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PROCEEDINGS OF CONFERENCE CONCERN-
ING EFFECTS OF DUSTS UPON THE RES-
PIRATORY SYSTEM HELD BEFORE
THE INDUSTRIAL COMMISSION OF
WISCONSIN AT CHICAGO,
ILLINOIS, NOVEMBER
16=17, 1932

Wednesday, November 16, 1932. Morning Session

By Mr. FREp M. WiLcoX, Chairman, Industrial
Commission of Wisconsin

Let the record show that there are present with me here
at this conference the other members of the commission,
Mr. R. G. Knutson and Mr. Voyta Wrabetz; Mr. Harry A.
Nelson, Director of Workmen's Compensation for our com-
mission: Mr. Arthur B. Doe, Attorney of Milwaukee, repre-
senting management; and Mr. L. A. Tarrell and Mr. W. J.
Goldschmidt, Attorneys of Milwaukee, representing the em-
ploye group. Present also are Dr. A. W. Gray of Milwau-
kee, and Dr. J. B. MacLaren of Appleton, representing our
committee for the development of a dust and fumes code;
also our Mr. W. C. Muehistein, Director of the Sanitation
Department. I think we will register the rest of you by
aid of registry slips, so that the attendance record may be
both accurate and complete.

First of all 1 want to express for the commission its ap-
preciation of your readiness to come here for this confer-
ence and doubly so for the readiness of insurance carriers
and self-insurers in Wisconsin to make it possible for us
to get together for consideration of this important subject.
I think at the outset I can perhaps clear a bit of the air if 1
would remind you that there are only a few states that un-
dertake to cover diseases of occupation under compensation,
outstandingly Wisconsin. While California, North Dakota,
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Connecticut and Massachusetts have lyws under which it
appeurs they may take eare of the whole field, I am not so
sure that they are doing it. There ure cortain other states
that have laws which under & schedule enables sufferers
from occupational diseases specifically listed in the law to
have the henefits of compensation, That, of course, elimi-
nates from protection any person suffering from & disease
?hat is not listed in the law. Some states are doing noth-
ing in this field. If they compensate any particular type
of disease which they may call oceupational, they do it un-
der the aceidental injury provision of their law under the
theory that where there is & single contact and injury re-
sults, that the situation squares with the idea of aceident
and they are compensating for such disease under the
theory that they are accidental injuries, We did the same
t{ning in Wisconsin nnd we do it now with many types of
dlsea.ses, such as typhoid fever, anthrax, ivy poisoning and
thg like, These are rated as diseases of particular indus-
tries when they arise out of the employment, but under the
law ave compensable as accidents rather than otherwise,

It ig important to bear in mind that under the Wisconsin
Ayt disease coverage is not limited to the typical occupa-
{ional diseases of medical literature, but the provisions of
tha. law are broad enough to extend to any type of disease
which an industry produces or to which u particular plant
gperation exposes ity employes, Typhoid fever is a good
iflustration. We can think of others, Ivy poisoning is not
recopnized as an occupational disease. 1t is a disease that
you acyuire because you come in contact with poison vy,
It is not present on all farms. On many farms there is
none of it. But it may be on a particular farm, so it be-
comes a hazard to employes on that employer's premises.
Just so chicken pox, scarlet fever, whooping cough and
other.children's diseases are diseases to which teachers are
peculiarty exposed, but they are not diseases which we com-
monly think of as occupational in character,

!t is & difficult matter to determine the extent of dis-
ability in many types of injury, Wisconsin found great ad-
fm‘ntage in an intensive study of various phases of typical
injurdes other than dismemberments, We went out, much
a3 We are going today, and got information as to the ex-
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tent of disability normally attaching in these gpecific types
of injuries. Then we set up roles and figures by which
we uudertuke to estimate disability resulting from such in-
juries, nob dismemberments,—such as an ankylosed knee or
elboow, loss of rolation, shortening of leg and that sort of
injury. From those fables the commission and our indus-
tries, safety men, plant managers, personnel directors, doc-
tors, lawyers, insurers, and the injured men themselves may
get their bearings and determine what 18 the approximate
extent of disability, This procedure is very conducive to
uniformity of administeation. We had the orderly help of
the American Medical Assaciation in the development of
the rules by which Wisconsin measures the extent of dis-
ahility of an eye and those rules have heen formally
adopted for guidance, Our experience in that field has been
so satisfactory and has given ug such assurance of better
type of administration that we are veady and glad to turn
to this plan of developing something in the field of pneu-
moconiosis, silicoss, and tuberculosis of the lungs and the
respiratory ract,—diseases which ave, If they are produced
by an industey, compensable under the faws of Wisconsin.

Silicosis s prohably recognized as  $ypieal occupational
discuse. 1t should be included in the schedules of those
states which presume to compensate for otcuptional di-
seases if they are in fael concerned with the protection of
employes sufering disubility from occupational hazards.
Fuilure to do so leads unmistakably to the conclusion that
schedules have for their purpose the eliminating from cover-
age of injuries to the lungs and to the vespiratory tract.
The difficulty s not in determining the extent of disability
in the case of silicosis and tubereulosis. The difficylt task
is to determine whether or not the plant operation had any-
thing to do with it,~whether the exposure had anything
to do with the condition that the employe now presents, And
if 80, is it solely responsible for it, is it partially responsible
for it, i3 it just an aggravating factor, or wag this industry
not respongible ut ull, These are serious questions and that
ig the field that gives the difficulty. To gain a better un-
derslanding of this whole subject we have arranged this
conference.

We have some cases pending before ug that form the
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subject matter,—the bagis for our holding of this hearing,
There are men appearing here today who have no concern
with incidental cases, Their investigation and their con-
glderation of the subject is beyond an incidental case.
Sometimes it is embarrassing for them to appear in behalf
of litigants and we have thought to avoid any such embar-
rassment and to proceed on the plan of & conference for
free discussion on the part of those who have come to be
recognized as suthority in this field It is our desire that
those who appear proceed with their diseussion, without
questions yntil they have finished, unless they may wish for
the purpose of demonstrating a particular point, to call
upon U8 to interpose & question or a query ab that point,
After they have finished it is our wish that the commis-
sioners and the attorneys who are here have the privilege
of asking any questions that they may see fit. We are
anxious to complete the conference by tomorrow evening.
The doctors and the engineers who are here will be able to
stay through tomorrow. 1 am glad this is so, because of
the importanice of the subject, Unless there is some other
question or some other statement that I should make at this
time, I think we are ready to proceed as outlined,

First we will call upon Dr. Leroy U. Gardner, Saranac
Lake, New York.

By D, Leroy U, GARDNER, Sarsanac Lake, N, Y,

DR, GARDNER: Members of the Wisconsin Commission
and others interested in this subject: I am sure I can
apeak for all the experts and perticularly for Mr. Cum-
mings, my associate, nd myself, in thanking you for your
confidence in us and asking us to come before you. The
Chairman has suggested that possibly you may want to
interrupt me from time to time if T do not meke myself
clear and 1 wish you would take the opportunity to de so.
Two protocols have heen submitted ag a basia for this dis-
cussion; one of them is developed along more or Jess
anatomical lines leading up to the discussion of the pathal-
ogy of the disease due to the inhalation of dust and the
other, apparently framed by a lawyer, I would hesitate to
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use a8 & basia for my discussion. 'That could be used later
in the discussion, but if you will permit me I will follow
the anatomicsl oufline to develop the subject.

ANATOMY

The irst subject on this protocol is the diseussion of the
anatomy of the respiratory tract which must be considered
undet its several parts, Perhaps T can best express what
I have to aay on this subject with diagrams. My ghility a8
an artist is not great, but 1 will attempt to illustrate the
main purts of the tract.

Nasal and Mouth Cavities, Here we see the nose and
this is the mouth eavity. The nasal cavity is entered
through the nostrily which are guarded by a serles of hairs,
They are coarse and their function ia to filter out lavge par-
ticlea of dust and foreign bodies of any kind which might
be drawn into the respiratory tract, Inside of the nose, it
we Jook at it in cross section, we find that there are a serles
of very fine bones, Jike this, located on either side of &
dividing partition which separates the two nasal cavities.
Pheir surfnces are covered by a sticky mucous membrane
reflected over the bones in this manner. 1t also covers the
lateral wall of the nasal cavity. This sticky mucous mem-
Lrane tends o cateh and retain forelgn particles that enter
the nasal envity, Mucus, secreted by the cells which cover
this membrane, may be expelled later carrying away the
foreign particles caught there, In addition we find that the
cells covering this mucous membrane are provided with 8
series of microscopic hairs projecting from their border.
These small hairs ure called cllia, They are in active mo-
tion and the hairs on the different cells all move in unison
creating a current: when you see the living cells under the
mieroseope, the ciliary action gives the effect of wind blow-
ing over a field of wheat, in a progressive sweeping motion.
The direction of this motion in the greater part of the nasal
cavity s backward so that foreign particles tend fo be car-
ried toward the thraat, The nagal cavity communicates at
the back of the nose with the so-called naso-pharynx which
communicates with the larger opening at the back of the

mouth,
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The mouth i3 not provided with any special protective
mechanism compatable to cilia, Here are the tonsils, which
are located hack in the throat, which do gather up a cer-
tain amount of foreign material, but not very much dust.
They tend to take up bacteria rather than dust. Thus air
may be teken juto the mouth at this point through the lips
and 80 into the pharynx, or it can be taken into the nose,
The two currents of air meef in the back of the throat. We
inhele foreign bodies through the mouth or through the
nose and in both instances they reach the same place, The
air then passes down into the windpipe or fraches, the
tube leading from the pharynx to the bronchi, The frachea
is also lined by eiliated cells, with hair-like processes,
The direction of the current of the ciliary action here is up-
ward toward the pharynx, tending to carry any foreign
material which gets in the trachea upward to a point from
which it cun be expectorated. Large numbers of foreign
bodies are removed in this manner. We all know that if
we go down fo the cellar to clean the coal bin, we very
quickly begin to expectorate large amounts of mucus which
are deeply pigmented with black dust. By this process one
eliminates a tremendous amount of dust, To summarize,~
the upper respiratory tract consists of 4 filter in the nose
with its tortuous passages lined by a sticky mucous mem-
brane provided with cilia. The cilia beat backward toward
the pharynx and carry the dust to a point from which it can
be expectorated. 1f the dust penetrates beyond this point
it enters the pharynx and trachea where ciliary action car-
ries it upward toward the mouth, This constitutes the first
ling of defense.

It has been argued that people who breathe through their
mouths tend to get a good deal more dust into their lungs,
than those who breathe through their noses which is ob-
viously true for the reasons already deseribed. As long
83 the mucons membrane is normal and is not influenced by
chronic infectious conditions and chronic disease due fo re-
peated injury by dust a great deal of material will be
eliminated by the norma) mechanism,

The Brouchi. et us now consider the bronchi which
are Simply tubes, similar in structure to the trachea. They
carry the air onward into the lung. The trachea divides in

1

the root of the lung into two tubes one of which enters either
jung and then subdivides into branches, These tubes be-
come progressively smaller as they approach the periphery.
Thelr inner surface iy 150 Jined by eiliated cella through.
out their course unti) the periphery of the lung is reached,
Their funetion is the same as that of the frachea,

Plera. The surface of the lung is covered by a mem-
brane which is known as the pleura, It extends over the en-
tire outer surface of this organ with refiections jnward
over the fissures which separate the different lobes. In my
dvawing [ am vepresenting it ag much thicker than it would
actually be for the purpose of deseribing some of its details.
The lung lies in o bony cavity, the thorax, which Is also
lined by ploura directly continuous with that over the sur-
face of the lung. These two portions of this membrane are
known respectively as the parietal or wall pleura and the
visceral or Jung plenrs, Between them there is a potential
space, Their inner surfuces are smooth and they are
separated by an extremely thin layer of fluid which serves
to lubricate them so that there will be no friction with the
movements of vespiration,

Blood Vessels. Radiating out from the root of the lung
to its extreme periphery are two systems of blood vessels
which I shall not illustrate in detail because of the com-
plexity of the resulting diagram, One system is composed
of the pulmonary artery and its branches, This vessel car-
ries blood from the right side of the heart through the Jung,
Its various ramifications follow as closely ag possible the
branching «f the bronchisl tree. In addition to this there
are branches of the pulmonary vein which start in the
peviphery of the lung, in Lhe cupillary blood vessels, and
caurry aerated blood hack to the left side of the heart, These
two systems of vessels communicate st the periphery
through a system of capillaries. In these exceedingly small
vessels the function of respiration takes place,

In order to understand the process of respiration we must
consider in some detail the structure of the terminal atr
spaces, 1f one examines a cross seetion of a Jung he will
find thut its eonsistence is like that of a sponge. There
seems to be no particulur arvangement of the sheges which
make up this structure and it s only by a procem recon-
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and adsorbing agents known. Thig phenomena has been
concelved as responsible for the harmfulness in the lung
gince it was thought that it might absorb either body poisans
ot the norma) protective gubstances present in the body
fluids, More likely, however, ig the possibility that what-
over i3 vesponaible for the ability of silica to form active ad-
gorbent agents is also responsible for the toxieity of the
silica itself. In other words, the peculiar structure assock-
ated with many of the modifications of ailica undoubtedly
presents certain highly active surface Rroups capable of up-
setting the delicate mechanism governing the normal life
of cells, We hape to correlate the degree of harmfulness of
any form of silica dust with the surface hructure associated
with that variety by using the knowledge of theae stroctures
recently obtained by physicists in certain X-ray studies.

To recapitulate, & dust is nat to be considered dangerous
elther hecause it is ot 18 not soluble in the body fuids. 1f
it i solubls the toxicity depends upon the character of the
soluble produet formed. There are many known inorgsnic
dusts both soluble and ingoluble which are apparently hari-
less when inhaled over long periods and at high concentra-
tion, Silica i the most harmful of all industria) dusts, It
Is not yet known whether the dangerougness of sitica s due
to the formation of 8 soluble and toxic product or to some
highly active surface phenormena qssociated with certain
physicel modifications, In genersl the degree of harmful-
|ated with the amount of free or uncom-

hined alliea present. In addition to knowlng the amount of

freo aflica present in any dust, in order to estimate its sill-
ntial to know the

cosis producing POWER, it ig equally esse
te of the free silica. Silica in combination with

physical sta
other elements 13 also capable of producing pulmonaty
ow the amount of

fibrogis. Tt 8 therefore necessary t0 kn
he material with which it is combined.

combined siliea and ¢
1t ia highly probable that certain substances, when combined

with silics, tend to overcome or partially neutralize the
dangerousness of the sities ftaelf, Any individual case of
ailicosis, or $he whole problem itself, can be properly ang-
lysed only after obtaining & thorough knowledge of the

chemical and physical nature of the caugative dust.

There is another and equally imporfant consideration with

yegard fo measuring the dangerousness of a dust which con-
taing silica, 1 refer 0 the number of dust particles present
in & given volume of yit and especially to the size of these

particles thus suppended. 1L s obvious that a high concen-
tration of dust particles in s industrial atmosphere will
s low concentration. Tt ia there-

be more dangerous than
meagure the concentration of

fore A voutine procedure f0

dust present in dangerous indutries. This is accomplished
af, present with 8 device perfected by many years of experl-
mental work and approved by the U, 8. Public Health Serv-
ice, In brief, 8 measured volume of pir is passed through
an orifice and mpinged upon & wet surface under 8 certain
level of wetting floid. The ai is broken up into small bub-
bles which exposes 8 Jarge amount of surface to the welting
medium and these pubbles then rise through the fluid and
ate eventually discharged again into the air. Dust partleles

suspended in the air are drawn into the impinger, Wet by

the fluid and remain suspended in it, Tn other words, the
air s washed clean of its suspended dust. The sugpending

fuid fe removed, messured, and diluted with clean distifled
water. A messured portion of this diluted fiuid is placed
i u counting cell and the number of particles present in 8
given volume determined. By calculation the pumber of
particles present in s cubic foot of air entering the impinger

is then defermined.
Thig. device is effiient und sutisfactory as far a8 the col-

lection of particulate matter i8 concerned. T question the
standard procedure adopted for counting the particles eol-
lected in the suspending fluid, however, The counting 18
done at & low magnification with ordinary bright figld iltumi-
nation and it can be shown hoth mathematically and experi-
mentally that particles qmaller than 1.5 to 2 microns € not
visible, This limits the observation to those particles greater
than this size. We must now agk ourselves what particle

gizes are significant in producing silicosis,

Pirst it has heen observed from & study of silicotic lungs
that dust particles larger than 10 microns in diameter gl
rate into the air spaces. [t has therefore been
universally agreed that we need not concern ouselves with
particles larger than 10 microns in measuring the concen-
teation of & dungerous dust. Mureover, itshas heen found

dom penel
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t.hat the number of particles larger than 5 microns is rela-
!wely smgll in the silicotic lung and the present tendency
18 to onsider only those particles below this figure. It can
a!so be stated quite definitely that the really hazardous par-
ticles are probably much smaller than 6 miceons.

I'should like to deseribe an experiment which I have per-
?ormed to prove this contention. Two series of rabbits were
moculatgd intravenously with very carefully prepared dust
Buspensions, In the first series of rabhifs each animal re.
cglved 1.3 grams of quartz dust particles whose average
dlam'eter wag about 9 to 10 microns, The second group of
rabbits each received 1.8 grams of quartz dust particles
Whose average diameter was 1 to 2 microns, At serial in-
tervaI.s animals in each sexies were killed and compared,
In brief, it can be said that the larger particles provoked
almost no fibrous reaction while the smaller particles pro-
duced a fibrogis so extensive as to result in the death of
nearly all the inoculated rabbits after eighteen months. Dr,
Ggrdner has deseribed the details of the lesions produced in
this experiment, but T am interested in pointing out the fact
that the reaction was dependent upon particle size since
both series of animals received an equal quantity of the
same dust.

' lIn order to demonstrate that the reaction was specific for
sx!1ca, a third series of rabbits wag inoculated intravenously
with 1.3 grams of aloxite crystals whose average diameter
was 1 to 2 microns, Aloxite is an electric furnace product
composed of aluminum oxide and it is harder and sharper
than quartz. Animals in this seres developed no reaction
about the dust which collected in the various fissues and
even after many months the animals were found o be es-
sentially normal, Therefore we can say definitely that sili.
cosig i3 apparently highly specific, depending upon the pres-
ence of silica and not any hard, sharp or insoluble dust in
fing subdivision. But even more significant is the fact that
the silica dust must be extremely fine in order to produce
ailicosis,

This experiment is being carried much further in order
to prove the contention that even finer particles are atill
more dangerous, It is obvious that if the smaller particle
sizes are more dangerous, those are the ones with which

)|

we should be most concerned in determining the dust con-
ceutration in industrial air. Since it appears that the finer
the particle size the mare potent is & sillea dust, it should
be our endeavor to obtain a measure of this fraction. For
numerous reasons the practical limit of measurement or
sepatation of dust pavticles is about 1 micron. 1t is there.
fore my belief that the methods used to measure the coneen-
tration of dust in the air should be modified to Include this
fraction.

At & recent meeking of those interested fn this problem,
Mr. Fehnel of the Metropolitan Life Insurance Gompany,
and 1 demonsteated a technique by which this could be ac-
complished, This Lechnique involves the use of dark fleld
ilumination and & different counting cell than that now
being used. It is quite practieal, and gives results which
are representative of the finer particle sizes. I should like
{0 urge its tentative adoption for several reasons, but pat-
ticularly because I believe that many of the hazardous ocet-
pations are being overlooked. It is very possible that cer-
tain dusts are so distributed according to slze that they con-
(ain relutively few particles over & microns and tremendous
numbers of particles below this size. Such a distributlon
would constitule & great hazard to any workmen engaged
in it and yet would be considered safe when measured by the
present approved method. Industries in which such & dust
is likely to be encountered, are the sandblasting industrles,
the grinding industries and those industries fnvolving the
use of micro crystalline silica such ag that found in Tllinole
o Missouri and known as “Tripoli”,

This discussion makes it apparent that it s essential to
know the size distribution of dust particles a8 well as the
total number of purtictes present in an ndustrial alr, For
{his purpose the Oweng apparatus ia frequently employed.
This device impinges a small volume of air on a glass glide
to which the dust particles sdhere. By examining this
ide under the microscope and measuring large numbers of
patticles with u special micrometer attached to the micro-
scope, the size distribution i3 determined,

This method also presents many technical diffieulties, and
tends to produce lurge errors when extremely fine dusta are
encountercd. The efficiency of any impinger decreases with
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the size of the particles encountered and as & vesulb very
fine dusts may ot all adhere to the slide. The chief diff-
culty encountered, however, is the problem of measuring
dugt below 1 micron. It is certain that the method is not
even reasonshly accuvate in this range and even the most
careful and painstaking observet will always be more im-
pressed with the few large and eastly visible particles than
the hundveds of small, and almost invisible motes. For this
reason, it is my feeling that though the Owens apparaius s
a definite help in evaluating the size distribution, it does not
provide a complete analysi of this factor. It is for this
reason that 1 have suggested a method for separating any
given silica dust into fractions of different size. This
method, which has been described in the Journal of Tndus-
tria] Hygiene, separates the dust into clean cut fractions of
definite sizes from the largest particles encountered in the
air down to Y micron. By using this technique, the smount
of each size fraction can be determined and by the use of
tables which we have constructed the number of particles
of each size can be obtuined. From such data may be
plotted a size frequency disteibution curve on Hazens' log
probability paper as Drinker has suggested. This corve
once construeted can form the basia for any subsequent de-
termination of the number of particles of any size present
in the air of that particular hazardous occupation. 1t might
be of interest o state that there are approximately 20 bil-
lion particles in & gram of quartz dust which is all 4 microns
in diameter; approximately 250 billion particles in & gram
of quartz dust 2 microns in diameter, over & triilion par-
ficles in & gram of quartz dugt 1 micron in diameter and
over b trillion particles in & gram of quartz dust 14 micron
in digmeter, These figures indicale that there are af least
twenty times a8 many particles in o dust which is all %
mictons in diameter as there would be in & dust which was
o)l 2 microns in diameter. These figures are based on actual
counts, not on theoreticel congiderations which give essen-
tially the same relationship.

A thorough and complete study of a commercis quartz
dust used for producing silicosis in experimental animals in
e Sarana¢ Laboratory has shown that 90 of all the par-
ticles present (% micron and greater) were below 2
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109 were below { micron, and 50% Weré
below .6 mieron. Resulta such as these Are never otained
ler and it is my sincere pelief that the

with the Owens gamp  beliel
problem of gilicosis will not be golved, nor will efficient dust

removing machinery pe developed until consideration is

given lo this phase of the problen. in other words, I should
fike to make & plea tor all those involved in the estimation
tions or the determinations of alze fre-

of dust concentra
their consideration the gall particles

quencied o include in ( .
—for these are the particles which are undoubtedly respon-

gible for the development of gilicosls, ‘ ‘

7o recapitulate: We have experimental gvidence tha.t pill-
cols is apparently specific, belng eqused only by slica in
sovoral or all of its many modifications. The pnthollogical
reaction of silica increases with decressing particle size. I
iy desirable to devise & technique for determining dust con-

centrations which will include all particles above 1 microR

in size. Itis equally desirable fo obtain & gize frequency

disti ibution curve for all impor
in order that the true hazard may be properly evaluated.

[ should like to present some otatistical evidence denlilng
with the known ilivosis hazard existing in the lead and zine
mines of Picher, Okla. Ag has been repeatedly emphaslzed,
siticoticy genenally die because of & pulmonary infection—
ysually pubercalosis, This analysis deals with the tuber-
culosis mortality among miners known o have had previous
exposure 1o silica in or about the mines of Ottawa County,

(Oklahom.

microns in si;e,

Ip order to extablish & foundation on Which to'properly
cvaluale the subsequent mortality vates in ailicotics let 8
first examine mortality rales among the ordinary clasees of

society,
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Graph “A” compares the tuberculosia motlulity among three elasti-
feations of white people-by age groups. The class with the lowest
tuberculosis mortality rate is compoged of thse peraons who are ina
sufficiently favorable economie position to be able to own a $1000 (or
more) ordinary life insurance policy. The second group is composed
of the general population and vepresents the millions of policy hold-
ery under the group insurance division of the Metropolitan Life In.
gurance Company. The mortality rates in al} these groups are ap-
purent from an inspection of Chart A It will be observed that the
male industris} group bas the highest tuberculosia mortality rate and
thet this tate reaches its maximum between the ages of 45 and B4,
It would appea: that certain faclors in industry are responsible for
this increased rate, Chief emong such probuble factors is exposure
to silica duet,

]

Table 1

4 COMPARLSOR OF MORTALITY BATEG FRON ALL CaVERS
Pap 100,000 WHITE TORVLATION.

Matio
yoar Tolsl Yerr Kale  Pemale Nale/Panale

1.3, Raghatration Aren | 1930 [1080.0 1927 | 11a,8 flegds7 | L26

O inhony 1930 § 76,2 §1930 ) BT it | 127

Sttaws Go. Chlahoan | 1930 [1T43.6 1900 1 2088,2 {1418, | 146

Tuble 1 compures the mortality vatca (pes 100,000 white population)
from sl cuuses, by sex, in the U, S, Registration Ares, Okiahoma, &nd
Ottawa County, Okla., far the year 1940, It will be observed that the
mortalily from ail causes in Ottawa County {whare there 2 a silicogi
huzued) e very high and (hat it s particularly high smong the males.



