehice
all of that rock to particles of the desied size 1 at s only
prtially ground the hnder ailiea 1s resistant and may easaly
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be elmmnated in subsequent separations. The dust itself
should be analysed as a check. Even then there is sometimes
a suspicion that the relationslup of components is altered In
the process of grinding 1t has even been suggested that the
particles of silica become mechanically coated with the softer
materials, but actual proof of such an effect is lacking.

Inhalation experiments, unhike those by mjection, do not

guarantee contact between the tissues and all of the compo-
nent particles of a given dust. The réle of the different factors
which govern inhalatton 15 of unusual 1mportance mn dealing
with mixed dusts but they have hitherto received too little
attention. Particles that are large and heavy, as is apt to be
the case with quartz in impraperly ground mixtures, settle
more raptdly than smaller and lighter ones Different kinds
of mineral particles suspended in the atmosphere do not nec-
essarily remain separated , n fact they tend to agglutinate if
they carry opposite electrostatic charges or possess hygroscopic
properties The aggregates are heavy and remam suspended
1 the air for limited periods ; they are also more readily
caught by the protective mechanisms of the upper respiratory
tract Selective exclusion of some component of a mixed dust
could readily result from a greater degree of wetability and
consequent adhesion to the mucous surfaces of the upper
TeSpITatory tract.

Some of the experimental ‘failures’ are probably the result
of undue curtailment of the factor of time There is a tend-
ency to think that by increasing the reciprocal factor of dosage
the time may be shortened to conform with the limited span
of life 1 ordinary experimental animals To what extent this
is true awaits demonstration The mjection tests, already dis-
cussed, idicate that certain substances like the won oxide in
chert, the silicates i gramte and the calcium carbonate and
calcrum flueride 1n crude fluorspar may mbubit the ncx.ion of
many times the effective dose of free silica. The duration of
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such inhibrtion has not been established but the development
of shght reactions in ammals surviving for long pertods sug-
gests that it 15 overcome in time and that at least a modtfied
stheotic fibrosis ultimately develops

Fimally the experimenter may have defeated his purpose
by msisting that results alsvays be demonstrated in the lungs
that are normal. This viewpoint 1s rational but one should
not neglect to observe the effects of different dusts 1n the
presence of infection for a great many human subjects have
such complications. While 1t has been demonstrated beyond
question that free silica can cause typical sihcouc fibrosis in
normal tissues, 1t has not been proved conclusively that ap-
parently mert mixtures of silica and other substances may not
produce progressive reaction tn the presence of ifection It
will be shown presently that the inhalation of the natural
mixtures granute and ferruginous chert has not produced
nedular fibrosts 1n normal anumals but that mn ones swith
tuberculosis the reaction approaches the nodular type (Fig-
ure ¢ ¢ ), These results may be due to a release of the inlubs-
tory action of the non-siliccous clements mn the respective
dusts or they may merely reflect the greater activity from a
high Jocal concentration of silica caught m the inflammatory
reaction to the infection

The purpose of thus section 1s to demonstrate that the num-
ber, stze and composition of the non-siliceous components of
a maxed dust often determmes the behavior of the particles
of free stlica Consequently 1t 1s necessary to describe n detail
the conditions of the mhalatron experiments to be cited as
proof.

Hematute contammated with 6 per cent quartz Guinea pigs,
white rats and rabluts have been compelled to inhale ences-
sive concentiattons of this dust for periods of three and a hialf
years They developed a pigmentation of the lungs and Iymph
nodes but none of them have shown anything even suggestive
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be eliminated m subsequent separations. The dust tself
should be analysed as a check. Even then there is sometimes
a suspicion that the relationslnp of components is altered. In
the process of grinding 1t has even been suggested that the
particles of silica become mechanically coated with the softer
materials, but actual proof of such an effect is lacking.
Inhalation experiments, unlike those by injection, do not
guarantee contact between the tissues and all of the compo-
nent particles of a gaven dust The réle of the different factors
which govern inhalation 1s of unusual importance in dealing
with mixed dusts but they have hitherto recerved too hitle
attention, Particles that are large and heavy, as is apt to be
the case with quartz in improperly ground mixtures, settle
more raprdly than smaller and lighter oncs. Different kinds
of mineral particles suspended in the atmosphere do not nec-
essarily remam separated ; 1n fact they tend to agglutinate 1
they carry opposite electrostatic charges or possess hygrascopic
properties The aggregates are heavy and remamn suspended
m the ar for imited periods; they are also more readly
caught by the protect1ve mechanisms of the upper respiratory
tract Selective excluston of some component of a mixed dust
could readily result from a greater degree of wetability and
consequent adheston to the mucous surfaces of the upper
resplratory tract
Some of the experimental ‘farlures’ are probably the result
of undue curtarlment of the factor of fime. There is a tend-
ency to think that by increasing the recrprocal factor of dosage
the time may be shortened to conform with the limited span
of life 1n ordinary experimental antmals. To what extent [h.lS
15 true awarts demonstration The mjection tests, already d.lS‘
cussed, indicate that certam substances like the iron oxide in
chert, the sthcates m granite and the calcium carbonate and
calaum fluoride m crude fluorspar may inhib the action of
many times the effective dose of free silica The duration of
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such inhibition has not been established but the development
of slight Teactions in ammals surviving for long periods sug-
gests that it is overcome In time and that at least a modified
silicotic fibrosts ulumately develops.

Tnally the expersmenter may have defeated his purpose
by msisting that results always be demonstrated m the lunas
that are normal This viewpont is rational but one shou]Bd
not neglect to observe the effects of different dusts in the
presence of infection for a great many hurmm subjects have
such complications While it has been demonstrated beyond
question that free silica can causc typcal siliotic fibrosss jn
normal tissues, 1t has not been prosed conclusively that a
parently inert mixtures of sihica and other substances may n,P
produce progressive reaction in the presence of mf«uo’n ]"
will be shown presently that the nhalation of the gy :
mixtures gramte and ferrugious chert has not prod ural
nodular fibrosts 10 normal ﬂmm}ls but that m ones ::Ei
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of a sthcotic reaction. A group of sursiving guinea pigs were
remosed to a normal atmosphere and allowed to live for an-
other eight months. Then they were lilled but autopsy re-
vealed no progression of their pneumocomosis

The average total concentration of dust at the breathing
level inside the cages was 580,000,000 particles per cubic foot
of air by light field count and by dark field, 6,250,000,000
Chemucal analysis of the atr-floated particles at the same point
revealed 7 per cent of silica which by computation is equiva-
lent to approximately 40,600,000 quartz particles (163750~
000 by dark field ). Size frequency counts demonstrated that
95 percent of the total mir-floating particles were less than 2
microns mn diameter , none exceeded 3 microns Such concen-
trations were mantamed for seven to eight hours a day, six
days a week over the period specified The animals were not
removed from the dusting room at night but remained m the
same cages Counts taken during this period revealed between
3,000,000 and 7,000,000 particles per cubic foot by light field
and 56,000,000 to 205,000,000 by dark ficld count. The uftnl
represents a very considerable exposure to silica over a period
of three and a half years and yet the reaction in the lungs was
that to a non-siliceous dust

It consisted grossly of linear and focal deposits of brich-red
dust 1 the pleura, along the blood vessels and in thf pul-
monary and mediastinal Iymphoid tissues. Microscopic ex-
amination showed compact collections of phagocytes filled
with iron particles located mside of groups of air spaces or
crowded 1nto the areolar coats of arteries and the stroma of
Iymphoid tissues ( Figure fe) Connective hssue.prohfem-
tion was negligible except in the tracheobronchial Iymph
nodes where a limited amonnt of such reaction had developed
about very large collections of dust-filled phagocytes

Chemical analysts of the Iungs of animals LiHcd.nt the end
of the experiment, eight months after the cessation of the
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dust exposure, demonstrated hugh ash values ; the average for
1 animals was 22.88 per cent of the dried lung ussue. Iron
constituted 76 15 per cent ot thus ash . the shca cantent was
low, bemng only 4 8¢ per cent After much shorter exposures to
pure sifica one finds 4o to 8o per cent af stlica i the ash, Ob-
viously sa little silica had accumulated n the lungs of these
guinea pigs exposed to hemante contanunated with 6 per
cent of quarez that no sificotic reaction developed

Ferrugmous cliert contarntng about 50 frer cent of stlica
Petrograplucally the dust employed consisted of a mixture of
hematree, ferruginous chert, normal quartz and a small quan-
tity of rutile Chemical analvsis revealed 36 8 per cent of tree
stiica The first expertment made with this dust failed to
produce sthcotic nodulation after expmses of cight houss 4
day over a period of one year and two months even though the
total dust concentrations were excessive { hight ficld counts
over 1 lallion and dark field counts i excess of 3 allion )
Only a nonspeafic pneumocomons developed Survinmg am-
mals ailowed to live two and one haif years 1 a normaf atmos
phere shoned no progression of the reaction to dust The
histologic picture was essentially the same as that i animals
exposed to hematite, Chemual analysis of thar hungs ar the
end of the exposure yielded an average ash salue of 1025
per cent of which 5 8 per cent was sthea After tho and a halt
ears the silica content of the lung ash hd decreased to 318
per cent This was attributed to elmunation of silica from
thie tungs by way of the lymphatics as the instologscal sections
showed considerably more reaction tn the lmph nodes at the
end of the perind Unfortunately no chemical check was made
by analysmg the nodes

The fahine to vepmoduce the anuapated modified form
sidetostdicosts, atter such tong expostres o sieh exresine
concentrations of dost demanded an explanaton It had hoan
Peraps reasonably assumed that the ammials were breathing
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air containing at least 500,000,000 particles of silica per cubic
foot by light field count and in other tests as low a concentra-
tion as 100,000,000 particles per cubic foot of pure quartz had
repeatedly caused nodular fibrosis in about twenty-five
months. A careful mvestigation of the conditions disclosed
that while most of the particles in the dust recerved from the
mine were less than 10 microns i diameter, only about 50
per cent of them were less than § microns Most of the silica
particles were in the range between g ard 10 microns. The
behavior of this mixture 1n the dusting chamber proved sur-
prising There was a very marked reduction in the percentage
of silica particles between the hopper where the dust cloud
was created and the air mside the antmals’ cages, never more
than G feet away. The original material contained 468 per
cent of silica ; that which settled on the rafters showed 88.1
per cent wihile mnside the cages the air-floating dust contained
only 10 47 per cent.

The actual quantity of available silica of a size likely to
produce much reaction was only 3 5 per cent greater than that
1n the hematite experrment cited above. In spite of the total
congcentration m excess of 1 bilhon particles per cubic foot
there must have been only a little over 10,000,000 silica par-
ticles per cubic foot (10,000,000 by dark field count ) in the
animals’ cages

In view of this experience another experiment was started
with more of the same chert ground so that all of the pamc-les
were less than § microns in diameter. This proved expensive
and time-consuming but 1500 pounds of such dust were
finally obtamed The total dust count by Iight field averaged

52,000,000 and by dark field, 1,983,000,000 particles per
culie foot of air. Inside the mumals’ cages 41 0 per cent of the
particles were silica, giving an estimated concentration of
avatlable sthiea particles of 220,000,000 by light field and !)y
dark field 793,000,000 per cubic foot of air. There had still
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been a reduction of silica content between the hopper and the
cages but with this very fine dust such reduction amounted to
only 22 g per cent mstead of 36 g per cent as i the previous
expertment

As before, guinea pigs, rabbits and white rats were exposed
to this dust and killed at 1ntervals to observe the progress of
their disease The experiment 1s not yet completed but after
two years of treatment no sidero-stltcosts has developed The
lungs of the different spectes are heavilv pigmented and the
walls of mr spaces contaimng masses of dust-filled phagouytes
show shght chronic mflammatory reactton. {Tigure 5f)
There 15 no fibrosis exther 1n the lungs or the associated Iymph
nodes The lesions tn the more sensitive white rats are es-
sentially the same except for focal collections of phagocytes
m the lymphod tissues

Chemical analyses of the lungs of § guinea pigs exposed for
two years showed only 15 5 per cent ot ash of which 16 par
cent was stlica. Obviously the dust has not eatered the tungs
1m any great quantity in spite of the excessive concentiation
1 the atmosphere The stlica content of the ash 1s surprising
1 sview of the atmospheric concentration of 220,000,000 par-
ticles per cubic foot, 98 per cent of which were under 2 mu-
crons 1 diameter The concluston scems nescapable that
clumpmmg or some other phenomenon either 1 the atmos-
phere or i the upper respratory tract has retarded the
mhalation of both 1ron and silica

To make certain that the stlica m this mixture was capable
of producing fibrosis 1t was tested by mtravenous mjection
into rabbits Tour of these animals were treated with 2 gm ol
chert, which would contam the standard dose of sthica, four
more recenved 1 g, At members o botl series developed a
motified nodular filnosis ( Tigme 1 f) dithough the rew-
f1on to the smaller amount did not progiess as 1aptdls as that
to pure silica, These Imdings were also confirmed by intra
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peritoneal guinea pig tests Thus there seems to be no ques-
tion but that the silica 1n the chert was in an active form.

To learn whether the 1ron would influence the action of
stlica that was already 1n the body another 1nhalation experi-
ment was performed in which animals were exposed on alter-
nate weeks, first to the hematite dust already mentioned and
then to pure quartz The former was carried on in the same
room and at the same time as the other hematite experiment
where dust concentrations 1n excess of 500,000,000 particles
per cubic foot of air were maintained The quartz concen-
trations were also high, averaging approximately 800,000,000
per cubic foot of air by hight field count. The exposures were
continued for tweaty-two months and a group of survivors
was hept for another six months 1 a normal atmosphere

After an exposure of one year the connective tisstes about
masses of dust-filled phagocytes in the lymphoid tissues and
the pulmonary stroma had begun to proliferate, Such reac-
tion continued to progress throughout the remainder of the
exposure and during the period after removal from the dust
house It occurred n focal areas scattered throughout all parts
ot the lungs The borders of these foci were not sharply de-
fined , there was no central necrosis and no hyalmization of
collagen which characterizes the mature reaction to pure
silica i the guinea pig In the tracheobronchial Iym.ph nodes,
however, more typical silicotic nodules made their appeat-
ance after only six months of exposure , m all of the animals
Lilled subsequently the lymph node lesions were larger and
more numerous, The pulmonary foci resembl.ed the. Fnrly
stages of the modufied form of stltcosis hown as siderosilicosts
which one generally finds in hematite miners Had the ex-

posures been prolonged further 1t s assumed that at least some
of the pulmonary nodules would have dexe.lopcd characteris-
tic central soncs of laminated byaline fibrosis.

These different experiments with mixtures of hematite and
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tention was called to a similar pratective action by gypsum
dust in a clinical study of a group of norkmen. A few of these
men had been engaged i grinding calemed gypsum with
buhrstones and two of them had been clupping the stones in
the same room for periods of five and ten years respectively
This 15 a notoriously hazardous operation, Dust counts taken
as they worked were bigh and the concentration of silica was
such that one predicted a hazard. Examination of the men,
however, showed no evidence of silicosis.

Another group of workmen in the same industry make
‘sanded plaster’ by mixing sand with calcined gypsum. In their
department the dust counts were very high and chemical
analysis revealed too much silica jn the atmosphere. The size
of the sihica particles was unfortunately not determined
Wilule they were small enough to have vemained suspended
1 the air they had been produced from a washed sand and
should theoretically have been fairly large, probably greater
than 3 microns m diameter. Six men were found working in
this department who liad been employed from five to twelie
years, One of them had worked exclusively on a machme
packing sanded plaster for a period of ten years. A roentgeno-
gram of his chest showed no abnormalities whatsoever ; the
Films of the other five were either negative or revealed moder-
ate degrees of exaggeration of the linear markings. In spite of
the absence of evidence of nodular silicosis the conditions of
employment were deemed dangerous and it was assumed that
the period of employment had not been long enough to pro-
duce changes demonstrable by roentgenogram To test fhl!
supposition the gypsum company was asked to h:uc' cxamin
tions on all men engaged in making sanded plaster {n 1ts varg
ous plants throughout the state The company cooperated il“L
broughit togechier 19 men who had been employed at thas wor
for periods varying from ten to thirty-three years. A?l of zhc:zl
were given complete physical examinations, including roent-
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genograms but none show ed even a suggestion of silicosts One
had a normal film and the others exhibited tlic usual degrees
of Imear exagweration to be expected 1 persons ot therr age
The intensity of this reaction did not increase with the dwma-
tron of exposute so that 1t might or might not have been pro-
duced by the dust that the men had inhaled

Here was clinrcal evidence of protective action against silica
provoked by another non siliceous matersal Lxammation of
the dust 1 the mills demonstrated that 1t was composed of
good sized clumps which scttled out of the atmosphere rapidly
It was not posstble to determmne the relatine proportions of
stlica and gypsum 1n any one clump nor the spacial relation
ships between the two kinds of particles But 1t was proven
that clumps exssted and as 1t 1 hnown that sihca particles
carry a negative charge while gypsum has 2 positive one, 1t was
assumed that the electrostatic effect was responsible for the
clumping.

From the clnucal standpoint 1t seemned that the protection
from gypsum was presumably much more complete than that
conferred by 1ron for no case of even a modthed form of
stheosts was discovered 1n the gypsum industiy To test the
protective action of thus substance fuither another series of
ammal experiments was made

A group of gumen pigs, injected mtraperttoneally with a
buffered suspension of fnely ground calaned gypsum par
tiles developed no fibiosis although there was some necrosis
in the centres of the largest masses of dust In ammals hilled
during the ensuing year these necrotic foar had become cala
fied This experiment mdicated that no fibrasis and practa
ally no other reaction could be expected tom inhaled
gypsum,

Neverthcless 300 guinea pigs were exposed for two vears
ina dusting room to concentrations of gy psum dust averaging
118,000,000 particles per cubic foot by hght field and ap-
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tention was called to a similar protective action by gypsum
dust in a cliical study of a group of workmen. A few of these
men had been engaged m grinding calcined gypsum with
buhrstones and two of them had been clipping the stones in
the same room for periods of five and ten years respectively
This 15 a notoriously hazardous operation. Dust counts taken
as they worked were high and the concentratron of silica was
such that one predicted a hazard, Examination of the men,
however, showed no evidence of silicosis

Another group of workmen in the same industry make
‘sanded plaster” by mixing sand with calcined gypsum In their
department the dust counts were very high and chemical
analysis revealed too much silica in the atmosphere The size
of the silica particles was unfortunately not determmed
While they were small enough to have remained suspended
m the air they had been produced from a washed sand and
should theoreucally have been fairly large, probably greater
than 3 mcrons 1n diameter. Six men were found working 1n
this department who had been employed from fise to tuelve
years One of them had worked exclusively on a machime
packing sanded plaster for a pertod of ten years. A roenigeno
gram of his chest showed no abnormalities whatsoever , the
films of the other five were either negative or revealed moder-
ate degrees of exaggeration of the linear markings. In spite of
the absence of evidence of nodular silicosts the conditions of
employment were deemed dangerous and it was assumed that
the pertod of employment had not been long enough to pro-
duce changes demonstrable by roentgenogram, To test tlis
supposition the gypsum company was asked to have exammna-
tons on all men engaged in making sanded plaster 1n 1ts vart-
ous plants throughout the state, The company cooperated and
brought together 17 men who had been employed at this work
for periods varying from ten to thirty-three years. All of them
were given complete physical examinations, including roent:
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genozrams but none showed even a suggestion of sthicosts One
had a normal film and the others exininted the usnal degrees
of hnear exagaeration to be expected m persons of thur age
The intensity of this reactton did not merease sith the duta
tiot of exposure so that it might ot mght not huve been pro
duced by the dust that the men had inhaled

Here was climcal evidence of protecthve actian agarust sthea
provoked by another non wiiceous matertal Exanunauon of
the dust m the mills demonstiated that it was composed ot
wood sized clumps which settled out of the atmosphere rapdly
It was not possible to deternume the relatse proportions of
sifica and gypsum in any one chump nor the spacsal selanion
ships between the two hinds of parudes But 1t was proven
that clumps extsted and as 1t g5 hnawn that sthea partcles
Ty a negatn e charge while gypsuim has a positive one, 1t was
assumed that the efecrostatic effect was responsible lor the
clumping,

From the climeat standpomt 1t scemed that the protection
from gy psum was presumably much mote complete than that
conferred by iron for no case of even a modihed form of
siticous was discovered w the gypsum ndusty To test the
pratectsse action of this substance further another series of
animal experiments was nnde

A group of gunea pigs, mjected intraperitoneally with a
buffered snspension of hinely ground calaned gypsum par
ticles deseloped no fibrasis although there was some necrosis
1 the centres of the largest masses of dust In ammals falied
durinyg the Lnswing year these necrotse focr had become cala-
fied This experument mdicated that no hbrosis and pract-
cally no other reacton could be expected from mnhaled
gypsum
R Nevertheless 100 gmnea pigs were exposed for tho years
ina dusting yoom to concentrations of gy psum dust averaging
448,000,000 particles per cubic foot by hght held and ap-
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provimately twice this amount by dark field count, The par-
tcles were hie, g6.3 per cent being less than 3 microns in
diameter No sigmificant reaction developed. Most of the dust
appatenely dussolved for only oceasional phagocytes were
found scattered through the air spaces of the Jungs, In the
tiacheobroncinal lymph nodes a moderate amount of chronic
inflanmatory change developed about clumps of phagocytes
containing less soluble particles. The latter reaction pro-
gressed somewhat 1n suctessive animals but it never attaned
a degree worthy of the name fibrosis.