0d

GRAPH 1

A COMPARISON OF MORTALITY PATES FROM TUBERCULOSHS
UL FORMS) PER 0ONO WHITE POPULATION ONLY-BOTH SEXES

ALL AGES - 1950.
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Graph 1 compares the mortulity from tubereulosia {all forms) per
100,000 white population, for both sexes and el ages during 1530, in
the U. 8. Reg. Ares, Oklahoms, and Ottawa Co,, Okla, It will be ob-
served that the tuberculosis mortality in Ottawa Co,, where silicosis
is known to exist, is six times &5 great a8 that in the state of Okla-

homa as & whole.
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GAAPH I

W OF MORTALITY ‘RATES FROM TUBERCULOBYS
(AL/L‘ g%ﬁ%ﬁ%} lgngWHITE FOPULATION ONLY - BY SEX.
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Graph 1T compares the mortality trom tuberculosts (al forma) per
100,000 white population, by seX during 1030, in Oklahoma and Ottaws
County, Okla. Hlere it i found that the high tuberculosts mortality
in Oltawa County oceurs prineipally among the males, whose mortal-
ity rate i3 four times 8 great ag that among fomales of the asme

" eounty.

1
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GRAPHIT

A COHPARISON OF MORTALITY RATES FROM TUBERCULOSIS
ALL FORMS) P POPULATION OWLY-BY SEX AND BY

R K000
AGE GROVPS -CNLAHOMA AND OTTAWA CONT (KL AHOMA- 930

[ OTTAMACA MWLES =
 OTIAMACD FEMALES ==~
OKLAHOMA HALES =~ -
| OKLAYOMA FEMALES ==

Ho

Y

100

800

60

400

200

DEATIH RATE PER LOGOOO WHITE PO ATION

pwle v B R T0 M

AGE GROUFS

Graph 111 compates the mortality from tuberculosis (all forms) per
100,000 white papulation, by sex and by age groups, in Oklahoma and
Otiawa County, Okla. It ia apparent thal the male rate in this county
I excessive and that this rate increases steadily to veach & maximum

of over 1400 per 100,000 at ages 45 to B,

GRAPHIE

THE TUBERCLONIS MORTALITY FATE PLR 00 WHITE MALE
LEAD D ZINC MINERS BY AGL GROUPS 0T T WA CONTY
OKLAHOMA, /30

5000 ¢

0

o

i1

200

DEATH RATE PER 100000

ot

,1%70 ED 5 £ N & )
pnpoR B Bon T A
MR H 4 64 T O

AGE GROUFS

Graph 1V depicis the morlality from tubateulosls (al} forma) per
100,000 white male miners in Ottawa Co, Okls,, during 1830, The
mortality rate shown in this graph s probably the highest ever ve-
conded for a group of eivilized white males. The rate tise steadily
(o veuch its maximunt of over 600D pes 100,000 at ages 45 to b4, coln-
cident with 26 1o 35 years expusure 1o sifien dust,
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Table 1 gives gdditionsl data relative fo the principal causes of
death among white miners in Ottawa County, Oklghoma, for 1030,
It should ba observed that B8% of all deatha were due to vespiratory

figeases,
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GRAPH

4 CONPARISON OF MORTALITY RATE $ FROM TUBERCULOSIS
L FORMS) PER 10000 HHITE MALE INSTRIAL POLKY HOLDERS
OF THE METROPOLITAN LIFE. IWSLRANCE G0 AND WHITE MALE LEAD

AND ZINC MWERS OF OTTAWA CO,0RLA - BY A6E GROUPS - 1930
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Graph V compares Lhe mortality rates from tubereulosls (all forms)
per 100,000 white male mitiezs of Ottawa County, Okla., and white
male industrial poliey holders of the Metropoliten Life Insurance G,
by age groups for 1. This graph strikingly illustrates the adii
tional huzard impiosed by silica on industrial workera,
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Tablo 11}

4 COMPARISON OF MORTALITY RATES FROK ALL GAUSES AND
FROH UERROULOSTS AKOHG WHITE FEHALES,

U.8,Reg.hron Oklahoma  Ottaws Gounty
162 1630 1630

Tsath Rate per 100,000
_ ALY Ceunes 10217 6854 1412.4

Daatp Rate pex 100,000

!I.lbﬂl‘wlolil .0 38,9 95.8

T e e
fumber of Deatha from

Tubersulosis in 1000
7.8

Deaths from A1) Causes 61,7 L]

Pable 111 compsrey the morlality from all causes and from tuber-
culouia per 100,000 white females in the U, §. Reg, Area, Okiahoma,
and Ottaws County, Oklshoma, This tahie iluatrates the fact that the
tuberculosis mertality among the females, living in a community
where silicosis and tuberculoais are outstanding among the males, re-
maing in fairly good praportion {0 the mortelity from all cauges as
observed fn the U, S, Begistration Ares.

To recepitulate: It can be shown statistically that pili-
cotics sufer from an enormous tuberculosis mortality. Thig
excessive mortality can be attributed to no other cause than
the inhatation of silica dust,

A question was asked relative to the incidence of syphilis
in the Picher atea and its effect on the development of sill-
casls. This was a problem in which Dr. Meriwether was
particularly interested and he was kind enough to show me
& large number of cases illustrating his contention that sli-
cosis did develop much more rapidly in the man who had &
positive Wasserman then in the man who had a negative
Wasserman. Apparently from the data Dr. Meriwether has
accumulated, this contention is trug. Moreover, he found
that in those men who had a positive Wasserman and were
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given treatment for their syphilis, the silicotic process also
segmed to improve during treatment. As the Wasserman
changed from positive to negative, the X-ray filmg of these
men seemed to improve, 1 think we may draw & falrly ac-
carate generalization that the presence of any infectionin &
silieotie ig Wkely 1o result in & more rapldly progressive
pathological process than would ocear if the infection could
be eliminated,

I found quite 4 large nutiber of cases among the Picher
licoties that had received o diagnosis of suspected tuber-
culosis on the basis of thefr roentgenograms, These mmen
had 3 large amount of sputum but bubercle hacilli wera not
found after repeated examinations, On further examing-
tion of the sputum & nuraber of these men were found fo
have other bacteria which seemed to be responsible for their
pulmonary infeetions. The main group of organisms re-
sponsible for such infections was similar to the organism
which produces syphilis. These men were glven syphilitie
treatment even though thay did not have syphills and some
showed marked improvement, Dr. Meriwether continued
to curry on this work in Picher and reported that of some
90 men treated all had returned to work after having been
disabled for a long time, Whether or not this condition ob-
{ains in other communities 1 cannot say, but I think it i
true that & man with slicosis is predisposed, not only to
tuberculogis, but to ther infections a3 well, Silicosis con-
stilutes & hazaed in causing an increased sugceptibility to
uberculogis, but it also increases the sueeptibility to other
infections. Some of these men with infections other than
tubereulosis, may offer more hope for effective therapy than

do tuberculous silicotics.
M, Wrigkr: What sort of mines?
Me. CummiNgs: Lead and zine mines in Oklahoms.
Mr. WriGHT; Any lead poisoning mixed up with it!

Mr. Cusyings: No. They are not really exposed o
Jead vapors and consequently here s no real Jead hasard,
They mine this ore out of hard siliea rock—called chert,

Mr. Wiige: I there a great deal of sllica present in
Lhis rock?
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Mg, Cupminos: Yes. Over 80 silica, 1t ia not quartz
but & flint or chert—a very dangerous dust,

Mg, TarReLL; At they Finnish laborers

Mg, Conmings: No. They are not Finns. They are
vative Ameriean whites. They come from Kentucky and
Tennessee and are true eatly American seftlers,

M. Kuecsie: Have you gotten anywhere 8o far with
your experiments that Dr. Cardner veferred to on neutral-
jzing the poisonous effects of gilica in the lungs!

Mg, CusiMINs: I believe that silica does digsolve after
entering the body, then  soluble silicate is formed and it i8
present about the particles that ave eollected in the lymphoid
areas, There are certain chemicals which will precipltate
soluble silicates from their solutions. Such substances a8
iron salts, calcium salis and & great many other substances
will cause this precipitation, 1f it would be possible to
bring such substanees into intimate contact with the dust
collected in the silicotic nodules it might also be possible to
precipitate this soluble silicate and thereby neutralize its
toxic influence, if the soluble silicate s responsible for this
toxicity. There is 8 falrly good illugtration that this may
be true. Asbestos is & magnesium siticate in which iron
poually replaces part of the magnesium in the molecule.
When asbestos s inhaled into the lung the individual fibres
tand to dissolve or hydralyze, The fibres swell and some
soluble silica is formed, fron is released by this hydrolysis
and it recombines with the soluble silica to form an insolu-
ble substance. Now it so happens that in asbestosis &
definite fibrosis develops but there does not seem to be 8
marked inrease in the susceptibility to tubereulosis in gpite
of this well established fibrosis, or asbestosia, It may be
possible that the ivon which constitutes a part of the asbes-
tog fibre is responsible for overcoming the increased sus-
ceptibility to tuberculosis common to most cases of peu-

moconiosis,

Mg, Dok; Dr. Gardner, 1 gathered from your discus-
gion that there is a great deal of difference between the Te-
action of silics and other dusts with regard to the character
of formation, that the scar tissue formation i3 characteristic
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of silica and not charactevistic of the other dusts you ex-
amined?

Di. GARDNER:  That is true.

Mn. Dog: Can that difference be Jetected on X-ray and
if o, how!

D, CAppNER: T don't believe the character can be de-
tocted by X-ray, no. The distribution of the reaction ia the
thing that we have to rely upon in the X-ray. Posaibly the
density of the reaction, but even that would be likely fo fal
down. 1t is only when you have the tissue under the micro-
seope that you can he sure. (f course, you can on gross ex-
amination of the lung determine density to & certain extent
by palpation, but the characteristic thing about the sifica
veaction Iy ity microscopic appearance.

M. Dog: What would you say a8 to the characterlstie
difference in distribution for instance, if you were inter-
preting an X-ray and did not know what the chemical com-
poition of the dust wag and were trying to determine
whether the manifestations on the plate were sllicotic or
otherwise, what would you look for to make that differen-
tiation wilh regard to the distribution of the pathology!

Di. GARDNER: Ag far ay we know today—I @m not a
roentgenologist and cannot qualify as an expert, but a8 far
ug we know today there are only two types of dugt that will
produce extensive pulmonary changes visible by the X-ray;
one is pure silica in one form or the other, That produces
4 generalized fibrosis of the lung characterized by increase
in the linear markings and characterized by the formation
of nodular shudows. Such changes tend to be pretty uni-
formly distributed throughout both Jungs with the exeep-
ion of small areas over the dinphragm which are generally
left uninvolved. Asbestos dust will aleo produce & general-
zed fibrosis of the Jung, Dut it Is not accompanted by the
formation of discrete nodular shadows, It is a diffuse
ibrosts and widespread. We also know that slate warkers
working in & silieate get a good deal of diffuse fibroals, I
believe Dr. Russell iy prepared to discuss slate workers,
Thess slate workers also get diffuse fibrosis, but not gener-
ally a5 marked ug that which oceirs in the asbestos group,
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1t may be in some instances. The reaction to the other types
of dust is insignificant fn our experience a8 compared with
that produced by pure silica or by the gllicate asbestos and
perhaps the silicate slate. When We examine the lung tissue
of the agbestos worker we find that the amount of reaction
ia apparently much greater than would appear from the
X-ray plate, Just why this should be js puzzling, but we
have not had opportunity to study as many ashestos work-
ers a8 we should before e can answer this guestion.

M DoE: Then the discrete character of the distribu-
Hion and the absence of nodules, that s, the absence of the
generalized distribution and the abgence of nodules would
tend to rule out silicosis?

DR, GARDNER: Yes.

Mg, Dog; In your opinion?

DR, GARDNER: In my opinion, but this must again be
qualified because we may deal with mixtures of dust. Dr.
Russell in his work in Barre, failed o find nodular fibrosis
in the lungs of many of the granite cutters exposed to & dust
containing a3 mueh as 309 freg silica combined with sev-
eral silicates. Tt is my belief that probably the silicates and
other non-siliceous substances modified the action of the
silica go that the nodular Jesions which would be charac-
feristic of pure silica failed to develop. We know the clear
cut and definite picture of silica alove. That picture 18
characteristic and on that one T don't think we ghould fall
down. When we deal with siliea complicated by other gub-
stances or when we are confronted with dilicates alone we

are 1ot In position to be so definite.

Mz, DoE; When you speak of aluminum oxide, do you
use that term in the same senso that Dr. Clark does, that is,
when the percentage of silica is 80 small, 1.76, that for all
practical purposes in this inguiry it can be disregarded?

DR CanoNgR: 1 believe that would be & fair view, yes.

Dr, Cuagk: Combined silica.

M, Dog: [ meant 88 you described it, Dr. Clark, would
that apply in your opinfon Dr. Gardner, to other dusts in
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combination, if the percentage of ailica was below, say two
per cent, that it could be regarded a8 & non-siliceous dust?

D, Garonk: T think it might be. I can conceive of
conditions where other substances might favor the renction
of silica ituelf. T don't know of any such one, but it seems
conceivable there might be.

Mg, Dog: In the work you and Mr. Cummings have
done what possible combinations that tend to minimize the
effect of silica,—he mentioned iron,—are there othera?

Du. Ganoner: Theoretically iron, caleium and anme
inum might combine with this ailica dissolved in the body
fluids and prevent its reaction with the body tissues, We
have selected all these as possihilities and hope to experls

ment with them,

Mg, Dop: With regard to these particles of less than
two microns, they wouldn’t reappear {n the lunge of the
experimental animals, have you an opinion g8 to whether
that has any significance in dealing with humans? Would
there be an anatomical difference which might result in par-
ticlus Jess than Lwo microns jocalizing in the lungs of human
beings and not in rabbits?

Di, Gaspgn: 1 think if we were succesaful in abtain-
ing & sulicient quantity of particles less than two microng
in diameter that probably many of them would remain in
the lung, but T do not know. We have not heen able with
our spparatus and money available fo s to produce such a
quantity and we have niot been able to investigate the sub-
ject. We had to turn to the intravenous method of experl-
mentation becauge of the limited amount of material

available,
Mr. Dog: What is the mechanics of those tiny particles
in the rabbity getting o the liver?

Di. Garoner; From the ear vein they are carvied
{hrough the right side of the heart into the pulmonary ar-
tery: they go directly through the capiliaries of the lung and
are not Alteved out there ag we had hoped that they might
be. They are carried back through the pulmonary vein into
the left side of the heart and from the left side of the heart
pumped out to the sorta and the general circulation. The
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liver is & very good fltering organ, and so is the spleen.
They tend to cireulate about until they happen to lodge in
one of these filtering organs.

Mr, Comuings: It should be brought out that if they
are inhaled the mechanism would be different than if they
came into the lung by way of the blood stream. Inthe hlood
they are inclined to be rushed on through just as the blood
corpuscles, becanse there s nothing to cause them to come
out, whereas, if they are inhaled they would lodge inide
{he air space and a3 a congequence [ believe they would be
picked up by phagocytes and carried to the lymph nodes,

Mg, Doe: Dr. Gardner, in the examination made af post
mortem of silicotic individuals, I think you said gometimes
silicotic nodules were found in the liver?

DR, GARDNER: Yes,
Me. Dog: In human beings?
Dr, GaroNER: Yes.

Mr. Dog: Presumably, the only silica to which that in-
dividue] was cxposed was by inhatation?

DR, GARDNER: Yes.
Mz Dog:  How would those particles gel to the liver?

Di. CaonE: We conceive that in this case there has
peen an overflow of dust cells from the tracheobronchial
lymph nodes at the zoot of the hung, This overflow has
carried these pasticles perhaps inside phagoeytic cells to the
venous circulation, by which they are delivered to the right
side of the heart: the right side of the heart pumped ther
through the lung. There they may nof be filtered out by
the pulmonaty capillaries any more effectively than were
the particles which were injected into the eax vein of the
rabhit. They would be carvied back fo the left side of the
heart, into the aorta and finally be caught in the more ef-

ficient flter of the liver,

Mg, Dog; That may be one of the processes that nor-
mally goes on may it not!

Di, Garpner! T would believe so.

108

Mg Dog: In ridding silicotic lungs of dust!

Di. CanongR: | would believe so. But it i compare-
tively rare to find gilicotic nodules in the liver gnd spleen
of human beings. 1t may be that thege particular human
beings who show such lesion are abnormal In gome ang-
tomical vespects and it may be, this iy gomething we have
naver checked up on, that these nodules in the Hver and
splaen are composed of extremely fine particles and it may
be that this particular individual was {nhaling an exces
number of fine particles, instead of the more usual oney two

to eight microns in diameer.

Mz, Dok: Do you belleve that it would be a possi-
bility for men working a8 machiniets, that is, on drill
presses ot borers and machines of that kind, fo creale
sufficient dust to institute  hazard for siderosls; that i,
where there fa no sand or no artificial abrasive in the
process, just the use of the metal itself?

Di. CGagoNer: T rather doubt it. 1 do not believe we
lnow whether there i8 such a thing 28 gideragia. We talk
about the condition, We know that certain hematite
miners have red lungs,  We do not know whether {ron in
any form alone is wufficient to produce a reaction, 1 Tave
suen the lungs of one boiler maker who had & long ex-
posure, apparently o iron dust. We were not able to get
o good occupationsl history, This man had & peculiar
type of fibrasis in his lungs without tuberculoais, He had
3 large amount of ron in his lungs. 1t i impoesible by
any method that we know of to determine whether that
iron was from an external source or whether it came from
within the body, because iron is one of the components of
body tissue. Possibly siderosis may be due to contaminat:
ing silica more or less modified by the excessive amounts

of iron in the dust.

Mg, Doe: Is there any scientific basis for assuming
now that the inhalation of iron and steel particles from
processes such ay polishers, drill presses and the like where
there is no combination of silica, that that predisposes to
tuberculosis?

Dp. CAmpNER: None that T know of, I would be in-
clined to believe that we would not find any.
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Mg, Doz: Doctor, whet you have the reaction which
you described 8 being characteristic of asbestos and char-
acterlstlc of other dusts not containing & high percentage
of free silica, what is the fact as to whether of 1ot the in-
cidence of tuberculosis among those individuals is higher
or lower than the miners in general?

D, GagoNgr: 1 have not had any opportunily to ob-
serve auch groups myself, Our experimental work tended
?o ahqw that we could stir up & non-virulent tuberculous
infection temporarily but it would not progress {o any ex-
tent. There would be & temporary reactivation of the
latent focus and then the lesion would heal with forma.
tion of considecable scar tissue. While there have been
a}xtopsy reports of human beings dying with & combina-
tlpn of tuberculosis and asbestosis, so far & living indi-
viduals working in the ashestos industry are concerned,
observation generally tends to show that the incidence of

{uberculosis is nob excessive.

Mg, Dog; Is there any information available that you
are familiar with that the incidence of tuberculosis is
higher i any industry or any dust exposure in the country
af, Jarge, where the silica content, we will say, i less than
997 1 mean to nclude in that sitica, rayon, wool, to-
baceo, iron, and in combination with ailica, and millers
and packers and flour mills, All sorts of people.

D, GaRoNER: There are the statistics of Dr. Hoffman
reported in the Public Health Service reports, but 1 think
these should he examined quite eritically and possibly
should not always be accepted at their face value There
are other factors that come into play besides the one of
dust inhalation which might be responsible for the in-
crease in tuberculosls in these trades, Ido not know of
any figures sustaining the point of view which you men-
{ioned.

Mﬂ. Dog: Supposing that the exposare in & ease con-
taining, we will say, less than 1%, just & trace, & normal
amount of silica, wag very protracled—some cases like
those which Dr. Clark told us about for thirty to forty
years, Would that make any difference In your last con-
clusion?

1

gxperience with carborundum dust

might be considered 2 substantiation of such & view. We
were at & losg to explain it in any other way. We also
found that marble dust, which containg only 8 traction of
one per cent of silica, exhibited & stight tendency o cause
the tuberculous foci to become progressive for 8 ghort
while, but then they aguin retrogressed and nealed. It 18
possible that if the exposure io silica in minvte amounts
were continued for a qufficiently long time and that In
the meantime the tuberculous process could remain po-
tentially active, that one could reactivate & tuberculous

focus.

Ma, DoE:  In case of non-siliceous dust, Doctor, ig there
any distinctlon to be taken between cauting tuberculosis
in the firgt instance or rather more accurately predispos-
ing to the disease and reactivating an old process?

i, Gagone: T do not know. 1 don't think 1 could
answer the guestion.

Mz, Dog: Well, on the basis of the knowledge pres
ently available, you have already testified fhat there 18 10
seluntific bagis for testifying that there s more prevalence
among those employed In wlica fhan smong the population
gt large. Would your answer be the same 88 to those per-
gong who had had tuberculosis and had gone {nto those
gccupations? '

Dr. GasoNgr: 1 would more oF less agree with Dr.
Clark that any kind of dust would be @ bad thing for a
person With a potentially active tuberculous focus in his
bady. 1 would hate to see him for his own good g0 into
dusty industry. However, 1 do not know enough about
it to do more than theorize. I would not want to risk work-
ing in dust if | myself had such & focus.

will anything in the present state
the fact that there ia any risk!

Dr, CarpiER: Qur

Mp. DoE¢ My point is,
of our knowledge eatablish

D, Garongr: No, | don't think we have any definite in-

formation,

M, Dog: s there any way of telling, Dr. Garduer,

when you sec u case of tuberculosis and there {a expomre
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to a non-sificeous dust, whe'her or not that particular case
of tuberculoais hecame superimposed on the preumocont-
osis or upon the resction which might be deseribed by any
other ame then silicogls, or whether the latter merely i
co-ncidental with tuberculosis?

D, GaronER: That is a very difficult question to de-
dide. We can only surmlse that when the tuberculosls 1
progressing in a more or legs normal way, starting from an
apical focus and graduatly extending downward, but more
rapidly than usual that then perhaps the dust mey have
been instrumental. However, we have no accurate basiy

of information,

Thuraday, November 17, 1932, Morning Sesaion

Mp. Dog; Dr. Cardner, yesterday in Dr, Clark's ae-
count of hig ohsgrvations in Worcester, he said that in
writing these monographa he had intended to limit the
discussion to the results of his studies in connection with
the reactivation of old tubereylosis by artificial abrasive
dugt: in your work have you come upon gnything which
questions the correctness of Dr. Clark's conclusions?

D, Garoner: When I discussed our experiments de-
signed to reactivate latent tuberculosis infections, ] men-
tioned the fact that in guinea pigs we were able with car-
borundur dust to produce reactivation in & certain pro-
portion of animals. This vesult we have been at a loss
to explain on the hasis of our present knowledge. The
only assumption which we could make was the fact, 8s
Mr, Cummings suggested, that there might be in the par-
tieular carborundum that we used, a certain amount of free
gilica and that posaibly this free silica was responsible for
the reactivating effect, The carborundum that we used in
our experiments came from a Niagara Falls plant and not
from the same souree a3 that of Dr. Clark's. Both are
commercial products, said to be composed Jargely of cer-
bide of ilicon, but there might very well he differencea in
them. We did not make & chemical analysis of the ma-
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ferial which we used; we accepted the manufacturer's
analysis.

Mr. DoE: From these experiments on guinea pigs would
it be your judgment that there Is any justifieation for as-
guming that human beings might react differently’ thet is
fo sy, that Dr. Clari's experitents, if the analyals were
the same, might be correct as to humans and also as to
guinea pigs and there would be no conflict between those

two vesults?

Dr. GARDNER: This I8 possible, of course. We heve al-
ways attempted, when we obtained experimental results,
to check them as closely a8 possible by what was being
found in the field of human pathology. In the case of
carborundum we have 1o data on human beings exeept
what Dr, Clark veports.

Mg, Dog: Have you had at the ganatorium of Sare-
nue Lake, cases of grinders using 8o artificial abrasive,
elther carborundum or aluminu oxide!

Dr. Cagpnew: We have never had grinders. We have
had several employes of the Carborundum Company at
Niagara Falls, who have shown an extensive tuberculosis
and these men have given & history of rather long con-
tgct with the dust, but they have not been grinders, Many
of them have been affice men. The office men, however,
were in & position to inhale a good deal of dust.

Mg, Dog: s there any means of telling, fn & case siich
a8 you have lagt described, g to the duration of the tuber-
culogis with reference to the dust exposure, can you give in
a given case whether the tuberculosis 1s recent or old and
if so, how do you telll

Dr. (ARDNER: 'The cases a3 they came to us were rather
far advanced pulmonary tuberculosis and it was not pos-
sible in any of them to date the onset, [ say this with reser-
vation, because [ did not see them clintcally, 1 saw their
X-ray Rims and heard them discussed but T could not give
you accurate information.

Mg, Dog: Dr. Gardner, what or who do you consider
are the leading authorities o the subject of silicosls in
Germany!

§
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Dr, GARDNER: Boehme is pr'c;bably the best observer in
Germany, Ickert has also done extremely good work; 1
think these two are the outstanding ones.

Mg. Dog:  Who would you say sr the outstanding Eng-
lish workers af the present time!

DR, CARDNER: Kettle in the experimental field and
Middleton in the general field of public health, -

Mz, Do: Now, in the United States, with the excep-
tion of the gentlemen who have been here, ave there any
people in this country that you regard as authoritative
on silicosis problems?

D, GagpNer: 1 would include the men who have been
invited to speak before this group. Dr. Sayers of the Bu-
reau of Mines, Dr. Lanza of the Metropolitan Life Tnsur-
ance Co,, and Dr, Pancoast of the University of Pennayl-

vania, Dr. Meriwether of the Bureau of Mines, and D,

Drinker of Harvard University. 1 would also include Dr.
Britton and Dr, Head who have recently become interested
in the subject.

Mg, Doe: Dr. Gardner, suppose that a case of & man
who had been employed &3 8 grinder, using artificial abra-
sives, not ineluding carborundum, were to come to you for
study to determine whether o ot his tuberculogis Trom
which he was suffering was occupational, what would you
do fo try to get at the correct answer fo that question,
how would you go about it if you were the physiclen whose
decision would furnigh the answer to whether he was a
compensable case or not!