Having demonstrated that calcined gypswm itself canses no
effects of importance, the action of gypsum in combination
with quartz was then investigated. In the first experiment,
equal volumes ol pure quartz * and pure gypsum dusts were
placed n the agutating hopper in one of the experimental
dusting rooms. The rotating paddle in this apparatus sodn
mixed the two dusts very thoroughly, A chemical analysis
shawed 49 7 per cent of §i0, and 45 8 per cent CaSQ,. The
average concenttatton of the dust generated with this mixare
was 460,000,000 parucles per cubic foot of air by light field
count and §o0.000,000 by dark field. A sice frequency count
revealed that 97.8 per cent of the air-floated particles were
tess than 3 mucrons in diameter. Theoreticaly this dust cloud
should therefore e contained 223,500,000 particles of siica
less than 3 microns in drameter.

Analyses revealed that, as in the case of mixtures of iron
and sthea there had been a very marked redaction of the
amount of silica in the arr which reached the intesior of the
ammals’ cages Chemical analysis of dust collected with an

i cent pormal
e Tt by dhom B bnd peofiaphi valian Nt of he
pasneles were Jexs than se micsons 1 dameter. It was the same matend
wed 10 the experiments previouddy discussed and tts caparty fo e
Wbrosts a1 the time it was used was checked by tno other experments chit
were being carned on smultancously
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impinger at this point showed an average silica content of
only 29 6 per cent, a reduction of over 21 per cent from that of
the material 1n the hopper. Dust settled on top of a cage 6
feet above the floor showed a higher peicentage of silica than
that n the hopper, the figures being 59 7 and 19 7 per centve

spectively As a further check, counts of the number of paru-
cles 1 the original alcoholic suspensions of wr borne cage dust
were compared with those on anuther portton of the same
suspenston which had been treated wath aad to dissohve the
gypsum. This method revealed only 42,750,000 acid msoluble
particles per culnc foot by light field and 127,750,000 by dark
field count. Thus there can be no question but that much
silica had been removed from the atmosphere by the tme 1t
reached the interior of the cages By actual count the numbu
of particles was over five times less than the estimated value

The discrepancy between the computed and the actual num-
Ler of particles 15 probably due to the small weight of very
fine silica particles.

To demonstrate the extent to wlich aggiegates had formed
in the atmosphere a dry shde was placed mside of an empty
cage for a peniod of 15 minutes and a size frequency count
of the clumps sctiling on 1t was made Then number in var-
10us sizes was as follows *

Stze Number
0 - § microns 52 clumps
5-10 * 8«
1020 17
2030 I
so-40 " 5 "
50 © [

The maximum size 15 wot very large but when similar
preparations were made outside of the cages, where the dust
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settled directly on the slides, the clumps were so large and
numerous that they could neither be counted nor measured
But all of the figures reported are niaterially greater than the
maximum of 3 microns for the indisidual particles.
Guinea pigs Lept in the atmosphere just described for pe-
riods of twenty-fise months and survivors removed to normal
atmospheres for a subsequent period of six months failed to
develop typical sihicotic nodulation of the lungs. Until the
exposures had been continued for a period of sesenteen
months therr lungs exubited no localized reaction whatso-
ever, the response comststed only of phagocytes scattered
widely through the air spaces. But then the cells began to
collect m masses within the terminal bronchioles and to mi-
grate into the lymphoid tissues in intreasing numbers. Pro-
liferative reaction 1n the pulmonary framework ensued but
not 1n the form of nodules ; there was merely 2 thickening
of the alveolar septa adjacent to clumps of intra-aheolar
phagocytes ( Figure 5d) Similar pulmonary changes were
found during the next eight months, In the trachcobronchial
lymph nodes hvaling sthcotic nodules were discovered after
twenty-three months of exposure and continued to occur in
most but not all of the animals Lilled subsequently, In mem-
bers of the sertes Milled afrer removal from the dusting room
the pulmonary reaction imcrensed in intensity ; a modified
cellular type of nodule developed but usually it did not
undergo necrosts nor exhibit characeeristic hyaknization. Jts
borders were always ill-defined. In only 2 gninea pigs killed
during the first month after cessation of the exposure were
any hyabine foci discovered and these were fow in number
in the cases examined later such nodules v cre absent.
Thraugh an unfortunate oversight no chemical :lﬂﬂlysf‘t
were made of the lungs of these anumals but the anataric
evidence points to 2 maked reduction in the amount of silica
inhaled Tt tooh twenty-tiirec months for enough to be con-
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entering the lungs and that the silica in particular is less than
would be anticipated in view of the atmospheric concentra-
tions described

To ascertamn whether gypsum dust already present in the
lungs will alter the reaction to silica inhaled dependently,
one group of guinea pigs were exposed on alternate weeks
to pure gypsum and pure silica A second group that had
inhaled gypstm for two years was placed in an atmosphere of
pure quartz on a schedule similar to those previously de-
scribed. In nesther expertment did the gypsum have any ap-
parent effect upon the development of silicosis.

The expermments with gypsum dust seem to demonstrate
the principle of protection, which is probably responsible for
the lack of evidences of sthcosis in the men exposed in local-
ized parts of the plants. Although the industrial atmospheres
contained quantiues of silica which were considered harard-
ous, not enough of this substance appears to have entered
their lungs to cause reaction demonstrable mn a roentgeno-
gram. Had the buhrstone grinders not been inhaling gypsum
along with silica dust it is hardly hkely that they could hate
escaped.

Grantte. A final example of the same principle 1s probably
offered by an experience with granite dust from Barre, Vt
The dust employed contained 35 per cent of free stlica as
quartz Inhalation experiments 2 (19z0) were made many
years ago, before the necessity of evaluating all of the factors
had become apparent. The dust for the test, obtained from
the collector of an exhaust system in a cutting shed, was com-
posed of a mixture of fine and coarse particles. Aserage dust
counts by light field illununauon at the bicathing fevel (3f
the animals revenaled 957.00n,000 partitles less than 10 mi-
crons 1 diameter, and of these (65,000,000 wete Jess than
1.5 micron m diameter At the tume 50 guinea pigs were ¢3-
posed 1 boxes 6 x g x 2 feet in diameter for eight hours 2



E\vf.\t\\lr,\"\',\b PATHOL ooy 321

day fromt which they were remored at mght The 1ongest
‘\c\im\ of expone was twe years - tew ammuabh areattow ed
1o Ine ® toug A8 S months afte (essatton of the dust e
posute

The maximt yeaction 10 ths amowt of gramie dust Was
defmitely greaer than that o hematit® sull 1t ad vot
oven sumulate the nodulat response 1© pme ahea Figures

aand 1t consStEe of (\\\Sbl\“e(\ p\\.\gotﬂcs coltected W
focal areas ¥ thin growys of atr spAes or mthe areolat ussues
along the \pnp\muc rrunks The connective Lssues iad beedt
somenhat slimu\mcd for the external coats of he mieries and
the large? septa were (\uL\&r\ed hough by 2 Lettutar, yather
than 3 Gbrous LyPE of reaction 1n the \\mp\\ou\ assues e
granite exerted motc € ect In2 ew of the jongest quaing

eg! S
ungs ™ ules never (\c\e\ope(\ ety he presenee of
infection: n then ne fotal {esions B wpuedl of
silicosts hey LONSH § TAsses cdtuta conneetive ussut
from whose margins ST ds of 2 quar At radiated 10
the surroundin® Tigare 4 here was entral
atea of neCostS: o \wn\xmmuo agen av o tendent®
of concenteic Jaminanon Such foct were not ¢ percies !
they devetoped M ntnbered as 2% AL as m\)ercu\om
ungs, but B her Were they WP ficotic WS 1t was
assumed that c\\macmnsﬁ ntral B ahne 70! pught uln
mately appe? Put ths G e wo and 3
fhalf year pett of pseryaton

These experments were mmp\mcd jong before facaiiries
for accurately Adefining the numbe? and $12€ of the re€ and

combined ilica paryic s 10 the atmospher® were avatlable
put the records ndiate that the dust emple’ ed was 1Ot e-
faent 1w fine quart? Chermeab analyss of the nd were
wot made but re cxam‘\muon of sections m pohr'ucd nght



322 SILICOSIS AND ASBESTOSIS

today discloses myriads of doubly refractile particles that
look hke qumtz The mote recent injection experiments with
the same knd of granite indicates an esplanation for another
apparent failure ; the action of the quartz was retarded by
the other components of the dust. In normal animals the
phagocytes were not stimulated so that they failed to concen-
trate the quartz in focal areas; in tuberculous animals the
infection caused an appreciable tendency to localization. But
even when this had occurred, the silicates prevented the free
stlica from exerting 1ts usual action upon connective tissue
cells There was some stimulation but it would undounbtedly
hasve taken many more years of contact before typical silicone
foux developed.

These observations are in accord with dinical experience
among the granite cutters ar Barre In non-infected individ-
uals nodular fibrosis only develops after exposures of tnelve
to twenty years, esen though the dust concentrations have
been excessive. In roentgenograms of these men Russell,
Britten, Thompson and Bloomfield #2 (1929} reported that
linear reactions were much more common than nodular ones.
Such shadowns would be cast by the sheaths of pcnl)mphnu.c
cellular connective tissues about the blood vessels Oniy this
type of change was present in several post-mottem specimens
which these investigators submitted to the writer for patho-
logical study The modifying action of infectron was f(t‘”
demonstrated m another pair of lungs subsequently rccel.‘é‘d
from the same community. There had been a self-limited
tuberculous infection which was localized to a portion of onc
lower labe. About thus lesion were a number of small typical
siliconc nodules. In the other portions of the lungs the reac-
tion was not nednlar but linear and pcrilymphmic in distr1-
bution R

Granite dust would therefore seem to be a ma‘terml con-
tamming inhubitors which are capable of preventing quartz



LAPERIME NTAL pATHOLOGY 328

from acting on the tssies for 2 ccms\demblc pcno(\ of years:
-The cffect of these substanees 18 n\»pncuﬂy caarted ® sthin the

pssues 1 2 mannet 7108 yet m\(\cnwod Infection tends t0

ot less modibed aheosts 40V ops It v puld be p\‘ohmb\c to
determune qnnnmnu\c\y the amount of feldspar OF mmica OF
ather unnamed substance which 18 necessary t0 neutratize the
acuon of a unit quantity of quaris

Trom the expcnmenm\ and climeal observations that have
been cted 1t no longer seerns reasonable 10 agsume that the
aba azard 18 only propomoml 1o the amount of tree sitte?

wron and aypsure T MS \nhatation ¥ others, Whe the
3 STt granute seet® 1o prevent it from affecung the
t ¢ metatlic alpminum ag MOt
- s enogest
hat 1t may fall m bue e be
done o €¥ Juate the q\mnummc relationesy e

the acuon of miubttor substances 0% sthica but that they exist
and exert @ $€TY definte nfluente 1 ¢he burden of this aTgw”
ment.

ASBESTOS

The only form of ashestos rested bY ;phalation 1 ammals
has been chrysoule put there 13 crery yeason to believe that
‘he other fibrous sihcates would produce qmutar effects for
1n human bengs the yeacuons 10 & members of thus grovP

cubsc foot of awr by the guined pgs deseloped sigificant
1eactions. ( Gavdner and Cummings 1g31) bl Apparemly the



324 SILICOSIS AND ASBESTOSIS

upper respiratory protective mechanisms of the rabbits and
tats were adequate to exclude fibrous foreign bodies. After
about seventy days expostre, asbestosts bodies had developed
about fibres of chrysotile within the ar spaces of the guinea
pigs lungs. These asbestosis bodies closely stmulated those
found in human beings but were considerably smaller. They
presented the same golden-yellow color, the club-shaped ter-
minal swellings and the transverse segmentation of the iron-
containing deposit upon the mineral fibres, They were lo-
cated very largely mn the alveoli opening along the sides of
the respiratory bronchioles. Many of them were free ; some
were surrounded by giant cells of the joreign body type As
the inhalation continued more of them formed in the same
location where they either remamed or penetrated the wall
of the bronchicle. None could be found n the intra-pul-
monary or tracheobronchial lymphoid tissues. Only the non-
fibrous paticulate elements of the dust were transported to
the Iymphatic system

Wiath further exposure the walls of these air spaces, pene-
trated by the fibrous foreign bodues, gradually became thrcker
due to an mnfiltraton with mononuclear leucocytes. After
hfteen months a moderate amount of fibrous tissue had
formed, which surrounded the bronchiole like a sleeve At
the time 1t was believed that contraction of this fibrous sleeve
would close the tube and produce an atelectass of the periph-
eral air spaces Study of the further stages of the disease has
failed to confirm this prophecy Instead, the reaction seems
to extend peripherally along the bronchiole nppnfently be-
cause the foreign bodies are deposited further along its course
Thas, in turn, seems to be due to the smootinng of the mner
surface and perhaps the loss of elasticity of the walls of the
tube. As more fibres are inhaled they apparently pass throught
the smooth, melastic lnonchtole and are deposited in !l.m
alveolar ducts given off at 1ts termmal end. These tubes in
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therr tmn respond to the local nutanon and ther walls
become fibrous In time the still more distal atiza are smulaily
imohed Although appreuable reaction 1 the alveolat sacs
and alveoll has not beent observed withm two yeats and nine
months of exposure, it now scems moie probable that these
structures are eventually 1mvolved by the process of peripheral
extension

In another group of guinea pigs 1t was demonstrated that
the reactron to inhaled asbestos dust 1s not 4 progressive one
The ammals were cvposed to the same concentrations of
chrysotile as used in the first test for 2 penod of erght months
and tunenty days They were then 1emoved to a normal at-
mosphere and members of the group were killed at intervals
during a subsequent pertod of three years At the end of
the exposure, chronic mflammatory reaction had developed
n the walls of the respuatory bronchioles During the next
three months this process gradually progressed to form a sight
amount of fibrous tissue Therealter the reaction was, if
anything, retrogressive 10 character At the end ot the three
year period there were ve1y thin sleeves of fibrosis about the
bronchioles but no extension into more peripheial an spaces
had occurred

In 1937 a third experiment with chrysotle was begun This
tume the asbestos fibres were ground in a steel ball null until
practically none more than g microns i length were lete It
was anticipated that, af the trntation were of a chemical na-
ture, the reaction should proceed more raprdly Average con
centrations of 175,000,000 particles per cubic oot { light field
count) are being maintamed 1n the dusting room Thus tar
the response to 4 times the concentration of a much finer dust
has been less pronounced than that obtaned 1n the first ex
periment Instead of being held on the irregular surfaces of
the respiratory bronchroles, the particles have passed mmme-
diately into the termtnal air spaces The very short fragments
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of asbestos are surrounded by a typical golden-yellow coating
and have the appearance of minute asbestosis bodies. Practi-
cally all of them are found within the bodies of mononuclear
phagocytes. Only a few can be detected wn the interstitial tis-
sue. Most of these seem to be intracellular. Some have been
transported to lymphoid tissues. Evidence of chronic nflam-
matory reaction 1n the terminal bronchioles and other parts
of the pulmonary stroma are practically absent Compared
with ammals exposed for sumilar periods to the longer fibres
of chrysotile in the first experument, the picture is very differ-
ent and more nearly resembles that produced by 1nert dusts

These experimental observations seem to be indicating
that asbestos fibres cause fibrosis in the lungs because they
act as mechanical 1ritants in an organ whose function -
volves considerable movement. The long fibres cannot effec-
triely be removed by phagocytes and the lymphatic system ,
they penetrate the walls of the bronchioles and with each
respiratory effort they continue to injure adjacent cells. The
development of a protective coating about them must oz
tenally reduce the friction but as long as the inhalation
continues new uncoated fibres are constantly accumulating
to Leep up the irritation. This is inferred trom the lack of
progression after the exposure has ceased If the rrritation
were chiemical in nature one would expect that it would
develop more rapidly with finer than with large fibres, that
1t should be produced by injection into organs other than
the lungs, as is the case with free silica, and that serpentiné,
whose composition 1s 1dentical with that of chrysoule, should
also cause fibrosis. But none of these effects have been ob-
served Final proot of the mechanical action of asbestos upon
the Jung 1s still lacking ; it remains to demonslrﬂfe that the
whalation of pure, very long fibres of chrysotle will produce
results even more quickly than the dust used in the first ex-
periment, which contained enly a limited amount of such
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material, However, the finchngs in the sarious expeniments
already finished all point to mechameal irritatton. Since sum-
marizitg these obseriattons @ paper by Sundius and Bygdén
{1937 ) has come to hand. As a result of elaborate ehemical
and petrographe analyses of asbesios dust and asbestosss
Lodies these writers hate reached the same conctusion.

The experimental exposures ane chus far faled to repro-
duce the widespread fibrous lesions which have been observed
i a few of the human cases of asbestosis Where the latter are
umformly distributed throughout the lungs but retmn thew
charactersstic fine, intersutial arrangement they may be con-
sidered as the result of protonged 2ud weensive exposure But
where a httruan case reveals localized areas of massive hibrosis,
1 seems most probable that nfection has complicated the
picture, The majority of tuberculaus wlections tn guinea
prgs with asbestosis tend to spread fot a ume but subsequently
heal with the formation of considerable areas of fibrosis
Lakewise, accidental non-tubercnlons infections of the lungs
may heal and organize to produce fibrosis The sumdartty
between these fact of healed tuberculous and non-tuberculons
wmiections i expernmental ammals and certam massive areas
of fibrosis in the human cases strongly suggests 2 common
onigin, Turshermore, in gunea pigs the mterjection of the
factor of infection causes the fibrosts 1o become progresstie
and 1t 1s felt that the same may be true of human cases This
may explam the Delief, entertatned by certain autharities.
that ashestasis is 1eself a progressive disease.

INFECTION AND DPREUMOCONIOSIS

One of the 1mpostant contributions ta the study of pneu-
monacotasis 1n recent years 1s the demonstranon that sih-
cons specificatly predisposes to tuberculosis and that the
combined action of silica dust and the thercle baatli pro-
duces 2 chronic progressve drsease which s responsible for
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most of the cases with marked disability, The group of in-
vestigators in the Mners’ Phthisis Medical Bureau at Johan-
nesburg ¥ (1930 ) clealy differentiated the 1espective réles
of the factors of mfection and dust Colhs * (1915) in his
Milroy Lectute of 1915 showed that pneumoconioses other
than silicosis were not associated with an excess mncidence of
tuberculosts although they might predispose to pneumonia
Recent work 1n this country and in Great Britain 3 is now
mdrcating that the fatter 1s probably true ouly of the bron-
chopneumonias ; the madence of lobar pnewmonia seems
ta be little higher m persons with pneumoconioses than in
others.

In considering this phase of the subject, a definite distinc-
tion should be made between slight or healed infections
which play only an etologic role and clmcally active infec-
tions which modify the course and symptomatology of sili-
costs The former may merely damage a localized area in the
lungs so that abnormal quantities of dust are retained. Even
though the infection 15 completely healed, the formation of
scar ussue or the less perceptible alterations of the local
lymphatic circulation modify the deposition of dust and the
resultant form of the pneumocontosis. On the other hand,
the inhaled dust may alter native suscepubiity to bacteni2
and the course of resultant infections in the lungs

Non-tuberculous pnewmomnias deselop spontaneously it
anumals inhaling dust with annoying frequency but so h'ulc
15 known about the mechamsin responsible for these epizo-
otic conditions that 1t is hard to evaluate the réle of the dust
It seems luglly probable that other environmental factors
1 the dusting rooms play considerable part in the spread of
nfections At least their frequency is not very much greater
where 1rritating free sihea 1s involved than in the case of
mert materals, like gypsum or marble. The pneumonias ar¢
probality more throme and more §requently orgaruzed when
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The particular strain employed is known everywhere as
Rj. It possesses a limited but rather constant virulence for
guinea pigs which has been mamntmned over a period of
forty years or more, Its action after either mjection or m-
halation 15 predictable and hence it 1s a better testing agent
than many others which have been tiied. When guinea pigs
are made to inhale a vapor containing small numbers of Ry
tubercle bacilli, they develop a multiple primary complex
comparable to the so-called “childhoad infection” 1n human
beings. In normal animals the lesions consst of a varable
number of 1solated discrete tubercles, all less than 2 mm m
duameter, located m the subpleural alveolt together with
toct of tubercle in the tracheobronchial lymph nodes. Such
tubercles almost never spread but after progressing to the
stage of casearton they begin to heal Within two years time
even microscopic traces of the Jesions may have completely
disappeared (1922 ) .3 The only evidence of the infection
may be a persistent hypersensitiveness to tuberculin (Fig-
uresbatobf)

The course of an Ry wmhalation in a guinea pig exposed to
dust may be gute different from that just described. The
nature of the modified response depends upon the type of
the pneumoconiosis concerned and the stage of 1ts develop-
ment when mfection supervenes. Animals mfected after sev-
eral months exposure to dust of any type develop mote tu-
bercles and many of them are located m the deeper as well
as the subpleural portions of the lungs; the course of the
resultant infection 1s determined by the character of the dust.
Under the influence of inert, soluble dusts Iike gypsum of
marble the tubercles rately spread and most of themt heal by
the normal process of resolution ; a few may persist as lolcrlF
1zed scars, sometimes surrounding a focus of calafication
(Figure 7a) The sihcate, chirysotile asbestos and the Il(’l.“»l‘
tite mentioned above often cause a temporary local extension
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FIGURE 6 See caption on page 333
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than 1n other portions of the body. No prohiferation occurred
unless a period of four or five days elapsed between the 2
injections He also demonstrated the specificity of the silica
reaction by producing subcutaneous foci of necrosis with
other irntants, like turpentine, and showing that in them
there was no unusual multiplication of the bactera Vorwald
and Landau? (1937) used the same method and demon-
strated that the mjection of non-siliceous dusts would not
cause tubercle bacilh to multiply. With vartous silicate dusts
their results were so inconstant that they could draw no con-
clustons as to the effect of any of these minerals

Other experimental methods are applicable to demon-
strate the stimulating action of silica upon tuberculous in-
fection Silicotic rabbats injected intravenously with human
type of tubercle bacilly, which are ordinanly of low virulence
for this species, develop progressive tuberculosis The infec-
tion localizes 1 and about the preextsting sihcotic nodules
and produces a collateral zone of tuberculous reaction. Casta-
tion vades and often destroys the dense sthicotsc fibrosis
Wilte rats, which are naturally immune to tuberculoss and
rarely develop localized tubercles, become susceptible after
they have mhaled enough sihca dust. Tubercles form mn their
lungs, both 1n the immediate vicinity of the nodules and m
the intervening tissues Intratesticular subcutaneous and m-
traperrtoneal mjections of both tubercle bacilli and vartous
dusts have been tried but the resultant lesions are so com-
plicated that analysis 15 difficule

It now seems apparent that the reaction of silica upon
the tissues furnishes a medium upon whtch tubercle baaitl
grow with unusual rﬂpidltV But such growth 1s no} neces-
sarily continvous ; m newly-formed lesions the organisms are
very numerous and readily demoustrated m stamned sectotts
ot smears. but 1 old foci bacilli are often rare or entirely
absent Subinoculation 1nto guinea pigs usualty demonstrates
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sons who have reached the age of industrial employment.
However, vary occastonal examples of such reactnations have
been followed 1 young persons, presumably ones infected
for the first ime 1n late adolescence. Such cases piove the
possibiltty of affecting the primary complex but their infre-
quency makes 1t at least debatable as to whether the presence
of the calafied primary complex constitutes reasonable
giounds for rejection from employment. It secms most un-
likely that the small caleified primary tubercle in a man
over twenty-five should contam hving tubercle bacilh

The acute 1eactions obtamed wlen a primary mfection is
admunistered to an anumal with fully developed silicosis hae
anatomic counterparts m the so called “perinodular” type
of human tuberculosts, a rare form which runs 2 rapid course
with a fatal outcome. The cases usually occur m young sub-
jects who appear to have hittle resistance to infectron, From
the animal expertence it is assumed that they are non-
ummune subjects whase first contacts with the tubercle baal-
lus were made after silicosis had developed

The chronic forms of the infecuon are more apt to occur
wn ndividuals possessing some resistance by virtue of pre-
vious infecttons at an earlier age. Such persons may enter
cmployment mvolving an exposure to silica dust already re-
miected and carrying either a healed or a latent but poten-
tially active focus of remnfection in the upper portion of t!mr
lungs Inhaled silica accumulates in unusual concentrations
m and about the scars of infection  There 1ts action accento-
ates the existng tendency to fibrosis and the scar becomes
still thicker and heavier. If the focus 1s sterile and contains
no living organisms more fibrosis is the only outcome If,
on the other hand, viable tubercle bacilli are sequestered
within areas of caseation it 1s altogether probable that i fime
the phagocytes will transport silica ito them. When enough
reaction has occurred the orgamsms will begin o maleiply



g, o T1n \pe; iy aie

3 Potengy T sprey, gy, los; nlie the
Ocus 4y, tingj, the fyy, "N Jey,, d ofter,
VY thyey, Prohfer, g org, 15 ad 1, 1 ep
Vitonmey, f sca 1she wah 5 ene ) nd Ymph
upply and 4 g, \Jge tensyg, Nseque,y, tly the stimy,.
lnung effecs o, thy tica (g More o S5 newy, ed ang the
bauyy, are a Mantary, hcmscl‘e. ough e
Magy lne g 1at g, Natigy | th e Sthicy they con
tinge 4, Probifer,, Cton 1y Tesultan, areq o
stlreg tubergy,) K Creases 1 Size fy, toxic Symp.

™S Of 1y, a ght op abse, “Cause g, opportum
les Sorpt ted (), Nary o, uberculu
Gl ¢ e gy, ur the Sk, by larg, R
Prodyce h s ) beey ampjy, demunst d 1y an
Nrepor, T test, by p, E 1,9

T time OUgh bag, U g ke ¢ e Way ¢ 1€ Surfac £ the
Mol ey 2 ), the, fid o, e 2 dition £
8ron gy, 1 they p, uluply More apidly, "Odueg Qe
absgyy, the hary chinyeqy of Mectiop are
nanfe, e by, L, no lon, b scar Tssue,
Teach g, n th, ey, Posiggy o for
the g, Noy, the h O b S iy
ally 1

N tajy the chrom(‘ Cases of snhco»mherculom resyly from
the Teacyy , 1 of €Xseyy, fatey, Apical ¢, dry, uals,
Ststant p,, iy, Previgy, nfecy,, s, “Come ..
lccteq g Y theyy ey st If oo, 1
dmans Ul g, t Of reypy, ct, 'Psulateq
nd g, Tead yy, lately, Nre 1C dyg, Y agap
€velo, Per] taps 4 lesiong Qung he Middy,
OF Joy, op s of 4, ing Which are Nusyayy, on 1
heor, Cts Ution op th Ype o stlico. gy, erey.

S 1 e, tially o, 3 Juse g bed S Couyy.



340 SILICOSIS AND ASBESTOSIS

terpart 1s not found n the animals for none of them have
teceived exogenous veinfections. However, the prinaple of
resistanice acquired by virtue of previous non-progressive
nfection 1s allustrated mn the animal whose primary infection
remawns quuescent for a ume but when 1t is activated the
resultant endogenous reinfection is of a chronic type.

There are also human cases of tuberculosis on a back
ground of silicosts which behave as do those w the general
population They generally occur when the exposure to silica
has not been severe or prolonged One nught assume that
msufficient quantities of silica have established contact with
the tuberculous focus to affect 1ts behavior since mn ammals
such contact seems to be the essential requirement.

The nfluence of inhaling other types of dust upon pul-
monary infection with Ry tubercle baailis have already been
mentioned Detailed discussion of their mdividual effects is
unnecessary except to state that i general the results are
comparable to clinical experience i industises where the
dusts concerned are generated. One notable exception exists
in the case of the carbide of silicon which in animals caused
the infection to progress almost as regularly as free sihea.
This was true 1n several gumea pig experiments where the
dust was inhaled (1923} and the mfection was administered
etther by inhalation or by mnjection at remote pomts. It was
not confirmed by the white mouse tests performed by Vor-
wald and Landau? (loc at ) An unusual incidence '0(
tuberculosts has not been discovered m persons engaged in
the manufacture of siicon carbide ( Clark, 1929 ).

Perhaps the most striking feature of the experuments deal-
g with the combined action of different dusts and tuber-
culous nfection 1s the vartability of the response in the
members of the different series While most of them exhibt
a tendency to react 1 the same general manner, ex'cepuoml
individuals behave atypically, The same observation 15, of
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studied before generahzations are possible. Nevertheless, 1t
would now appear that many mmeral dusts either alone or m
combination with free silica, may fasor ultamate healing of
tubetculous wfections with the formation of scar tissue from
which all the specific characteristics have disappeared Con
firmation of this hypothesis would be most useful 1 explamn.
myg the etiology of many of the areas of massive fibrosis found
n human silicosis,

Attention 1s called to the fact that much of the material
presented 1n this chapter has never been published. The
writer has borrowed freely from the observations of his co- -
workers 1n the Saranac Laboratory. It is his pleasure to ac-
knowledge his debt to Mr.D.E Cummings, Dr.A.J.Vorwald,
Mr T M Durkan, Mr M Dworskt and to all ns other asso-
ciates who are collaborating with him in the study of these
problems. He also 1s mdebted to the Journal of Industrial
Hyglene and Toxicology, and the American Review of Tu-
berculosts for permussion to reproduce numerous lustra-
tions that have previously appeared n these journals,
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VL OCCUPATIONAL, PREVENTIVE AND
LEGISLATIVE ASPECTS

GREAT BRITAIN

E. L. Mmpreroxn, M.D,D P.H.
H M MEDICAL INSPEC10R OF FACTORILS, LONDON, ENGLAND

Steicosis as an industrial malady is probably of great antiquaty
n Great Britamn Collis ! has quoted references to prehistoric
factories where fiint 1mplements and weapons were made,
and has found their modern counterpart in the workshops of
Brandon, 1 Suffolk, where the fesw remaining fint-knappers
make gun-flints for barter amongst the native races of Afuca
In less remote tmes flints were used as building ma-
terial, and, 1t may be presumed, the masons of the period
suffered from the disease. “Stonemasons’ phthusis™ has been
well known tor generations amongst workers in sandston¢,
“grinders’ rot” amongst metal grinders, “potters’ asthma
amongst pottery worhers, and “miners’ phthisis” amongst
metalliferous miners These were all trade names for the
same disease, s1licoss or silicosis accompamed, as it frequently
was, with tuberculosis

The exact extent of the disease in modern industry 1s 1ot
accurately known, but there is an increasing tendency
amongst medical men to make use of the term silicosis to
lndlC'ltC the disease in certificates of the cause of death, and
from this source an approximate estimate can be made of the
annual number of deaths occurring from thus cause in Eng-
land and Wales Durng the seven jears 1930 to 1936, the
Average number of deaths recorded in this way was 325 per
annum. The principal occupations from which these fatal
cases were derived are briefly described
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FIGURE 1
A gun fiint from Brandon Photo by § H Wilkes

atmosphere of the chamber is filled with a dense cloud of fine
dust of the abrasive sand, which becomes finely commnuted
in the process. The operator wears protective clothing and a
helmet supplied wath pure air under pressure through a tube
Exhaust draught is provided for removing the dust-Iaden air
trom the chamber Smaller articles are treated in a closed
cabinet before which the worker stands, passing his arms
tiough guarded holes to direct the sand-blast, while watch-
ing the process through a glass panel A modification of this
tvpe of apparatus is that generally used for treating pottery
For etching glass a stencil may be nsed, the glass being pressed
agamnst 1t while the stream of abrasive etches the pattern or
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ings with moulding sand stili adhering, swliceons dust is rro-
duced from the moulding sand, With clean metal artidles
and metathe abrasne all danger of exposure to siliceous dust
15 obviated. Certan objections have been ratsed to the use
of steel grit as the abrasive, owing to technical difficulties
which have been met with ; for example, particles of steel be-
comng embedded 1 castings of non-ferrous metals ov alloys
and preventing satisfactory machining afterwaids ; or iron
staining from particles of the abrasives being left on articles
which were Iater enamefled. Such difficulties have been got
over by using non-ferrous and non-siliceous abrasives, or by
cutting out the blasting operation altogether. The pressure
of the compressed air 15 varfed with the nature of the work ;
for metal castings it is from 30 to Go paunds to the square
inch, while for pottery 1t is from 15 to 3o pounds ; and for
glass, wood and other materials it {s still fower The lower the
pressure of the air blast the Jess dust is lilely to be formed.
Both sexes are employed on sandblasting small articles,
but men only on the heasier metal work, In the census of
England and Wales, 1931, the total numbers over sixteen
years of age employed on sandblasting are given as: males
1295, females 100. The number of deaths certified due to
sihicosts an England and Wales in the seven years, 1930 to
1936, was 67 or g 6 per annum. This gives a mortality rate ?1
69 per tooo hving, The rate is actually higher th&{l this,
because the census figures mclude shot blasters working on
clean metal, wha are not exposed to siliceous dust, .
Sihicoss occurs amongst sand-blasters after short periods
of employment, compared with other occupations. In 38
fatal cases winch were fully investigated, employment was Tess
than twenty years in all of them , m 8 it was less than five
years , in 15 between six aned ten years ; in 1 Detween elevert
and fhifteen years, and in only 4 it was ove'r sixteen years.
Prevention. Regulations for the Grinding of Merals ( Mis:
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352 SILICOSIS AND ASRESTOSIS

GRINDING OF MErars

The processes which cause silicosis m the grinding of
metals are confined to those in which grindstones composed
of sandstone are used In addition to actual grinding, certain
ncidental processes of dressing the surface of the grindstone
are very important from the health point of view,

The mdustries m which metal grinding is important are
(1) the cutlery and edge tool trades, and {2) machinery
and general engineering works and foundries.

Grinding may be done wet or dry, and the metal being
ground may be moved by hand or by mechanical power on
a machine In wet grinding, the grindstone is mounted on a
hor1zontal shaft and is made to revolve rapidly mn a direction
away from the grinder, except in some special kinds of grind-
g, such as scythe-grinding, when it revofves towards the
grinder. Water is laid on from a tap or spray above the grind-
stone and 1s drained away beneath it. Formerly the lower part
of the stone dipped into water in a trough 1n which grit, metal
and dire were allowed to collect. Wet grinding is also done
by machines, especially in the manufacture of files, saws and
machine-knives, when the metal being ground is fixed to a
part of the machine which moves under or across the revolv-
ing grindstone

The processes of dressing the grinding surface of the grind-
stone are * ‘racing’, that 15, trueing the surfaces of the grind-
stone before 1t 15 brought into use for the first time ; and
‘hacking’ and ‘rodding’ or ‘scaring’, which are c:em‘ctd ont
frequently in the course of the day’s work to mamtain the
grinding properties of the surface. .

Grindstones are obtained chiefly from the millstone-grit
sandstones of the Derbyshire, Sheffield and New castle districts
They vary in size from 1 to 7 feet in diameter and from 1
to 12 inches in thickness
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of the Workmen's Compensation (Silicosis} Scheme for
the grinding of metals industry on 1st July, 1927, there was
a widespread departure from the use of sandstone wheels and
a corresponding adoption of artificial abrasives to which the
Compensation Scheme did not apply.

Prevention Another influence 1n reducing silicosis in this
mdustry 15 the stringent preventive measures enacted in two
codes of Regulattons in 1925 : the Grinding of Metals ( Mis-
cellaneous Industries)} Regulations,S and the Grinding of
Cutlery and Edge Tools Regulations.é These two codes re-
placed a single code of Regulations made in 1gog, and fol-
fowed a technical and medscal inquiry 7 in the industry, The
general provisions of the Regulations may be summarised
thus —

(1) Localised exhaust draught for ‘racing,’ dry-grinding or
glazing

(2) Separation of the process of ‘racing’ grindstones m the

cutlery and edge tool trade, and of wet grinding

General sentilanon sufficient to provide 12 changes of

) air per hour, and 15 changes in cutlery and edge tool
shops , and continuous mosement of air in a direction
from the grinder to the outlets

(4) Suppression of dust at ‘hacking’ and ‘rodding’ by water

or other means

(5) The rooms must be a certain minumum height, windows
must be adequate and Lkept clean , floors and walls must
be so constructed as to be capable of being cleaned, and
all shafts, belts, etc efficiently covered

{6) Adequate drainage for water. A

(7) Penodical dleaning of floors, walls, celling and fixtures

(8) Spitting prolubited

(9) Cloakroom accommodation to be provided

10) Grindstones must not be less than the prescribed dis-

tance apart
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358 SILICOSIS AND ASBESTOSIS .

the risk to health or the means necessary for avoiding it. The
tesult has been that some of the most rapidly deseloping cases
of silicosis on record have occurred before adequate measures
could be taken to deal with the danger.

In all the fatal cases of silicosis recorded in England from
the manufacture of these abrasive powders, the dust has con-
tained a highly siliceous quartzite rock, finely powdered and
mixed with soda ash and soap powder The number of deaths
certified due to silicosts contracted in this manufacture was
10 during the seven years 1930-36. This 1s probably less than
the actual number In one factory where the manufacture
was carried on to a substantial extent for seven years, 1§ per-
sons are known to have died from silicosis with or without
tuberculosis, out of a total of 5g persons who had been em-
ploved during that period for longer than two manths on
the process All except one had commenced the work between
fourteen and sixteen years of age.!! The unusual characters
of the rapid onset and course of the disease in most of these
cases may be connected with the early age of the subjects.
Attention has been drawn to the presence of free alkali in
the powders to account for these characters. .

Mention may be made here of silicecus materials used in
polishing compositions The best known are Tripoli, New-
burg chalk and Diatomite. . i

Tripols is regarded as a chalcedonic form of silica contain-
ing g6-g9 per cent silica, The substance generally known by
the name 1s obtained from Seneca, Missours The name s
derived from Tripoli in North Africa, where the product is
dratormte.

Two fatal cases of sthcosis with tuberculosis have been re-
corded from exposure to dust of tripoli The two men }‘md
been employed for ten and eleven years respe(mely I}’ll‘(lng
the ingredients 1n the manufacture of 2 foundry sand in one
case. and of polishing-composition in the other case.
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THE SANDsTONE INpUSTRY

This industry comprises all processes in getting sandstone
from 2 quarry or mine, and in cutting and dressing it,

The sandstones include the sedimentary silica rocks, and
they are chiefly used in the construction of buildings, bridges,
veservoirs and roads, and 1n the manufacture of grindstones
and pulpstones. The industry is principally carried on ia the
districts where the quarries are situated, but stone-dressing
takes place to some extent over the whole country, and every
town has its stonemasons’ vards, About 12,000 men are em-
ployed 1n the processes m quarries and, in addition, about an
equal number of masons ate emplayed in builders’ and sculp-
tors’ yards

The workers include roch-getters who work at the stone
face 1n quarry or mine ; quarrymen or stone-cutters who hew
the blocks ; masons who sliape and carve the stone to dimen-
stons or patterns , drillers with hand or pneumatic-tools or
steam-drills ; crushermen, labourers and cranemen; and
builders “fixers or “wallers”, who frequently do some dress-
ing of the stone.