Di, GagoNER: Of course, one would need an accurate
oceupational history with & sutvey of the dust concentras

tion in the atmosphere in which he worked, & knowledge’

of the dust itself, its chemical composition, its petro-
graphic composition; one would want to know when his
tuberculosis first became manifest whether he had had
contnct with tuberculosis previous o his entering the
dusty industry; finally, one should have 3 careful clinical
and radiographic study of the man himeelf. In other
words, 1 would try to find out evetything 1 could about

the individua) and his history.

1B

Mg, Dok: Do you have an opinion, Dr. Gardner, 8s to
the percentage of adults that contract tuberculosis by
contact?

Dk, GARDNER: Upinion iy changing on this subject. It
used to be commonly betieved among the group ab Sara-
nac Lake that the majority of the eases of adult tuberey-
losis were due to a recrudescence of & childhood infection
which later became lighted up by physical ot mental strain,
When I came to Savanac Lake in 1917 the camp Was more
or less divided in its opinion on the subject. Dr, Baldwin
thought practically ull such cases were veactivated child-
hood lesions; Dr, Lawrason Brown on the other hand
thought that many, perhaps 76%, were re-infectiony from
he outside occurring in adult life, Today I think the two
aulhorities are willing to admil that there is an even
chance for either to oceur, One cannot tell accurately and
absolutely where the new infection comes from; whether
from within or from without, The opinion seems fo be
mote or less prevalent throughout the world that oecupa-
fional tubereulosis with which we are dealing, is in many
instances & new infection from without, But even after
careful examination st post mortem one can only guess
whether oue or the other mechanism of {nfection is in-
volved and some times one can’t even guess. From the
experimentalists’ standpoint | have been influenced by
the observation that b previous infection tends o immunie
aguinst subsequent infections but recently we have hul ex-
perience which makes me believe that the immunity con-
fevred by one injection of tubercle bacilli 18 not o steady
and constant affair, but that it may fuctuate, We now
believe that there may be periods in the life of immunized
qnimaly when resistance is even Jower than that in & normel
animal, At such times the individual may be even more
susteptible to infection from without than if he had never
been injected. This s still more or less speculative and we
have no absolute proof.

Mi. Do: In examining a hypothetical individual such
us | huve stated, suppose that evidence was produced of
contact with an active case, how would you evaluate the
significance of that in coming to a conclusion as o whethey
(he tubereulosiy was industrial or not?
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Dn. Gagpnen; 1 the individual had a well developed
silicosis, if he gave & history of having had contact with
gilica in doses of sufficient concentration to produce a char-
acteristie picture of silicosis and if in addition to that he
had & generalized more o less acute tuberenlosis, T would
certuinly think that the individual probably was infected
from without, rather than having lighted up an old pre-
existing infection, That is on the bagis of our experience

with experimental animals,

Mg, Dog: T mean to state & case, Doctor, in which the
dust inhaled is aluminum oxide, 3o that you have & case
where & man who has been employed in such an occupa-
tion and hag had actusl contact with an active tuberculosis
cage, obviously outside of his employment, what signifi-
cance would you give to that contact?

D, CaRongr: 1 I knew pothing about the man pre-
vious o his entry tu the industry?

Mp, Dog; Yes.

Dp. Ganpnes: 1 don't believe I would be able to decide,
that s, if he were till alive. Of course, you do not give me
the benefit of an Autopsy. 1 should, of course, seek the
help of some good clinician for [ myself am not & clinician,
byt 1 don't think from the information that you would al-
low me [ could even puess.

Mg, Dog: What is your personal apinion about what
you might ¢l the percentage of cases of adults that are
infocted from one another, would you say that was low

or high?

Di. GagoNEn: There is 1 good deal of evidence against
adult infection amoug pormal individuais who do not have
the additional factor of inhaled dust in thelr Jungs. There
are plenty of figures which can be produced to show there
have been some individuals living intimately with oné an-
other that do not infect each other. If you had the factf)r
of aluminum oxide in one membet of the group, or pair,
from my personal experience | would rather be inclined
to believe it would not affect, the situation very muet, how-

ever, thig is only 8 guess.

1

Mr. Dog: Have you an opinion, Dr. Gatdner, a3 to the
wumbet of million particles of concentration of aluminum
oxide dust that could for all practical purposes be consid-
ered safe for workmen over a long period of time?

DR CatpNes: 1 would rather Jeave that question to
my colleague, My, Cummings.

MR, Cumaings: The study made st Barre, Vermont,
by the U, 8. Public Health Service showed that the men ex-
posed to granite dust, in a concentration below ten mil-
lion particles per eubic foot of alr, seemed to have & much
better mortality experience than those in which the dust
concentration wus higher, For this reason they separated
the group exposed to less than ten million particles from
the others under investigation because the gickness and
mortality rates in this group justified such & distinetion,
These investigators felt that five million particles of granite
determined by the method used by the Public Health Ser-
vice represented a fairly safe concentration of dust. Bvi-
dente obtained in the Saranae Laboratory would indicate
that granite is more potent in producing o fbrosis or in
roactivating a tuberculosis, than aluminum oxide. Conge-
quently, T would feel that five million particles of alumi--
num oxide n a cubie foot of air (determined by the same
method) could be consideved u safe concentration for men
to work in over a Jong time,

Mp. Dok: When you say “long time" what do you
mean!

Mr, CuMmings: Thirty-five to forty years, sir.

Mz, Dog: When you say “safe”, do you mean from 8
disability through preumonaconiogis or o tuberculosis, or

both?

Mg, Cumaines: To s pulmonary fibrosis. I think one
hus to have that fairly well developed before the increased
suseeptibility to tuberculosis heeomes very mavked.

Mg, Dog:  Would you say that for sluminum oxide con-
taining less than two per cent silica that that figure of
five million could be substantially increased without chang-
ing the result?
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Mg, Cumpins: 1 believe it could be, sir, but 1 wouldn't
be sure, We haven't definite evidence, either clinical or
experimental, to substantiate that fact.

Mg. Dog; Let's take & hypothetical case—suppose that
the concentration were ten million; could you estimate the
period of time that such an individual could work without
impuiring the risk of 8 tuberculosis complication?

Mp, Cummings: I might answer your question indi-
reetly. A great many men employed by the Norton Com-
pany, (whose main product is aluminum oxide and nob
carborundum) have undoubtedly been working in & con-
centration of ten million particles or more for years; and
g you know, the films which Dr. Clark presented failed
o indieate a marked pulmonary fibrosi that could be re-
garded ag significant. Neither does tuberculosis appear to
he o great problem with the Norton Co. Consequently I
feel that ten million particles of Alundum per cubic fool
of air could be tolerated by a pormal individual over &
period of 8 great many years—more than twenty years
_without serious damage. Our evidence with regard to
the possibility of that man acquiring & new infection or
resctivating an old one doesn't permit us to give any 4c-
curste information as to what might happen to him in the

‘presence of that infection,

Mg, Dog: When you speak of five and ten million par-

ticles, Mr. Cummings, do you mean by that under ten
mierons in ize by method of computation that the Bu-

reau of Mines has used!

M, CuMMINGs: Yes.

Mg, Dog; From the pictuves which Dr. Clark exhibited
yesterday would you say hat those men with the chest
findings that appeared were working in 8 gafe concentra-
tion from the standpoint of either tuberculosis complica-
tion or & disability from dust inhalation?

Mr. CopuiNas: T dont believe that we have evidence
enough to make statement with regard to the safety
of any concentration of dust in which tuberculous individ-
uals may work. 1 think that so far a3 we know, the con-
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centration of dust they have been working in is aafe ‘if
we consider only its ability to produce 8 pulmonary fibrosis.

M. Dog:  What T meant was from the films themselves,
in the absence of fibrosis, is there any sclentific basis for
saying that those particular individuals are in any par-
ticular danger of tuberculosis infection 80 far ag their em-
ployment is concetned and their chest findings?

Mg, Cumminas: It is true ihat the greater the extent
of the pulmonary fibrosis which develops after exposure to
alica the greater the suseeptibility, and the greater the
mortality from tuberculosis wil be, Therefore, iv the
absence of 4 pulmonary fibrogis in these men, one would
feel that no increased susceptibility to tuberculosis €x-
isted, However, there is one exception which we have re-
peatedly pointed out. Experiments with carborundum
dust would indicate that even though it fails to produce
4 pulmonary fbrosis there did appesr to be an increased
gusceptibility to tubereulosis in the animals that had in-

huled this dust over long periods.

M, Doe: Then every one of Dr. Clark's employes, if
it did s happen he never hud been exposed £o earborundum
dust und the chest picture was qubstantially as shown here
yesterday, you would say that individual was not more
suseeptible Lo tuberculosis than he would have been had
he had the exposure 1o aluminum oxide?

M, Cumminas: 1 would say that positively, bub it
wouldn't Le substantiated by complete experimentel evl-
dence at the present time,

Mn. Dog: Is there any experimental evidence to the
contrary!
Mr, Custmings:  Theve is not.

Mg, Do; That is all

Mu. TARKELL: In your answer to these questions of
Mr. Doe you have assumed a hypothetical case of exposure
only to aluminum oxide dust?

Ma. Cummngs: Yes, BiT.



50

again a8 I see these questions come up, itisa matbe.r of
getting important necessary data concerning every Individ-
ual industry and every individusl person concerned.
There are many dusts undoubtedly that do yot hartn af all
and we can't regulate the amount of particles of that dust
which should affect a person with 1/10 or 171000 g3 much
dust of another sort which might do serious hiarm to an in-
dividual in breathing it. It seems to Te it comes down t0
the queation of types of dust which are known to do harm
and an effort should be made to find out what sort of harm
thoge duats do. That may be an impractical sort of thing,
but it 15 certainly something that wants attention.

Dr. Cuamk: [ am going to talk at length on the subject
 little later and show some films,

D, BeLuis: Are we to interpret the expression “harnt
to the lung” as merely the production of fibrosis or are we
to interpret it as an irritation which would favor the on-
set of infection? We certainly must agree that the inhala-
tion of dust is not & hygienic procedure and that infection
can ride into the lung on particles of dust, so that dust in-
halation is certainly harmful, but if we are to have this
discussion of ailicosis and formation of fibrosiy as being the
only harmful effect of dust, then we have to consider the
other dusts as not harmful, It seems to me that where we
see caaes of exposure to emery dust that develop tubercu-
Joats and where post mortem examination does show
marked evidence of irritation from dust that we cannot say

that inhalation of emery dust is not harmful.

November 16, 1932. Afternoon Session

Dg, CLARK: Dr. Gardner has given you n excellent out-
line of the physiology and pathology of the lung. In doing
s he has mentioned that there iy apparently 8 different
action or reaction of the body tissues, especially of the
phagoeytic cells to different types of dust. He has pointed
out to you that the reaction of the cefl to silica dust differs
from the reaction of that samé cell to carborundum dust,
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I am going to talk to you for a few minutes on the work
which T have been doing for the last twenty years in the
Norton Company in foltowing up the clinica! effect of the
inhalation of aluminum oxide and carhide of silicon dust on
the lungs of the workers, This manufactory takes these
two substances in theit crude form and develops them into
grinding wheels so that the workers are exposed to the dust
from these two materials in rather large quantities. In
the past they were exposed to what I should now consider
excessive amounts of dust, because a8 you know the develop-
ment of dust removing apparatus has been comparatively
slow, and for that resson for many years a number of these
men who have been employed many years have been ex-
posed to very large quantities of dust in their early expe-
rience. This has been reduced as time has gone on, until
now the dust hazard iy very materinlly less than it has heen
at any time in the history of the company., We must re-
member in considering these cases that they have been ex-
posed to very massive inhalation of aluminum oxide and
carbide of silicon dust. They huve also been exposed to a
similgr quantity of clay dust, becase clay is mixed with
the artificial abrasive in the manufacture of the wheel, and
they have also been exposed to the dust of what ia called the
fired hond of the wheel, The bond is the clay after the
wheel hay pussed through the kiln and has been burued and
comes out hard in the form which you see the ordinary
grinding wheel. It is the glug which holds the particles of
the grinding wheel together. 1 Imagine that the majority
of the men here are interested in the effeet of the inhalation
of the dust of the grinding wheels and algo of the dust of
{he artificial abrasive used in polishing, I would have you
bear in mind there nre three things you must congider—
the effect of the artificial abrasive dust which s thrown off
in the process of grinding, the effeet of the very small
quantity of bond which is present in the whee) and which
is broken off and Lecomes dust, and the effect on the lung
of the dust of the material which is being ground, In the
majority of euses thiy material i steel,

In the construction of the grinding wheel we have 8 se-
ries of grains of various shapes which are held together
by the bond. T have thickened up the spaces to show
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the hond which glues these graing together, and if you
put & grinding wheel under high powered glass, you will
6¢ it looks something like a surface of & fine sponge. The
separate grains will stand out glued together by this hond.
What are these two substances? The average composition
of aluminum oxide, and thig is an average composition cov-
ered by samples taken over eight years in our laboratories
and kept for manufacburing records, i combined silicates
1719, iron oxide 46%, titanium oxide 8.27% and alumi-
num oxide 94.66%. The great bulk is aluminum oxide; there
is & very small proportion, 1.71%, of the combined ailicates.
Siliea is riot present as free silies, but is probably con-
fined o the complex silica slag between the erystalline
alumina. This supposition is confirmed by petrographic
examination. Iron is reported as ferric axide, an inherent
custom, although it is present almost certainly as fertous
oxide by virtue of the strongly reduced conditions under
which abrasive is made, Titaniur is also properly in 8
lower state of opacity than TI0,.

The other substance we will consider is carbide of silicon,
Carbide of silicon is theoretically & giticon compound of
1009 purity. Onp account of the fact that the sand, coke,
and sawdust used in the manufacture are themselves less
than chemically pure, the product containg about 584
silicon compound and about 2% associated impurities.
Now the effect of the inhalation of these dusts T have
studied clinically for a period of about twenty years. [
have published the results in three studies. The first one
is “Dust Hazard in the Abrasive Industry”, in which I ex-
amined & group of men who had been employed in the
company for over ten years. These men were examined
by physical examination and X-rays were taken of their
chests, A little later | made 8 second study in which I
reviewed the study made three years before, re-examining
the chests of these men by X-ray and again having physical
examination made of the chest. Each year we have con-
tinged to make physical examinations of the chest. How-
ever, we have not taken thef original group end re-x-rayed
them because pathological change was apparently ocour-
ring in such & slight degree that [ felt it was safe to wait
three or four years between X-ray examinations. The re-

examination of the chest by X-ray wilt probably take place
this winter on this original group. Since that peried we
have examined two other groups who have heen exposed
to ten years inhalation of artificial abrasive dust. Our
experience in physical examining these wen is negotive,
We find that they ave apparently perfectly healthy men.
We have men who have been manufacturing in this busi-
ness for many years, some of them who have been there
forty years, and they all appear to be In normal condition
50 far a8 the chest goes, considering the period of time
which they have been working and the age of the men
and type of work they have been doing. So far as the
chest goes we cannot find on physicel examination any
great abnormalities, It is only on the X-ray that we can
find that the men have been working in a dusty atmosphere,
In order to show you what the effect of these less harmful
dusts are upon the chest, T have brought some X-ray films,
Before I show these, I thought it would be of interest lo
you {o know how wide sprend the use of aluminum oxide
and carbide of silicon wheels is in industry af the present
time, because 1 think this will bring to us the importance
of these dusts, ‘

I have this letler from our Market Research Depart.
ment: “Grinding wheels and abrasive grain began o be
widely used in 1964, and their use rapidly increased up to
1929, These substances, therefore, have been in use in
large quantitics for about twenty-eight years. The follow-
ing figures give & rough estimate of the tons or puumis
of manufactured abrasives consumed in the United States
in 1929, 1930, and 1931, In the year 1929 there were 53,000
tons of wheels or 106,000,000 pounds of wheels consumed;
in 1930—22,000 tons or 44,000,000 pounds; in 1931—33,000
tons or 66,000,000 pounds, Of polishing grain including
{he coated produet, in 1929—23,087 tons; in 1930—11,750
tons: in 1931—9,750 tons. The total wheels and grain
used in coated products in 2929 wag 76,037 tons; in 1930~
33,750 tons, and 193142760 tons."

[ have made up s selected group of X-rays endeavoring to
select men of various numbers of years of service and of
various ages, We don't know how much dust exposure
these men hud before they came to work for us, It is very
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difficult when & man has been working for you from sey-
enteen fo twenty years for him to remember anything
about work he did before he came to your company. It fs
difficult to find out whether these men have been exposed
to dust prior to their entering our employ and some of them
undoubtedly worked in places where there was a great deal
of dust, where, for instance, there may have been sand
blasting, and, therefore, we may not have a pure picture
of the result of aluminum oxide and earhide of silicon dust
inhalation. You will see that these chest pictures show per-
haps a little more marking than the normal man of that
age would have, but there are none of those patehes of
fibrous tissue that Dr. Gardner has spoken of.

Here is a picture of the chest of & worker thivty-seven
years old with sixteen years exposure. There are some
little spots along in here showing that there is some block-
ing of the lymphatics, probably due to deposits of artifieial
abrasive. T would very much like some who are experts
on X-ray to express opinions oh any of these chest pictures.
These men are wotking at the present time without any
apparent trouble. The next picture is of & man having
gixteen years exposure, age 39, This man has heen ex-
posed to avtificial abrasive dust and also to a clay dust.
Now I show you & picture of one yeat more, 18 years ex-
posure, This man has been exposed Lo the dust due to
truing of wheels. That work is extremely dusty. He has
been exposed to pretty heavy dosage of dust for that pe-
rlod of time. You will notiee again that while there is
& very distinet incresse in linear markings, it is & pretty
fair looking lung. _

Now we get up to twenty years. This man has been
exposed to heavy dosage of the pure abrasive dust. Very
heavy dosage, And you will find that there is a tendency
to & clouding throughout the chest here. There are some
little speckles around throughout, but there are no areas
of consolidation such as you will see When Dr, Russell will
show you some pletures of the fbrosis that goes with sili-
cosis. 'This is  case of aluminum oxide exposure, Our
next patient i 63 years old, and here is & point 1 think
we should bear in mind, When we get a map 63 years
old he shows & certain amount of fibross in hig chest
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whether he works in dust or whether he does not, at least
that has been my experience. I have had pictures taken
for conditions other than dust inhalstion, Most ef the
men around 63 show some fibrosis of the chest whether
they have been working in dust or not. 1 would like to
have Dr, Garduer discuss that, if he will.

Here is & picture of » man exposed for 24 years. He
is 38 years of age. He began work very young, probably
working with us from the time he began. He has been
exposed to large dovages of artificlal abrasive dust. The
dust wag composed of aluminum oxide in large quantities
with & small quantity of carbide of silicon dust.

Here we have the picture of & man 56 years old, whose
work was the grinding of wheels down to the proper size.
This man hag thirty years of service, Here again we see
very much the ssme piclure, little linear fibrosis through
the lungs, but no Bbrotic ureas, This man looks the pie-
ture of health. [ saw him about two days before 1 left,
and he is & very happy, strong man who is doing regular
work and so far as I know hasn't Jost any time ot all
except from an attack of rheumatism that he had. That
is how  happened to see him,

Here is & man 55 yeurs old working in the same depart-
ment, with 37 years exposure, Perhaps a trifle more pro-
nounced lung markings, but not very fauch move than those
| have showed von, | do not notice that there are any
fLross areis.

Last of s | show v tie fiim of a man of longest
service, 42 years exposure to abrasive dust, and mixed
with that a little clay. He is in the Shaving Department
which is extremely dusty. He was 72 years of age when
this picture was taken, He has since died of cancer of the
prostate gland, not from any lung condition,

[ have tried to show you different atages of the effect
of antificial ubrasive dust inhalation over a period of years,
Now I am going to show you two cases of men af more
advanced pneumoconiosis with & shorter period of expo-
sure. Here is a little Italian who weighs 128 pounds, five
foet high. He was exposed only thirteen years. His film
shows & little bit more fibrosis. A little thickening sug-
gestion in thete, and he has some thickening of the pleura



be

Detween the upper and middle lobes of the right lung,
showing silicosis.

M, Kvecnee: Do you mesn silicosis?

D&, CLARK: No. I mean pneumoconiosis. We use that
term so frequently. Drs. Pancosst and Pendergrass call
everything silicosis, They do not use the word “pneumo-.
coniosis” very much.

Mg, TargeLs; What was that statement?

DR. CLARK: Dr. Pancoast and Dr. Pendergrass are very
apt to use the word silicosis, They very often do.

MR. TarRELL: You said they used it entirely.

De. CLARK: Here is another man forty years old who,
I think, shows some suggestion of reaction in his lung.
That fs, we gave him perhaps second stage on that. He
is 40 years old, perfectly healthy, weighs 209 pounds. In
fact, he has gained five pounds in the last three years,

Those last two films are the worst that | was able to
find in my series of chest pictures, They both of them are
yather short exposure to dust. I am unable to determine
whether that short exposure means that they were work-
ing in dust before they came to work in the Norton Com.
pany, or whether that was all due (o aluminum oxide. [
have no way of knowing, It is almast impossible to fol-
low up the exact work record, so I think we will have to
take the blame for it in our particular industry.

Now as to the physical condition of these men—I have
here their original records; I don’t want to take np your
time, unless you wish to ask some specific questions about
them. Every one of the men has had a physical examine-
tion each year. That physica} examination is & complete
genera] physical examination, and in addition to the com-
plete examination he has a special lung examination which
is made to determine what has happened during the past
year. We want to know whether e has had any cough,
expectoration of blood, difficulty in breathing, and that we
congider important, We ask him very carefully about
whether he i3 short of breath, and we hop the man on one
foot fifty times to gee if he hag any shortness of breath,
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We take his weight, make a complete physical examing.
tion of the chest, ineluding inspection o see whether he
seoms to be breathing lightly or desply, precussion, auscul-
tution to note breath, voice, and any rales present, ag well
48 examining the condition of the heart and blood vessels,
We have found in all of these cases practically everything
is negative. Occasionally & man will report 8 cold; they
fiave no dyspnoea; one man had apparent failing weight.
They all seem to be in pretty good condition in this par-
tieolar group. To sum up, 1 have published in the Journal
of Industrial Hygiene three papers giving the restlt of
our work. The conclusions of my first investigation are
a9 follows: In factories which provide proven methods
of dust removal, continuous inhalation of artificial abragive
dust over many years does not produce the symploms or
present in X-ray findings of pueumoconiogis. 1 think 1
should be inclined o chunge that now, This was my first
paper. 1 think Lhey do show some signs possibly of be-
ginning preumoconiosis, due to dust inhalation. I don't
think they show any signs of disesse of such an extent a3
to have any effect on the workman's ability to carry on
his work. ‘The number of cases of tubereulosi oceurring
in the artificiul abrasive industry do not greatly exceed the
number of cases in the community, Workers who habite .
ually uge grinding wheels will not develop pueumoconjosis
if Lhey use arlificial abrasives vather than sandstone wheels,
I considered sandstone wheels from the point of view of
gilica content, and from the point of view of the very much -
larger amount of dust, The second paper wes simply a
follow-up of the work done int the first paper, and I atrived
at these conclusions. Continued inhalation of erfifiial
abrasive dust composed of aluminum oxide and carbide
of silieon will not produce disabling eilicosis in the work-
ing period. The X-ray fuiled to reveal any case of third
stage silicogis, and 1 used Dr. Pancoaat's description of third
stuge silicosis. 1t i8 possible for men with arrested process
in the lung to work in artificial abrasive dust for & con-
siderable period without relighting the process. That 8
based on the fact that we found quite & number of cases
in which the X-ray showed tuberculosis at the apex of the
lung. I followed those cases with the greatest care. We
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have examined them repeatedly. We have followed them
ab their work; we have not changed the work, and yet
none of those cases have at the present fime broken down
with active tubercutosis. Our cases of fuberculosis have
all been cases we didn't expeet would show tubereulosis,
Many were cases that came from parts of the factory where
there was no dust hazard,

In regard to this question of tuberculosis, I made an-
ofher study afong this line in an effort o find out whether
the inhalation of the artificial abrasive dust would or
would not increase the mmount of tuberculosis that there
was among men who are exposed to it. I took the fac.
tory as & whole and [ took the dust departments and ana-
lyzed them, and I found without question that there was
more tuberculosis in the departments where there was ar-
tificial abrasive dust than there was proportionately in the
factory a8 & whole, | am not sure whether that is due
to the artificial abrasive dust or whether it is due to the
fact that the men who work in these dusty departments are
very apt on the whole to have lower living conditions and
are more exposed to tuberculosis outside than are the men
who work in other parts of the factory. For instance, in
the departments whete they make grinding machines, they
- require & very high type of mechanic. These workers
live under very much better conditions than the men work-
ing in the dusty departments, 1t is a fact that there is a
little more tuberculosis occurring over long periods of years
among the workers who work in the dusty departments
than smong the workers who work in the non-dusty de-
partments. That leads me to the conclusion that aetive
pulmonary tubereulosis is & dangerous condition to intro-
duce into any dusty place. We ought to prohibit men from
working in & department where there is dust of any kind
if they have active tuberculosis. Whether it makes a dif-
ference when they have healed tuberculosis T am not sure.
We have enough cases here of healed tuberculosis, to make
me feel there is Jess danger than one would anticipate.
I can't put it any stronger than that. They may sl break
down the day sfter tomorrow; 1 don't know.