The sihiceous sandstones consist essenually of quartz grains,
mixed with a varjety of other minerals and held together by
a cement of varying composition and proportion. The pro-
portion of silica in sandstone varies in amonnt up to over 49
per cent. L

All the processes gite rise to dust, and the rish of silicosis
depends on the concentrauon at breathing level. The foll?‘\'-
ing are average concentrations of dust found at breathing
level in different classes of work in the sandstone industry
( the higher numbers indrcate number of particles in tce of
arr, the numbers in parentheses are calculated as millions of
particles 1 2 cubic foot) : masons, 545 (16) ; rock-gevters,
316 (9) : dnllers, 939 (27) ; quarrymen. 1956 (56) :



OCCUPATIO'\'AL, PREVL‘\'TIVE AND LL‘GISLATIVE

crushermen, lige (32). Factors Which Appear 4, Mfuence
the concemrauun Yere delermlned by Greep ,, Vatsoy .1
ighe, “htratgy, [ d Whep thy

Masop, |, pundungu Clighiny, 1, o ip, fgurey shoy, the
Order of he ber of Ulicles Prod,

2150 pey € m, N clogeq yaj <aln

1322 per " I ope, Yard on 4 hold hed

Almogg deag 1,
537 per cc Mason 4, Open g,

°n yarg mos
313 per cc Mason 4, osed 'y, » st

rop, e
Ef € p, m g, yard, SUSLy vy 1p, i
1 Would pe dufficy 10 asyagg the 5 Xposur, of 3 on
Over g | 8 petiog of ‘en g, 10 sampyo Bere g ]
cach [orperm s ur upy, ads, gy p, S o en Possipe to
Obtayy Sullicren, dag ¢, Jeld 5 lue op Which Y X
€ Place, Extre, USS can pe stateq, *150 per ¢ ¢ £
boyy zooperu 1€ close g yard €c g 0 pe;
e for the °pent yary
Mrasy i Aray, m TS, the Size-fre.
Quen, Bures s, “Markapje 8Tce of Stanc, Y em.
Phasyye o) Tepong, f the N icle ang h ay;s,
n Teque, ol pa 1 5 (lmmem'
3 fsllg 1on g, Ci I’FGHCE 0515 in lh&
sand, dust, ¥> Suep, Tla d Tyson 14 the g,
€ase St ma, 0, rocy, e q Tymey, Planer, andg
Mallstone dresser, Oeny, 0logicay CVidence of the 15eas,
Was mos CQuenyy, founy Tty year, f age d after
tnent} Years Indyg, T8uson nd cling, evy.
Nee of Pulmon, brog;, 133 sand, Workers out of
1,000 CO"SEC[ try I'Ollﬂnt‘ 3 H"ﬂ[l()lli f ommumo
At wory Oenege, 'Sraph,, Mation op f o) Mo,
elimte Of thege shoy g Silicogys uy
Uring he s ¥ 1931 1€ nupy dcmh:
Certifiegq due ¢, licos, ¢ sar Worj, Eng.



362 SILICOSIS AND ASBESTOSIS

land and Wales was 574, the annual average being 82 deaths
Estimating the number emplojed at 25,000 this gives an
annual death-rate of § § per 1000, The numbers {or the con-
secutive years over the period show no tendency to fall, the
Jast four years being above the average

Prevention. In processes carried on in quarries in which
the stone contains not less than 8o per cent. of silica, Specal
Rules made under the Quarries Act, 189y, are apphed by
the Mines Department. The Special Rules provide that : —

(1) Rock drlling by mechamcal power 1s done with an effi-

cient water yet, or other efficient means to prevent escape

of dust

Stone brealung by manual labour is to be done only 1n

the open air, and resprrators provided if workers are ex-

posed to the mnhalation of dust

Machines for crushing and grmding of stone to be (a)

provided with exhaust draught and dust collecting ap-

phances, or sufficient water or steam spray, or other

arrangement to prevent escape of dust, or (b) enturely

enclosed

(4) Stone to be kept wet in sawing, planing and wrning

{5) Workmen dressing stone not to work nearer than 6 feet
from each other

(6) Stone dressing not to be done in any closed shed unless
exemption 1s granted on the ground of exhaust ventila-
tion being provided

(2

w

The stone mason who dresses the stone by hand fs the most
frequently affected 1n the mdustry, and preven.tiwe measures
are neither eastly applied to this work nor readily adopted by
the masons themselves Progress has been made in the devel-
opment of an eflicient type respirator which will prol?Ct
against the finest dust to the extent of 8o per cent while
a}fording a reasonable degree of comfort, at least for wter-
mittent wear. If such respirators were worn regularly during






Ficure 2 See caption on page 305.
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SLATE QUARRYING AND DRESSING

The industry is concerned with quarrying or mining the
roch, and making and shaping the slates for roofing and other
structural work Powdered shate is used to some extent
the manufacture of roofing felt for road material and as a
‘filler.’

The industry is widely distributed in this conntry, but
about 9,000 of the 11,000 Wage earners m the industry are
employed in Northi-WWest Wales.

In the open quarnes of North Wales the rock is quarned
by blasting and wedging. The large blocks are conveyed to
the mills where they are sawn to sizes with power-driven saws
cutting across the grain, The blocks are then split with clusel
and mallet and cut to required sizes by hand or maclune, In
some small quarries there are no mlls and splitting is done
i the open air, Slate makers, who do the sphtting and cut-
ting. usually number 3 or 4 times as many as the rock getters.

Slate 15 the typical cleaved rock. Tts most important con-
stitnent quantiansely is silica, free as quartz and combined
as silicates of aluminum, 1ron, alkalis and ather bases. In
Penrhyn (Welsh) slates quartz amounts to 3466 to 45 26
per cent, while total silica (free and combined) 15 5795
to 63.01 per cent s

Dust 1s produced mn driiling in the quarry* the average of
a series of samples taken with Owens' Jet Dust-counter
showed a concentration of 560 partides in 1 cc. of mr
(16,000,000 1 1 cubic foot) In the mulls the concentration
of dust varied widely, 1n a series of samples, from 241 par-

tides n 1 cc (7,000,000 in a cubic foot ), to 3,325 in 1 cc.
{ 99,000,000 1N a cubic foot); the average count was 1,163
mice (42,000,000 in a cubic foot ).

Sutherland and Bryson * made climieal examnations of

120 workers and found severe fibrosis of the lungs amongst
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dustry 1s at Stoke-on-Trent 1n North Staffordshire, where all
branches of pottery manufacture are represented,

In the manufacture of earthenware, the ingredients, — ball
clay, china clay, chuna stone, and flmt— 1 a ground state,
are muxed together 1 the form of liquid slip, from which
excess water 1s removed by pressing. The resulting plastic
material 1s used by throwers, pressers, jiggerers and jolliers,
handlers and modellers, 1 the potters’ shops Increasing use
1s made of the method of ‘casting’ ware. For this process the
slip or body is made into a hquid, which 1s allowed to flow by
gravity from a reservoir, or is poured from a vessel by hand.
mto moulds made of plaster-of-Paris. After a pertod, to allow
the porous mould to draw liquid from the shp, the excess
ship 1s poured off, the mould is separated into its component
parts, and the articie removed for fettling, drying and finally,
firng For the maling of earthenware tiles and electrical
fittings by pressure, the slip is made mto a semi-dry powder,
called “dust,” which 15 pressed in moulds So long as the
clay remains moist it 15 harmless, but in the process of manu-
facture fragments fall on benches and floors or adhere to the
clothing of the workers, become dry, and give rise to dust
After the article hay been made 1n the plastic form, partly
dried, 1t 15 frequently subjected to the processes of towing
on a revolving disc, and fetthing by hand, to remove irregu-
farities of surface and edges. The articles are then placed 1n
fireclay saggers with some sand, and fired 1n the oven. They
are then termed “biscuit ware.” Subsequent processes of
decoration and glazing do not give nise to silicoss ; but, after
the ware has been decorated and glazed, blemishes are Te-
moved by polishers who frequently use powdered flunt, mized
with water, as a fimshing abrasive on a rapudly revolving
wheel.

In the manufacture of china, the ingredients are calaned
bone, china clay and china stone, but 1t contains no added
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flint The processes of mahing the articles are stmlar to those
employed with earthenware m a general way, but n the
process of firing the articles require much more support than
do earthenware articles, and to provide this they are placed
1n saggers with finely powdered flmt When the saggers of
cluna ware are tahen from the oven the flint which was nsed
1 placing them 15 removed by a series of processes hnown
as “scouring ™

For use 1n the manufacture of pottery, flint 1s calemed by
burning the flint pebbles with coal fuel 1 hains The cal
aned flints are washed or steved to free them from ashes, and
crushed t a stone crushing machine If the fint 1s requuired
for making ship for earthenware 1t 1s then ground with much
water in bubir stone mulls This process 15 frequently carried
on at the pottery where the flint 1s to be used If the flint 15
tequired for placing china biscust ware it 1s reduced to fine
powder, n the dry state, m crushing mlls

It will be seen that the exposure to flint dust in the pottery
mdustry, 1 addition to the prelimmary processes of the
preparation of the flint by milling and grinding and the final
process of polishing, occurs amongst those manipulating the
earthenware body 1n the plastic and sems-dry states, and, m
the manufacture of china, amongst those employed n plac
ing the brscutt ware and 1n removing the fint from it after
firmg It 15 1n those processes that the highest mcidence of
silicosts occurs.

Estimations of atmospheric dust were made by H H Wat
son # with the thermal precipitator at \arious processes in
pottery manufacture The following are typical examples of
the conc 10ns found at & hing level, unless otherwise
stated, and expressed tn the number of particles i 1 cc of
air {and, in parentlieses, milhons n a cubic ft of aiw) —
fint-grinding, dry with exhaust draught 150 (13), fint
mitling, wet ( general air of the room) 109 (3), placng
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china biscust ware { general air of the room), 121 {35.4);
earthenware plate-making: 176 (5); fettling, damp -+ 168
(4:8); feteling, dry: 201 (5.); pressing tiles: 213 (6);
fettling ules: 275 (8); casting sanitary earthenware (gen-
eral air of the shop ), 164 (7).

In a dimcad and Roentgenological investigation m vai-
ous occupations in the pottery industry, Sutherland and Bry-
son 2 found that of 182 muales, 76 showed roentgenological
evidence of silicosis, and of 68 females, 11 showed such ev1-
dence Silicosis was diagnosed in flint millers, workers in the
earthenware shiphouse and potters' shops, and in chma ins
auit placers, oddmen and scourers, and m polishers, Their
findings were confirmed later by mortality experience m
the mdustry The figures for the seven years, 1930 to 1936,
me given m the Table, together with the mortality tates

TABLE 2

Porrrry Inpustry Mortality rates for silicosis in certain oc-
cupations caleulated on fatal cases investigated by the Fac-
tary Department in the seven years 1930 to 136.

Esomated
Qccapation, wambers
employed
Males Fe
ales
‘Fhnt mulers and mll labourers. 240 -
Earhgnuace—siphouse e | -
ety ol o-
“ K -
Saroves e
« faemakers 1
“ Edmaias i | s
© Saucematers 2 | 15
“ cupm; i ers 46 28
- Joliers 2ol 122
!SE:X! IUL\ :’A(\!n ;%é 532
(sum;n)’) u s
hollow-bare pressers 248
Coina bxsclm e pacers -
< lcoures ]
Foleters ‘ 0
Totgls ENESE
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calculated on the estimated number of persons employed m
each eccupation,

Prevention. Regulations were made 1n 1913, under the
Tactory and Workshop Act, for the Manufacture and Deco-
ration of Pottery * A Departmental Committee on Compen-
satton for Sihcosis dealing with the Pottery Industry reported
on the working of the Regulations 1n 128 # and, following
thetr recornmendations, another Code, The Pottery ( Silico-
s1s) Regulations, 1932 2 was made Tins Code deals entirely
with the risk from the mhalation of siliceous dust, and 1t
covers not only potteries but also factories m which flint 1s
ground for usc m the manufacture of pottery The two Codes
together provide a comprehensive measure for the control ot
dust 1n the industry Special use 1s made of localised exhaust
draught at spearfied processes, unless the materal 15 so damp
that dust 1s not produced, comveying machinery must be
enclosed as well as being provided with exhaust draught ,
dust discharged from the exhaust fans must be collected m
suitable apparatus , floors and benches must be freed hom
scraps and debms and cleaned daly, by a moist method after
working hours, or by vacunm cleaner, and floors must be
kept 1n good reparr and clear of obstacles so as to facilitate
thorough cleaning. The employer must appoint one or more
competent persons Whose duty it shall be to carry out sys
temauic inspection of the working of all the Regulations, and
to record any breach of the Regulatens or any tailure of the
apparatus needed for carrymng out the provisions, and the
steps taken to remedy the defects or to prevent recurrence

With & view to removing the danger from the use of pow-
dered flnt for firing china ware and the exposure to flint dust
mremaning it after fitng, manufacturers expertmented with
‘arious substances in the search for a safe substitute for flint
They found that sufliciently satisfactory results were ob-
taned with alumina, and the Medical Research Counal were
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eventually asked to determine whether there would be any
risk of pneumocomosis from exposure to alumma dust. As no
satisfactory data on the effects of alumina were available an
investigation 25 was carried out on 5o workers who had been
exposed to dust of alumina for periods varying from five to
forty years at the furnaces 1 aluminium works As a result
of chimcal and radiological examinations of these men, and
a statistical veport on sichness rates amongst a larger group
of sumilar workers, no evidence was found that alummna dust
had caused fibrosis of the lungs Following this finding it
seems probable that alumina will be used to replace pow-
dered flnt for the placing of cluna biscuit ware, and therehy
the risk to china placers, addmen and scourers will be re-
moved. Alumina is also being used instead of flint as an
abrasive for polishing finished ware.

Compensation The Silicosis and Asbestosis { Medical Ar-
rangements) Scheme, 193126 and the Scheme as amended
n 1934,% made under the Workmen’s Compensation ( Sili-
costs and Asbestosis ) Acts, provide, with certain exceptions,
for 1nttial examnation, within two months of employment
mn the industry, and periodical examinations at prescribed
intervals of persons employed in certain processes in the pot-
tery ndustry, which may be summarsed as follows., —
(1) milling and grinding of flint or quartzose material ; (2)
1n the manufacture of china, placing the ware in flint for firng
and removing the flint after firng ; (3) male workers mn cer-
tamn processes, carried on i potters’ shops, in the manufacture
of general earthenware, sanitary earthenware and earthenware
tiles, and (4 ) polishers who use flint or quartz. X

The Various Industries ( Silicosis) Scheme 1931 4 prov1dfés
for the payment of compensation to workmen employed in
the following processes and potterzes - — (a) the milling of
flnt or crushing or grinding of silica rock or dried quartzose
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sand ; {b) any process it or icrdental to the manufacture of
chima o1 earthennare including sanuary earthenware, clec-
trical earthenware or earthenware tiles, up to and mcluding
the preparation for glazing but excluding underglaze decorat-
mg, and modelling and mould making where these processes
are carmed on in separate rooms, (c¢) polishing, sorting or
grinding on a power driven wheel m connectton with the
grinding of glost ware, and tile-slabbing

Tin Minme

In tlus country tin is mined almost enurely in Cornwall
The numbers employed vary with the economic condition of
the industry , thus 1n 1928 there were 2,800 wage earners, and
mig34, 1,615

The ore occurs 1n lodes which tramverse gramite, or an
argillaceous schist called ‘Killas® Dust ts derned from the
Jodes which consist of hard stone ( contaming the binovide
of un), and from the contaning rock of gramte or Killas

In the Report on the Health of Cornish Mmers 2 the Ingh
mortality from respiratory disease 1s referred to Qut of 142
deaths of rock dmllers, 120 were certified as from various
forms of phthusis or “muners’ disease,” and 15 from other
respiratory ciseases. The majority of these rock dullers iad
worked 1n other countrics, go of them i the Transvaal but
38 of them had worked only 1 Cornuall

During the seven years, 1930 to 1936, stlicosis was certified
as the cause of death of 140 tin-mmers, a mortality rate of
12 per 1,000 on the number of wage earners m 1933 It 1s not
Anown how many of these un-nuners had woiked m other
mnes, though no mention was made of such on the certfi
ctes

Compensation The Various Industries (Silicosis ) Scheme
1931 *applies to all workmen employed underground in T
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Munes, and n the breakmg or crushing of the ore or the con-
tauung rock above-giound or any handimg o1 moving mer-
dental thereto.

HEMATITE IRON-ORE MINING

The mndustry 1s concerned with the mumng of the anhy-
drous ferric oxide, haematite, FeOy. The numbers employed
vary widely with the economic state of the industry, and dur-
g the present century fluctuations between 10,000 and
3,000 have taken place. The great majority ot these are em-
played 1n the West Cumberland and North Lancasture 1ron-
ore field, where the ore 15 used for metallurgical purposes,
small numbers are employed 1n the haematite deposits 1n the
South West, the product of which is used in the manufacture
of paints

Much of the hematite deposits are precipitates from ferru~
ginous solutions which must have been m most cases charged
with COjp, and such solutions would carry dissolsed silica
which would he sumultaneously precipitated with iron, gen-
erally in the form of finely divided quartz. Also n cases where
the calcrum carbonate of calcareous rocks has been replaced
by tron compounds, all the msoluble siliceous constituents of
the onigimal calcareous rock will find ther place in the newly
formed iron ore. Further, guartzose rocks may form one su.ie
ot a lode of ore and these have often to be blasted or cut in
order to work the ore-deposit Insoluble residue of the better
class ores amounts to 5 per cent to 7 per cent, but rises to 15
per cent, mostly in the form of free silica In lower grade ores
the insoluble residue may reach a much higher ﬁgurtz. Ex-
amination of thin sections of hematite ores reveals grains of
quarty secondary sihica and oxides of titantum, in addition to
the various oxides of iwon and carbonates The dust produced
by drlling and blasting 1o haemante mines, therefore, will
contain sthca # A series of samples of dust from mne work-
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wgs, yielded on analysts from 2 76 per cent to 7 o per cent
free silica, and dilhings fiom the ore body yrelded 1 5 per
cent to G 8 per cent

H.H. Watson ¥ found the following dust concentrations in
a hematite mine at a distance of 50 yards from the workmg
face, without dust suppiession, after an average of 6 shots
with g lbs explosive 222,000 particles m 1 cc. of ar
(6,313.000,000 1 acu ft.), after an average of 4 shots, with
6 1bs explosne: 103,000 (3,000) With the use of a dust-
suppressing device the atr was apparently fiee from dust, but
actually, the thermal preupitator showed a concentration of
30,000 (867) At wet dniling apparently no dust was pro-
duced, but actually there were over 2,000 (57) very small
particles

Methods of working haye been changed by replacing, about
1913, the slow hand drilling by machine drilling and the more
frequent blasting operations which this change permutted
Tlus may be the reason why silicosis had not been generally
regarded as an occupational rsh until the last few years
Collis 3! pointed out the lngher mortality for respiratory dis-
eases amongst the Cumberland Lancashire 1ron ore mimners
compared with the iron stone (carbonate) workers, in the
Registrar-General's statistics for 1910-1912, and Cronmn 3
found symptoms and signs of tmpaired respiratory function
n a climeal examination of 100 hematite drillers in 1925
Stewart and Faulds ** have described 15 fatal cases of pul
monary fibrosis in hematite-miners, and fatal cases have
more recently occurred in a haematite mine tn the South
West of England,

Duning the six years, 1931-1936, 57 deaths from silicosts
were certified, an average of g 5 per annum

Prevention At one time both management and workmen
were generally sceptical about the harmful effects of the dust
m haematte munes, and accordingly preventive measures
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were canied out seluctantly. Since the occurrence of silicosis
has been established beyond doubt, suong measures have
been taken by the mdustiy to sceure suppression of dust jn
the munes. In one Jarge group of mines a medical officer was
appamted to make mtial and perjodic examinations of the
workmen,

The methods relied on include good general venulation ;
machine drifling only with the use of axial water feed or other
approved method, and hand drilling with the use of water,
exclusion of workmen from places after shot-firing until they
have been cleared of dust and smol.e ; the suppression of dust
by water where it is Iiable to be produced in breakmg and
shovelhing rock , and removal of dust from machines used for
crushing and dressing.

Compensation. The Various Industries (Siticosis) Scheme,
1931 ¢ as amended by The Various Industries (Silicosis)
Scheme 1935 ** provides for payment of compensation for dis-
ablement or death from silicosis to workmen employed in
underground operations in Hematite Iron Ore Mines.

CoaL Mining

This is one of the most important industries in the coun
try The situation of the coal-fields and the numbers of wage
earners employed at a given date are indicated in Table 3.

While the dusty conditions to which many workers are ex-
posed underground m coal mines has been reflected in the
mcidence of pulmonary discase in the industry for many
years, it is only comparatively recently that the disease now
Lnown as sthicosss has been identified amongst these me?rs
Silicosis follows especially those processes underground u‘hlf}}
expose the worl.er to siliceous dust. These processes are : driv-
ing a hard heading or cross measure drift, :\31(1 ripping ud\'
brushing, that 1s, cutting the roof, floor and sxdes. of 2 road-
way. They involve drilling, shot-firing and loading debtis
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The foliowing dust-counts are of samples taken Ly H.H. Wat-
son % with the thermal precipitator, 1n studymg the move-
ment of a dust cloud from the point of production along the
roadways in a coal mine, while means were not bemg taken
to suppress the dust The samples were freed from carbona.
ceons matter before counung. Drilling, usually i sandstone,
at 15 yards distance, 10,860 particies 1 1 ¢ c. ot air { 310,000,
000 1m 1 cu, ft ); at 65 yards, 860 (25); at 160 yards, 630
{18). Shot-finng ( with 24 o7s explosiie ), at 65 yards, 2,000
(57)s {with 40 ors explosive) at 160 yards, 2.300 (65),
near the bottom of the upcast shaft, 550 (15)

In 1909 the Royal Commussion on Mines * referred to
the possible danger from dust produced in drilling 1o silice-
ous rockh 1n coal-mines, and since 1921 silicosis was found
amongst rock-dnillers in the corl-muines of Somerset and South
Wales, and later in other coal-fields. The distribution of the
disease 1n the different coal-fields Iras heen very unequal, as
can be seen from a geographuical classification of the certih
cates wssued by the Silicosis Medical Board during the pertod
of faur and a half years to the end of 1935 (Table 3) The
numbers of certificates ssued 1n respect of fatal cases, 1f cal
culated on the number of wage earners at the end of the
period 1s 22 97 for Great Brtamn, {13 for Fugland, and
112 59 for South Wales and Monmouth No completely satss-
factory explanation of this distnibution of the disease has yet
been reached.

Inn order to find out the effects on the lungs of ceal dust, by
uself, the Medical Research Council's Comsmttee on Indus-
trial Pulmonary Disease 7 carrted out a «linical and roent-
genological examimation of 30 coal trimmers emploved 1
loading ships with anthracite coal The nien had been ox-
posed to Ingh concentrations of coal dust for varous periods
from three years to over forty years, but the Commuttee dud
not find any evidence that the mhalation of anthracite ar
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TABLE 3
Number of certfeates
District wage earners svged for— Suspens
on Dec Tith son
193 Death | Total ds.
ablement
England
Horthumbertsnd 13,865 1
103,244 2
Cumberiand and Westmorland 4361
South Yarks 94427 + $ 10
st Vorkehu 1991 3 1
Lancashire and Cheshire g7 H 5
North Derby<hire 161
Nal'lnﬁh;m 44432 1 2 .
South Derbysture 3179
Teercestershire 9055
‘annock Chase 21,366 1 2
North Staord 543 3 % 6
S Snfor s and Worcrstershre 160 1
Shrapshire 2,623 1
arnickshire 163
Forest of Dean sors 2 2
Tstol
Somerset 3410 s 17 7
Tt 7903 3 6 4
Total 511,694 2 @ 3
Wal,
South Walesand Monmayh 130,552 1y sit 198
North Wal 8676 1
Tol 139,228 17 512 [
Scattond
Fufe and Clackmannan 21625 . 1
Lothians (Bid and East) 12472 2 5
Lanarkshu 38830 1
Avrshire 4,31
Total 84,238 L
Great Bruam 755,160 s | st 57

other coal dust had caused fibross of the Jungs 1n this series of

cases

Fisher ¢ has shown that there is no constant refation be-

tween the amount of dnilling and the incidence of silicosis
The same 15 true of the practice of stone-dusting It is held by
some that a 1isk of bronchits 15 incurred by the men, over-
heated, travelling out of certam pats by stants through cull
mg currents ot air which reach a velocity of 2500 It per nun;
ute with a temperature drop of 20° to 40° F - T.David Jones ¥
found that four tumes as many cases of silicosls were certified
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from collieries with slants as from those without slants W.R.
Jones # stated that the mieral sercite 1s present in the sand-
stones of the anthraate coal field, winle m those of well-
known Scottish collieries, sertcite 15 either absent or rare Ac-
cording to Cooke 9 sericite 15 constantly present 1n the at-
nosphere of the Lancashire coal-mines, but he found that
silicosis was extremely rare amongst the coal nmners there
That “prolenged exposure to the working conditions incident
to coal mimng ts frequently associated with the gradual de-
velopment of alterations mn the radiological appearances of
the lungs” 1s a concluston reached as a result of a roentgeno
Jogcal study of certain groups of industrialty healthy South
Wales coal-miners 42 The distinction in the degrees of change
found between workers m anthracite coal and m bituminous
coal agree with those reported by Russell In the Welsh study
the anthracite group showed a degree of “mottling ™ greater
than that tound m the semu-bitummous group Harper
tound no roentgenological difference between cases of sili-
costs 1in South Wales and those seen by lum in the Belgnum
coal-fields Lyle Cummins * directed attention to the variety
of occupations included m the coal-munng mdustry

In the report of a study made wn the Anthracte Region of
Pennsylvania by the Untted States Public Health Service,®
the results of examumation af a total number of 2 411 worlers
n g anthracite coal-mines are described Anthraco-sthicosis
was found 1 25 per cent, and the mcidence varted with the
penod of employment. and the concentration and nature ot
the dust to which they were exposed Bolime 4 described the
results of esamunation of 3318 rock-drillers working 1n the
Rubr coal mines for periods from five to twenty-five years
OF these, 19 11 per cent showed changes, due to dust, of
varving degrees of severity from slight, 14 7 per cent to grave,
018 per cent

Tiom a study of systematic exammations ol g807 stone
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workers in the coal-mines of the Ruhr district Reichmann
and Schurmann ¥ found the prevalence and degree of severity
to be 1048 (106 per cent) slight, 89 (09 per cent) mod-
erate, and 14 {016 per cent) severe. In 405 rases of severe
stlrcosis the duration of employment was, on the average, 18.3
years Death was due to sumple silicosis with heart failure in
37 per cent and to an accompanying tuberculosis in 63 per
cent

Courtots * made a study of pulmonary disease in 136 coal-
rnners at Charleror Roentgenological examinations of these
workers are dlassified as negatve 33, positive ( nodular opacr-
ties o, confluent opacities 61) g1, other conditrons ( bron-
chitts, emphysema, and deformities) 12 Post-mortem ex-
ammnation showed that the nodules were typical, siniple, sil-
cotic nodules In the massive fibrotic areas the nodular ar-
rangement had duappeared except at the penphery. Le-
clercq # has described the occurrence of silicosis amongst
coal-miners i the north of France, Magnin 5 found that the
disease produced amongst workers underground 1 the coal
munes of Central France 1s silicosis. which occurs in nodular
and pseudo tumoral forms. Badham and Taylor $ found in
the coal-miners of New South Wales several different types of
pulimonary fibrosis One type was thought to be esther a silica-
tosts due to silicates, or a pure anthracosis due to coal dust.

Prevention The Coal Mines Act, 1911, enforces the use of
water sprays or Jets or other efficient means when drilling i
ganuster, hard sandstone or highly siliceous rock “the dust
from which 1s liable to give rise to fibroid phthusis* The pre-
ventive measures 1n general use include (1) water, alone ot
contaimng substances to increase its wetting power, sprayed
over the exposed surfaces m the munes and on dumps of
broken matertal , drillmg with hollow or other special dnlls
to which 1s fed a supply of water, alone or mxed with a foam-
producing substance : (2) a device Lnown as a dust-trap, of
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tos or chrysotile, the ‘white’ ashestos, which 1s a hydeated
silicate of magnestun with a small proportion of sron ; and
the hornblende mmerals, the most tmportant of which are
crocidohite, or ‘hlue’ asbestos, and amosite, a hrown colourad
variety , blue asbestos and amosite consist kugely of 1ron sili-
cates, with a small propaottion of magnesium.

Asbestos 1s imported into Great Britan m increasing quan-
uties, year by year, awing to a remarhably rapid expansion of
is uses i mdustry. The chief sources of supply are Canada,
Cape Province, Italy, Rhodesia and Russia. The valuable
properties of the fibrous minerals include the facility with
which they can be dismtegrated mto flexible fibres and spun
into yarn and waven o cloth , their resistance to heat and
electricity confers valuable properties for insufation, and dre
resistance to acids, of some vaneties, favours their use for
chemual processes.

The numbers of persons employed in the asbestas manu-
Tacraring industries is difficult 10 compnte, but it is probably
between 3,000 and 5.000, and they include both sexes The
largest section of the industry is engaged in the manufacture
of asbestos textiles and the products into which these enter:
the processes mclude the preliminary disintegration of the
crude mimeral, carding the fibre, spiuning, plating and weas-
mg the yarn , the making of insulating mattresses of asbestos
cloth filled with loose fibre . making brake-linings, fire-proof
curtams, clotlung, etc. These branches of the industry are
fargely centred in Lancashire and Yorkstire, and in and near
London, Other branches of the industry are connected with
building, engineermng and slupping, and are spread over the
centres where these are carried on, The non-textile products
of manufaciure include asbestos mill-board ; asbestos-cement
sheets, tiles and pipes, brake and clutchhnings; packings

and jointings , electrodes and switch-board panels. M.mures
ia, hieselguhr and other materials are

of ast with mag!
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varied between 0 46 p. and 0 8 p diameter ; 32 to 51 per cent
were less than o.5 p and g6 6 to 99 9 per cent. were less than
56

The hustory of the recognition of asbestosis as a serious -
dustrial disease, and the increase of knowledge regardmg 1t,
are described elsewhere, but 1t may be stated here that the
first case recorded n England was that of a card room worker,
who died in 1899, the last sursivor of 10 men employed mn
the sume room. The case was described by Dr.Montague Mur-
ray 1n 1906 ¢ Durimg the same period a similar state of affairs
ewsted 1n France, when m 18go a tetile asbestos factory was
established at Condé-sur-Noireau ( Calvados) and 16 work-
ers died of pneumocoruosis between 18go and 18q3 57

Merewether % exarmined 363 workers in various processes
in the asbestos industry and found in g5, or 26 2 per cent,
definite fibrosis due to asbestos dust. Roentgenological signs
of a diffuse fibrosis were found in 2 out of 133 persons ex-
amined These figures do not represent the average incidence
1n the industry as a whole, because, for the clinical examina-
tions, workers with longer terms of service were selected, and
for the radiological examinations those with some climical or
other suggestive sign were given preference. There was, how-
ever, no undue proportion of workers from the more dusty
processes. Age, considered apart from duration of exposure,
and sex, appeared to have na wfluence on the onset of fibro-
sis

During the seven years 1930 to 1936, 78 deaths were cer-
ufied due to asbestosts m England and Wales 4o of these
were women and 38 were men The numbers vary between
eight and sinteen m the individual years, but they show no
tendency towards dimunution in the later years of the peru}d
This 15 due to the delayed development of the disease, which
in 42 fatal cases showed an average of twelve years exposure,
and the fact that the gravity of the danger from ashestos dust
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nsulating mattresses, one of the most dangerous processes m
the mdustry owing to the difficuity of controlling the finest
dust Venulation of the room must be approved m writing
by the Chuef Inspector , whilst filling, beating and levelling
are being done, persons not actually emptoyed on such work
are excluded trom the room ; damping of floors, benches and
material 1s prescribed _

Cleaning of the cylinders of a carding machune 1s no longer
allowed to be done by hand tools, and persons not engaged
1n the work are excluded from the room In practice, suction
apparatus 1s now used and this is one of the most important
preventive measures

A breathing apparatus or approved respirator must be pro-
vided for and worn by persons employed n chambers con-
tamning loose asbestos, n cleaning dust collectng apparatus,
and m filling 1nsulating mattresses. Persons under eighteen
years of age must not be employed in any of these processes,
or in sack cleaning or blending asbestos by hand.

In all rooms n which the processes are carried on, floors,
benches and plant must be kept clean and free from obstruct-
ing material or articles not immediately required, and every
room must be adequately lighted

Imual and periodical medical esaminations may be of
great value as a means of preventing or arresting the develop-
ment of asbestoss. Such exammations are prescribed under
the Sihicosts and  Asbestoss ( Medical Arrangements)
Scheme, 193145, as amended in 1934 %, for workmen ent-
ployed in the processes of breaking, crushing, disintegrating,
opening or grinding asbestos, and 1n mixing or sieving of as-
bestos or any admrxture of asbestos, and 1n making nsbc.stos
textiles and insulating mattresses The persodic examinations
are carrted out by the Sthicosts Medical Board at the pre-
scribed intervals of twelve months. i

Compensation. The Asbestos Industry ( Asbestosis )
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Scheme, 1931 % provides for the payment of compensation by
employers ol workmen who contract asbestasts due to em-
ployment in those processes m the mdustry i which the dis
ease 1s lable to occur The processes are as follows — break-
mg, crushing, disintegrating, opening and grindmg of asbes-
tos, mixng or sieving of asbestos or any admiture of asbes-
tos , the manufacture of ashestos textiles, the making of
sulation slabs or sections or mattresses composed wholly or
partly of asbestos , other manufacturing processes cartied on
wn the same room as any ot the foregoing processes , the clean-
mg of machmery and plant used 1n the processes, and of
chambers, fixtures and appliances tor the collection of asbes-
tos dust , the sawimng, gnindimng and tmining 1 the dry state of
articles composed wholly or partly of asbestos, except articles
composed wholly or partly of woven asbestos impiegnated
with bitwmen or other bond ot an adhestve nature

Tue PREVENTION OF SILICOSIS

Silicosis, Iike every occupational disease, 1s preventable
The long latent pertad between first exposwie and the ap
pearance of symptous, and the chion course of the duease
tend to obscure the connection between the fatal result and
the conditions which brought it about This leads 1o the ar-
gument that the conditions which exsted m this or that in
dustry thirty or forty years ago were responstble for most of
the silicosis mortality of today That may be true of some
industries but conditions do sull exist which arc capable of
preducing silicosts and new processes have been introduced
without due regard to this danger

The most nnportant measwes tor presentmg silicosis are
{1) abandonment of the process, (2) finding a safe sub-
stitttte for a dangeious material , (§) suppression of dust
mmeduately on 1ts production , ( ) remonal of dust near jts
pomtof onigin so that it does not reach breathing level, (5)
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exclusion of persons from the room where a dusty process is
being carried on, except those actually and necessarily em-
ployed m st ; (6) pratection of individual workmen by res-
ptrators or bieathing apparatus ; (7} medical supervision.

(1) Asafe process may be adopted in place of a dangerous
one, for example, cleaning metal castings with adherent sand
by a wet method instead of by sand- or shot-blasting.

(2) Notable examples of replacing a dangerous substance
by a safe substitute are the use of artificial abrasive wheels
for sandstone in metal grinding ; the use of alumina for plac-
mg cfuna-bisant ware and for polishing and grinding in the
pottery industry , metal grit ot aluminous abrasive for sand
or flint 1n sand-blasting. These measures have altered the out-
look in their respective industries.

(3) Suppression of dust at the point of origin has been
achieved to meet the hygienic needs of rapid dnlling and
ather mechanical methods ; water alone or combmed with
foam producers and with suitably modified dulls bave im-
proved the outlooh mn mming and fuarrying m sandstone,
grante and other sihiceous rocks and siliceous deposits.

{4) Localised exhaust ventlation by mechanical means
1s one of the most widely used measures for dust removal. To
be effectnve the plant must be designed to remove the ve-
qured quota of dust as near as possible to the point of origm
and to admit of effective callection and removal. Tt is a special
engineerig problem, and 1ts efficiency should be chche(} at
1ts mnstallation and pertodically afterwards by approved scien-
tific instrumental methods of dust estimation Standards of
permissible air dustiness are sull lacking, but with standardr
sation of methads these can be evolved, and for the present
reasonable arburary standards can be maintained, Localised
exhaust must usually be combined with some degree of en-
cosure of machinery which gaves rise to dust.

(5) Exclusion from the room of persons not actually en-
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g of records of the serral exammations ; this enables per-
sons showing the earliest evidence of pulmonary changes due
to dust, or the onset of tuberculosis, to be suspended from
turther work in the process This form ot supervision can be
used as a means of detexmning the 1elative dangers of the
various processes and the value of measures 1 use for dust
suppression

Section 4 (1) of the Factories Act, 1937 ? requires that ef-
fective and switable provision shall be made for securing and
mantaming, by the crculation of fresh awr mn each wark-
room, the adequate venulation of the room, and for render-
mng harmiess, so far as practicable, all furnes, dust and other
impuries that may be myurious to health, generated 1 the
course of any process or work carried on in the factory.

Section 47 (1) requires that in every factory in which, in
connection with any process carnied on, there 1s grven off any
dust or fume or other impurtty of such a character and to
such an extent as to he likely to be mjurious or offensive to
the persons employed, or any substantial quantity of dust of
any kind, all practicable measures shall be taken to protect
the persons employed agamnst inhalation of the dust or fume
or other impurity, and to prevent its accumulaung 1 any
workroom, and 1n particular, where the nature of the process
makes 1t pracucable, exhaust appliances shall be provided
and mamtained, as near as possible to the pomnt of origm of
the dust or fume or other tmpurity, so as to prevent 1t enter-
mg the air of any workroom

COMPENSATION FOR SILICOSIS AND ASBESTOSI>

A begmning was made in providing compensation for these
diseases 1 1918, when the Workmen's Compensation (Sil-
costs) Act was passed This Act gave power (o the Secretary

of State to make schemes for the payment of compensation
by the employers of workmen in any specified andustry ot
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to them by the medical officers on whose certificate only com-
pensation could be pad.

By the mclusion of these three principles the spectal diffi-
culties w the way of provuding compensation for silicosis were
met These had been recognised and pointed out by the Com-
mittee on Compensation for Industrial Diseases in 1906
They tound there would be difficulty 1 apportioning ha-
bility amongst employers for a slowly developing disease oc-
currmg m workmen who had moved from one employment
to another ; difficubty n diagnosis of silicosts from respiratery
affections generally prevalent; and a possible tendency
amongst certam employers to dismuss workmen showing any
symptoms, in oider to mvoid lability,

The first Scheme under the Act of 3918 was made for the
Refractories Industries and came inco force on February 1,
1919. This Scheme embodied the 3 principles outhined abore
The medical officers appomnted under the Scheme were gen-
erally the Tuberculosis Officers of the Local Authority ad-
nunistertng sanatarinm benefit under the National Health
Inswance Act. The dunes of the medical officers Iaid down
m the Scheme were (1) to make periodic medical examina-
tions of all workmen in the ndustries, except those em-
ployed over twenty years, at specified mtervals of one year in
the more dangerous processes, and two years 1 the others;
{2} toexamine newly engaged workers within three months
of commencing work m the maustry ; (§) to examine on
the warrant of a Jont Committee any workinan claiming to
be suffersng from the discase; () to examine at specified
interyals workmen in receipt of payments for pardial disable-
ment. If at cither pertodical or it evanunanan a wark.
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industry should reach a prescribed standard of Tespiratory
physique The recommendations of the Commitiee were
adopted and included in an amending Act passed i August,
1924, and later 1 Section 47 of the Workmen's Compensa-
tion Act, 1925,

In 1929 The Sandstone Industry ( Silicosis) Scheme was
made on the lines of the Scheme for the Refractories Indus-
tries The same principles were adopted for the provision and
maintenance of the Fund from which compensation and ex-
penses were paid ; Jomt Commuttees settled claims and cer-
uificates were given by members of the Medical Board who,
with an mcreased staff, also made inital and periodical medi-
cal exammations,

These two Schemes, for the Refractories Industries and the
Sandstone Industry, are the only Schemes of that type.

In 1929, the Metal Gnnding Industries (Silicosss)
Scheme was made to apply to workmen employed in the
grmnding of metals , mcadental work 1 the same room ; and
the racing of grindstones In 1928 The Varous Industrses
(Silicosts ) Scheme was made to apply to workmen in a large
number of mdustries and processes, not covered by the esist-
ing Schemes, 1 which the sk of contracting silicosis was
recognised. The machinery under these Schemes, which at
first were limited to cases of death and total disablement, was
that applicable to diseases scheduled under the Workmen's
Compensation Act, namely, examination and certification by
the Certfying Factory Surgeon for the distnct in which the
workman was employed, subject to a right of appeal to a
Medical Referee Except for certan occupations in the pot-
tery mndustry, no persodical medical examunations were made.