Just for a practical point, why do we keep these men
with healed tuberculosis working in dusty atmospheres? I

L

think that can be well explained by & case we had 8 number
of years ago. This man worked in one of our dusty de-
partments und he broke down with active tuberculosis,
a very definite tubereulosis, hemorrhage snd so forth,
We sent him to o sanatorium, He came back and the
question was what to do with him, He wes extremely
skillful in his work und he said, “Doctor, 1 have got to
work at that job, It is the only job ! can do well; I have
to work so that I can support my wife and children. If
I try to do something else, I can't. T am willing to take
the chance. | have heen at the sanitarfum end I know the
first spmptoms of & break down and I will atop then.” Bo
I gave him the chance and he worked for many, many
years in that department without any difficulty or reaeti-
vation of that tuberculosis, Those are the gituations we
run into, It is & pretty serious thing to take a man's job
away from him, unless you are absolutely sure it is going
to hurt him or others in his department. For that reason
I have preferred in these cases of apparently arrested tu-
berculosis to tell the man there was some danger, but to
let him continue at his original occupation, follow him
along, examine him frequently and keep him on the job
for which he is best ftted.

I would like very much indeed to know more about the
effect of the inhalation of artificial abrasive dust on the
lungs of large numbers of people. 1 have 8 comparatively
small group thet [ am working with. 1t is 8 group under
excellent contral. [ am protty sure of the facts here, but
I haven't got that broad point of view which one gets in
studying such a problem ag silicosis pure and simple, where
the literature is teeming with plenty of material. We
need very much to know how much tuberculosis and how
much pueumoconiosis there is among the people using arti-
ficial grinding wheels throughout this country, Probably
that will gradually develop, but it is a subject that should
be studied, watched and given & great deal of thought,
particularly at the present time,

One further thing and then I will be through, I have
here the mortality record. The morbidity record from tu-
bereulosis which is most interesting s contained in this
study of the dust hazard of the abrasive Industry, and if
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anyone wishes & capy of that, I will send it to them. The
mortality record, however, has not been published. This
mortality record goes back to 1920, twelve years ago. It
contains the cause of death of every man who has died in
the Norton Company during that period of time, and the
cause of desth is that registered in the City Hall of Wor-
ceater, 5o that we feel as far as we can bell it is correct.
We didn't make the diagnosis, The diagnosis was made by
hospitals and by the family physicians in every case. Now,
le's ses how that looks when we come to the question of
different diseases, If we take the heart and vascolar sys-
tem which means heart disease, hemorrhages in the brain
and so forh, 1 find that T have three and one-hird pages.
I am not going to give actus) numbers, but [ am trying to
give you an impression, [f I take malignant disease I find
I have one and two-third pages; if [ take tuberculosis I
find 1 have one page, so that our death rate from tubercu-
losis is less than our death rate from cancer at the pres-
ent time and way under our death rate from heart and
vascular disease. 1 also find in looking over these deaths
that a very large number of them never worked in con-
tact with dust at a)l, but I will not go into those figures
hecause they are of no particular interest, What 1 am
trying to present to you is a clinical picture of the effect
of dust on the workers of a factory where artificial abra-
sives are made, where there has heen in the past very
heavy exposure to dust, and where even 8¢ the present time
the exposure to dust is probably higher then in well-
equipped grinding rooms,
I should be very glad to answer any questions,

Mz. Dog: Dr. Clark, in the studies that you have made
have you had sny opportunity to make any classification

ag between those exposed to carborundum and those ex.

posed to aluminum oxide?

Dg, Cuagk: I have been unable to, because the men are
shifted from one department to another. There are &
number of transfers depending upon the activity of the
various departments. The making of a carbide of sili-
con wheel is exactly the same as the making of an alumi-
num oxide wheel, so that if they happen to be busy in one
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department and quiet in snother, men aré ghifted from
one degartment to another. The same apples in making
the abrasives, so that the men are transferred from one
department to another and it is impossible to separate them,

Mg, Dog: Have you any opinion as o whether the tu-
berenlosis incidence is higher where carborundum ia used

than where aluminum oxide i used?

Dr, CLARK: T have no means of knowing that at all

Ma. Dog: Yoo have no opinion?

Di. CLaRK: No opinion, except what I know from out-
gide; not from my own experience,

Mr Dok: Have you information, Dr. Clark, about what
the dust counts are thut these men are working in

D. Cragk: No, T will probably have some the day

after tomorrow. We have been on the point of making
dust counts. In 1020 we were all set fo take dust counts.

" We had our plans made for the expert to come down to

see what our dust count way. Then the depression eame
and practically half the machines became idle, The dust
problem beeame 4 small proposition. We wanted 8 cunt
under larger dosage. We have just taken counta around
some machines to determine how dusty they were, but
feel yuite sure in cerlain departments in the remote past
there hua been  very high dust count, | should say twenty
years ago as high us fifty or sixty million. [ think now,
due to carefully planned dust control, it is very low.

Mp. Dog: Can you give us any information about the
incidence of pneumonia?

DR, CLARK: 1 can only give you the mortality of pneu-
monia. | can’t give you the incidence of it. 1 should like
very much, indeed, to keep & morbidity chart on all our
respiratory diseages, Lut unfortunately the lahor connected
with doing that is considerable, and we are go cut down
at the present time in endeavoring fo keep our expense
down that it has not yet heen carried out. That 8 one
of the studies T have been personslly interested in mak-
ing. Our mortality record from pneumonis s about the
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same in the number of names that T see here as it is for
malignant disease, one and bwo-thirds pages of names,

Me. Dog: Can you give ug any information between
the death rate from peumonia and the death rate of the
city of Worcester generally?

Dr. Cuark: No, T can't for pneumonia. 1 can give
you the incidence of tuberculosis in Worcester and 1 can
give you the incidence of tuberculasis in our industry. The
incidence of tuberculosis in the City of Worcester on &
basis of 10,000, that is the basis we have gone on if we
have that same population, is an average of twelve for
the city of Worcester and thirteen for the Norton Com-
pany. On the other hand, we rather balanced that by the
fact that at the Norton Company we know every case of
tubereulosis we have, because it is pretty hard for a per-
son with tuberculosis to escape if he is working for the
company, In the city of Worcester all cases are not re-
ported and there are & number of children who developed
tuberculosis. Our average age is 36 at the Norton Com-
pany, so that we have older people than are included in the
city of Worcester. So I think it probably balances pretty
close,

Mr. Dog: With reference fo your data on deaths from
heart and vascular conditions have you any opinion, Dr,
Clark, a3 to whether any of those deaths have been sec-
ondary to the pneumoconiosis factor?

D. Cuapx: T think not. That would be my impres-
sion. I am just looking through, before 1 answer {hat
question, to find out how many of these men have been
exposed to dust, There are tan out of fifty-seven.

M. Dog: Ten of the heart cases have been employed in
the dusty departments?

Dp. CLARK: Yes, out of 57.

Mg, Dok: What is the proportion of employes in the
dusty departments as compared to the tota) number of
employes? '

Ds. Ctagk: Roughly, about four, That is, there are
about four times as many non-dusty as there are dusty,
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M. Dok: You say, Doctor, that in your annual re-ex-
amination of these ten you make particular inquity as to
shortness of breath?

DR, CLARK: Yes,

MR, Dog! In your studies have any of these men that
you have examined complained of shortness of breath?

Dr. CLark: No.

Mg, Doe: You say that you also make particular in-
quiry as to colds and eoughs, expectoration and so forth;
what are the results as to that?

DR, CLARK: There are very few. There does not seem
to be any abnormat amount,

M. Doe: What do you find with regard to any other
disease such as pleurisy or asthma or any of the other
disezses of that tract!

DR. Cragk: 1 do not find it.

Mi Dok: So that you would say that the men you
have been sludying are from physical examination, apart
from the X-ray, entirely negative?

DR, CuaRK: Yes, that is as far as the lungs go. They
may have hernias,

Me. Dog: Yes, that is what 1 mean, Does that apply
to these men that have worked as high as forty years?

DR. CLaRK: Yes,
Mg, Doe: To all of them?
DR, CLARK: Yes,

Mg, TARRELL: Dr, Clark, in these X.rays that yoy have
expased what type of pneumacaniosis do you see there?

Dr. CLark: T don't know; 1 don’t pretend to be an ex-
pert on reading X-rays; 1 am trying to learn all the time
about that,

Mg, Tanpert: How many laborers do you have at the
Norton Company plant?
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D CuAric:  Usually 2,600, now about half the number.
At the present time there is no turnover.

Mr. TangeLL: You make physical examinations of ev-
ety employe?

Dr. CLaRK: Yes, and as frequently as necessary after
that. Those exposed to dust gre examined every year,

MR, TARRELL: What percentage of those given phyaical
examinations are discharged or refused employment!

DR, CLai: 1 should say none now, I think it was &
fraction of one per cent in the past.

Me. TarreLt: A fraction of one per cent were refused
employment?

Dn, CLARK: Yes,

Mg, Tarrern: What percentage of your employes were
discharged or transferred o other employments after phys.
ical examinations?

D&, Cuask: Comparatively small number on first ex-
amination. We do most of our transfers after a man has
been there for a certain period of time. When he shows
some defect, he may develop & hernia or & murmur in the
heart, and that makes it advisable to transfer him, My ex-
perience has been that most men apply for jobs to which
they are physically fitted and the cases which we have been
obliged to furn away have been & few cases of contagious
disease, either active tuberculosis or some venereal dis-
ease, ot more particularly men with only one eye, In our
industry we don’t think it is fair to have any man werk
in a department where there are flying abrasives if he has
only one eye; there is always a danger. If he can do
anything else we think it is very much better for him to
doit. We will occasionally hire such & man for work in &
non-dusty department.

Mr. Tarretl: Do you know what percentage of em-
ployes working in exposure to sbrasive dust are found to
have defective lungs?
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DR, Cuark: Well, we won't allow any man fo work in
artificial abrasive dust exposure if he has got any dis-
ease in his Jungs that i active,

M. Tagrett:  You permit him to work if he has no no-
ticeable disease of the respiratory tract?

DR, CLARK: Yes.

Mg. TagReLL: If on examination you find & man is suf-
fering from dyspnoes, what disposition do you make of
his case?

D, Cuark: That would have to be & case for study.
We would want to find out what caused the dyspnoea,
whether due to his heart or whether due to lungs, and why.

MR, TargeLL; With reference to Mr. Doe’y question
about the frequency of influenza—in an article that was
written by you and published in the Journal of Industrial
Hygiene, December 1931, you made mention of some cases
in which you made the statement that “of those who de-
veloped active pulmonary tuberculosis in the departments
where abragive dust was prevalent, three developed symp-
toms in less than one year, six in less than four years, one
in five years, and one in fifteen and one in twenty and one
in twenty-one yeurs, Four of these developed the disease
immediately following an attack of influenza and sfter
very short exposure to dust” That is 8 correct state-
ment of what you found?

D, Cuark: Yes, that is right,

MR. TARRELL: And those working in elay dust, one de-
veloped the disease after twelve years of serviee!

Di. Cuark: Yes. The clay dust contatns nine per cent
free silica,

Mi. TARRELL: You made the further statement among
those working in the abrasive dusts, in proportion to the
number of workers involved there were approximetely
twice as many cases of pulmonary tuberculosis a8 among
those in departments where no abragive dust oceurred!

Dp, CLark: Yes, before I made the analyals, which 1
think is a fair analysis, which reduces It to one and one-
b
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half if you eat those cases of influenza out. I do believe
a3 | said before that the inhalation of dust, 1 don't care
whether it is artificial abrasive dust or whether a dust of
high silica content, or perhaps even fobaceo dust or eotton

dust, T think any of those dusts are to a certain degree, to

a certain number of people provocative of lighting up a
quiescent tuberculosis.

MR, TamgeLL: In other words, you think they cause
an irritation?

DR. CLaRX: They cause an irritation, but I also feel
that the cases that we have had should be congidered, We
have at the present time & certain number of men who
are working in dusty departments with X-ray tubercu-
losis, The X-ray shows that the man hes tuberenlosis
which hasn't broken down, and 1 don't feel that it is fair
to discharge such cases on the chance that they may break
down. If they do it is up to us to take cave of them,

MR. TarrELL:  Where you have an irritated respiratory
tract and an irritated lung it is pure speculation to say
how noon it may break down?

Dr, CLARK: Yes,

Mg. TaRugLL: In this same article, in your conclusion
you said that about the only conclusion which can be drawn
from the present study is that it s “inadvisable for per-
sons who have had pulmonary tuberculosis to work in a
department in which large amounts of artificial brasive
or any other dust are present.”

D, CLark: That is my—

Mr. TarRELL: Do you find any reason to change your
conclusion in that respect!

Dp, CLark: No. [ don't.
Mr, Whicir: Heavy work or light work?

Dr. CLARK: DPretty heavy work. They have to lift
heavy Wheels; sometimes one hundred and fifty pounds,
It depends entirely upon what part of the factory they
are working in,

et e ————————
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De. BeLLis:  What protection is given your recommen-
dation againsl inhalation of dust?

Dr. CLarK: The use of hoods on all machines and very
powerful suction which draws the dust away from the op-
erator at the point at which dust is formed, If g an inter-
esting thing about very fine dust in artificial abrasive
wheels. When the wheel is traveling at great speed, which
they do, there is & tendency for the dust to cling to the
wheel, Large pieces of it throw off, but the fine dust seems
to cling to the wheel, and this with the larger of the fine
particles are very adequately taken care of by suction ap-
paratus and the hood which protects two-thirds of the
wheel,

Mg. Dog: Do you feel within your work you have dis-
covered any scientific evidence that aluminum oxide sbre.
sives pre-dispose to tubeyculosis?

De. Crazk: No,

Me. Dog:  Well, an that hypothesis, what scientific basis
iy there for suping that uny dust predisposes to tuber.
culoyis?

Di. CLark: [ don't think any doctor would advise a
patient who had tuberculosis to work in a dusty atmes-
phere. | think thul is just the general medical feeling.
It we know u person has tuberculosis wa try to put him
in o place where the ulv is clean. I the ease of determin-
ing the type of work for & person who has had tubercu-
losis, it is then a question whether he is on the safe side
or danger ide, T feel it would depend on the individual
case, There are some cases in which I feel I would be per-
fectly willing to put 4 man back to work who had had tu-
berculosis, and [ have done so in dusty departments where
1 felt T could control the man enough so if he did break
down [ eould get him up again,

Mg, DoE: ¥ don't mean fo assume a eage, doctor, where
a man either was In a state of having active tuberculosis
or of haviny had tubereulosis. 1 mean a person who af the
time he starty to work is sbuolutely negative for tubercu-
losis at that time, What scientific basis is there for saying
that any dust predisposes that individual to tuberculosis?
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DR. Crark: 1 don't think there is any, except that there
is undoubtedly some irritation in the bronchus and there is
8 possibility that if he ls exposed to & heavy dose of tu-
bexcle bacilli he will get tuberculosis, but T would prefer to
have that discussed by Dr, Gardner, What I was trying to
discuss in this paper was whether fuberculosis was sctl-
vated by dust. My final conelugion was that the people who
had tuberculosis had better not work in a dusty abmos-
phere. That had nothing to do with a person who has no
tuberculosis.

MR, Dog:  Was your answer to Mr, Tarrell a few min-
utes ago to that same effect-~that persons who had had
tuberculosis any dusty atmosphere was contraindicated?

DR, CLARK: Yes,

Me. DoE: You didn't mesn {o express an opinion in
regard fo those who did not have tuberculosis?

DR. CLaRK: No,

Mr. Dog: In your cases where you have found that
there were certain developments of tuberculosis in the
dusty departments, were those persons who had not been
previously detected sa being healed cases?

Dr. CLaRK: Yes. We do not take an X-ray of all our
employes, That ia one of the developments I hope to get
to. I hope to have an X-ray on every man working in 2
dusty department, We are on the way, but it hasn't been
done. We have to take on a great deal of work in the
Norton Company medical department which has nothing
whatever to do with the question of dust inhalation in the
lungs. We are confined to a certain staff and we have to
cover a large amount of preventative work, diagnose many
cases, and treat all minor diseases as well, so that the
amount of time we can spend on any particular problem is
not the same as in & university where one has unlimited
time and funds,

Mg, DOE: In those cases that became gctive who were
employed in dust, you are unable to say whether they were
tuberculovs before entering the employment?

8

Dr, Cuagk:  We can only say they did not show signs of
active tuberculosis to the stethascope,

Me. Dog: You perhaps hadn'l reached any conclasion
on the question of whether a person who showed 1o past
tuberculosis would be predisposed by nhalation of alumi-
num oxide and carborundum?

Dg. CLark: No,
MR. Dog: You have no opinion on that?
Dt CuAgk: 1 have no scientific opinion on that ab all.

Mg, Newson: Do your figures include men who have
left the employ of the company and been gone for some
fime?

Di. CLark: So far as we know it does for & certain
number, [f a man leaves the company for some time and
develops any serious condition, it almost always gets back
1o the company some way, Through other men or the man
himself, or through the insurance company.

Mn. NtsoN: Do you make a systematic check up?

DR, CLagk: No. Not on the men who have left the
employ of the company. We don’t know where they are,

MR. DoE: 1 understand that in no single case where
you discovered the toberculosis by X-ray hes there been
u breakdown afterwards?

DR, CLaRk: 1 have hed none go far,

DR, KunN: Do your employes in your company have
physical examinations pertaining to the chest! Do they
have X-ray examinations prior to employment?

DR. CLARK: No. They only have X-rays of the cheat
if they have been working in a dusty department for ten
years,

Di. KusN: How do you find It possible to diagnose
fibrold luberculosis after they have been in the employment
for sy a period of three months or six months and you
Xeray the chest and find this condition If you have no
prior check up us they come in from an X-ray exami-

. ntion?
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DR, Crari: 1 don't quite'get what yon want,

Dr. Kumn: The point T am trying to make is, if you
haven't X-ray examination prior to employment and then
you have later an X-ray examination after they are em.
ployed three months—

DR, CLaRK:  But we don't examine them by X-ray unti
they have heen employed for ten years,

A Voice: If they have lung pathology, you do X-ray
them?

D. CuaRK: Yes. If a man shows any lung pathology
that we can find, and they are coming in all the time, any
man who has a cough which lasts for more than a week,
we give him a very eareful examination and sputum ex-
amination and if there is any question of definite disease,
we send him for X-ray,

De. GARDNER: 1 shall attempt to summarize and am.
plify my remarks of this morning in a series of Jantern
slides, I shall demonstrate the characteristics of the re-
action to different types of dust in the normal and in the
tuberculous animal,

(There followed & series of slides in which various fea-
tures were pointed out, Since the atenographic report of
this demonstration is pointless without illusteations, I shall
tabulate and summarize the features which were brought
out by these slides )

1. An early silicotic nodule—consisting of a zone of dust-
filled phagocytes about a lymphoid nodule in the periphery
of the lung.

2. Longitudinal section of an artery in the lung with
Jymphatic trunks yunning through its well, Eneroaching
upon the channel of the Jymph vessel but outside its mem-
brane of liniug cells are magses of lymphoid tissue. These
magses contain small collections of dust cells,

8. Purther development of the silicotic nodules in the
areas shown in slide 2. Note that the channel of the Imyph
veasel i3 greatly narrowed by the expanding nodule, This
is one of the causes of lymph stasis.

4. Extensive silicosis in a tracheobronchial lymph node
obliterating most of the lymph channels—a further cause
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of interference with the normal flow of lymph, When the
reactions illustraled in slides 3 and 4 have occurred the
dust can no longer be removed and it accumulates every-
where in the walls of the pulmonary air spaces.

5. Diffuse and nodular fibrosis in pulmonary air space
walls—producing 3o much distortion that the external char-
acteristics of the organ are obliterated. No interchange
of oxygen and carbon dioxide could take place through
walls thickened in this manner,

6. Nodular silicosis in rabbit's lung produced by in.
halation of pure crystalline silica. Nodular leslons are
characteristic of the disease in both human beings and ani-
mals, The reproduction of such reactions demonstrates
the dadequucy of the experimental method for studying
reactions to any dust, The nodules show depenerative
changes at their centres due to the toxic action of the
sitica and not to & lack of nutrition, This is demonstrated
by the presence of a Dlood vessel traversing the degen-
erated portion. 'The marginy of the nodule, formed by
cellular fibrous tissue, are sharply defined.

7. Crosy section of & pair of lungs from & guinea piy
exposed to crystalline silica for 14 monthe presents nody-
lar lesiony throughout both Jungs with particularly large
numbers heneuth the pleura, The tracheobronchial lymph
nodes are enlarged and replaced by reaction to the silica,

8. An X-ray fitm of the animal whose lungs were shown
in slide 7, Note the similarity to similar films of human
beings with silicosis,

0. Another X-ray film of & guinea pig exposed for 1
year and 10 months, The densily and number of the nodu-
lar shadows is greater,

10, Lung of & rabhit exposed to inhalation of crystalline
silica for 13 months, Minule nodules resembling tuber-
cles scattered throughoul the lung.

11. Higher magnification of the individual nodules
shown in dlide 10, Demonstrates the formation of silicotic
nodules in lymphoid tissues assaciated with blood vessels
and bronchi, Note that the nodules have shatply defined
borders snd that very few dust cells are seen in the air
spaces of the tung outside the nodules,
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12. Lung of a rabhit exposed for 13 months as in the
¢ase of the animal exhibited in slide 10 but then removed
from the dust room and allowed to live in a normal at-
mosphere for another 8 months. Its lung shows nodules
larger than those seen in slide 10; in other words without
Turther exposure to dust the tissue reaction has progressed.

18. Higher magnification of two of the nodules illus-
trated in slide 12, Note that the margins of the nodules
are no Jonger sharply defined but that they are surrounded
by & large number of dust cells. Some of them may repre-
sent additional cellb which have migrated to the focus
after the dust exposure was discontinued. But sections
of the first animal showed that most of the inhaled dust
had already been collected within the nodules, Therefore
it is assumed that most of the eells about the borders of
the nodules are attracted by silica particles which other
migrating cells have carried out of the nodule and de-
posited on the periphery,

Demonstration of such progression of the disease has
also been possible by the use of serial roentgenograms not
only in the experimental animal but in human beings. The
progressive nature of silicosis is ene of its most discourag-
ing aspects, It is our hope that research will disclose some
method either of eliminating or of fixing and rendering
harmless the silica which has been inhaled,

14. Three graded samples of very fine silica particles
sizes 12 to 9 microng, 8 to 6 microns, and 3 to 1 microns
in diameter, respectively. These separations were made
by a method which Mr, Cumminga hes devised depending
upon variation of the settling rate of various sized parti.
cleg in alechol.

16. Reaction in lung lo 1.3 grams of the largest parti-
cles (9 to 12 microns) which were injected intravenously
in divided doses over & period of one month, Animal
killed after completing last injection. Note that the par.
ticles remaln in the walls of the air spaces where they
have been surrounded by piant phagocytes. Section
stained apecifically to bring out the fibrous elements of
connective tissue. The giant phagocytes ave surrounded by
only a few thin fibres,
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16. Another animal treated similarly to that shown in
glide 16 but not killed until one year after completing the
injection of the large particles. Note that there has been
little change in the character of the resetion. The nodule
of phagocytes is only slightly larger and the number and
thickness of the connective tissue fibres i only slightly
incrensed over those seen in the previous slide,

By comparing slides 16 and 16 we conclude that par-
ticley as large as 9 to 12 microns in diameter ave relatively
inert, They do not produce the progressive type of re-
nction seen with smaller silica particles, They do not ex-
cite the specific effect of silien but are combated with a
cellular response similar fo that excited by eny insoluble
foreign body.

17 A silietic nodule produced by inhalation of very
fine particles—magnification the same as that used in fig-
ures 16 and 16—to show how much larger the area of re.
gelion and how much greater the amount of black stained
fibrous tissue. The fine particles produce the typieal ilica
effect,

18, Lymph node draining the liver from &n animsl in-
Jected intravenously with patticles 8 to 8 microns in dia-
meter, These particles are so small that most of them
are carried through the cupillavies of the lung to the left
heart and from thence to the liver, From this orgen lts
lymph vessels transport them to & ymph node near the
gall bladder. Concentration in this locgtion results in
reaction. The node is some 20 times its normal size. It
confaing & great number of cells filled with dust and re-
sembles the reaction fo the tubercle bacillus, But there is
no tuberculosis in this case; the reaction is due to silica
particles which can be demonstrated by @ special form of
illumination known as polarized light.

19, Another portion of the same lymph node shown in
slide 18. Here one sees an early silicotic nodule which 1
composed of cellular connective tissue which is beginning
to show the specific hyaline degeneration i its central
portion. Polarized light reveals that the very finest silica
particles are in the nodular part of the lymph node; in the
area of diffuse reaction seen in _..de 18 the particles are
Jarger,
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The body has separated the particles varying from 6
to 8 microns in diameter into fractions. The amaller ones
heing more active excite the nodular resction character-
istic of advanced silicosis; the larger ones the diffuse re-
sponse of the early stages of the picture.

* 20, 21, 22, 23. Sections of livers of animals injected by
vein with 18 gram of the very finest silica particles, 1
to 3 microns in diameter.

These particles also passed through the Jung and were
carried to the liver and thence to the lymph node which
draing this organ. There, because of their very small
size, they rapidly excited the formation of scar tissue which
interferred with lymphatic drainage from the liver, The
Iater injections of the dust could not be vemoved from the
liver but stayed in this location, There they excited & re-
action which is essentially the same ss siticosis of the lung.
It started a3 4 nodule of dust cells in the conmective tis-
sues (illustrated). This nodule was gradually transformed
into typical hyaline fibrous tissue, a typical silicotic nodule
(Hlustrated). The ailica gradually killed off the liver cells
and most of them were replaced by scar tissue until there
were only small islands of such eelly (illustrated) or group
of the liver bile ducts (illustrated) to be seen. Any ex-
tensive formation of scar tissue in the liver is called a cir-
thosis,. Thig experimental lesion would be called a sili-
cotic eirrhosis, The whole organ is involved so that in
gross it resembles 8 white nodular mass of sear with little
resemblance to normal liver tissue.