A Departmental Commuttee was appointed by lhevHomc
Secretary in December 1928, to advise as to the mf(hcn] ar-
rangements which could be made for the diagnosis of silt-
costs 1n cases of clairms arising under the Workmen's Com-
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pensation Act #, and for carrying out any peuiodical or other
medical examinattons of workers which may be prescribed
for any industry or process imolsing risk of silicosis. This
Committee recommended that the examinations and certi-
ficattons m the mndustries covered by all the Schemes be co-
ordinated and a Medical Board set up for the purpose, of
which the Medical Board already appointed under the Re-
fractories Industries and Sandstone Industry Schemes would
form the nucleus. They considered that where compensation
was clauned 1 fatal cases, a certificate as to the cause of death
should only be grven after a post-mortem (ammation, es
cept where the deceased workman was in receipt of weelly
payments under the Scheme, and then only 1f the Medical
Bomd were sausfied as to the cause of death without a post
mortem examination, Power to carry out the recommenda
uons of the Commuttee was obtaned m the Workmen's Com
pensation ( Silicosts and Asbestosis ) Act, 1930, which ex-
tends Section 47 of the Workmen's Compensation Act, 1925
A Medical Arrangements Scheme followed 1n 1931 %, and the
existing Schemes were amended to give effect to 1ts require-
ments as to the Medical Board, Medical Examinations and
Ceruficates, and Medteal expenses and fees The fees payable
for exammattons and certificates by the Medical Board are
prescribed by the Siltcosis and Asbestosts ( Medical Tees)
Regulations 2,

The Medical Board now consists of g inembers , the Clicf
Medical Officer with a head office and laboratory at Shefficld,
and 1 panels each of 2 medical ofliers, situated at centres con
vement to the prinapal imdustries to which the Acts apply
These are Sheflield, the centre of the Refractories and Metal
Grindimg wdususes, Manchester, daaling prmapally with
the Asbestos industry i Lancasture, and the Sindstone m
dusny of the North of Fngland and Scotland , Stoke-on
Tient, the cenuie of the Pottery industry , and Cardif, a con
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ventent centie for the South Wales coalfield from which most
of chie cases of silicosis occurring in the coal-mining industry
arse. Besides the whole-time members of the Medical Board,
a few part-time members have heen appointed to act, es
pectally i fataf cases, in aveas at a distance from the centres
of the Board. Certificates are issued on the authority of not
less than @ members of the Board, and are condlusive.

The 1930 Act also extended the power of making Com-
pensation Schemes to the disease of ashestosis, and a Scheme
on the lines of The Various Industries { Sihicosis) Scheme
was made for the Asbestas Industry and came into force on
tst June, 1931, The provisions of the Silicosts and Asbestosis
( Medical Arrangements) Scheme apply also to exammn-
tions and certificates required for the purposes of thus
Scheme, and the examunations are carried out by the same
Medical Board.

TABLE 5

NuMBER AND RESULTS OF EXAMINATIONS UNDER THI Sitcosis
AND ASRESTOSIS { MEDICAL ARRANGEMENTs) Scueme,
1931, DURING THE YEAR 1935.

(A) Imtial and Pertodic Examinations

Tomal
Exmna Perndic Exsmunations.
o

Tndustry g ] . §3 % P Kumber suspended
£E On account
51538 Regd magr i
» * culosts
B
Refractones md\mnes YRR B
ﬁndsmn!! d 43 Bl h
Portery i 473 k1Y !
Ashestos mduslly 438 F
Tutal for 193§ 288 132 1
Total for 1933 1639 | 100 6458|1038 1
23 betag relerred 1o the Medieal

¥ 540 of these examimations weve adz by tocal tuberculosis offersy
Board for guspension
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(B) Examinations 1n pursuance of applications for Death
and Disablement Certificates

| Disablemeot Death

Industry Worke | Certfied to be [ Applications | Cerufied to

men | whally or ﬂr feali with | Ve caused

s by sl by the dis-

wed | by the ease™
e

Refractones indust i 7 10 7
Sonchions indhatry 41 st 4
Potery wnduatey 122 ] 3 31
Asbesion indust 4 2 t
Coal mning mdustey 47 23 @ st
Lasans & 3 7 9 35 3
Metal gnnding industries 16 13 1 ]
Otk st 3t 12 1
Total for 1935 836 49 3 [
Totsl for 1934 690 417 3 0

+ The dhsease means silcrais o asbestosis or euther of these diseases accompamed by tubercalosis

W orkmen's Compensation Stagntis of Compensation e 2
llom= 0"[9!5“ lz\t::‘ “HY s‘ll.lm."l;&g; 0‘9’70 pensation etc, n Great Bntan during

The scope and amount of work done by the Silicosts Medt-
cal Board can be gathered from the preceding Tables, which
gne details of the examunations 1n the year 1935, with com-
parative figures for 1934

REFERENCES

Corus,E L Mitroy Lectures, 1915, p2 Reprinted from ‘Pub-
Lic Healdh” by H M Stationery Office, London, 1919
Statutary Rules & Orders, 1925, Nogog H M Stationery OF-
fice, London

Factories Act, 1937 1 Edw8 and 1 Geo6, Chéy Cd6s;
H M Stationery Office, London

Statutory Rules & Orders, 1931, No g4z H M Stauonery
Oflice, London

statutory Rules R Orders, 1925, No gog H M Stationery
Office, London

Statutory Rules & Ordens, 192
Office, London

Report on the Grinding of Metals & Cleaming of Casungs,
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No 108y H M Stationery
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venient centre for the South Wales coalfield from which most
of the cases of silicosts occurring in the coal-mining mdustry
arise Besides the whole-time members of the Medical Board,
a few part-time members have been appomted to act, es-
pecially 1n fatal cases, mn areas at a distance from the centres
of the Board Certificates are issued on the authonty of not
less than 2 members of the Board, and are conclusive.

The 1930 Act also extended the power of making Com-
pensation Schemes to the disease of asbestosis, and a Scheme
on the lines of The Various Industries ( Silicosis) Scheme
was made for the Asbestos Industry and came 1nto force on
15t June, 1931, The provisions of the Silicosis and Asbestosis
( Medical Arrangements) Scheme apply also to examina-
tions and certificates required for the purposes of tlus
Scheme, and the examinations are cartied out by the same
Medical Board

TABLE 5

NUMBER AND RESULTS OF EXAMINATIONS UNDER THE SILICOSIS
AND AsBEsTOsIS { MEDICAL ARRANGEMENTS ) SCHEME,
1031, DURING THE YEAR 1935

(A) Initial and Periodic Examinations

mual
Evamna Perodic Evamimations,
tions
Industry E Number suspended
H G secout | O et
5 of the, | of tubet-
a aease * | “ealots
Refractones ndustries 58 s 1
Sandstone mdusey o 2 i
ottery andustry 1
Asbestos industry 443 i
Total for 1935 2188x " 2
Total for 1934 1639 | 100 | sa51 {1053 6 12
+ 540 of th “ere made by local tubercalosts offcers, 23 berng referred to the Sadical

Board for suspension.
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(B) Examimations m pursuance of apphications for Death
and Disablement Certificates

| Drablement | Death
Tndustry Nork. | Certified 10 be | A gl cstgos | Certfd to
men | wholly of par.

- | taly disabied ot
b by e di ense
Eefractonies mdustnes 1 7 © 7
Sandstone andustey 51 al st 3
Fottery industry i & Ed n
SR gl
SPhors & Sosne s 7 © 3 ]
e srmdml s 1 i 10 ]
ber radus st 3t u 1
Totatfor 1935 8% [ m is
Tolal for 1934 0 It 201 1

* The distase means llicons o sbestous or euther of these diseases accompanied by tubercalosis

"T:y?zﬂfvg"mxncﬂkn"ﬁfﬁfy%'; of (‘mnwnuunn ¢, an Grest Bnten dunng

The scope and amount of work done by the Silicosis Meds-
cal Board can be gathered from the preceding Tables, which
gne details of the examimations m the year 1935, with com-
paratuve figures for 1934,
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Coruis,E L Milroy Lectures, 1915, p2 Reprinted from ‘Pub-
lic Health’ Ly H M Stationery Office, London, 1919
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Office, London
Report on the Grinding of Metals & Cleaning of Castings,
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IntrRODUCTION

‘THE occupational diseases and the health of mdustrial work-
ers present one of the important phases of public health. Of
the occupational discases, hone 1s more truly occupational
than the pulmonary diseases due to the inhalation of n
dustrzal dusts Lead, carbon monoxide, arsenic, benzol and
many other toxic substances associated with industrial proc-
esses are also found 1n carcumstances that have no connection
with industry The same cannot be said for the pneumeo-
comoses They stand as the most perfect type ot occupational
diseases Recognized for centuites, only i comparatively rc
cent times have then wrde-spread effects been disclosed and
their mmportance to the public health appreciated More
lately sull, the mnclusion of these disorders 1n schemes of
compensation [ occuy 1 disease has emy 1 their
economic importance and the necessity for thorough and ade-
quate methods for their control.

S1Licos1s AND COMPENSATION

Stlicosis and asbestosts burst upon the amazed conscronsness
of American industry during the pertod 1929-1930 Previ-
ously, the terms “silicosis”, “asbestosis”, “pneumocontosis”,
were practcally unknown to industrialists except that n the
hard rock mimng industry, silicosis, under 1ts various collo
quial designatrons, was well recogmzed Knowledge of these
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INTRODUGTION

Tire occupational diseases and the health of industrial work
ers present one of the important phases of public health Of
thie occupational diseases, none 15 more truly occupational
than the pulmonary diseases due to the inbalatuon of mn
dustrial dusts Lead, carbon monoxde, arsenic, benzal and
many other toxic substances assoctated wath wdusuial prac
esses are abso found i arcumstances that have no connecnon
with andustry The same cannot be said for the pneumo
comioses They stand as the most pertect type of occupational
discases Recogmized for centurtes, onby m comparatively rc
cent tmes have therr wide-spread effccts been disclosed and
their mmportance to the public health appreciated More
fately suifl, the mclusion of these disorders in schemes of
compensation for occupational disease has emphasized then
economie importange and the necessity for thorough and ade
quate methods {or therr contral

S1L1c0s1s AND COMPENSATION

Silicosts and asbestosts bunst upon the amazed conscrousness
of American mdustry during the period 192g-1930 Prews-
ously, the terms “silicosis”, “asbestosts’, “pneumocornoss *,
were practically unknown to industrialists except that in the
hard rock minmg industry, silicosts, undet 1ts various collo
quial designations, was well recogmzed, Knowledge of thes:

403



104 SILICOSIS AND ASRESTOSIS

48. Covrtors,R. Rev Pathet Phys du Travail, 1933, 3, 37.
39 Lecirroy.]. La Meddu Travail, 1933y, 222,
50 Macxiy,]. Bnd.1g55. vi, 157,
5% BapnawC & Ty torH.B. Med. Jour. Anstralia, 1933, i, 511
52 Statutory Rules & Orders, 1934, No 11335 H.MStationery
Office, London.
33 Memorandum on the Industrial Discases of Silicosis and
Asbestosss, 1935. H M Stauonery Office, London
34 Stanzeny Rudes & Orders, 1931, Noaago. HoiiSuuonery
Office, London
5 Waros H L Unpublished report
56 Departmental Comm. on Compens.for Indust, Diseases M-
vtes of Exidence Cd 3306, p 127. H M Stationery Office, 1907
7 AvrBaLLT, quoted by MeReweTsER,ER.A. Tubercle, Jan.
1933, p 152
58 MerewenmrRER A & Price.CW. Repon the Effeats of
Asbestos Dust on the Lungs, and Dust Suppression in the
Asbestos Industrs. H M Stationery Office, London, 1930
sn Statwtory Rules & Omnders. 1931, No gy HMSuuonery
Office. London
80 Fint Rep of Departmental Committee on Workimen's Com-
pensation for Siheosws, 1924 H.M Stationery Office, London
61 Repof Deparmemal Comntiee on Medical Arrangements
for the Diagnows of Sihcoss, 1929 H MStationery Office,
London,
62 Statutory Rules & Orders, 1931, No.g12, and 1934, No.2063.



VIl PUBLIC HEALTH AND ECONOMIC ASPLCTS
UNITED STATLS
A J. Lanza, MDD

ASSINT ANT MIDICAL DIRLCIOR
METROPOUITAN LIFE INSURANCE COMPANY

Inrronlction

‘Tue occupational discases and the health of mdustrial work
ers present one of the important phases of public health. Of
the occupational diseases, none 15 more truly occupional
than the pulmonary diseases due to the mhalation of m-
dustrial dusts Lead, carbon monoxide, arsemic, benzol and
many other toxic substances associated with industoal proc

esses are also found i Grcumstances that have no connecuon
with industry The same cannot be sad for the pneumo-
cotuoses They staud as the most perfect type of occapationat
diseases Recogiured for centuries, only m comparauvely re

cent times hase then widespread effects been disclosed and
their importance to the pubhic health appreaated More
lately still, the indusion of these disorders m schemes ot
compensation for ocouy ! disease has emph 1 then
economc importanee and the neeessity for thorongh and ade

quate methods for their control

SiLicoss AND COMPENSATION

Silicosis and asbestosis burst upon the amazed consciousness
ol Amernican dustry during the period 1929-1930 Previ-
ously, the terms “silicosis”, asbestosts”, “pneumoconious”,
were practically unknown to imdustrialists except that in the
hard rock mining dustry, stlicosis, under 1ts vanous colio
quial designations, was well recogmzed Knowledge of these
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conditions was limited to the small number of those whose
ivestigations of pulmonary dust diseases had made them
conversant with the subject.

Atismg out of the perod of economic depression, the situa-
tion with respect to silicosis and asbestosts became manifest
a3 a medico-legal phenomenon of a scope and intensity that
was at once preposterous and almost unbelievable. Damage
suits, under the comnon law, were instituted aganst em-
ployeis by employees, alleging pulmonary dust diseases, m
industrial centers all over the United States, to an amount
1n excess of 100,000,000 dollars. To understand this sttuation,
both 1 1ts economic and public health aspects, it is necessary
to review not only the history of sihicosis mvestigations mn
the United States but also the status of compensation for oc-
cupational diseases 1n the various States.

The reader 1s referred to the first chapter of this book.
Briefly, governmental agencies began studies of stlcosis in
the yuning industry 1 1914 and these were carried on until
they were mterrupted by the entry of the United States into
the World War. These studies had for their purpose the de-
tection of silicosts, the extent and severity of the disease in
the areas studied and the establishrient of methods of control
The question of compensation did not arise, which must seem
strange to the non-American student of the subject.

In almost every State of the Union, there 1s a State Depart-
ment of Labor and Industry These State Departments are
charged with the admimstration of the laws pertaining to fac-
torzes, mines, and workshops Previous to 1930 only g or {
Labor Departments mcluded m their activities a drvision of
industrial hygiene and these few were not established on a
basis that made possible original studies or research They
were mostly concerned with routine nspections and also
endeavored to enforce laws and regulations pertaining to
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health, whose vague wording aften made them almost non-
wnforceable

“The State Departments of Health, although then funcuons
might be thought to embrace public health m industry, umt
formly ignored the subject altogether, with the exception of
Ohio and Connecticut, where occupational diseases were
made reportable. Following the widespread nationat atten
ton fucussed upon accupattonal diveases by the sthicosts baror,
tus situation has entuely dhanged and at present {1037)
State Diustons of Industinal Hygiene are, with a lew excep-
tians, located i the State Departments of Health

The Federal Government embiaces sevetal agetcies that
concern themselves with occupanional discases and industnial
hygiene, In the Unnted States Department of Labor, the
Bureau of Vual Statisties has been actnely engaged m the
field of 1mestiganion. In the Umited States Public Health
Service, the Office of Industrial Hygiene and Santtation has
Iikenise been engaged in industinal studies and at the request
of and in co-operatton with the Unuted States Bureau of Mines
mnestigated dust diseases These governmental departments
hase junisdiction in mduostnal establishments of a govein
meuwtal nature only, except that by victue of recent legtstauon,
the Umitcd States Department of 1.abor may supersise conds
tions under which work 1s done under a cantract with the
Federal Government  The Government officers enter a mine
ora factary only with the permission of the ewners and usually
at their request The Federal officsals bave no power to en-
force exusumy State lans 1or (o mmtate new faws o reguta
uons Reports of silios:s imvestigatons, nhen published by
the department responsible, imght and did contain suggested
methads for the prevention and control of tus disease but
they were addressed not to the State anthotiues ho to the in-
dustrialist but to the general pubfic as contributions to the
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exisung hiowledge. Both State officials and industrialists
unght profit by this new knowledge if they so wished. Usually
they did so and a great many improvetnesits were insntuted
but these were largely confined to those industries that had
been studied at first hand. In face, during the period 191y~
1929, sithicosts was cousidered a serious hazard only m certain
phases of the mmeral industry, with the exception of a few
specific occupattons, suclt as sandblasting  Asbestosis was
pracucally unhnown,

To sumumarize, the imvestigations of silicosis during the
pertod 1914~1930, and of both silicosis and asbestasis for some
trme subsequently, were saennfic { embracing both medical
and engineermg aspects ), mformative and non-leghlatise,
with the exception of the study of silicosis arnong rack drillers
made in New York City i 1928 under the auspices of the
New York Tuberculosis and Health Assoctation ? In this in-
stance, defintte recommendations regarding workmen’s com-
pensation were made

Since 1912, in Massachusetts, occupational diseases hase
been compensated by court interpretation of the wording of
the accident compensation law. In 1g14, no othes State had
made provisiatt for compensatton for accupational discases.
By 1gj0, however, 10 States and g Territories had enacted
Laws making occupattonal diseases compensable.? In addition,
there were g Federal laus, affecting employees of or under the
jurisdiction of the United States Government. At present
{ Navember, 1937 ), 21 States have soxae fornt of occupational
disease compensation and of these, 16 include silicosis and
other dust diseases. When the time came to enact legislation
bringing occupational discases within the scope of the com-
pensation acts, some of the States followed British precedent
and enacted a schedule of the diseases which were thus made
compensable, In the other States, occupational diseses were
covered under a general desctiption such as “diseases arising
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out of and 1n the course of occupation,” without further desig-
nation — the socalled “all meclusive’ or ‘blanket faw * The
Federal Government followed the latter method 1 providing
COI“pElISZ\UDH for 1ts cmplnyeos

Between 1914 and 1930, the total amount of compensation
paid for occupational diseases was very smail, averaging not
more than a minor fraction of the acaident compensation cost
1 the vanous States Interestingly enough, up to 1935, not one
State operating under a schedule included silicosts, asbestosts,
or pneumocomosss mn the list of enmpensable diseases, a
situation difficult to understand, considermg that silicosis 1s
the most truly oceupational of discases, that reports of studics
of silicosis m the United States had been forthcomng for
twenty years and that there was avmlable a \ast amount of
literature embodying the expenence of England, South Af-
rica, Austrahia, and Canada In the States having ‘all mclusive’
coserage, the number of awards for silicosts was negligtble

The explanation of this curious state of affaurs 15, probably,
that silicests was considered as distinetly a hazard of muning
In those mining States, where hard rock mimng was a major
mdustry, there was no compensation for occupational diseases
nor was there any proneunced demand for such compensation
“Eating dust” was looked upon by the hard rock nuner as a
natural danger of lus trade Mining companzes nsually pen
sioned oider eruplogees disabled with silicosts or saw that they
were cared for m one way or another Also, following the gov-
ernmental reports, the miming companies concerned started to
put their mines in order, spending large sums of money on
venulation and dust control

Then, with dramatic suddenness. came the era of the sihi-
cosss damage swits. Lanyers who specialized in this type of law
pracuce nstituted smity for damages under the common faw
on behalf of employees of various corporations for injury to
the lungs due to the mhalaton of dust They were awded not
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only by the general and increasing unemployment but by the
almost total 1gnorance of industry — aside from mining —
concerning pulmonary dust diseases and by the absence of
silicosis 1 the compensation schedules wluch enabled them to
bring suits for amounts far in excess of the imits of compensa-
tion An interesting exception occurred in one or two States
— Ohuo, for 1nstance — where the absence of silicosis from the
schedule was held to bar suts or claums for tlus disease either
under compensation law or common law. In those States
where there were no occupational disease laws, claimants were
at liberty to sue under the common law.