By killing vabbits at successive intervals after discontiny-
ing the injections of dust it was shown that the reaction
progressed from month to month, but in each case it was
made up of a series of silicotic nodoles and o diffuse for-
mation of silicotic fibrous tissue.

The experiments illustrated in slides 15 to 23 offer sug-
gestive evidence to confirm the solubility hypothesis, They
show that the rate of reaction to silica dust varies directly
with the size of the particle, The smaller the particle the
larger is its surface aren and the greater its capacity to
excite reaction. Sueh relationships are charseteristic of
chemical rather than mechanical irritation.

These observations suggest the importance of determin-
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ing whether the extremely fine and therefore most potent
Particles ure not only inhaled but are refained in the lungs,
Analyses of the ash of silicotic lungs show that the mg.
Jority of particles vary from 1 to 3 microns in diameter,
Whether our methods are adequate to detect and measure
the smaller ones, I do not know nor have we any evidence
to show whelher the cilia tnay eliminate particles less than
1 micton in diameter more rapidly than those of the ! to 3
micron size group, If it should be proven that the ex-
tremely active particles under & micron in diameter are
retained within the lung our apparatus for dust counting
must be modified, Mr. Bloomfield and Mr. Cummings will
have mote o suy on this subject,

24. Lt, Lung of & normal guinea pig infected by inhals-
tion of our attenuated tubercle bacillus. The reaction cor-
responds t the childhood type of tubereulous infection in
humen beings, It consists of & localized tubercle or nodule
beneath the pleura and more extensive tubereulosis in the
tracheobronchial lymph node. The latter is produced by
drainage of bacilli from the lung tubercle through the
|ymphatic vessels, In normal guinea piga such tubercles
tend to heal of their own aceord and uitimately disappear,

24, Rt Lung of u guinea pig infected with the same at-
tenuuted tubercle bacillus after one year's exposure to silica
thust, The aren of disease in the lung and in the tracheo-
bronchial lymph node is now much more extensive. 1t is 2
new type of diseuse, an ncute silico-tuberculosis. 1t does
ot hea! und disuppear but progresses and ultimately kills
the animal. (In this case within two months after the
infection).

26, Inhalation of silica dust begun after an infection

. with the attenuated tubercle bacillus has begun to heal, The

silica reactivated the healing tubercles and caused them to
become progressive again, The infection has spresd ex-
tensively throughout the lung and numerous cavities have
formed where the original tubercles were located. The
amount of disease in the trachesbronchial lymph nodes is
excessive and has spread beyond their limits into the con-
uective tissue about them (the mediastinum),

26. Chronie silico-tuberculosis in & guinea pig produced
by the inhalation of silica dust during the perlod of develop-
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ment of tuberculons infection with the attenuated tubercle
baeillus,

The desense is widespread, and slowly progressive. I
use the compound term silico-tubereulosis to indicate the
combined lesion but not in the sense the South Africans em-
ploy silico-tuberculosis or tubereulo-silicosis to emphasize
priority of one or the other irritant,

27, Exposure to asbestos dust, 8 hours daily for 840 days.
Instead of & nodular reaction this dust excites the forma-
tion of sear tissue in the form of elongated collars which
surround the terminal bronchioles, Migratory phagocytes
and the lymphatic system play little part in the localization
of this dust probably because of the fbrous character of its
particles. The fibres come to rest along the walls of the
smaller bronchioles and are catried directly into the sub.
stance of the nearby walls, Practically none of the dust
reaches the tracheobronchial nodes and the section shows
1o significant reaction.

28 and 29. A higher magnification of terminal bronchi-
oles in early asbestosis, Note the cellular charaeter of the
fibrous tissue with none of the hyaline material character-
iatic of silicasis. Contraction of the collar like cylinder
of fibrous tissue would callapse the bronchiole and prevent
air from entering the air spaces which it supplies, Such
collapse is followed by a diffuse fibrosis of the area involved.

I have recently acquired & specimen from the lung of the
case of asbestosis reported by Dr. W, B. Soper in the Ameri-
ican Review of Tuberculosis (1930). This man was exposed
to ashestos dust for 13 years and died 4 years later. The
lung exhibited a very extensive and more or less diffyse
fibrosia which in most places bore no relationship to the
bronchioles, In fact the norma! anmatomical structures
were hardly recognizable. Material from such far advaneed
cases iy hardly suitable for analysis. Judging from the evo-
fution of the process observed in guinea pigs it has heen
assumed that much of the diffuse fibrosis may be associated
with the collapse of air spaces following compression of the
bronchioles by the primary reaction about their walls,

80. A group of asbestosis bodies—These peculiar strug.
tures are golden yellow in color with swollen ends and iy-
regular nodules along their sides. They probably develop,
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Mr. Cummings believes, as the result of solution of silica
from the fibres and & redeposition of this substance on the
same fibre, They also confain iron which is responsible
for their color,

31, Spleen of rabbit injected intravenously with 13
grams of aluminim oxide particles, 1to 3 microns in diame
ter, and killed three months after the last injection, The par-
Licles are collected in large phagocytes which have o rest
in the normal tissue and provoked no reaction,

32. Liver of & rabbit injected with aluminum oxide par-
ticles as in slide 81. This animal was not killed for two
years after the injection. Again one sees the same Jarge
phagocytes packed with dust particles reposing in lymph
spaces of the normal connective tissue of the organ, There
is no fibrosis even after 2 years, Except for the miscro-
scopic collections of dust this liver is a normal organ.

33, 34, 36. Livers of animals injected with the same
amount of the same sized yuartz particles. Phagocytes
filled with this dust localize in the same Jocations but the
cells are grouped together and there are more of them,
They form u nodule, it becomes 8brous and undergoes the
characteristic hyaline change. The liver cells are killed and
the whole organ is replaced by fibrous tissue. (Compare
slides 20 to 23).

Mr. Cummings performed this experiment to show that
silica excrted o specific poisonous action on the tissue, He
selected aluminum oxide as a control material hecanse it is
an extremely hard substance which fractures into particles
similar to those of quartz. The outcome indicates the eor-
rectness of his supposition. These negative findings with
aluminum oxide are of particular interest in view of the dis-
cussion of this subject during the earlier parts of this meet-
ing.

36, Cross section of the lungs and tracheobronchial Jymph
hodes of & guinea pig expased to the inhalation of earborun-
dum dust for 4 years. A great deal of dust has seltled in
the air spaces of this lung, particularly those beneath the
pleura. In the tracheobronchial lymph nodes the amount
of dust i relatively small when compared to that seen in an
animal inhaling quartz.
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v 30, A higher magnification of the subplenral air spaces
from the seme animal shown in slide 36, There are large
masses of phagocytes packed with dust particles which
pearly fill the interior of many of the air spaces. The ad-
Jacenlt walla of many of them are thickened but there is o
massive or nodular fibrosis, Undoubtedly there may be
loss of function in such places but it will be noted that many
other air spaces in the immediate vicinity have apparently
normal walls which would allow free interchange of oxy-
gen.and. carbon dioxide between their interior and the blood
caPlllanes. Very little dust is carried to the tracheobrop-
chial lymph nodes and in congequence they show only the
a.lighlteat amount of reaction, No appreciable abnormali-
ties in the lymphatic vessels are discoverable, A relatively
small amount of dust it carried intg the lymphatic vessels
and there is some evidence of reaction in the loose tissue
about them. This may eusily account for the thickening of
the blood vessels and bronchi seen in Dr. Clark's X-ray
films of silicon carbide workers, The diffuse haze which
he mentioned is probably due to the obstruction with the
rays by the slightly thickened air space walls and possib!
by the great amount of dust within the air Bpaces, y

Ggrborundum dust in combination with t in-
.fectmn ‘has offered difficalties which are not el;g;r:g I::;l;?n
in thle light of our present theories, This substance is the
tatbide of silicon and is reported to eontain no free silieg
.the mfbstance which theoretically activates a tuhercu]nus'
infection. The manufacturers snalyses have ot heen
thecked in our laboratory because of the lack of proper ap-
paratus. Mention has already been made of the possibility
that the weakly alkaline fluids of the body may attack this
substance and ultimately break it down.

In the experiments already referred to when '
healed tubereulous infection was subsequentlye;ﬂir::latgg
by exposures to dust we found that next to quartz dust
carborundum was the most potent irritant yet employed'
Mf)re infections were made progressive with this dugt thnn'
with granite. Whether the carbide of silicon has the same
effect in human beings has not been determined for lack of
Post-mortem material. A large number of autopsy studiey
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on persons dying after long exposures to this dust are urg-
ently required.

In reciting our experience with thie dust mention was
accidentally omitted of several ofher experiments in each
of which carhorundum was found to be almost as potent ag
quartz in its effect upon tuberculous infectlon.

98, Section of the lung of a soft cosl miner,~note that
there are deposits of this dust along the pleura and slong
the bronehi and blood vessels. These are the positions fn
which the superfieial and deep sets of lymphatics respec-
tively lie. Apparently the phagocytes ingesting coal make
their way into the lymphatics but many of them fail to reach
their destination in the lymphoid tissues of the lungs and
the tracheobronchial lymph nodes. Instend they appear
to leave the lymph vessel and ate deposited In the Joose con-
nective tissue through which these fine vessels course.
There they canse pigmentation and perhaps a lithe over-
growth of the connective tissues, but pure coal dust excites
1o true fibrosis.  In an X-ray film the trunk shadows would
be gceentuated as in the cuse of catborundum dust,

99, A cross section of & Dlood vessel from another coal
miner's lung, surrounded by o ving of densely pigmented
rue scar Lissue, This sear exhibits modified characteristics
of changes seen In sificosis, Silica particles cannot he de-
tectod but if the carbon is removed by Incineration of the
section in & muifle furnace great numbers of doubly refrac-
file particles which 1 think are silica are visualized, We
are now having some petrographic determinations mede to
satisfy ourselves 48 to the nature of these particles,

The hard coal miner is apt to work in rock containing
high percentages of silica. £ this substance is In excess the
individual develops & nodulor siticosls accompanied by an
intense pigmentation of the nodules by coal dust. If the

reverse i3 true and only a small amount of aitica is mixed
with a large smount of coal the reaction is characterfstically
linear, alung the course of the lymphatics but enough silica
may be present to produce some hyaline change in the con-
nective tissue fibres, 14 is only Ly chemical and microscopic
analysis that we can defermine how much silica is involved
in any eave of onthrucosis. 1t would appear that pure coal
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with no admixture of silien produces no fibrous changes in
the lung.

In giving the testimony no mention was made of “miner's
asthma”, This is a disabling condition seen in coal miners
probably due to a pathological change known ag emphysema,
& dilatation of the terminal air apaces. Prequently the lungs
shiow collections of air spaces which are dilated to such 4
size that they admit the head of a pin or even & pea. Theae
spaces have exceedingly thin, smooth, shiny walls, Fre.
quently a deposit of coal dust occurs on one side of such &
space, Why coal and not other dusts produces this change
i8 unknown,

The inhalation of soft coal dust is said to protect against
the development of tuberculosis and statistical evidence
would aeem to favor a lower incidence of this infection
among certain groups of soft coal miners, However, this
is not universal. Wainwright and Nichols reported some
experiments in which they thought they had demonstrated o
protective action of coal dust against tuberculosis, but they
have never heen verified. When guinea pigs are infected
with the same attenuated tubercle bacillus already mentioned
and then exposed to coal dust there is no influence on the
tuberculosis. It heals neither faster nor more slowly than
In the undusted control animals. Moreover coal has no
influence in checking the progress of infection with fully
virulent infections. We are not yet convinced that this
substance might not prevent progress of an infeetion which
fs not too severe. 1t is hoped that we may do further work
with coal dust and an infection of moderate virulence,

I think this covers a3 briefly as I know how, the type of
work in which we have heen engaged. 1t illustrates to yo
that there are definite differences in the reaction to dif-
fevent types of dust. It ilustrates that siliea dust is unigue
in injuring the body tissues; that it produces a progresaive
type of disease and that it renders the body more suscep-
tible to the tubercle bacilll. Someane asked this morning
why tubercle bacilli would grow move readily in the silleotic
lung than in the normal lung. This is the subjest which is
of course, tremendously interesting. We do not know today
why it happens but T suspect that it does because the silica
poisons the body cells, the soil, in such & way as to favor
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the growth of tubercle bacilli, What we hope fo do is to
neutralize this poisoning effect of ailica and theveby prevent
the development of susceptibility to the tubercle bacllus,
If we could do this we would have nccomplished & great
deal, beeause probably 76% of silicotics wilt die of tubercy.
lous infection. 1f they escape infection or if they are no
more susceptible than normal individuals, they would pre-
sumably curry on for 4 period of ten, fifteen or more years,
They would not be perfect individuals, but they might be
uble to support themselves and their families for & much
longer time thn they do at the present. If we ean nentral-
ize: this toxie effect of silica, we will be necomplishing some-
thing and this is the goal to which Mr, Cummings and I
have set ourselves,

If there are yuestions, I shall be glad to try to anawer
them,

Mr. CummiNgs: Dr. Garduer has dlscussed the normal
pulmoniary anatomy and the pathological veaction of the
lung to the various inhuled dusts, particularly sillea, 1
think it would probably be worth while to amplify the
chemical and physical properties which certain dusts Jog-
sess In order to evaluale their abillty to provoke path
ological changes in the lungs of man,

It way proposed in the protocol to discuss dusts of bath
organic und inorgunic composition. Organle dusts, such as
cotton, undoubtedly do give rise to certain pathloglea) con-
ditions in the lung or bronchi, But we have not investi-
gated these dusty and T therefore beg your permission to
Dass them over for the present. The inorganic dusts, par-
ticularly ore dusts, are the ones with which we are vitally
concerned at the present time, These dusts I should pre-
fer to classify first into readily soluble, and {nsaluble dusta,
By readily soluble dusts, I mean dusts which will dlssolve
fuirly readily in the lung tissue or juless. The degree of
hurmfulness of these soluble dusts s {n divect proportion
to the toxicity of the soluble produets formed, For exam-
ple, we know that lime stone {or marble) which s a scluble
dust, does dissolve in the lung juicss, and soluble calium
salts, which are more or less similar to substances that are
already present in the lung, are produced by this solutlon
and consequently there is no evidence of toxicity on the part

6
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of this material. On the other hand, there are the toxle
soluble dusts, some of which will dissolve only slightly but
which will nevertheless produce definitely toxic substancgs.
Freshly generated zine oxide, for instance, is quite foxie.
Lead dust is toxic and we can attribute its toxicity to its
solubility,

Some years ago, Collis, and numerous other English n-
vestigators, reported that silica dust could be regarded a8
dangeroug because it was insoluble and that in genersl ?he
degree of insolubility of any dust would also determine
the ability of that dust to produce pathological changes.
Dr. Gardner and I do not adhere to this theory. We be-
lieve that because & dust i3 insoluble or inext it does not fol-
low that it ia capable of producing a resction in the lung,
Dr. Gardner has mentioned a few dustg that we believe do
not produce marked reactions. Aluminum oxide in the
form of corundum, which is certainly ag insoluble as any of
the dusts, fails to produce a signifieant reaction. Silica
cannot, therefore, be regarded as harmful simply because
it is insoluble. I would Jike to emphasize that there are, in
addition to the dusts that Dr. Gardner has mentioned, cer-
{ain harmful and harmless Inorganic and more or less in-
soluble dusts; for instance, carbon in the form of soot or
smoke, or in the form of graphite or diamond, is insofuhle
and also relatively harmless in producing the typical
fibrous reaction that we associate with silicosis. Coal,
which is & combination of carbon and certain organie sub-
stanees, is also relatively harmless—particularly soft coal
Dr, Gardner has emphasized that, at the present time at
least, we associate the harmful influence that coal may
exert on the lung with the silica which is probably inhaled
along with it This is particularly true of hard coal miners
who find it necessary to dig shafts through hard rock, Car-
horundum dust ia not particularly dangerous though it is in-
goluble. Carhorundum is an unusual dyst from this stand-
point, It is silicon carbide and containg practically‘no sil{ca.
1t is possible that it s slightly soluble in the alkaline fluids
of the body but it apparently faila to produce reaction per
se. Even though the inhalation of carborundum dust fails
to promote & marked reaction itself, there may still be
enough of this particular soluble Bubstance formed to ex-
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Plain the experimental evidence that we have for itg ability
to reactivate lutent tubetculosis, Cement dust i another
material which containg some soluble and some insoluble
elements and which nevertheless i not particularly Tarm-
ful. On the other hand we have silica which g far a3 we
know Is relatively insohuble and yet 1a the most harmful of
all dusta, We cannot therefore associate the degree of
harmfulness of any dust with its solubility or insolubilty,
but we must vepard silica as g specifically dangerous eom.
pound, We must also consider the various siliegtes which
represent. combinations of silica with other elements apd

also the mixtures of silica and silicates or mixtures of
silicates und other aubstunces,

I propose lo diseuss silica and thege aflicateg and mix-
bures with respect to their physical and chemiea] properties,
AL the outset we mugt recognize the different forms which
silica may assume in 3 given dust. It may occur as free
silica, combined silica or mixtures of both. When an analy.
8id ia made of a certain dust which i regarded as dangerous,
We eatimate the total amount of siliey present and fn addi-
tion we seek to obtain a igure which represents the amonnt
of siliea which is not combined with other elements. This
ia the fraction spoken of as free siliea and is univergally
regarded ay a direct measure of the silicasts-producing
power of any dust. There are various methods for deter-
mining this fraction, One iy the petrographic method,
which is an approximation arrived at by simply examining
fine dusts under a special microscope and estimating the yel.
ative numbers of each type of crystal thet is recognized,
There is also & chemical method fo determining free silica
of which [ shall say more later.

There are a great many physical modifications of ljes
which differ from the typical quartz dusts which are gener.
ally used for experimental work or that sre more often re-

- ferred to in connection with silicosis It would be welf ty

mention these vatlous physical modifieations alnce 1t §s my
belief that their reaction in the lung may be Quite different,
Some re undoubtedly more harmeu) than others and it
may even be possible that certain varietieg of silica are rela-
tively harmless, 1t is my belief that & thorough study of
the reactlons produced by each of these modifieations wil
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provide the key to & sclentific understanding of the true
mechanism of the development of iticosts,

There are in general three principal physical forms of
silica oceurring in nature, This classification is based on
physical structure and indieates the differences in the molec-
ular arrangement of crystals, the differentiation of crystal-
line and non-crystalline or amorphous forms, end also tl}e
degree of hydration of the water-containing varieties, This
classification s as follows:

Hydrated
Principol Phasss  Miero Forms Vane‘tfes
Quartz Chalcedonic silica Opaline Siliea
Tridymite or micro fibrous  Chaleedonic Silica

Cristobalite Micro Amotphous
Vitreous Silica

Quartz Is the stable crystalline form of silica _froml ord‘L
nary atmospheric temperature to 870° C.; tridymite is
stable from 870° C, to 1470° C.; eristobalite is a stable crys-
talline form of silica from 1470° G, to 1710° C, However,
all of these forms may exist at ordinary temperatur‘ea. All
are hard, sharp, definitely erystalline forms of silica and
constitute the greatest bulk of the silica found on the eart‘h’a
surface. Chaleedonic silica is a micro fibrous form having
measurable size in only one dimension, Carne!ian, agates,
flints, cherts, are the best known represe'ntatlvas of this
form of silica and are also widely distributed over'?he
earth's surface. The micro amorphous varietigs f’f mhga
are particularly interesting since they occur qrmclpally in
deposits which represent the remains of. cer‘tam 8ea plm?ts
called diatoms, This modification of silica is more rea.dxly
soluble than the crystalline varieties mentioned abovel. .Snn.i-
larly, the forms known ag opaline silica rePresent silica in
combination with more or lesy water and this group of sub-
atances is best represented by opal itself,

It i apparent that silica may assume a very extepsive
variety of physical forma and that egcl} of thePe n!odtﬁcm
tions may produce & very characteristic reaction is quite
concefvable. Tt Is therefore essential ?0 understgnd the
exact physical nature of any silica:contnlning dust in eval-
uating its ability to produee silicosis.

The term silica then does not define the properties or
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harmfulness of a dust for the reaction produced hy it may
depend upon the physical state of the siliea quite as much
45 upon the concentration, for example, The two methodg
for determining this quantity of freq silica are, as [ have
mentioned, the petrographic and chemical method. The
chemica] method is as yet totally inadequate for the deter.
mination of all forms of fres silics since it was designed to
determine only the free silica existing a8 quartz, or one of
the quartz-like materials. If the free siliea in & certain
dust should be in the amorphous form, that sflica wonld ot
be determined ag such in the anglysis, and o large error
would be made, The method, therefore, needs revisloy o
at Jeast its inadeguacies need better recognition,

In addition to the free silics, dust may contain silies con.
bined with other elements as it 3 in ashestos, slate, or other
silicates, and here again it presents still & different strye.
ture. Where it is combined with other elements many of
these combinations may be wore readily moluble thap |5
Quartz, bt in spite of this faet the silicgte has yet to be
found which s as dangeraug g quartz. This either conati.
Lutes strong evidence ayainst the theory of & soluble Poigon
originating from siliey by solution, or it is excellent progt
of the contention that certain other substances, when inti-
mately associated with silica tend g overcome its dangeroug
properties. The pathological changes resulting from the
inhalation of 4 few of the silicates are now known, Dr,
Gurdner and 1 have studied the reaction produced by ga.
bestos in experimental anjmaly and we are convinged that
asbestos i slowly soluble yince the inhaled fibers give risg
o a peculiar structure known gy the asbestosiy body, A
pulmonary fibrosis does regylt iy usbestos workers but hepe
again the reaction iy quite different from g true silicosis and
emphasizes the necessity of knowing the propertes of the
dust inhaled. 1 iy hoped that the study of several silleates
will enable us to distinguish whether the resetion i due tg
the peculiar surface phenomeng Presented hy thess combiya.
Lions of silica or whether the reaction is always dya to solu.
ble products from the silien~masked in the cage of ilicates
and mixtures by the presence of another element with which
these soluble producty may combine and thereby he yen.
dered inert. Inany event, gilicatey do constitute a clgag of
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siruction that we can visualize the relationship of these
8paces {0 gne another, By this method it hecomes obvious
that the terminal bronehioles become narvower and that
their walls hecome thinner. They lose their definite lining
of ciliated epithelium and break up into elongated tubes
with scalloped walls, These tubes ultimately communicate
with a series of extremely thin walled terminal air sacs, or
alveoli. On examining these structures under high magnl-
fication it can be seen that they consist of a space sur-
rounded by an extremely thin wall composed of elastic tig-
suie which has the power of expanding and contracting, The
inner surface of this wall {8 covered by a thin layer of flab
pavement-like cells. In the substance of the wall there is a
network of capillary blood vessels, These structures are
also lined by a layer of flat pavement cells. Here and there
in the wall there are larger cells which project inward be-
tween the flat pavement cells, These larger elements are
the dust cells of which we shall speak more later, They are
shed off from time to time and tuke on free migratory exist-
ence, having the power of independent movement.

The purpose of this more or less complicated mechanism
is to permit air containing a relatively large amount of axy-
gen to come into intimate agsociation with the blood and to
permit an interchange of gases between the blood in the
vessels and the air inside the spaces of the lung, Blood
brought into this organism through the pulmonary arteries
containg considerable amounts of carbon dioxide which is
dissolved in its Auid portion. This carbon dioxide is gene-
rated in all parts of the body where any uctivity hag taken
place. It ia n waste product which must he eliminated.
Leaving the pulmonary capillary, the carbon diaide dif-
fuses oub through the walls of the terminal air spaees hy
passing through the cells lining the capillaries and the see-
ond layer of pavement cells lining the air spaces, From this
location it can be eliminated with the expired air, Thereis
also » flow of gas in the opposite divection. The uspired
air contains oxygen. This passes inward from the air space
to the hlood; the interchange again taking place through the
same two layers of cells. The coloring matter in the red
blood eorpuscles possesses & matked affinity for oxygen, A
loose combination is formed and the red blood corpuscles
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then earry this gas buck through the pulmonary veln to the
left heart by which they are pumped out through the gen-
orsl circulation into the organs of the body, Wherever
work is being done oxygen is necessary. The red blood
corpuscles give up their oxygen to varlous kinds of cells as
they funetion, This whole process ia known as reapiration,

Obviously, to be performed efficiently, the membranes in
the fung which separate air spaces and blood vessels must
be extremely thin and readily permeable to interchange of
gases. Any disease proeess which thickens this membrane
and prevents such interchange would reduce the effiziency
of the mechanism. As we shall see, the development of
fibrous tissue in response to irritation frequently thiekens
these delicate membranes, [f enough of them are involved
llfe can no longer continue, but fortunately only portions
of the Jung may be so affected until ireitation has been
continued for a very long time,

Lymph Nodes, At the root of the lung are located the
tracheobronchial lymph nodes. They are divided into three
main groups. One of them ies below the angle between the
two bronchi; another group lies abave the left bronchus in
the angle which it forms with the trachea; and a third lies
in the corresponding angle made by the right bronchus and
trachea. These lymph nodes constitute a drainage reser.
voir to veceive foreign materials which may have pene-
trated into the Jung. Such material comes to the lymph
nodes through n system of lymphatic vessels,

Lymphatic System. Mention has slready heen made of
the tracheohronchial lymph nodes, located at the root of
the lung which receive the drainage from this organ. We
huve still to consider the vessels which carry foreign mat.
ter out of the lung to the lymph nodes, These vessels are
exceedingly minute channels lined by » single Iayer of flat
pavement cells. They resemble blood capillaries in thelr
general structure but they are even smaller In diameter and
their walls are thinner. Through them there Aows & thin,
watery fluid known ag lymph. Apparently the flow of thia
fluid ts more or less regugded by the motitity of the parts
through which the vessels paBh. There may also be nega.
tive pressure exerted on the proximal end of these vassels
producing a certaln degree of suction,
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I the lung wa find that there are twg main sets of lymph
vessels, One of them, known aa the superficial set, runs
around the outer surface of the organ, through the pleura
and empties into the tracheobronchial lymph nodes; the
other, or deep set, courses through the suhstance of the lung
a8 & serieq of trunks, situated in the walls of the puimonary
nrtery: the pulmonary vein, and the bronchi, Thig gystem
also discharyes ity lymph into the tracheobronehial lymph
nodes. These two systems, the superficial and deep sets,
are connected with one another in the periphery of the
lungs by a series of short thick lymphatic vessels which sl-

low Iymph to escape from the deep set into the superficial
one.

Lyniphoid Tissue. Seattered along the course along the
{ymph vessels in the lung, are masses of lymphoid tissue,
These consist of aggregations of small, round cellg known
a8 lymphocyles. Belween these cells are mingte Epaces
c9mmunicating with 8 lymph vessel. Foreign hodies car-
ried from the lung by phagocytes make theiy way through
these masses of lymphoid tissue into the lymph vessel,
They may become enmeshed in this tissue and held there for
& varisble period of time, or they may pass on into the
lymphatic vessel. The number and size of the lympheid
Nodules inereases 83 one progresses from the periphery
toward the root of the lung. 1t is found that lymph nodules
Occur at points where lymph trunks join one another, These
Points also correspond to places where large blood vessels
and broneh] branch, '

'1:]]& tracheobronchial lymph nodes are more complex in
their structure then the simple lymph nodules inaide of the
lung. They might be considered g an aggregation of sim-
plé lymph nodules, They are surrounded by & capsule of
connective tissue inside of Which is & wide channel sur-
rounding the whole node. The entering lymphatie trunks
entpty directly into this wide channel, Leaving this chan.
nel there are other small vessels which penetrate into the
substance of the node and again empty into & large, dilated
lymph space at the root of the node. From this last men-
Yoned channel other lymph trunks carry the lymph away
from this node to other nodes in the same system. Be-
tween this network of minute lymph channels, there are
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large nombers of lymphoeytes whose function we need not
consider in this connection.

The lymph node has been cafled a filter. It should really
be called a sedimentation basin hecause it does not hold up
foreign particles by virtue of the smallness of its spaces,
but rather by slowing down the rate of flow of the lymph
und allowing foreign bodies to seftle out. The system might
be compared to a stream with & series of ponds along its
gonrse, Pulp wood thrown into the stream would be carried
wlong fairly rapidly in the narrow channel, but on reaching
one of the ponds much of the wood would tend to drift onto
the shore nnd remain there for an Indefinite period; some
would pass divectly through the pond to settle out in cne
of the other ponds further down the stream,

TREATMENT OF INHALED FOREIGN BODIES

Inhaled dust or other foreign bodies like bacteria may be
caught on the sticky mucony membrane of the nose or throat
and swept backward by ciliary action to the pharynx from
whenee they may be expectorated, If auch particles pene-
trate into the trachen rnd hronchi, the actlon of cilia in
these structures tends to carry them outward towsrd the
pharynx from which they may also be expeetorated. If the
foreign material escapes the above mentioned protecting de.
vices and peneirates into the terminal aiv spaces, the follow.
ing series of mechanismg come into action,

Oue of the dust celly which, ag we have seen, develops in
the wall of the air space will become detached and make its
way toward thiy foreisn body. When aceidental contact
hag been estublished, the dust cell puts out processes from
its substanee to surround and engulf the offending particle.
The cell then mekes its way by & slow creeping motion over
the walls of the air spaces until it reaches the nearest mass
of lymphoid tissue, Here it tends to pause and in most in-
stances it penetrates into the substance of the nodule, Like
the drift wood in the streay, the cell with its foreign mate.
rigl may be held up in themb!t pond or it may pass down
the stream to be held in some other pond further along the
course,

Experimental study has shown that the character of the
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forelgn material has & well marked influence on the be-
havior of the dust cell or phagocyte. With substances like
carborundum or soft eoal dust, a single cell will ingest all
the particles with which it establishes contact, The result
seems 1o be that the cell becomes over engorged and its
power of locomotion is greatly impeded. As a consequence
we find that cells filled with such materials tend fo remain
in the peripheral air spaces. Only a few which have been
less greedy suceeed in making their way very far into the
lymphatic system. In the ease of quartz on the other hand,
it has been observed that individual cells tend to take up
relatively few particles and that once they have ingested
the particles the cells seem to be stimulated so that they
migrate more rapidly thap usual, Quartz dust is known to
be an irritating substance and it seems veasonable that it
should stimulate the cells in the manner described, When
irvitation has been carried on sufficiently long many
phagocytes die and liberate their engulfed quartz particles,
New phagoeytes must be attracted o the spot to take up
the material thus freed. As a consequence of this stimu-
Iating effect upon the motility of the phagocytes, we find
that quartz tends to be concentrated in the lymphatic sys-
tem much more rapidly than other types of dust.

Ag wil] be seen, the same cell which handles the fine dust
particles also ingests bacteria like tubercle bacilli, These
organisms are also carried into the lymphatic system and
concentrated at the same point where dust has been col-
lected. 'The action of the two irritants in the same location
is more pronounced than that produced by either one alone.

Observation of human lungs and those of experimental
animals has shown that where the amount of forefgn mate-
rial inhaled is excessive there is a marked tendency for such
substances to be carried into the peripheral portions of the
lung. The reason for this is not clear but possibly it may be
due to the massaging action of respiratory movement. If
one compels & gulnea pig to inhale a considerable cloud of &
substance like carmine dust, which can be readily recog-
nized, one finds on killing the animal some fifteen minutes
later that much of the dust is in the subpleural air spaces.
Tn other animals, allowed to live longer, the major portion
of the dust has made its way to ths Jocation, In soft coal
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miners with long exposures to & readily recognizable black
dust who have been away from their cccupation many years
before they die, most of the dust will be discovered in the
pleurs and along lymph veasels radiating from it,

Mr. D). E. CusMiNGs: I wonder if it wouldn't be of in-
torest i D Gavdner would deseribe the efficiency of the
pulmonary mechunism with regard to the size of the partl-
cles which might enter the ait spaces in the lung, and also
i7 it wouldu’t be worth while to describe the mechanism (in
addition to the cilia) that tends to remove the particles
from the terminal bronchi of the lung,

Di, Ganonex: 1 neglected to speak about what happens
to the material that hag been deposited in the lymph nodes
ut the root of the lung. A great deal of dust stays there;
in fact the larger part of it stays there, but there s an
overflow chamne) from these nodes fnto a large lymph vessel
thal finally emplics into the veins, The blood would then
enrry any vverflow material from these nodes back to the
right side of the heart from whence it would be distrib-
uted ugain fo the lung. In this location the larger parli-
cles would be fiteved out of the blood vessels and carrled
into the air spaces where phagocytes would carry them by
way of the lymphaties baek Lo the tracheobronchinl Jymph
nodes, Thus if dust onee gebs out of the tracheobronchial
nodes it is carried by the blood back to the lungs, But the
very finest particles do not leave the blood stresm through
the cupiliaries of the lung. Some of them pass on into the
pulmonary vein, are eatried to the left side of the heart and
then distributed to the other organs of the body Jike the
liver and sploen.  As & matter of fact, In far-advaneed aili-
eosis we occasionally find that there are nodules forming in
the spleen and in the liver, This is particularly true of the
puinen pig, probably because of anatomical peculiarities,
but it can ulso happen in some human heings,

Mr. Cummings also called attention fo another thing
that T forgot—the limitations of {hg ciliary mechanism for
various sized particles, We know {84 there are very few
particles greater than ten micrans or 10725000 of an Inch
in dinmeter that suceeed in passing the protective mechan-
ism in the upper respiratory tract and finally resch the

]
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deeper parts of the lung, In fact relatively few particles
a9 large as this maximum are found in the lung, The
majority are only three or four microns in diameter,
‘While we know that the very small particles do penetrate
in large numbers, we do not know whether ali of them re-
main there, Whether the cilia may be more effective in
catrying particles, one micron and less in diameter, out
of the lung is still problematical, It is an important ques-
tion, however, and one which we hope to investigate be-
cause We have shovn experimentally that the smaller the
particle the greater its biological activity. This is & point
of not only academic but of practical significance which
will probably be brought out in this discussion today or fo-
morrow, because it has to do with the size of particles
which should be included in dust counts for estimating in-
dustrial hazards. If the eilia effectively eliminate all of
the very small and hence most active particles we need not
bother to include them. 1f, on the other hand, the cilia
and other protective mechsnisms do not eliminate them
then we must modify our methods In dust determination
s0 that they will be included in the counts, We propose to
do some experiments in which we will attempt to discover
the truth of this matter.

There are those who claim thal a great deal of dust which
has reached the terminal air spaces in the lung is carried
out again along the pathway of ingress ang expectorated.
We know that & coal nainer for example living in the rela-
tively clean atmosphere of 8 nealth resort for & period of
years continues to expectorate black sputum for & long
period of time, The pigmentation must be due to the dust
which he inhgled during his employment o8 8 miner, be-
cause in & place like Saranac Lake there ig relatively little
or almost no soft coal in the atmosphere, doubt whether
s normal person without any infection in his ung will
continue to expectorate such dust, for dust which was in-
haled ten, fifteen or twenty years previously in the cosl
mine tends to be anchored and held in the normal lung.
On the other hand, if the miner should develop a pneu-
monia or other acute inflammation of his lungs, the once
anchored dust will be freed and liberated, The pus that
forms as the result of pneumonia, tuberculosis or other in-
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fummation will be expectorated and will eatry out the dust
thab bas been freed in the inflammatory process, Tam not
prepared to agree that a normal bronehial tree will continue
to eliminate dust over an indefinite period of time. Pos-
sibly Dr. Willis would stifl disagree with me. T will give
him & chance to reply if he would like to.

DR, Wittis: 1 just pointed that out as & matter of ob-
servation and I just want to draw attention o the fact that
anatomical conditions do exist in certain animals and that
it may well be the basis. Of course, the dust does tend to
anehor, but if it does anchor in lymphoid tissue I think it
passes w prade for & certain amount of elimination, but
until we know whether that s true, why, of course, it s
mere speculation fo say thal is the way it comes out.

Dr, Ganonek: 1 may state that 1 have exposed guinea
pigs and rabbity o dust inhalation for periods of 4 year
and then allowed them to live ag long as they would, per-
haps three years, after the discontinuation of the dust ex-
posure, A guinea piy does not congh and does not expec.
torate as 4 human heing does; dust that might be eliminated
through the trachea would be swallowed again. 1f it were
swallowed a good deal should be absorbed through the in-
testinal wall where it would tend to localize in masses of
lymphoid tissues in connection with the intestines, There
are such lymphoid tissues throughout the intestinal fract
of all animals. We have not found eny proliferation or
pigmentation in this lymphoid tissue. Therefore, If the
dust were eliminated through the'trachea and then swal-
lowed it either passes directly through the intestine leav-
ing no trace, which would be hardly likely, or else It s not
swallowed,

DR WiLLIS: 1t seems to me to take that poaitioﬁ of the
non-absorption through the intestinal tract we would have
to compare it with tubercular baciili, It takes bqyeral thou-
sand times as large & dose of tubercle bacilli byShe intes-
tinal tract by infection than it does any other ordinary
unit, 1t may be you would have to have a larger portion
of the intestine contain dust, for dust to be uhsorbed by the
intestinal tract and even in a guinea pig, if it should swal
low its dust, it wouldn'l be in sufficient yuuntities to muke



20

{
a dent. That is purely theoretical and has no hig signifi-
CANCe, .

Da. Garpner: 'The next thing on our protocol s 8 dis-
cussion of pathology. ‘

Ma. TApRELL: A few minutes ago I understood that Dr.
Qardner invited questions. 1f I may be permitted, there is
one question that oceurs to me at this time with reference
fo the elimination of different dust particles, Yoy men-
tioned the repidly moving phagocytes and glow moving
phagocytes. From a safety standpoint which is more ef-
feacious, the rapidly or slower moving phagocyte?

Di. GARDNER: [t has been our experience in studying
varlous dusts, as we shall attempt to show in the discugsion
of the reaction o diffetent materials, that the man who in-
hales quartz dust and as & consequence has rapidly moving

" phagocytes, tends to davelop disease more abundantly and
becomes disabled much more quickly. n case of carborun-
dum or aluminum oxide on the othe hand, the phagocytes
move slowly or not st al, The existing evidence would in-
ficate that these dusts do not produce disabling disease of
the lung. The rate of movement of phagocytey i8 not the
whole story but it is the fuitial step in the development of
dangerous pulmonary fbrosls. Answexing your question
directly, T would say that the stimulation of migration of
phagocyles exerts an unfavorable effect by concentrating
iritating dusts fn positions where they excite dangerous
proliferation, Are there other qugstions?

Mg, NELsoN: Doctor, can you say something about the
fficiency of first line defenses in the nasal fract and

traches!

D, GARDNER: Jarvis, for example, in Vermont made 8
study of the degree of silicosis in mouth breathers and in
nose breathers and attempted 1o show that the mouth
hreather develops more ailicosis than the nose breather.
There have also been other references of this nature in the
literature in various parts of the world, It is sald that 2
wan who inhales dust over 8 Jong perdod of time tends o
develop @ chronic inflammatory condition In his upper
reapiratory tract, that when such chronic rhinitis and
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tracheitis exist, the action of the cilia is s0 impajred that
more dust passes these barriers than would in an individual
with & normal protective mechanism. In our guinea pigs
which have been subjected to the inhalation of dust over a
period &g long 48 four years, we have failed to discaver
anatorice! evidences of disease in the cells of the upper
vespiratory tract. They appesr normal, Whether they are
functioning as well ia quite another matter which I am not
prepared to discuss, I would infer that a chronic inflam-
mation would tend to fmpair function and efficiency of the
mechanism and that if 8 man breathed through his mouth
he would obviously tend to inhale more dust because he
would not have the full benefit of this great surface in the
nasal cavity that Dr, Willis mentioned, Another yuestion?

D, CLark! Can you give an estimate of the amount of
supface which is represented by the lung itself? We have
it for the nasal sarface. Can you give an astimate on the
amount of space there is?

Di. Camones: I don't remember, Do you, Mr. Cum-
mings?

M. Cummings: | believe it is something like two hun-
dred square inches,

Dr. BAnvat: Do you agree that the length of the duat
particle may be iy much as two or three hundred microns,
ag for instance in the case of ushestos particles!

Dk, GagoNER: Yes. We have seen very long asbeatos
fibres in the ung. Possibly ciliary activity is not adequate
to move foreign bodies of {hia shape. However, we do not
finil many fibres of asbesios as long 88 this. The very long

ashestosis bodiey which are found in the lung we believe
have probably grown in length a well a8 in diam&about

a fibre which came to rest in the terminal air spaces.

DR, BANYAL: s there any primary predilection of the
space in the lungs besides the pleurae due to the partioular
mechanism of the respiratory function?

on. Gagpnes: T will consider that in & few minufes, a8
it ia on the protocol, Other questions?
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Mp. Nerson: What by the ultimate destination of the
varborundum cell that you located at the terminal air
Bpace!

Dr. GaxnER: The majority seem to stay where they
have drifted into the subpleursl air spaces. In an animel
exposed & year and allowed to rest with no further dust ex-
posure for three or four years, we find practically all the
dust cells in the air spaces beneath the pleura. I will show
some pictures fo illustrate this point in & few moments.
The cells tend to remain inside the air spaces and certain
air spaces become almost completely filled with masses of
phagoeytes packed with carborundum particles. With coal
dust the localization is a little different. We will go into
(hese matters with lantern slides. Any further questions

DR, Beuiis: Would the accumylation of large numbers
of cells of that type interfeve mechanically with the fune-

tion of the atr spaces’

D. GARDNER; Drobably it would becatse, 83 we saw
before, there i an itritation of the wall of the air Space
that containg a number of these phagocytes, The wall be-
comes thickened so that the gaseous interchange does not
take place normally, However, it seema to be the case that
only certain air spaces tend to accumulate these dust cells
and there are many others which remain apparently nor-
mal, so that the function of the lung a3 a whole is not im-
paired. The factor of safety in the lung is great for cne
can carry on perfectly well with only & quarter of hia res-
pivatory {issues. :

DR, Witss: T wonder if you would care to megtion the
probable proportion of dust that is held up by the defenaive
mechanism.

Dg. CaRDNER: I don't know what it is. It probably
varies with the different types of dust. We know that as
you found and as I found, it is » difficult thing to get very
much coal dust into the Jungs of guinea pigs. When you
make them breathe carborundum, & great deal more gets
in. If they breathe quartz dust in the same concentration,
 tremendous amount gets in. T think that the amount must
be concerned with physical characteristics of the dust itgelf,
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I have always reasoned in oy own mind that if the dust
was dry it would tend Lo be inbmled, If it }Vet easily 1t
would tend to stick to the wall so that & good deal would
be held up in the upper reapiratory tract Frankly we
haven't the informution which we need on this subject; it
should be atudied mueh more carefully than it has been.

Dr, Witis: Tt has been estimated that perhaps nof over
2095 of the dust on the average io in the Jangs. [ wonder if
you have come Across any dependable evidence for the ac-

curacy of thut gtatement.

D, GagpNER: Mr. Cummings can quote Dr, Drinker's
work in that vespect and he ulso hag some other informe-

tion.

Mg, Cumings:  Dr. Drinker attempted to answer that
uestion by creating experimental dust chambexs in which
he measured the concentration of the dust in the air very
accurately. He then had cuts breathe this dust concentra-
tion and measured the concentration in the exhaled air,
e used for the purpose of his study # dust, the congentra-
tian of which he could determine by chemical means. When
he used magnesium oxide he found that the degree of ve-
tention depends on the concentration of the dust in the air,
With the increase of concentration the degree of relention
inereased and his work showed that for moderate coneentra-
tiony, compurable to the amounts of dust present in an ordi-
narily dust industrial air, that approximately 0% of mag-
yosium oxide was retained in a cat's lung, He then car-
ried {his work over Lo short exposures in man and found
hat the resulls were roughly comparable o those for the
eat, As the concentration in the pir Inereased, the degree of
retention increused. De. Gardner hag pointed out tyal mag-
pesium oxide and silica produce an entirely dWferent
responge, an( as yet Drinker has used only dusts that can
be determined by simple chemical reactions.

Mp, Tamnetl,:  Have you made any estimate as to how
much impairment of the vital capacity of the lung regults
from the lodgment of earborundum particles?

Dn, GARDNER:  No, we have nob catried on such & study,
1 have learned that it iy now belny investigated In Roches-
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ter by Dr. McCann and his associates. [ think we may
look within the next year for some definite information,
Dr. Meyers of Minnesoja did make & study of the vital
capacity of men suffering from various forms of pnes.
moconiosis but his figures were not particularly significant.
Vital capacity studies were also carried on in South Africa,
but they did not feel that their results were of sufficient
value to deserve much emphasis. Obviously, if & man has a
very advanced silicosis complicated by tuberculosis, 4 great
deal of his functioning lung tissue is out of commission and
his vital capacity would be greatly reduced, but for the early
and intermediate stages of the disease the taet is not of
great practical value.

DR, RusseLt: I wanted to ask if the refention of mag-
nesium oxide included retention in the upper respiratory
tract as well ay the Jungs.

DR, GARDNER: VYes.

Ds. RusseLL; The point is that much of this dust is re-
tained in the upper respiratory tract, We don't know the
proportions in that in relation to the amount retained in the
lang proper. [ was afraid the impression would be left
that all of that dust was retained in the lung tissue itself,
Dy, Gardner has explained that the protective mechanism
of the upper vespiratary tract is quite efficient in most cases,

PATHOLOGY

Dy, GARDNER: If there are no further guestions we will
go on to the next part of our protocol which deals with
patholagy. The first title here is action of dusts, ehemical,
mechanical, etc.

When. man first began to observe the development of
fibrosis of reaction in the Jung of individuals inhaling dust
in considerable quantities, it was natural to assume that
hard sharp particles would be dangerous hecause they would
cut the lung surfaces and other delicate structures, Further
study, however, showed that not sl hard sharp particles
were dangerous and when Collis and some of the German
observers analyzed the statistics of men working in various
dusts they found that those working in rock containing
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Jarge amounts of silica were the anes who developed the
most extensive disease, the st rapid formation of fibrous
tissue. Gye and Kettle demonstrated that the soluble form
of silica was & tissue poison; that in high concentration it
would kill an auimal; that in weaker concentration it would
not kill but it would injure and that this injury was fol-
lowed by the formation of scar tissue, On this basis has
arisen the so-called solubility hypothesis to explain action
of dusts. It hag been assumed on the hasts of Gye and
Kettle's obgervation that crystalline silica dissolves in the

" alkaline fluids of the body and liberates poisonous soluble

silica which is responsible for the development of scar tis-
sue. It hay never been possible to demonstrate the solution
of silica in the tiseues for its proof is beset with technical
diffieulties about which M. Cummings will have more to
vay later, Therefore the solution hypothests still remains
unproven. In its support Relt hag called attention to the
observation that the number and size of sllica particles in-
side silicotic nodules apparently diminish with the age of
the nodule; that the older Lhe lesion s, {he fewer particles it
will contain. 1 ihink his work may be critielzed, for many
of the particles may hecome coaled with body fuids so that
they are no longer recognizable. However, if the tissue ele-
ments in a section of a silicotic nodule are destroyed by in-
cineration and strong acids the silica particles are readily
visible with polarized light. This is trug both of eavly and
of many old lesions, The morphologtenl avidence of solution
is of doubtful significance, We still have o prove then
that silica does dissolve in the body, However there s in-
direct evidence which indicatos that the sction of silics may
be chemical or physico-chemical in its nature. We know
that riot al) hard and sharp particles are equally injuglous
while typical silicotic nodules can be produced with‘g\:e
silica either in its crystalline form or in an amorphotis
state. We know that carborundum, a substance whose par-
ticles ave equally hard and sharp, does not produce the same
type of reaction, We know that aluminum oxide, about
which we will have  goad dea) to say later, will not produce
8 progressive fibrosis of the tissues. In fact aluminum
axide seems o be an inert substance which can stay in the
tissue for long periods of time without producing any
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in the same way as dust particles, Lodged in the ferminal
air spaces they will be phagocytosed by wandering eells and
transported fo the nearest lymphoid tissue. These foreign
particles differ from dust in that they are alive and capa-
ble of multiplication. As & consequence they tend to excite
& more rapid and more extensive reaction. In the lymph
nodules there is & new growth of cells similar to those seen
in silicogis. The continued proliferndion of these cells, re
sults in the formation of a nodule, or, in Latin, & tubercle,
Poisons liberated from the bacilli kil many of the cells in
the center of the nodule with the formation of & special
type of degeneration known 88 cageation, from its resem.
hlance to cheese. This degenerative process may extend to
involve the whole nodule, or at any time it may subside
and be replaced by lime salts which are attracted to the
area from the blood. The deposition of calcium indieates
that the tuberculous proeess is healing. Nob all of the
tubercle bacilli remain within the lymphoid tissue within
the lung, Some of them escupe through the lymphoid tis.
sues to the tracheobronchial lymph nodes. In this location
they produce more tubercles, The reaction here is usually
more extensive than that in the lung because of the previous
multiplication of the bacilli in the former location. The
formation of tubercles beneath the pleura of the lung and
in the tracheobronchial lymph nodes constitule the essential
reaction of ehildjiood fuberculosis, The lung tubercles may
appear in any part of the organ, but they are ugually found
in the middle zone. They may be single, or they may be
multiple,

Their outcome depends upon the number and the viru.
lence of the tuberele bacilli producing them. [f many fully
virulent organisms are inhaled, they set up a primary tuber-
cle such 83 has been described, but very quickly the infec-
tion spreads and becomes progressive. Often under such
cireumstances the outcome may be fatal within a few
months. More usuelly, however, only small numbers of
tubercle bacilli, perhaps attenuated by partial drying and
exposute to sunlight, are inhaled. In this ease the primary
tuhereles in the lungs and tracheobronchial iymph nodes
tend to heal, usually with the formation of & fibrous tissue
and the depotition of lime salts. Such healed primary focl
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of infection often persist throughout the life of the {ndl-
vidugl. They may be detected by the X-ray.

Even though they produce no apparent damage they exer-
cise & very definite effect upon the cels of the body 8 &
whle. The estublishment of the primary foeus renders the
hody partially jmmune to subsequent infections with the
tubercle bacillus. 1t can be shown experimentally fhat o
mich larget dose of tubercle bacilli is necessary to produce
effective reaction in a previously infected guinea pig then
ig required in & normal animal. Morever, the immunity
tends to slow down and render chronic the course of the
subsequent fubereulous infection,

4 second effect of this childhood fubereulous infection
ia to produce  condition known o8 hyper sensitivenese, This
is manifested by an inflammatory reaction when the animal
previously infocted s agin treated with tubercte bacilli or
its products. The familiar tuberculin test s en example

- of such hypersensitiveness, 1f & minute amount of uber-

culin is injected into a normal subject, no significant re-
action oceurs. But if the same amount of tuberculin Is fo-
jeeted into & person o an animal previously infected with
tubercle bacilli, & progressively increasing inflammation
makes jts appearsnce at the side of the injection. Such tu-
berculin tests ate used in surveys to demonstrate the amount
of infection in @ community, They merely indicate that
somewhee in the body there is & focus of infection. This
may be inactive and of no clinical importanice, or it may be
a progressive and dangerous type of {uberculosls, As far
ag the test is concerned, it simply indicates some previous
effective contact with the tuberels becillus, The frequency
of childhood infection varies with the environment. Among
the population of European cities, practically one hundred
per cent of persona above twenty years of age react to
tuberculin, In the United States the percentage i vari-
ously estimated from forty to ninety per cent, In rural
districts there are some groups which show very few re-
actions. In others they may run as high ag forty per cent.