Among thie first claims for damages were those for ashestosis,
a hitherto unheard of disease in the United States ® Damage
suits multiplied by hundreds, starting on the Atlantic sea-
board and extendmng to the mndustrial States of the middic
Woest and far West The terms ‘pneumocontosis,’ ‘sthicosis,’
‘ashestosis” were strange and unfamliar to judges, jures, and
mdustriahists and were enveloped in medical and pathological
technicalittes  Consequently, the clmmant’s witnesses and
medical experts, as far as their presuge with juries was con-
cerned, carrierd as much weight as chd those of the defendants
So great was the confuston and lack of knowledge on the part
of courts, Juries, and physicians that awards were made for
stlicosts to men who had never been exposed ta the dust of free
siica Many of those seeking damages undoubtedly had sili*
cosis — many did not Damage suuts were filed against cement
compantes and agathst muung compattes whaose operations
wele 1 limestone formations where there could be no pos-
sibility of a silicosis hazard

Al of this right be dismussed as a historscal and medico
legal curiosity except that 1t greatly modified existing com-
pensatton laws i the Uted States and stinulated the passage
of new laws Commussions were appornted by several of the
States to inquire mto and recommend leguslation for compen
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sation of occupational diseases and especially silicosis It was
generally felt that 1t was not sufficient merely to add silicosis to
an existing schedule or include 1t when 2 new schedule was
planned but it was essential to make special provision for reg-
ulatng and luting the benefits to be pad for ssthcosss. Many
industries had acqquired through the years considerable num-
bers of employees who had, or might be deemed to have,
silicosts , industralists, msurance compames, and the State
funds feared that simply to make silicosts compensable was to
mvite a deluge of claims that would exhiaust existing funds
and make insurance 1ates prolulitively high In most of the
enacted laws, a fixed period of residence wathin the State was
stipulated to prevent silicoucs from magratng from a State
where there was no compensation to one where there was
The problem of compensation for a chronic allness as con-
tragted with an acute one presented difficulties, wasmich as 1t
did not seem that the wsurance prinaple, on which all com-
pensation sn the United States 1s based, conld be successinlly
applied to disability ot to discases already exastent and whose
extent was problematical With business conditions as they
were, the industries did not feel that they should be compelled
to establish special silicosis benefit funds to provide for ac-
cumulated cases which had occutred under condiions where
there was no statutory requirement 1mposing an oblhigation
upon the employer which he had farled 1o meet Moreover, 1t
was often evident that sihicotics had not contracted therr dis-
case 1 the place of present employment but in a previous one
and, perhaps, 10 another State The attitude of the average
industral firm was that, bemg shown that they had a sihicosnis
hazard, they were willing and anxious to clean up and en-
deavor (o control dust and to pay compensation to thase who
nught subsequently contract silicosss but that they should not
be required to pay for disabihty from a disease of whase exist
ence they were previomsly unaware The various commissions
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spreading the economic burden which was expected to result
from these laws and it would alve tend to induce the workmn
with an early silicosis to keep on working In addiuion, 1t
would stimulate the employer to vigorously attack his dust
problem wath the hope of averung total disability clauns

In Pennsylvania, the occupational disease law & provides
that for diseases which develop to a point of disablement only
after an exposure of five years (to be determuned by the
Workmen's Comyp Board ), P 101 Losts for
disability or death, arising during the period of ten years suc
ceeding the effective date of the Act, shall be pad jontly by
the Commonwealth and the employer as follows - In the first
year in which the Act becomes effective, one tenth by the em-
ployer and the remainder out of funds controlled by the Com-
monwealth In each succeeding year, the employer pays one
tenth more, the Commonn ealth one tenth less, to the expira-
ton of the ten year period Partial disability for silicons,
anthraco sthicosts, and asbestosts 1s not recognized and the
total Hiabilny of the employer for these diseases 15 fumited 1o
$3600.

1n North Carolina, the recently enacted compensation law 7
states that i stlicosis or asbestosis, compensation shall be paid
as provided in the Act but if either is complicated by tuber-
culosis, the rate of payment may be reduced one-sixth,

While some of the foregoing might seem to lie 1n that realm
of reasoning so difficult of comprehension to the non-legal
mind, the underlying motve was not a desire to deprive work-
1ng men of their jyust dues but a feeling that 1t was necessary to
place a drastic check on the expected avalanche of silicotic
claims Undoubtedly, the common law damage suits confused
and terrified industrialists and insurance officials As a matter
of fact, many of these suits were neser brought to trial, many
were compromised by settlements out of court, but those that
d1d come to trial were won by claimants in sufficient number
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rculosts have been recorded simply as tuberculosis Nei-
hospital tecords nor death tecords customarily gne a
hman's imdustral istory — mdeed, s unusual lor esen
present ot final otcupation to be stated with sufficient
ity to e of value to the unesngator. Morbidity records
of less avaul than mortality 1ecords, and physical examuna-
- of new employees m industrial establishments, while
ly common, have rarely been of such a nature as to reveal
y pulmonary distase Even when indusnial conditions are
d, there 15 considerable movement of labor from place to
e and from State to State When tumes are bad, this rngra
15 1ncreased  Unemployment then drives men not only
n place to place but into new occupations
anza and Vane ? estimated that there were about 500,000
ustrial workers employed 1 cccupations exposed to silica
t It 1s more than likely that this estimate errs constderably
the conservative side Thus estimate docs not take snto con-
ration the thousands of men who have been employed
re there was a silica hazard and who are now scattered
oughout ndustry.
"he menace n silicosis has always been tubercle infection
e evadence 10 liere 1s overwhelming and has been stressed
mvestigators throughout the world In 1927, Watkans
chford ! stated  ““In ascertatming, from our records, what
ltability of the simply sihcotic miner to become tubercu-
s has been 1 the past, account has of course been taken of
mstances 1 whach the change has been detected durtng
', addition to thus, however, 1t lias been assumed that,
those persons suffering from simple silicosis who have died
therr disease without having been again examined, death
been the result of this change This 1s an assumption which
warranted in piactically every instance Relying on ths
ymption, and also beanng 1n mind that, as already stated,
- llabnhity to tuberculous change has appeared less marked
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in each sticceeding annual batch of cases, one finds that the
cambsned results of seven jears” observations show that, by
the end of the seventh year, a livtle more than half of the cases
of simple silicoss have cithier developed overt tubercalous
changes or have died as a result of those changes.”

Catlis 2 also hears witness : “Silica dust alone possesses the
further charactersstic that 1t increases the labality to succumb
also to pulmonary tubercnlosis.”

Kettle ™ states the case very clearly : “The silicotrc lung ap-
pears to be a more favorable medium for the growth of the
tubercle bacillus than the normal lung, nat because 1t is fi-
brotic, nor because is lymphatic drainage is interfered with,
but because 1t contains sthea.”

Much research and study have been applied to the question
of infection i stlcosis but in spite of the fact that the nature
of the relationshup between silica and the tubercle bacillus is
still to be determined, the reality of this relationship is af-
firmed by recent investigators. Irvine 2 and his associates
analyzed 543 deaths in 1923, cases originally certified as hav.
ing sumple silicosis Approximately 75 per cent of these deaths
were due to tuberculosis They note that this inherent pre-
disposition to tuberculosis 15 ay marked in very early (ante.
primary } as in later stages { primary ).

Simson and Strachan 1S state : *The umportance of the in-
fectve factor 1 many and ultimately in the Jate stages of most
cases of silicosss has always been recogmized in South Alrica, as
elsewhere.” They comment further that many cases are ine
fective from the outset, in others there may be a reactivation
ang local extension of pre-existing dormant foci of infection
or there may be a new infection from outside. i

The experience in the United States is similar. Meri
svether !¢ states for the Picher, Oklahoma District “The pro-
duction rate of tuberculosis ( exclusive of old cases !ha!
Prﬂg"essﬂd) was 0 4§ per cent or 750 per 100,000 papu)anon.
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which, for 192g, 15 certainly higher than that of the general
poputation of the country ’

The following s quoted from the United States Public
Health Service yeport on Anthraco-Silicosis among Hard Coal
Miners - 17 “Sexeral surers have shown that tuberenlosts of
the lungs occurs among 1 1o 214 per cent of the general adult
white male population of the country In a study of tuber-
cutosis it Framungham, Mass, it was found that about 1 per
cent were suffering from the disease 1 an acuse form, and an.
other 1 per cent were clasnihied as having arrested wiberou-
lonis.® Physical examuimation of 10092 adult winte males
made by the Lafe Extension Institute tndicated a prevalence
rate of about 114 per cent when suspected cases were -
chuded ¥ A somewhat hagher percentage, namely, 21/ per cent,
was found by the Public Health Service from the examina
uon of 10,000 male industrial workers

“Among the anthraaite worhers examined, the cinal tu-
berculosis rate was below normal in the younger aduir ages,
but at ages 35 to 44 chnical pulmonary tuberculouis was
diagnosed in about g per cent of the hard coal mining em
ployees , at ages 45 10 g4 10 10 per cent , and At auEs py to Gy
1 20 per cent. No such rise with age occurred 1o any general
population group for which comparable data ave avaiable

“The presalence of tuberculosts was greatest among the
rouk workers The next to the hughest rate occurred among
anthracite workers who bad changed more than five years
previously from very dusty to relatnely nondusty occupations
wn the mdustry, The third highest rate was exinbited among
persons who had had appreciahle exposure to harmiut dnsts
m other industries Among the vegular mners worlang at
the face the rate nas definutely tngher than in the control
group which showed a prevalence rate of less than 1 per cent

“When the term o} service exceerded twenty years, more
than two or three of winch mvolved exposwe to heavy concen-
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spicuous regularity n the vital statistics of this and other
countries, 1t s the lugh madence of tuberculosis and other
1espiratory diseases i the sifica dust trades ® 22 We know that
where silica has been inhaled in sufficient quanuty to produce
1ts characteristic effect, a defimtte candition of susceptibihty
to tuberculosis has been established e should hesitate to
infer, therefore, that exposure to silica dust to an extent -
sufficient to produce characteristic nodulation may not carry
with it implicauions in terms of tuberculosts and other respira
tory diseases From a public health standpont and for the
promotion of healthiul conditions of work, there 1s demanded
constant attention to dust hazards in mdustry wath the utibza
tion of every practical method for the presention of atmos-
pheric pollution

AsBESrosts

Asbestosis was first described m the Umted States by Pan-
coast, Miller, Smyth and Landis m 1018, but its impor-
tance was not realized unul 1t was introduced mto the damage
suit situation which led to the first comprehensine study of
this disease in the Unuted States * Recent vears have seen an
iminense ncaiease 1 the use of asbestos, both for brake lin-
ings of automobiles and for heat resistiug and msulating
matersals. With relation to public health, asbestosis 1s not
neatly as serious a problem as silicosts The number of persons
n the industries using asbestos is very much less than for silicn
and 1n the United States amounts to about 12,000 factory
workers, of whom approximately 25 per cent are women Not
4ll of these are exposed to dusty processes

Most of the ashestos used 1n the United States 1s imported
trom Canada 1t has been suggested that the various types of
asbestos differ in thewr ability to cause pulimonary disease, but
50 far no proof of this 15 torthcoming

Much of the industrial exposure arises from textile proc
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silica dust in the air of working places. That is not an un-
natural critrcism from those whose profession imvolyes dealing
w1th definite and measurable factors. Unfortunately, neither
physiology nor pacholagy 1n therr relationship to the incdence
and progress of chrontc disease has yet advanced to the pomt
where they are susceptible of expression in terms as definite
as thosc used by the engineer.

The circumstances under which silica dust is introduced
into the air of working places varies to an extreme degree.
Furthermore, these circumstances and others thae, in turu,
affect them, vary from day to day and from hour to hour,
they are affected by wind and weather, by dryness and humid-
ity. All this would be complex enough if we were dealing
only with the dust of pure silica, but in actual practice, the
silica dust is frequently combined with other substances which
may modify its action and about which little is known, Some
industrial processes lend themselves to dust coutral measures ;
others do not, and in these Iatter, an entire change of the
pracess itself may be necessary to overcome the hazard

Dust SAMPLING

To deal with any health hazard successfully, its nature and
severity must be understaed. For sihea dust, the two factors
fnvolved are the proporuon of silica in the particular rock or
mineral substance from which the dust originates and the
amount of dust present 1 the arr breathed by the workmen
exposed. A great deal of study and research bas been con-
centrated on this subject It js customary 10 define the extent
of expostire by stating the number of dust particles, under ten
microns m greatest diameter, i mllions per cubic foot of air.

Varions methods of countmg the dust particles in the air
have been devised, later to be discarded, until at the present
time in the Umted States reliance is chiefly placed on the
1mpinger method as defined and practiced by the United
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hmitations and possible transitory nature shoanld be well
understood. They should not as yet be enacted into law, other-
wise a situatton analogous to that of school ventilation may be
repeated. Seme of our State laws and regulations coutrolling
rentlation in schools provide for an air change of g0 cubic
feet per minute per occupant-—z highly expensise and
troublesome provision. This standard was based on what was
dought ac the tine these laws were enacted to be a correct
couception of “pure” ar and “bad” air. Qur present hnoul-
edge of ventilaton and atmospherie control has proved the in-
adequacy of thus carbon dioxide standard bat it is the law in
many places. If histary repeats itself in formulating threshold
limits of air dustiness, the result will be not only vexatious but
costly.

The first and basic principle in dealing with a dust hazard
is to remose the dust at ats poine of origin and thus prevent
1ts dissemination into the air. This is the only procedure to
which the term prevention may be properly applied Once
the dust is in the air, the protection of the idividual becomes
dsfficult and often unsatisfactory.

The removal of dust at the point of origin may be actom-
plished by suction devices working on the principle of the
well known vacuum cleaner. In certain processes, such as
drilling, water may be used to advantage. In some instances,
water and air suction may be combined. So great is the variety
of industrial processes fram which silica dust may arise that a
detaied description 1s not feastble. Each type of process usu-
ally presents its own problems and difficulties to the engineer
and what will work satisfactorsly under one set of circum-
stances will not aluays be successful in another.

Once the dust bas been dissermnated inta the air, its ve-
moval may present serious enginecring difficulties. “tm.er may
be employed, exther as a spray to increase the humidity and
facilitate the setthing of dust particles, or vater blasts may be
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used to accomplish the same results more rapidly and thor-
oughly. Tt 1s obyous that this method 1s limited 1 ats applica-
uon, The dust may be diluted by inacasing the quantity of
arr through forced ventilation — agam a method not always
apphicable and apt to be expensive The two methods may be
combined Both methods, etther singly or in combination,
have been widely applied 1n muung operations

Some experimentation has been done with the use ot hygro
scopic substances applied to the surfaces of mine passages to
prevent dust from bemng conunually stirred 1nto the air. It has
also been proposed to add to sthica dust other hinds of dust
with the hope of inhubiting the action of silica 1n the pul-
monary tissues While this method of combatting silica dust
may be both practical and valuable under certain conditions,
1t 15 not hikely that it will be accepted as a final satisfactory
solution, The effects of long continued breathing of such
mixed dusts are unknown. Boiling or chiorinaung infected
drinking water may be a necessary procedure but sausfactory
hygtenic standards require that the community be supplied
with water from reasonably pure sources and enormous suns
of money are spent 1o secure such water Likewise the aar that
industrial workers must breathe should be reasonably pure
Aur containing harmiul quantities of an mjurious substance
plus a counter-acting or antidotal substance would seem 1o
leave much to be desired with respect to purity and proven
harmlessness The industrial age has seen too many muracles
of achievement and too many evidences ol intenuve gemus to
make one beheve that satisfactory dust control 1s beyond our
respurces.

Tt 1s essential that where dust control devices have been 1n
stalled that check tests be made from time to tume to de-
termine their continued efficiency Such equipment tends to
lose 1ts value unless contiyuously supervised and maintained
1n good working condiuon It is the common experience of
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avoided 1f the basic reasons for such examinations had been
understood and 1f employers and others concerned liad
thought their problem through. Some misunderstanding was
nesitable under the general circumstances.

1t 15 not practicable to lay down definite rules or to assume
a dogmatic attitucde Crrcumstances vary i different occupa-
tions and different parts of the country and economic con-
siderations alnays stand well to the fore and must be recog
nuzed,

Obriously no ene with active or recently active tuberculoss
should be exposed to silica dust, nor anyone suffering from
other pulmonary disease, especially 1f of an mfective nature,
which would tend to 1mcrease the hazard On the other hand,
there 15 often no good reason for rejecting an applicant who
alieady has silicosis, 1t the silica hazard i the work place 1n-
1olved 15 under control and 1f the workman’s physical condi-
tion 13 properly supertised thereafter Thus is an important
consideration where the mdustry ts a dominant one 1 its
locality and other opportunities for work are himited Here 15
where the expertenced industral physican must bring his
Judgment to bear both upon the mndividual and upon the
work he 1s to do

In connection with the recent compensation laws passed m
same of the States, the attitude toward pre-employment ex-
ammations 1s mnteresting. The New York $ law states, “It 1s
hereby declared to be the policy of the legislature of this State,
n enacting this article, to prohibit, through every lawful
means aratlable, any requirement to employment which com-
pels an applicant for employment in any occupation coming
within the purview of this article to undergo a medical ex-
amipation ™

As contrasted to ths, the North Carolna? law states,
( where the Industrial Commussion has found an occupation
to have a hazard of asbestosis or silicosis) 1t shall be the
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duty of every employer . . . to provide prior to employment
necessary e)ﬁaminﬂuons of all new employees for the purpose
of ascertaning 1f any of them aie 1 any degree affected b‘y
asbestosis and/or stlicosis or peculiarly susceptible thereto ,
and every such emplojer shall from time to time, as ordered
by the Industrial Commission, provide similar examinations
for all of his employees whose employment exposed them to
the hazards of asbestosis and for silicosis ” At least one mem-
ber of the Advisory Medical Commuttee or other physician
designated by the Industrial Commussion shall make such ex-
armnation or be present when such examination is made.
Further on, the law continues : “The refusal of an employee
to submut to any such examination shall bar such employee
trom compensation or other benefits provided by this Act 1in
the event of disablement and/or death resulting from an ex-
posure to the hazards of asbestosis and /or silicosis subsequent
to such refusal,”

Particularly to be commended are the control methods set
up 1n the Province of Ontario A co-operative agreement 13 1n
force between the Workmen's Compensation Board and the
Provincial Health Department. Examination centersare estab-
lished where necessary and pre-employment and periodic
physical examnations, with the use of the roentgen ray are
made by a physician of the Health Department for the Work-
men’s Compensation Board Examination certificates are is-
sued to acceptable workers Claimants for compensation come
before a Referee Board of Physicians of the Health Depart-
ment. This Board works in co-operation with the industries
concerned and the Compensation Board.

Where workmen are exposed to a silica hazard, medical
superviston goes hand in hand with engineering control of
the dust Indeed, 1t is the industrial physician who must
finally determine whether the dust control measures in his
establishment are efficacious Annual, or perhaps brannual.
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medical examnations with the roentgen-ray are usually suf-
ficient wath more frequent exanmnations of those individuals
who, the mdustrial physiaian fecls, need more constatt super-
vision, As in any other chicumstance where an occupational
health hazard 15 involved, no mechanical method of preven-
tion can be taken for granted.