3
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APICAL TUBERCULOSIS

The second recognizable form of tubereulosis of the lungs
is found in the apex of the lung, The relationship of this
disease o that of the childhood type is still debatable, The
infection at the apex may arise &s a result of spread from
the primary childhood foci or it may be due to 8 new in-
foction fram without, Whatever the Yource of the bacill
they tend to localize in the apex of the lung, The ressons
for this Jocalization are still unknown, and the various
theories offered o expluin them need not be discussed here.
Because of the influence of the primary childhood infection,
immediate reaction to & new implantation of bacilli in the
 apex of the lung is inflammatory in character. It eonsists
of & localized patch of pneumonia due bo the tubercle baeil-
lus. The extent of the reaction and the severity of the
attendant symptoms will depend upon the number of bacilli
localizing in the area and upon the degree of sensitivenass
to the disease, The Jatter factor is determined by the in-
terval elapsing after the establishment of the childhood
foei. The outcome of an apical tuberculosis may be local-
ized progression with possibly the formation of u small
cavity. Such a result might be expected where the dosage
of baclli is relatively small. Under favorable eonditions
such & lesion would tend to heal after a period of time, The
healing would be attended by the formation of considerable
amounts of sear tissue and the calcification of considerable
areas of degeneration, Contraction of the star tissue pro-
duces some deformity of the lung, and such changes are
readily visible by X-tay. The healed foeus may persist in
this condition throughout the life of the individual, neVer
giving him further trouble. As evidencs of this, one finds
that in doing routine autopsies on persons dying of various
causgs, apical scars are extremely common. It used to be
gaid that the lungs of ninety per cent of urban residents
would show such changes. On the other hand, an apical fo-
cus partially healed may become veactivated after a long pe-
riod of latency. The factors responsible for reactivation
are not well understood. When this occurs, the disease
again spreads locally through the air spaces, to involve
larger portions of the upper lung, and possibly o extend
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throughout the lung, 1f & small cavity ghould rupture into
2 bronchus, tubercle bacilli ure discharged into & position
from which they may be carried to the Jower portlon of the
lung. This brings us to & conideration of the final stage,
numely, chronic pulmonary tuberculois.

CHRONIC PULMONARY TUBERCULOSIS

The distribution of tubercle hacllli by the hronchial tree
may be confined fo the immediate vicinity of the old apical
tubereulosis or it may be disseminated throughout afl por-

{ions of the lung, The character of & new veaction pro-

duced in these locations will again depend upon the num-
ber of fubercle bacilli nvolved, and the degree of sensitive-
negs of the tissue, If there are many bacteria, and the
soil is highly sensitive, the reaction will take the form of
an acute broncho-pnetmonta, Clinically snd pathologically
this may simulate 8 pneumonia produced by other bacterta,
The patient may be acutely ill, and possibly die during this
episode. On the other hand, he may gurvive, and, if eon-
ditions sre favorable, mueh of the disease will resalve.
Sometimes large cavitios may be formed; at others the
disease heals with the formation of & considerable emount
of scar tissue, and more chronie cavities. If the number of
bacilli is fewer and the tissue ave fess sensitive, the resultant
disease produced by aspiration tends to be nodular in type,
accompanied by the formation of scar tissue and, some-
times, cavitation.

Hemorrhage i9 4 nob infrequent accompaniment of any
of these forms of chronic pulmonary tubereulosis. 1t may
result from the evosion of & large blood vessel which passes
through an area undergoing cavity formation, or it may be
due to oozing from minute blood vessels in the walls of

cavities,

MILIARY TUBERCULOSIS

This is so named because the tubereles seen are about the
size of the millet seed, Miliary tuberculosis s due to 8
distribution of tubercle bacilli by way of the blood atream.
t may oceur ag an accidental complieation of any of the

=
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ahove forms of tuberculosis, The organisms gain access o
the bleod stream either through the activity of migratory
calls or as the result of an erosion of & large blood vessel,
The bacilli will be distributed to portions of the body sup-
plied by the blood vessel involved. For example if rup-
fura occurs into & branch of the pulmonary artery, miliary
tubereulosis will develop in the portion of the lungs sup-
plied, I, on the other hand, there ia & riture into 8 pul-
monary vein, the blood will carry the bacill hack to the
left heart and thence to the other organs of the body. Fre-
quently they lodge in the brain and its lining membranes.
As » consequence, tuberculons meningitis is & frequent
complication of millsty tubereutosis. The onteome of this
disease again depends upon the number of hacilli involved.
Occasionally & very few organisms pass into the blood
stream and 5eb up only a few bubercles in various organs.
These heal without demongtrable symptoms. On the other
hand, where large numbery are poured into the circula-
tion an scutely fatal disease results which may terminate

within & few weeks,

SILICOSIS AND TUBERCULOSIS

Tt is well known that the silicotic individual is peculiarly
susceptible to infection with the tubercle bacitius. Clinical
investigators ate generally of the opinion that the infee-
tion is & new one from the outside acquired subsequent to
the development of the silicosis, but by animal experimenta-
tion we have been able to show that the inhalation of pugp
silica dust will light up and reactivate a partially healed
childhood type of tubereulosis in guinea pigs. Furthermore
theye are many cases studied by X-ray which suggest that &
partially healed apical foeus of tuberculosis hag been cauged
to spread by the inhalation of dust. In South Africa, Dr.
Ervine demonstrated severs) beautiful examples of such re-
activation by serial X-ray examination of the same individ-
uals, For several years men with apical scars continued o
wark in the gold mines with little demonstrable change in
their X-ray pictures. In time these areas began to spread,
and fnally the typical snowstorm picture of silicosis with
tuberculosis wag produced. Dr. Russell gave me an oppor-
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tunity to study some of the lungs from his Barre granite
cutters. The number of cases was too small for stabistical
analygis, but I found that in a few instances the tubercu-
losis was apparently extending downward from an old focus
in the top of the silicotie lung. Mot of the lungs, however,
showed an atypical distribution of the infection. The clder
infectious lesions where large cavities had developed were
in the Jower lungs and not in the apex. The latter group
I interpreted a3 due to infections acquired gubsequent to
the period of dust expasure.

In the laboratory we have studied the effects of inhaled
dust ypon tuberculous infection comparable to the child-
hood type of tuberentosis seen in man. We have net yeb
been suceessful in producing changes analogous to apical
tubereulosis which behave with sufficient constancy for ex-
perimental observation for either the disease would heal 80
completely that it would no longer be affected by inhaled
dust or it would remain so active that it spread in the con-
tro) animals with no dust exposure, I shall, therefore, con-
fing my remarks fo primary tuberculous infection as modi-
fied by dust inhalation, When such infection is produced
in normul guines pigs with un attenuated tubercle bacillug
of low virulence it tends to heal spontaneongly. A year or
two after infection most of the subpleural tubercles have
sither disuppeared or have been reduced o nodules of acar
tissue with more or Jess calcification. In the tracheo-
bronchial lymph nodes there s usually more evidence of the
infection. There is ordinarily no spread to the other organs.
Animals infected in thiy manner usually react positively to
injectians of tubereulin in the skin throughout the remafnder *
of their lives, indicating s persistence of some slight ac-
tivity of the infection.

If an exposure to quartz dust is commenced on the day
after infection with such an attenvated tubercle bacillus the
disease follows its usual course for four or five months when
rather suddenly the subpleural tubereles take on venewed
sctivity, The disease spreads locally through the Jung, and
small cavities develop at the site of the original lesions.
At the same time bacilli gain access to the hlood stresm and
are transpotted to the liver and spleen where progressive
tubereulosls develops, 'The result s & generalized chronie
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tuberculosis Which may last for two or mote years but
which ultimately terminates fatally.

If on the other hand animals with fully developed sili-
cosis are infected with attenuated tubercle bacilli an acute
form of tuberculosis is produced which kills them in from
one to three months. The cause of this alteration of the
tuberculous infection by the coexistence of ailicosis ia most
intetesting. In fact it was the observation of this phenome-
noit in human beings which atéracted us to Yhe problem.
Thus far it seems obvious that the dust itself does not in-
fuence the bacillos. If quartz or other dusts are added to
artificial culture media no significant changes in the rate
of growth of tubercle bacilli planted in that media are ob-
served. We as well as other observers have noted that in
quariz containing media the lag period regularly ensuing
before new growth starts s reduced, but this we believe
is due to & buffering action which silics is known fo poasess.
In other words the silica absorbs acids liberated by the
bacilli so that these substances do not impede growth.

Purthermore it has been discovered that the tubercle ba-
cilli recavered from acute or ehronie cases of silico-tubereu-
losia do not differ materially from those originally injected.
For examyle, a culture is made from an acute cavity in a
guinea pig with silicosis subsequently infected with attenu-
ated tubercle bacilli. These bacilli are injected into & normal
guinea pig. They produce anly non-progressive tuberculous
infection. The same result is produced if the ground up
Jung tissue of the animal with acute silico-luberculosis i

injected directly into @ normal unimal. Apparently nefther ™

the silica nor the silicotic tissue produces any permanent
change in the infecting tubercle bacillus.

We are forced to conclude that silica patticles excite
some change in the tissues which temporarily favors the
growth of the organism, Asa matter of observation it can
be stated that the tuberculous process does not begin to
spread until the degenerative changes begin to appear in the
silicotic nodules, We have interpreted these observations
to gignify that the degeneration of silicosis is the factor
responsible for the growth of the tuberele bacillus, Whether
this hypothesis will be substantiated by further experiments

remains to be seen,

Finally the property of stimulating tuberculous infection
seems to be specifieally assoclated with various forms of
silica. Soft coal and marhle dusts are without appreciable

. effect upon primary Luberculous fnfections with attenuated

bubercle bacilli. Asbestos, o silieate of magnesium, ciused
the tuberculosis to progress for a short time, but it soon
heals by fibrosis and rarely results in death, Granite dust
composed largely of the silicates feldspar and mica, with
only about 26 per cent of free silica retards the normal
process of healing of such infection. Prolonged inhaltion
of this dust will reactivate & partially healed primary taber-
closis in & few members of & large group of animals
Experience with human beings exposed to granite dust
would indicate that longer exposures than it has been pos-
sible to employ with guinea pigs might produce more pro-
nounced effects. Carborundum dust, the carhide of silicon,
hehaves in an unusual way which cannot be explained by
the fucts thus far in our possession. Although the manu-
facturers' analysia of this matetia) shows that it containg
less than one per cent of free silica, yek it is almdst ag potent
26 quartz in its stimulation of a tuberculous infection. The
only explanations possible at the present time are either
that the material contains more than the stated amount of
free silica or that the body can set upon this subatasce to
fiberate sitica in an active form,

The picture produced by the combination of Suberculosis
and silicosis is nol simply one in which the two conditions
coexiat side by side, but it is often that of & new disease.
The siliea particles and the tubercle bacilli may be arried
by the phagoeytes into the same lymphoid nodule. Both
exert, their effect upon the same tissues, and a Jarge nodulé:
having characleristics of both conditions is produced.i
Purthermore there is a greater tendency to diffuse reactions *
in the walls of the air spaces so that wide areas of the lung
tissue may become uniformly fibrous, The causation of
such reactions is often difficult to recognize, particularly in
cuses seen late in the course of the disease, Thia is true
both in the roentgenographic and in the postmortem method
of examination,

There has recently heen coniderable discussion of acute
silicosis which hay appeared after a few months’ or years’
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exposure in sandblasting, and pulverizing plants, and among
the manufacturers of abrasive soap powders. I have hed
opportunity to examine sections of the lungs of seversl sand-
blasters and pulverizers all said to have a silicosia pro-
duced in less than two years, Microscopically I have felt
that all of them have showed evidence of a complicating
tuberculous preumonis, but it is atypical in its manifesta-
tions. Dr. Kettle has told me that in the sections of acute
silicosis from English scouring powder mahufacturers
there was also evidence of such infection. Many of these
cases from both sides of the Atlantic were diagnosed as un-
complicated scute ilicosis by X-ray. Ido not wish to in-
fer that excessive quantities of exceedingly fine silica may
not produce an wnusually rapid form of gilicosis but I do
wish to emyhasize the fact that the tubereulous factor may
accelerate the dust reaction and produce a foxma of disease
which is difficult to recognize,

Another way in which the coexistence of tuberculosis
may influence the development of pneumoconiosis is through
its effect upon the lymphatic drainage system. Hesled
childhood infectious lesions often seriously damage the
tracheobronchial lymph nodes, Obviously lymph cannot
flow in » normal mazner into a node whose channely are
compressed and distorted by fibrous and caleified tubereles.
1f such an individual enters a dusty trade the accumulating
particles cannot be removed from the air spaces of his lung
25 in the normal person. Many of them must tend to be
held either in the air spaces of in the other portions of the
lymphatie system. 1 is my belief that such a man will de-
velop silicosis rapidly and that this may explain why some
persons may require forty years' exposure to granite dust
before developing significant changes in the Jungs while
others seem to accomplish the same result in four or five
or perhaps ten years. It has been claimed the “individus!
susceptibility" to inhaled dust is the explanation for these
differences in teaction time, but surely these words explain
nothing. Until we have more carefully studied evidence
from & large series of post-mortem examinations we can do
no more than speculate upon this subject.

In this connection, it i often sssumed that a group of
men exposed to a given concentration of dust will develop
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preumoconiosis in approximately the same time, For ex-
ample, in the old days of dry drilling fn South Africa when
no protective meagures were in force, the average period
required for the development of silicosls way four years.
Today when the wet process is in use and every precaution
is employed to reduce the dust concentration, the averoge
period is fourteen or fifteen years, Bub in hoth instances
there are exceptions, Some drillers heeome affected in less
than the average time and others are apparently immuze for
many times the average period. 1tiss mistake to assume
that such an entity as a normal human belng exists, He
may appear hormal and be able to earry on under the usual
conditions of environment. When exposed to unusual sur-
roundings apparently winor defects may render his body
quiite incapable of eoping with the situation,

Thus the evidence would indicate that inhaled silica dust
may either veaclivate and cause to become progressive &
pre-cxisting focus of lutent tubereulosis or it may favor
the growth of 2 new tuberculous infection from the out-
side. It may produce u new type of disease which is nejther
silicosis nor Lubetenlosis. T either cage the inference is
cloar that unusual care should be taken {0 prevent the same
person from inhaling both tuberele bacilli and siliea dust,

Tn South Afvica the method of excluding from exposure
to silica dust every person who shows detectable traces of
tuberculosis in any form is rigidly adhered o. Dr. Russell
and [ were surprised to find applicants vejected whose K-ray
flmy showed evidence of healed childhood tubercaloais
Others diagnosed ns “more brosia than weual” or what we
would cll “inereased prominence of linear markings” were
likewise refused employment, Men with obvious healed
upical sears were summarily rejected, Their experfence
with compensation costs has led them to ingist upon men
who ave free from every evidence of pulmonary tubercu-
lugis, uctive or inactive, which can be detected by X-iay or
physical examination,

This they are doing for their own protection, for they
have learned that sitica dust may transform an inactive
foeus into an dctive one. The patticular individual may be-
come incupacitated for work and elaim compensation,
Furthermore, when his infection becomes active he may ex-
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pectorate tuberele bacilli in the working places of the mine
and thus become a source of danger to his fellow workers
who are exquisitely suseeptible to the tubercle bacillus. But
even these measures are not pgoving guceessful, for tuber-
culogis is increasing though the silicosis rate is decreasing
smong the mine populstion. The reasons for these changes
are not apperent. But they are now recruiting their white
miners from the rurat districts of South Afriea raher than
from Europe, as heretofore, Such individuals have often
escaped previous contact with the tubercle bacillug, but if
they have developed lesions of infection they &re excluded
by X-ray examination. FPossibly the Miners Phthisis
Bureau hag erved on the side of apparent safely and has
introduced into its mines a generation with no immunity
(because of no childhood infection) to tuberculosis, But
fruly it would require more knowledge than we possess to-
day to determine from an X-ray film what primary child-
hood focus would confet the requisite amount of inymunity
and yet would not be activated by the inhalation of silica
dust.

PNEUMONIA

Throughout the world the incidence of pheumonia is ex-
tremely high amang groups exposed by occupation to dust.
Phis is true not only of silica but of many other dusts. Dr.
Russell can speak for the coa! miners, Among guinea pigs
exposed to dust, prieumonia has proved to be 8 terrible
seourge. Sometimes a group of 100 to 200 animals may be
completely destroyed and the whole experiment must be
repeated. It has been our experience that the pneumonia
rate s highest in guinea pigs exposed to silica but it is also
high where other dusls are involved.

{ believe this is a logical place to pause for & few tmo-
mepts. 1f I can answer questions now or if snyone else
wishes to discuss this phase of the subject I would be glad

to have him do s0.

Mr. KUEcHLE: 1 had an opportunity to go to Piteher,
Oklghoma, this June and Dr, Merewether found that a man
with ayphilis contracted disahling silicosis with the same
exposure in just half the time & well man did,
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D, GatoNER: Tet Mr. Cummings discuss that. Mr.
Cummings has been in Pitcher,

Mg, Waite; You spoke of infantile tuberculosis {rom
which recovery is taken and that those who are found to
have had that on application for entering & mine should be
climinated. If we follow that practice of elimivation of
applicants who had had that infantile tuberculosis, my fn-
formation is thut the infantile tuberculosls which has healed
is 0 prevalent that we would eliminate probably & very
large portion of our applicants and the guestion arises
whether we could follow that practice as o practical matter
and get the men for work,

DR Ganoner: T would like to discuss thet a little
further, Tam glad you brought it out,

Mg, Wicox: You said you wouldn't advise the taking
of those persons into industry which unduly exposed them,
not industry generally.

Dx, GaRoNgR: My Whit's point that g0 many of these
people would be inclined to show evidence of childhood n-
fection, purticularly among some labor groups, that he
wouldn't have anybody left to work his particular indusbry
if he excluded them, is a practical one, In South Afrlea it
was the practice to exclude alf such cases where evidence of
infantile infection could be demonstrated, but there they are
working with a population which had not been generally
tubereulized. Our experimental infections were more re-
cent and were not particularly well healed. The case is
different when you deal with & population long in contact
with white civilization. Among the older Buropean races,
for example, the adults probably carry these leslons which
are so completely hesled that they would never be reactivct
Many of them are sterile and they no longer contain tubefcle
bacilli, 1t would be & matter of judgment to determine in
the individual case whether & particular spot was liable to
break down or whether it wag not. If it consisted of a
amall deposit of lime salt not bigger than a huck shot at the
edge of the lung, one would certainly be inclined to disre-
gard it. 1€, on the other hand, it were as big as one's fin-
ger nail, not completely caleified, and sharply marked off,
one might consider that it was & potential source of danger,
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One would also have to take into consideration the type of
industrial population, the duration of time with which the
suspect might have had contact with tubercle bacilli and the
congequent amount of jmmunity that this group, or the
particular individual might be &(ely to exhibit. Thisisa
difficult point and one that one wouldn't care to answer
categorically, I admit.

Mg, WHiE:  Tn the northern section of the state where
our ixon ore mines are located, we depend very largely on
Finn labor and Northern European, Scandinavian. We are
Informed that those races have a much greater tendency
to tuberculosis than the ordinary American citizen. How
¢an we apply your rule with reference to that racel

Di, GARDNER: It is a dificult problem. [ think you
would have to decide the individual case on its merits and on
the evidence submitted from the tuberculin reaction and
from X-ray examinations. [ would not want to give you
s Manket rule that could be applied to every case. We
know that Finng do die of fuberculosis when they contract
it. Their tendency is & bad one, rather than & good one.
How to evaluate the factors of living conditions against
those of immunity created by previous childhood infections
ia the thing that would offer difficulties. Perhaps Dr. War-
field could help us in the discussion of this practical point.

Mg, WHitE: We are dependent upon local population
for our men. We cannot import them from other sections
of the United States. It is impractical. Hence our indus-
try has that burden, We have no way of controlling the
living conditions of those men once they go home, We can't
gay that they must live in sanitary conditions. We know
that the Finns are very much inclined not to live in sanitary
conditions, and yet under state laws we have no control
over it. So that it presents a practical problem as to
whether there are eertain limits in industries of various
kinds and I refer now particularly to our own, it may be in
others, beyond which we can't go. We may do everything
that medical science and resultant rules of the Industriel
Commission devolved and yet there is a hazard which we
cannot eliminate but which is incident to that work, Now,
that being so, the guestion i3 whether ultimately, I won't
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say today, the thought must come that having done all we
could, we should not then be penalized for that which we
cannot overcome, especially that racial tendency.

Dit. CARDNER: In the case of your Finns, they are & race
who have been long in contact with tubeveulosis, They have
less resistance, apparently, than some other races, for vea-
song which are not obvious. 1 think that you would be per-
fectly safe in accepting & man who bas 8 healed childheod
tuberculous infection demonstrable by X-ray who still re-
acted weakly to tuberculin, who was in other respecta phy-
sically fit, 1f there were any suspicion about this individ-
uals X-ray flms, if there were any hesitation in your mind
that his lutent tubersulosia was on the verge of activity,
he should be eliminated from the group, Furthermore, |
foe] that any contacts in the home should be yemoved from
your community, if possible. 1 realize tht this might be
very difficult, but if you find that there are people in your
community with open tuberculosis they might readily in-
foet 4 silicotic miner and the silicotic miner the hecomes &
carrier of disease in the mine and a digtvibutor of it to
other siticotic individuals, For your own protection it'be-
comes your obligation to hunt down every possible source
of tuberculous infection that you can find and eliminate it
from contact wilh your workers,

Mp, Wiicox: We have no law on that subject.

Di. GARDNER: You have no law, but I am simply out-
lining a situation which might exist. The solution of the
problem is ditlicult, 1 realize, but it must be solved subject
to local conditions,

Mg. DoE: Dr. Gardner, do you feel if 8 man reacted to
tubeteulin and the X-ray showed he was in pretty good
condition and he was rejected for that employment, might
that constitute black-isting in your judgment!

Di, Canoner:  They do il in South Afriea, because they
fee] that it is money in their pockets to do so. They have
the situation in much better control than we can possibly
expect to have it here. They have one industry and the
whole compensation scheme has been buflt up around that
industry. The whole thing is concentrated in one place,
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They have the Miner's Phthisia Bureau which has abso-
lute uthority to make examination previous to and during
the period of ocenpation. If the Bureau rejects an ap-
plicant for employment he is éxcluded; if it dingnoses pili-
casis during his employment he is warned and may Jeave
and aceept compensation in & lump sum award, He can go
to & non-scheduled mine, but he s not eligible to compen-
sation then,

Ms, Dog: Suppose you had a man with childhood in-
Section which we will say was & border ling whether he
should or should not be employed, and he was rejested for
employment in & foundry, would it be your view that that
would be black-listing o entirely justifiable on & medical
ground? .

DR, GaRoNER: If there is sufficient evidence presented
from the X-tay pictures and from a tubereulin reaction
that thia was & potential source of danger to the mén, ]
should think it would be perfectly justifiable to eliminate
him. _

D, WiLLis: 1 think it is preity near mandatory to do
so. It would perhaps introduce a menace to the men and to
the {ndustry. 1 think T would have to have more evidence
than the X-ray and taberculin reaction would pive. I would
wait & careful physical survey of the patient and & care-
ful evidence of the history. There are so muny factors,
{hat it impresses me that every industry and perhaps every
individual who comes up for review or for employment or
for relivement because of illness; every individual has to
be taken s an entity and that, it seems to me, is the biggest
problem here, both for industry to prevent more and more
infection and for the individual to be protected. I think it
is the most careful evaluation of the individual who is im-
mediately coneerned and it will go farther toward eliminat-
_ing a lot of tuberculosis in that perticular sort of industry

in the future than any other one way I know of.

Dk, GARONER: I do also,

Mr. Dok; Which is of greater importance from the
standpoint of the man, is it more important for bim that
he should be excluded for his fellow workmen & in con-
tradistinction from his employer]

]

DR, GARNER: | think it 1s more important for his fel-

Jow employe. He takes a chance with his own life. The

chaneas are about winety to one that his disease will get him
if he has tuberculosis and silicosis, 1f you had several hup-
dred employes working in sitiea dust and you should allow a
man with open tuberculosis or the one who develops open
tuberculosis, work with them you woutd imperil not only
{he one man, but all these others, No, I would say for the
protection of the many that the one man should he excluded.

Me, Kuecuie: Wouldn't that mesn in & community of
diversified industry the better eourse of procedure would be
not to accept the sugpiclous type?

Dk. GARDNER: That is what they have done in South
Africa. They have excluded people who Dr. Russell and |
felt might perfectly well be allowed to enter the mine end
expose themselves. They shawed very glight changes in their
X-tay, more fibrosis than usual, a8 we designated it, or per-
haps a latent or childhood focus or & widening in the
mediastinum conneetive tissue. But they could afford o be
strict for they had plonty of laborers and thelr source of
supply was not limited. Nevertheless it surprised us to find
out how very rigid they were in the enforcement of thelr
yequirements.

Mr Dog: If that was to be effective In a given commu- |
nity, whal would you udvise, u central clearing house for
infurmation of that kind?