»

o

-

@

@

m

©

BIBLIOGRAPHY

Smrw, AR, Feunry]W. and the following Commuttee:
CorunG,] J., EvmersoN, Haven, GREFNDURG, LeovArp, Hop-
xins, HL, LanzaAJ, McBiwney, RS, PrathP$, Swimy,
AR, Gowpsere J A Silicosis among Rock Dnllers, Blasters,
and Excavators in New York City, Based on a Study of 208
Examunauons J Ind Hyg 11 37, 1929

SavrrsRR, LanzaA ], SuimrAR, HavnuestER,—
Committee on Pneumocomoses of the Amencan Public
Health Association  Workmen's Compensation for Stlicosis
Assocof Casand Sur Exec, New York, NY, 1933
LanzaA J, McConncit,W J, Feuner,] W Effects of the
Inhalation of Asbestos Dust on the Lungs of Asbestos Work-
ers U S Pub Health Repts, 50 1, 1035

An Act to Amend the Workmen's Compensation Act* On-
tario, 23, Geo V, 1933 Chap 70, assented to Apr 18, 1933
JonesF Rosirtsoy  Workmen's Compensauon Law of the
State of New York as Amended with Supplementary Laws
to August, 1937 New York, N Y, 1937

Act of General Assembly, No g52, July 2, 1937 Supplement
to Comp Act of 1915 Pa, 1937.
A d to the Comp Act Corvering Oceup \

Diseases Adopted by the General Assembly, March 26, 19335
N C Indus Com , Raleigh, N C

koss0ns,M D, and Frirp,0 A Experience with Silicosts under
‘Wisconsin Workmen's Compensattan Act, 1920 to 1936 Mo
Lab Rev., May, 1937

Lanza,A ] and Vang,R ] The Prevalence of Silicosis in the



430

<

<5

SILICOSIS AND ASBESTOSIS

Genery; Populatmn and Jeg Lffeces Upon (he Incidence of
Tuberculous Am Rey o Tnbcrc, 298, 193
1y)

g
I’rmennnn of Stlicos, thmugh Medicy Congro), Chap o
“In[ccuun M Stlicoyy - .S Depe of Lab, Nm.eo, 1936,
VATAINS-PITC"I‘ORD,"'. The Silicosis of the Soury Alrieap
Golg Mineg and the Ch:mgos I’roduced in I¢ by Legislau'w

and Adminmmmc Effores ]Ind.Hygg'mg, 1927,
Cm.us,EL tisticyy Charactensucs of Dy Phehisis
(Pulmona icagyg 13 3885 (]

Ke: LLE I Timengy) Silicoys JIng Hypg 491, 1926
TrRving VF nucna\', 1S 7 e Clm:cal Pa

+ St .
tlmlogy of Silicogs Imemau'onal Laboy, Office Repore
Series ohannesbuzg Con[erencc O Silicosis (Indusmal

3 1

SIMSO\'.F W, qucHw.A N Obscnations on the Origin and

t s oWy £5}
on g, \l’mvazemand PubNoXXXVI. S African Inst of
35

Savery R, p ou\mzm,]], DALLAVALLE,J M, ]o.\n,ll’.}{.

DREESSE’V,“'.C . BRuchr:,D K, BRHTEN,R H Amemco-leh

coss among Harq Coa} Miners U.S pyy, Heaipy Bult g5,
3G.

Nau'onal Tubcrculos:s Assocmnon: memgham Commun.
ity €alth apq Tuberculosis Dcmonstmlion Frammghnm
0,

o
Smmsrmckm. Locag and BR”TEN.RH he Physicaj Im.
Pairmen, of Aduype Life Am Jof Hygxu;g, 1930

RITTEY, nd Tuo\wso.v,L R, Heanp Study of Ten
housand Male Indusmal Workers Uspup Healpy Buly
162, 19.

Paperg and Dnmsuons I’rcsenml before the American



s
8

"
)

2
&

TUBLIC HEALTH AND ECONONMIC ASPECTS 431

Foundrymen's Association Annual Convention, Toronto,
Can, Aug.21-23, 1935 Reprint No 35-22.

. HorrvanF L Mortality from Respiratory Diseases in Dusty

Trades (Inorgamc Dusts) USBurof Lab Stat Bull 23,
1918

Pace,R T and Broomtiren,] J Dust Control Methods 1 an
Asbestas Fabricating Plant, U S Pub Health Repts 2 1713,
1937+

McPuEetersS B, A Suney of a Group of Employees Exposed
10 Asbestos Dust J Ind Hyg 1B 229, 1936

Do~neLLy,]. Pulmonary Asbestosis ] Ind Hyg 18 222, 1936
Horrvan,F L. Problem of Dust Phthusis in the Granite-Stone
Industry. U 8 Bur of Lab Stat Bull 293, 1922

McFarLaxp, W Silicosts and Tuberculosis as Seen i the
Gramite Worlers 1n Barre, Vt. [Ind Hygg 315, 1927
Russet,AE, Brrren,R H, Trourson LR, Brooamrierp,
J ] The Health of Workers in Dusty Trades 11 Exposure to
Siliceous Dust { Gramite Industry ) U 'S Pub Health Bull 187,
1929






INDEX

ABRASIVES 1721 33 110,122 347,
319302

Agate 35

Arr Hygiene Foundation of America

2

Alkals 35,416,201 223 248,287 289
338570

Almandste 273

Aluminum 11,1823 $3.41.200 208,
267,270 286,874 349.453 370,
375 316392

American Y

Asbestos corn 60,172,289
Adhestosis
definanions of 57-58,225 385
disability from 60,173 391,400,
101418414
stages of 173~100
Asbestosis bodies 23,60-61,167,169,
170 172:220.232-241.250.252,
274 324 326,927
Asthma 409 18 446
Australia 14-16.45 109
P 4

20

American Public Health Assouation
— Commuttee on
Pueumocomons 31

Amethyst 33

Amosute 223 273 276 356

Ataphibole 273

Analerte 233

'
Anthophyline 273,275,216
Anthraco slicosis 1641011 113,154
221 $33.413.447
Anthracous 148,151 155,170,221 226,
228,881
Arsenie 163,163 405
Asbestos 22~23.57-62,118,166~100
198,200,203-205,223 225-246
261,271,273-277.291 298,207
323-327.930 333.385-391.300~
40131942
duration of expasure to~— 5R-50
167,071,173.175.179-188,208,
238.275.324-325.335 388
extent of exposure to —gi-Go
166-167,336,419
mechancal action of — 239-214,
274 3247377
typey of — 24, 5822, 273,385 487
workers exposed 10— §8-Go,118,
120,167 .7, 175079188 201,
22539 sxfrs')\ 399 400,419

p of

Tlealth — 13

New South Wales 14,15 38}
Broken il (NSW )

1145 45
New South Wales
Drplllmtm of Health

S)dney .4.5
Vidora 14
Western Austraba 14
Autopsies 511 (218 59 62,127,136,
148,62 164,165,167-170,183,
202 203 205-246,2 49253280,
283.291,308-312 314 322,331,
311381399

BAIL clay g72
Bantosss 40,137,439
Banum 137,139
Barytes 317
Beryl
Belgum 383
Benzo) 405
Propsies 164
Biotite 273
Bismuth 163
Bohemu
Joachimstal mines 161163165
Brate hmngs 23 330.9%9-301.419
Buck workers 58478140319 335

330
Brutushy hc\my Tospectors gy



134 INDEX

Bnmh

prondh: sal mmx

anchlcd s 477 m'] ;55 g1t
2

ofice | s,gr. _gbg.t0t

20% "u'[,.u,‘:n,

ny6 329 g8z 3
“mnd\o p\\\mmury baeres (10
) 16403
Bronz c 5
atrstone CAHer PRTELIC o

c \LC\’TE
Ca\(\\lm
Calaum

19263
arponate 203% 9.289.306

1
Caloum fwont e -.m
Canada 171823 58 ,ﬂﬁ \M_\,\u_)

745 mﬁ,uﬁ.-n,W |8

0m un\n\ pepartment
vM.
Sz\ﬁknuh:\\nn v
Carbon 20120428 22822939}
c«\ andum 456",1\58.. .

(mmom 35\6\-\65 a1 Ris
Candiac ! mscms ot 505062259
v

Chemeat .m\usmes ,n
Chert as 53‘- 293 “90306501-
430 33531

Cna mv S

Chuma O0¢ 5,.

Chrysopr e

C\\ryson\: 58 m_-,, 271275210
527:3303%

Crgar maRCTS 163
Clay 41107353
Coal 11494115 1553889920
270291297
nmhr.\mc 953424,.131.:11.
8r-gdtat 7
\)ll\ll‘\\l Ou

Gobalt 164163

Gocordaon? 201

Cormis o Enquirt (south
(nca) 7

Commutt (‘omp:ni:mon for
A\\ <l Disenses (oreat

“m;\m)

sitec O url'.\h\) (r om.

Tubcxul\(m sty

Con'\mlllte on the l‘xcwmlon of
S|l lhr ough D Medieal

A1
Cm\\pensnllol\ Tav a5 70111818
s G 51158
s

PIAMONY

atomite (dmom:ccous crth)
3233+ 5Bt 359

puckute

Dn;mne s)ilem, cemph::mom n

Dol 1omu: 263.:10



INDEX 435

Dust (see speafic 1vpe)
antidote dust 11,18 20,10,41,423,
167 323425
classtfication of — 198,263
dust conms 7 9.5 21,22,43 59
60 rr7~158 201,285,205.205,
502 303 303 308-412.314-317,
319-323 333 360-364 367,970,
373 379 3R1.387 122 123
parnde wie measurement of —
g 373943 13%,198-200,230,
293217 261 267 272,278 280-
282 203 293,308~310,316-318,
320 325 361 387
threshold limits of dust
concentrations 7 15.43-1b 39
3024242y
Dyspnea 12,4850 105 133 148
s

EDEMA 50.06%,1570 203

Emery §

Emphysema 17 1309 110 426,137,
128 114013150 169 176,190
205 207,213 214 229,383 351

Fmprema ziR.2 (3

Emamef ware 347 339 414

Lrythremia 138,149 100

FACTORY snspection 385-300 407

Teldspar 267231 273 275-277 280
292,203 33

Ferromlicon 33

Fertilizers 15

Freday 317371 e

Flnt 481142-95 346 318 319 351+

311-376
Fluorspar 285 28% 306 317
Foundries 20 31 38 182,303 317 351
332424 1
workers in — 17 18 337851
France 3Ry
Charleres 384
Comdl sur \ewreau 333
French (halk 167
Tuagus discasts (e Mycotic
fections )

GARNET 263 233 556
Ganusier 313557357

3
Geemuy 12-14359
Ruhr District $83~331
Schnceburg mmes { Srxony)
161,163,061 163,215
Glands compheations 0 19,106,
193216 228
Gl 3333317.313 319
Glaners 337
Glauconite 274 27| 27
Gold crushing 13
CGold mines 61317 15,115.293 347
Grantte 9,13 32 33 31 157.2Fg~203
209 300 307 320323 331,341
— iy 20 38,1045 365~35y
92
—wotkers g 44 17,1518,120
140 322 317 363-369-420
Guun wotkers 117
Gune diggers 337
tend 33
Creat Brueain 5 %12 1R a3 58 59
V57 198-256 293 322 3467404,

109

England 8-12 346 350 338 361,
419 370 379 388
Bmnghm 373
Rrustol 32
Cannnck Chase 332
Cheshire 332
Cornuall B o 363 377
Cumberland 363 378 379 38
Derbnshire 40 352

forest ot Dean 382

Keat 38z

Lanerhure §78 379 392 393,
386309

Leicester 363 132

London 336

Aanchester 399

New Castle g 332

North Derbvshure 382

\orth Staffordsfire 332
Stole-on Lvent 372 59,

399
Northumberland 332
Nottinghim gHz
Sheffield 952 334 300



436

Shropshure 382
Somenct $81.382
South Detbyshire 382
South Staffordshure g8z
South Yorhshire 382
Suffolk

Brandon 346 348
Warwickshie 382
Westmorland 363332
West Yorkshire g8z
Worcestershire 382
Yorkshire 386

Scotland 10,356.365.369 382,383,

399
Ayrshire 382
Clackmany 382
Iife 382
Lanarkshire 382
Lothians g8z
Walcs 810,221 316,350 362 369,
370.383.388
Cardiff 390
Monmouth 10,381 382
North Wales 370,382
Penrhyn 370
South Wales 10,11,356 381,
382,383,399
Grinding 4,8,9.16,281,352-355.362,

373-377
Grindstones 34 352-355.360.398
Gypsum 270,291 201,297,313-320,

322 328,330.531,385

HALLOYSITE 273
Harvard University
Department of Geology 272
School of Pubhic Health 22
Hematite 291,203,207:307-310,312,
$15 319 3%0,330.378-380
— miners 11,222,312.347:379
Hemoptysis 49 156
Hepantis 282
Hypernephromn, metastic 133
Hyperplasia 164204

INSECTICIDES 35
Impinger ( Greenburg Smnth) 21,
205.517:319-422,423

INDEX

Insulating materials 29,35.58.3%6,
389-391.419 :
Intermittent employment 40,305,
313,359 393
Jron 23 62,167.198,199,202.232.235,
237,238,270,287,291,297.308,
312-316,323.324 331,370,378~
380,386
—munes 11,20,292
Ttaly 16-17,139,386
Cornacchino 16
Sardinia 16

JASPER 35

KAOLIN 167.273

Kidneys, complications n 10,470,
210,283

Kotze konimeter 7

Kyphoscolioss 148 .

LEAD 18.37.45.165:317.105
Lentber dressing 347
Limestone 16,270,410

— workers §,16
Lathographers' graning sand 34
Liver

curhosis of 278,291

other complications in 10,170,
262,270,275 278.279,280,282,
283,288.291,209

AGNESIUM 23,58,193 186

Manganese 163

Marble §¢ 38.224,270,297.528.350
—mdustry 17,20

Mattress-making 386~391.420

Medicaf Board (Great Britain}

306-400
Meducal referces {Great Britun)

393 397
Medical Rescarch Counal (Greit
Bretain) 375
— Commutie on Industtial
Fulmonary Disease 38t
Medical Society of Hamburg 232
Metal
— gunding 5 ga1,12,17.20.3(6
317:352-355.39% 39539919



INDEX 437

—mumng §14158,18 1o,
346.408.409.414
~— polshing 17.33
Metastases, malignant 134443118,

190
Metropoltan Life Insurance
Company 192022
Mica 271273289 202 203,573
Micro inaneration method 18,251
Microline 233
Mumetal fillers 33
Muners (i general) 456215,
16,17,118,164 163
\iners’ Phttusis Metical Bureau
{South Africa) 677,206 328
Miners Phussis Preventian
Commmcc (South Africa)

67
Munes (see speafic tvpe)
Miming engincers 7,317
Montmorilionite 273
Mortality rates 10,12,15,19.4959
157 164,165,188,316.347 350,
353:336 338,361,360 370,371,
34377379 331-332 388,414
s

Muscovite 273298
Myeotic nfecuons { fangoid
infestations ) go,1ys 163

NERYOUS sysem smpatcments

Neuburg k350
New York Tuberculosis and

Health \ssomation 4of
Nickel 163

OCGUPATIONAL hustorics 42-16.
531203 223 313415

Qulstones y3

Onyx

Owens’ get dust counter g3in

Opal 32,33 33 265 27R.2%5

PAINT 34

Physeal examinations 79,1315,
16,17.19 43.43.45-50.58-62.89,
139 167,133-176,187.514 S50
327,337 359 361,363,367 365~
371.374 375:376.379 381-384.
338 360 393 395-401.415.417,
426-479
Plaster 16,314
Pleunsy 47.49 71 207,226
Preumatic tools g 3fg 367
Pocamoma 13.46.47.59 128,129 130,
145,158,159 164,167,
214,217.218,226 228,24 1.275,
291,209 303,30 338-335 341
Pneumamycosis 139
Pacumothorax 97115215
Polarized Light §.17.231,247.203 321
Podycythema 148,149,190
Potassium 11,200
Potter Bucky diaphragm 7ou43
9 150151
Pottery mdustry 8.9 11 122033,
316-350 371-377,302 399-401
Preventive measurcs 7 g15.22.23,
4043-16 50461185 347,319
951,851 356350 362-359.871
275370 381 380-3g 1400419
4zo.4m1q2242
Fulpstonies 3360
Pumice 167357
Pyrotene 273

QUARRIES (see speafic type)

Quartz 68,1112 13,18,20,21,31 32
3% 31 35.157,158.199,200 2005
222 247,231,252 263,278,281,
283 285 204 301.307-309 312
316.519-323 331 333,460,370
376378

Quartzite 32 33 3135 357358

Quartzose sand 199 349 331.459 376
w8

RADIUN 163,364,165
ndustries 8,11,31 847,

251
:5:;1-.:7: 236,278 287 3(;-

312
l’hagﬂqlnm 06,58 204

835-357.390-401
Rhodomte 273
Rock erystal 35



438 INDEX

Rock drillers 57,164 $56.362.377.
381.983.408,417,418
Royal Commisaion (Great Britain)

815
Royal Commission Mines {Great
Britan ) 381
Rusia 346
Morcon 239
Rutile 270,309

SAND 935 34:35:148 155314835,

—blamng 917,33 3822132,
28 303,347-351.392:103

~paper 33

— pulverizers 118 122,132,155,

347
Sandstone 5.8 9,19,32.33.31 122 340,
317:352-365:357 381.3%4
—1ndusiry 11,15 20 13 163333~
353+360-36%,392 308—100
Saranac Laboratary for the Study
of Tuberenlosss (US ) zo,
21 §37.312,420
Sardony 35
Schist 32,377
Scolioms g
Sculptors 16,360
Serictte 11 200,252 267.273,273,276,
277,279 283,203 201 383
Serpentine 273 274,326,385
Sewers 14,15 19 303
Sewer Works Ventilanon Boird
(Austraba) 13
Sidero silicowis 11,222 293,309 314+
313335 3411
Siderosis 14
Silica
chemical action of 10,36,158,
203 211-215 301~304 337
duration of exposure to 89 40,
42-16,134156.223.224.285,
28g-290 02 303 307-323 333,
350,958 361,383.417-119
extent of exposure to 35 36.221-
225,346.950.353:356 358 560,
370,377:378,381,382.383 415
metallurgical wses of 34
types Ol g2-35.190 278

Silica Gel 258 28¢
Silicates 11,17,21,24,52.166,198,199,
223,250-277,286-327,336,384
types of 273
Silicatosss 199 259 271
Siticic aaid 12,13,1.203,248.278,
280 281,283,283
Silicons
acute 41,223-225
defimtions of §1,117,123,1g8,
217-220
disabality from 10,12 22.53,55
56.116-118,122,149,155161,
328,351,335.357,330 380,382,
381.393-401,100-114.418
stages of 7,15,48-53,105-132,206,
302-30¢
Silicoss Medical Board { Great
Britain ) 381,390-401
Stlico tuberculovts 117,151-154335

339
Silicon 17,3270 331,310,353
Silimanite 273
Silver 163
Senus 1nfections 47
Slate 8,358,347 370~371
Smelting and refining 3 133,31
Soaps and powders for scouring

{abrasive ) 33223287857

359

Sorpstone 38,167

Sollas separator 252

South Africa 6-7,18,23.40.43:106,
115 116-118,129 206,213,218,
233 203-291,303 328.346.347,

09,41
Cape Province 386
Rhodesia 386
Transvaal 377
Witnatersrand 6
South African Insutate for
Medical Research 6.7
Spleen, complications m 170,228,
214,262,270,275,278,270:280,
283 289 291,201
Steel 350,355
Slone masons 4.17.3t,33,200.222,
252,316 347.360-355.40¢
Sulphur 165



Stsceptibility to dust dieases
animal 268-269 30
human 47.007.134 202-203 371
Syphibis 163

TAR
Tate lwﬂ 167 267.271 273.273,2;6.

Technic Commusion
(Austraiia ) 15
Tectne tndustry 23,35-40,356-391.

19320
Tile makers 349 371-377
Tin 163317837
—mining 3,140 377
“Tooth ponders and pastes 33
Topu 273
Trap rock miling 33
Trauma 63 26a
Tremolite 273
Tuanite 273
Tridymute 33 263 27%.2%1 282 za,
Trpoh 333) 35,% 0373 28
Trt State Producers \“uuauon
181
“Tube mat Lmng and greading

pebhles
Tuberculo silicous 117.052-151,
218221 250
Tuberculosss 3-27 32.40,19 52-57.
5962 67.102,t00- 112,116~
118,127-12,123~161 187-133
206 2e4-221.22) 233 2247,
310 30 307 321,953 387312
31 953 357359 377 393°300
12- 21,427
Reattnanon of healed fesons
157-159 333 116
Tunneling 1% 31 301 347

UNITED Mine Workers of
meTLca 1
United States 18-22,23 58 105 303,
358 387,103 (31

INDEX 139

Connecticut 2021403
Ransas o
Lake Superior Districe 20z
Massachwsetss 20,23 408
Framingham, Mass 417
Michigan 20
Nussourt 18
Senaca Mo, 358
Nevada &
New Jerey 2t
New York 408,412,427
Morth Carohina g13-314.427
Ohio 407410
Oklahoma 18 199
Plcher Chinic 19.40.133.416,

rcnm,hama 43383413
Pennpsilvania Department of
Labor and Industey 19
Vermont
Darre 45 145 339 320,322
West Viegini 31
Wiscomsin 20,43
Unyted States Burcau of Munes
18,10,21 22 272,107,123.420
Lnuted States Deparrment of
Labor 21407
Unijed States Public Health
Service 18 19,20 2122 2341,
4659 3R3.407416,423
Untversity of Rochester (1§ )

Unneraty of Toronto { Canada )
170

Lransum 165

VITREOUS siltca 33.278,281,283

WHETSTOVES 3¢
Wood polishing and Bmshing g¢

7EOLITE 273
Finc 1845165