D, GasoNeR: | believe very firly that such a program
is only workable with a central clearing house in charge of
qualified persons and with authority to make rulings from
which there ¢an be no appeal.  Without such an authorita.
tive board the plan cannol, work, because even medicel opin-
ion have been known to differ. The erux of the matter, of
course, is to find the men properly trained and qualified to
act on such a board.

Mi. TARRELL: Dr. Gardner, does your recommendation
to exclude 4 man from being employed who has evidence of
a childhood infection of tuberculosis apply to all dusty
trades, ot are you limiting that to any partieular type of
dust?
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Da. Gagpnen; No, T certainly would not exclude the
man that might work in pure alundum dust. We have not
sufficient knowledge about all Wpes of dust and their reac-
tion by any meaua; the surface of this subject has only been
scratched.

Mg, Tarpet: What do you say about such & man work-
ing in &n exposare of aluminum oxide!

Di. GARDNER:  As far a8 Lknow today—no, 1 don't know
anything about the effect of aluminum oxide upon tubercu-
logia. 1 know that aluminun oxide will not produce signifi
cant damage to the normal tissues, but 1 do not know wheth-
or it will alter the reaction to tuberele bacilli. 1do not think
it will, bat T have no proof. I have not yet had an oppor-
tunity to study its effects in this connection. There is 4
good deal of clinical information on the subject, but there
have been no autopsies reported.

Mg, TaregtL: Have you made any study of the effect
on the respiratory tract of shuminum oxide?

Db, Caoner: We have nob done inhalation experi-
ments. We have made some intravenous injections of alumi-
num oxide, sections of which T will ghow you in a few
minutes.

DR, G. L. Beuuis: I there any limitation to the amount
of aluminum oxide or to other so-called inocuous dusts that
can be cared for by lung tissue; does the amount of dust
and the length of time in which the worker has been ex-
posed have any effect on lung tisaue, in relation to causation
of disease, either meehaniesl or cherical?

Dr, Ganonen:  Within certain limits it has heen held a
small concentration of silica dust inaled over a long period
of time, would produce the same effect that a higher con-
centration over & shotter period of time. But this state-
ment has to be qualified, because with smeller concentra-
tions of dust the eliminating mechanism is more effective.
Tt is not thrown out of order so rapidly and & person can
handle very appreciable amounts of dust for a long period

of time.

D, Betuis: My question had to do principally with
dusts claimed by some to be inocuous dusts, for instance,

1

aluminum oxide dust, Is fhere any limit to the amount of
dust that the lung will take care of without damage fo

itself?

Dr. Carongr: | think one probably could create such &
heavy concentration of dust that an individual would suffo-
cate in it, but of course, such & condition would be unusual,

Mg, TageLL: s the process of elimination the same
with non-siticotic dusts as with the sillea?

Dk, GARDNER: o, probably not within wide limits. It
ane inhaled something less than a suffocating concentration
of dugt it would tend to pile up more rapidly in the lung
and would throw more and wore air apaces out'of com-
mission, not by fbrosis, but simply mechanical plugging.
The aubject would be apt to develop & chronic bronchitis or
possibly & preumonia. But I do not think that with very -
high concentrations of aluminum oxide pulmonary fibrosis .

would develop.

D, Witis: You have a more or less analogous situe-
tion with the centent industry, where it is quite well knowa
that huge clouds of cement dust running into hundred mil-
Jions of particles appear not to do any harm at all to the
individual inhating them. Twould like to give a case or two
that have come under my observation just recently, of men
who have been running emery wheels, Of course, that 18
the source, probably a source of aluminum oxide, emery
dust. It is quite important whether those wheels are arti-
filal or natural stone and of considerahle importance to
know the attendant substances. In Deteoit there have been
two young negto men 1 happen to know sbout who have
died, one after eight yeats of dusty work in running an
emery wheel and one after six years' exposure to emery
dust. One of them had symptoms for & little over a year
and one of them thee or four months. There is no proof
o all that emery dust, sluminum oxide, was what had
cansed his silicosis.  He obviously had pneumoconioads, but
there wasn't any proof that dust had done if, because there
was no way of finding out the environment that had sur-
rounded his cccupation and that had been in attendance in
his early occupational life. It seems to me over and over

‘
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Mg, TARRELL: Now, sssume that with the aluminum
oxlde dust you have a certain percentage of metal. dust,
iron dust, how would that effect your answer as o the
susceptibility?

Mg, Cummings: We have very little evidence of re-
action produced by iron dust itself. More significant would
be the small percentage of silica over & long time. I feel
that the best criterion for the action of any such dust would
be the evidence of pulmonary fbrosia on & good roent-
genogran,

Mg, TaneeLL: What do you mean by saying there I8 no
evidence a8 to the effect of iron upon the development of
tybercle bacilli? ' ‘

Mg, Cumpings: 1 mean by that metallic iron,

MR, TARRELL: Isn't it a fact developed by experiments
in Europe that iron favors the growth of tubercle hacilli?

Mg, CumMiNes: Yes, there have been some recent re-
ports on that.

M. TARRELL: They all indicate that iron favors the
development of the tubercle, does it not?

M. CummINGs: Yes, with an experimental infection in
expetimental animals any foreign bedy, with its resultant
irritation, may tend to make the infection more active.
However, the conditions of experimental infection are quite
different than those in man. I would rather have Dr.
Gardner answer that question,

Mr, TagreLL: You ave familiar with the experiments
conducted by Dr. Calmette?
© M. CusMings: Yes,

M. TarreLL: Divector of Pasteur Institute?

Mg, Cummings: Yes.

Mg, TARRELL: What did his experiment disclose?

Mz, Cummings: His experimental work has been quite
extensive,

Mr. Tagreil: T mean his experiment work as to iron
favoring growth of the tubercle bacilli
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Mg, Commines: [ think you refer to the fact that
ivon salts in small concentration were added to the medium
on which tubercle bacilli were grown, Long, In this coun-
try hug also made the same obsetvation, Small percent.
apes of iron sulls seem to favor growth of tubercle bacilli
in test tubes, However, conditions of growth in teat tubes
and those present in the body are not to be compared. Fot

instance, the experiments to which you refer show thet ¢

small amount of an iron salt will increase the rate of
growth of tubercle bacilli in the test tube, whereas dou-
e or treble that quantity of ivon salt will definitely inhibit
growth, There is then a very definite concentration which
seems to be beneficial for the growth of Qrganisms,

Mg, Tanrett: T think that is all

Mg Dok: Mr. Cummings, may I ask you one more

question? In your previous answers with regard fo the
number of million particles you said in angwer to one
question that that was under ten microne in size and over
what size? In the Barre, Vermont survey what did they
use in that regard?
M. Commincs: The Barve survey was made with the
technique used by the Public Health Service and as [
pointed out yesterday it is our impression that for all in-
tents and purposes particles above two miczons and below
ten were included. From a physical and mathematicel
standpoint 2 micron particles are about the smallest size
visible with that technique, Consequently, the measure of
dust concentration used incladed particles within that
range, from two to ten microns.

Mi. Dog: Everybody knows that there could be more

particles per cubic foot of air. Where there are particles
you can see there must be particles you can't see,

Mg, CumMINgs: That is right.

Mi. Dog: 8o that in giving your estimate as to whal ig
 safe atmosphere over & long period of time you mean five
million particles more than two microns in pize and less
than ten?

Mr. Cusmings; Yes, on determinations made by
technique aimilar to that ueed in the Barre survey,
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Mn, Dog: And if another technique were made by which
the smaller particles were also counted, as T understood
your graphs yesterday, that would approximately double
the number of particles!

M. CummIngs: 1t might increase it by more than
flouble the number given. However, that would be taken
into consideration by the use of & conversion factor. It
would not increase the actual hazard,

Mg, Dog: The hazard would be the same if you counted
by the other method?

M. Cummings: We would simply be using 8 different
ruler with finer divisions,

Mg. Dog: That is all,

Mgt. Kugcuig; Is there a different correlation between
particles discovered by the light field method and the dark
field method?

. Mp. CummiNGs: At the last conference of the people
myolved in dust counting it was agreed that we would ob-
{ain conversion factors for changing over from the bresent
technique to the new one if it were justified.

Mr, Kugcnig: Have there been any definite figures de-
termined?

Mg, CuMMINGS: There have been,

Mg. Kuecurg: What is the correlation a3 near as you
know today?

Mg, CusiMiNgs: I would rather have Bloomfield answer
that,

Mp. Kugcuig: [ undetstood from Dr. Gardner's state-
ments yesterday morning that particles above ten microns
probably do not get into the peripheral air fields of the
Jungs., ‘

Dr. GARONER: With the exception of the long fibres of
asbestos which may go down endways,

Mg, Kugchis: Would you also say that particles be-
lqw three microns were infrequently discernible in those
alr cells?
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Dk, GARDNER: My discussion on that subject was one

with reference to the advisability of revising our counting

methods, Tt has been granted that while thege small par-
ticles might easily penetrate into the terminal air spaces
of the lung, sume observers helieve that ciliary action would
tend to curry them out again very quickly so that they
would not remain and I said we hoped to carry on experi-
ments fo prove whether thig were true or not, If it were
{rue that these very small particles which have heen shown
{0 be 5o extremely active were retained in the lung, then it
would be necessary to revise our technique to meusure the
hazard so that we may determine how many of these very
small ones ware present in the industrial atmosphere.

Mo 'KuechuE: Would that then mea, Doctor, that at
the present time when you talk about dust concentratlon ab
any point that you always designate the method that was
employed in the dust counting so that we may definitely
limit the size of the particles between maximum and

minimum?

Dr. CAroNER; Of course in most dust investigations
ot the present time the bright-field illumination is being
employed, and it is to be assumed that up to the present
time at least, il dust counts have heen made on this basis,
I our experimental work we would certainly report that

we have used the dark-feld,

Mp. Tanrenl:  In the article published in the Amerlean
Review of Tuberculosis in 1922 and 1028 you reported an
‘experiment with granite and marble dust being injected in
puinea pigs and then after exposuré o the granite and mar-
Ule dust for & year you infected these gulnea pigs with
tubercles and reported what that disclosed? Do you re-
member what that was?

D, GARDNER: That paper to which you refer wag one

+ entitled “Renctivation”!

© Mp. Tamren: Yes

DR. GARDNER: In that case you have the cart before
the horse. This reactivation experiment was one in which
infection was given first and not allowed to heal and sub-
sequently at infervals after the infection, dust exposure
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wag commenced, In that experiment we discovered that
marble had practically no effect in reactivating 2 latent
tuberculous infection but that granite was much more po-
‘tent and I don't recall the percentage of animals but & good
number of them did reactivate their tuberculosis and caused
it to apread,

MR, TarpeLL; Well, a8 T remember your article, a cer-
tain percentage of animals were not given the dust and
you guoted your figures in non-dused animals as fifteen
over different intervals, It remained the same and after
giving the tubercles to these dusted animals it Increased.
The fivst chatt in granite was 61; the second chart 94, and
the third chart 102,

DR. GARDNER: You refer to another paper. I have for-
gotten the year of its publication. In this experiment the
infection was given foday, let us say, and dust exposure
was commenced immediately so as to allow the dust to act
during the period of development of tuberculosis, Under
these circumstances we found that the number of tubercles
developing wag proportionate to the irritating properties
of the dust itself, There was a slight increase above the
norma) controls in the series inhaling marble dust, There
wag & greater increase in the series inhaling granite dust,

Mg, TARRELL: There was an increase from 16 to 62 over
the normal control to the marble administered?

DR. GARDNER: Yes.
MR, TARRELL: And 15 to 102 in the granite?
Dr. GARDNER: Yes,

Mg, TaggeiL: That is all

Dr, H, 8, WiLLis, Detroit Health Dept,, Northville, Mich,
There are quite a number of items on the agenda on

which some of ua will talk at length, and others which .

other members of the group will discuss at some length,
Dr. Gardner has already given you a very clear exposi-
tion of the anatomical relationships underlying the devel-
opment of peumoconiosis and I would be inclined to pass
over that entirely because he has covered it thoroughly.

1t ig well to bear in mind the fact that a normal, healthy

" npper resp
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iratory tract Is very eficient in withholding dust
from the lung, and the best evidence that we have, which
is not as yet absolute, would have you belfeve that per-
haps not over 26% of the dust in the sir reaches the alveoli
of the lungs. That is so when the defensive mechanism in
the upper bract is intact, ‘This may pa serlously damaged,
of course, with anatomical defacts or with mouth bresih-
ing, or it may be overburdened with huge amounis of
dust. As o the pathology itself, Dr. Cardner has so thor
oughly covered the question that there tsn’t much to add
exceph to emphasize one or two points further.

He has told you the parts of the fung that are ordinazily
involved: namely, that pneumoconiosia ia primarily & die-
eage of the lymphatic apparatus of the lung; that it con-
cerns itself with reaction in the Iymphaties and in the
lymphoid tissue, masses of which are distributed along the
arteries, veins, and bronchi, particularly af the points where
those structuves divide, He has told you also that dust
tends to accumulale in the lymph nodes &t the root of
the Jung, the tracheobronchil Iymph nodes, and that, in
general, afler the lymphatic apparatus ig more or less in-
volved, the disense manifests itelf in the more central
portions of both lungs, usually & little more on the right
(according to many observers, particularly roentgenol-
ogists). The disease manifesty itself bilaterally in all por-
tions of the lung except the extreme apices and the very
hases, and there are many intanices in which the entlre
jung 8 involved. Tle also mentioned the fact that early in
the provess of exposure the pleura and peripheral parts of
the lung are involved and that there is some evidence to
point to an anatomical basis for the localization of the dust

in the pleura.

When one takes o dust-containing lung out of the body
and looks at it, one from either an experimental animal or
o human being, he will nolice that the dust is arranged in
a rather definite manner, a rather definite pattern over the
pleural surface. There may be elongated lines and’dots
or & series of dots and lines, There are polygonal areas
of dust under the pleurs, that correspond to the position of
the Iymphatics as they course through the pleura and 1t
cortesponds also to the outline of the finest diviglon (of the
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anat9mical unit) of the lung, according to Mitler of Wis-
consin. .This anit or lobule is a structure with a border of
lymphatics as its limit. Lobules are thus set off from one
ano'ther which have bronchioli near their center that pass
peripheralward from the deeper portions of the lung. The
tendency for dust to be deposited in these limiting areas is
based possibly on two anatomical facts, The first is the
ffsct that the bronchiolus sends its divisions in all direc-
tions, and that those which pass toward the edge of the
]ol?ule meet similar cnes from neighboring bronehioli in
neighboring lobules. Any dust in the air in these passages
is likely to become trapped in these terminals, A second
factor which may contribute o this deposition of dust lies
in the existence of masses of lymphoid tissue which nor-
mally lie in these regions and which act as it filters,

I wonld Like to have you bear this in mind too, that the
physiological and anatomical mechanism which localizes
dus‘t in these various areas of the lung is the mechanism
which transports and localizes tubercle bacilli a3 well, so
t'hat tuberele bacilli are inclined to be carried and deposited
in the same anatomical areas in the lung as is dust.

Two points about the pathologieal reaction! First, as
pr. Gardner has amply emphasized, the reaction is essen
tially a fibvosis, and there has recently been a number of
contributions in the literature which point out the faet
that, if there i8 an alkali in association with silica dust,
the results are lkel to be very devastating; that an alkali
inhaled with silica will stimulate the formation of fibrosis
to & very remarkable degree.

The second point about the pathology which we ought
to remember is that it is a progressive affair. A good
many of you are familiar with the report of Watkins-
Pitchford from the South African mines in which he gives
an account of miners who left the mines for service during
the war, When they left the mines, they had no signs of
silicosis, They were in the war for four years and came
back to the mines when & number of them had very defi
n'itle roentgenological evidence of silicosis, In other words,
silica was there and in the intervening four vear period it
had stimolated the formation of recognizable reaction in
the lung. Another evidence of ita progressivenesa has been

121

brought out by Dr. Russell and co-workers {n their study
of granite workers in which he analyzed the records of
quarrymen who had left the grunite industey. Of that
group the average age al death way something like 51
yeurs, The average duration of occupation in the mines
or quarries had been about wenty-two years and the aver-
age duration of time between discontinuance of occupation
and death was something over eight years, but the whole
group had silicosis and nearly 8l of them tuberculosis as
well: 5o, although the worker Is removed from his dusty
occupation, the tendency of the disease I to very definitely
he progressive.

On the contrary there is & cutious fact in connectlon
with this observation, Jarvis observed that, during a pro-
longed strike among granite workers, there was appar-

“ently a recession of preumoconiosis.  Also in South Africa

physicians assume that the reason the colored workers
(natives) do not develop as much pneumoconiosis or sili-
costs, and do nol develop it 5 readily s the white werkers
do, s because they work intermittently. 1 do not know
how one cun reconcile those two facts; on the one hand
progressive diseise in o large number of instunces goes
on down Lo denth, although exposure has ceased; on the
other, ntermitlency uf employment appears {0 gtay the
disease, 1t is o puzzle but 1 think it should be mentioned.

The next ilem on the agenda is & question of terminology.
When Zenker used the term pheumoconiosis he derived it
from the Greek and uimed it to be & term to include any
effect of dust on the Jungs. Since then it has been an in-
clusive ferm and the terms ilicosis, aithracosis, siderosis

und so on have been used properly to designate a certain
sort of pneumoconiosis.

When one comes to talk about tuberculosis and preumo-
coniosis, one s simply floored because one hardly knows
where to begin. It I8 a large subject and one which may
be discussed from & greab number of angles. Think of tu-
Lerculosis first as a very protean disease which may at-
ok alt classes or ages, und al tiasues of the body, It
may be acute or chronic. It is difficult to catalogue any
discase which is as protean in its nature. It is u disease
oo full of clinical and pathological irregularities that exact
placing of it muy be an excoedingly diffeult matter,
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However, there are three factors that we might think
of in respect to relation between pnenmoconiosis and fu-
berculosis and with respect to ihe effect which pneume-
coniosis has on this infectious disease, In the first place,
the well recognized #ncidence of tuberculosis in silicobics;
it is high: the number of people with eilicosia who die
and st autopsy (not just on the death certificate, but at
autopsy), show tuberculosis is sufficient evidence to link
the diseases causally and very definitely. Yet much of the
data that we present from time to time on the death rate
of tuberculosia and pnenmoconiosis i3 open o serious eriti-
cism, because it is based on death reports, A very good
example of that is seen in some work that was done ten
years ago in Connecticut relative to the death rate of axe
grinders, It was reported that 1000 per hundved thou-
sand employed died early of tuberculosis. Drury, who
made that report made a perfectly plain statement that his
diagnosis of tuberculosis was taken from death reports only
and that it included quite & hodge-podge; anybody dying of
phthisis, anybody dying of what was known as consumption,
anybody who died of what was known as “miner’s phthisis”
or “grinder’s consumption"; anybody who died of tuber-
culosis: he took the whole group and called them tubercu-
losis, and in that group there was not one single reported
death as being due fo pneumoconiosis alone. T think that
gives you & very good reason for being suspicious of such
data when we know that pneumoconiosis must alone pro-
duce many deaths, and many of which are attributed to
tuberculosis alone. Such work emphasizes very clearly the
high incidence of mortality from pulmonary disease among
groups who work in dusty trades or in axe grinding, but
it does not prove that those peaple all have died of tuber-
culoais,

However, the high incidence of tuberculosis proved to
be associated with pneumoconiosis is sufficient to indicate
that the infection comes very frequently as a complica-
tion. ‘

Experimental data proves the same thing. The data
which the sections and lantern slides Dr. Gardner and Mr.
Cummings showed yesterday pointed out how common or
¢agy it s for tuberculosis to undergo exacerbation or to
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lie increased in amount in the lmgs that have heen made
silicotic.

In Toronto there is some work going on which hags not
yet been veported, to the effect that the addition of silia
lo media in which tubercle bacilli are grown produces &
defimite increase in the growth of these bacilli, The same
media without uilica grows tubercle bacill at & given
rate and when silics has heen added the growth s enhanced,
That, of course, is again a test tube experiment and is not
to be carried over bodily fo clinical obeervation, but it is
1 fact worth mentioning,

A Voucg: You mentioned silicn heing added o the test
tube? '

D, Wittis: Silica. 1 understand that it fs erystaline
silica although I have no specific knowledge of this.

A Vorcs:  Sitica increnses the prowth?

i Wieis: Yes. Many other substances do the same
thing; iton does it in certain concentration, for instance,

Do the dusty which fail to produee demonatrable pneu-
moconiogis produce an effect on tuberculosis? That is &
question of great importance, It is & question to which
there i3 no absolute answer, In general one would say no
to this question. At leust there is no proof that dusts which
fuil {0 produce pcumoconiosis or fail to produce fibrosis of
the lung produce any susceptibility to tuberculosis, The
only twa types of dusts, so far a8 we know, that do produce
pucumoconiosis are crystalline silica and asbestos, whlch
lutter i a silicate. Aside from those two dusts, there 18
no proof that any one predisposes to the development of
tuberculosis. Certainly in many dusty ndustries the death
rale from tubereulosis is not appreciably increased over that
for occupied persons of comparable ages I shoutd Iike to
mention one or two experiments that were undertaken in
this connection, with inhalation of dusts which do ot pro-
duce pneumoconiosis,

Cuinea pigs were exposed for something over a year to
soft coal dust in great concentration and then were injested
with buman tuberele bacitli which had a known virulence;
they were infected along with & group of animals which hed

b
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had no dust, There was no material difference in the
amount of tubereulosis which developed in those two groups.

Then for something over three years we exposed a large
group of guinea pigs fo what was essentially silicon car-
bide (one of the dusts from the Norton Company). We ex-
posed them to extraordinaty heavy clouds, often containing
aver one hundred million particles per cubic foot, often in
clouds 5o thick that you eould hardly see the animals as they
sat at the bottom of the apparatus. We exposed them for
three years for four or five days a week and six to elght
hours & day and then infected them with tubercle bacilli of
known virulence, along with normal, non-dusted animals
and in the dusted animals there was no increase in tuber-
culosis, The degree of tuberculosis in the two groups was

quite the same, 1t should also be said that, in both these.

experiments, we were unable to demonstrate any evidence
that fibrogis, any evidence that pneumoconiosis had been
produced by those two dusts. I mention them because [
think you would like to lay themw, in your thinking, along-
side these experiments of Dr. Gardner, with dusts which do
produce & preumoconiosis and have a deleterious effact on
tuberculosis,

Now, in thinking of the effect of dust on the lungs, of the
formation of silicosis, we have af least three factors to con-
sider, One, of course, is the percentage of sificn in the dust
and another is the emount of the dust, It is obvious that,
if silica is only ane or two or three per cent but the dust is
of sufficient concentration, workers may possibly acquire
enough silica to do damage. In practical experience, how-
ever, it hasn't worked out that way in the cement industry
where free silica exists from one to five or six per-cent and
where the dust is in very great concentration, One needa
to get no nearer than a half mile to a cement plant to real-
iza how intensely concentrated the dust is. Those peaple do
not, develop any serdous grade of pneumoconjosis and they
certainly do not appear to be predisposed to tuberculosis,
On the other hand, pure silica may be present in dust to the
extent of 60% or more without leading to serious effect on
the lungs, provided the concentration (the dust count) i
low. So hoth those factors must obviousty go together.

A third factor, namely, adulterant dusts, has been men.
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tioned, not in this conference, but quite & number of $imes
elsewhere. Haldane brought it up fifteen years 8g0 and
Mavrogordato has played it up as has Heffernan of Eng-
land. That is the question of the effect of inhalstion of
silica to which some other dust has been added. Clay, or in
some instances, coal dust ia suid to either cause the silica
to vemain in place in the alveoli and not be tgansported to
the lymphatic system very readily or to facilitate its rapid
elimination. Theoretically that ig & very {mportant con~
sideration. Of how much practical value this procedure
might be remains undetermined as yet Certain facts In-
dicate ite inutility. The only industry in which it has really
been put to test over & long period has peen that of the pot-
tors, There is 4 great deal of clay of many sorts in potter’s
dust and there s also a varying amount of silica dust, but
potters develop preurnoconiosis slowly and progressively, ir-
respective of the presence of clay dust, 'The question of
these adulterant dusts is one that should be thought of and
worked on & great deal more than has been done up to the

present time.

The next point in the outline is the effect of dugts on
non-tuberculous diseases. 1t {s well known and admitted
Ly everyone that the morbidity rates and mortality rates
from respiratory diseases in people working in the dusty
irades is higher than it is amongst occupied males of the
same age groups in other industries. I hape Dr, Russel
will develop that point more. His group has emphasized
the fuct that, nmongst pneumoconctic people Wha subge-
quently develop tuberculosis, there is, for & while before the
tuberculosis appeurs, an increase in the amount of ap-
parently non-tuberculous pulmonary diseases. What the
factors are in this increase in the morbidity and mortality
rates among dust workers one doesn’t know, Some of them
are unanalyzable. There are certain known factors, such as
low economic scale of living, particularly In gangd blasting
and trades in which pay is relatively low. The peaple live
in unhygienic surroundings, On the confrary the skilled
workmen in the granite fields have unusually good wages
and good savitary surcoundings and living conditions.
Amonig coal miners excessive drunkenness exists, That may
or may ot play a part. It certainly might easily contrib-
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ute to the incidence of pneumonia which i high. These
are still questions on which we cannot give any very
definite fnformation, but people in dusty trades-do have 8
high incidence of pulmonary disease; that i8 granted,

What are the effects of dusts which do not produce pneu-
meconlosis—the effect on tuberculosis and other disenses?
Well, those are uncertain factors, uncertain quantities, It
has been claimed, for instance, that, in 8 -group of tohacco
workers in the Mannheim District in Germany, the incl-
dence of tuberculosis is very high; thia has been attributed
{0 tobacco dust, but {nvestigation reveals essentlally these
tacts—that people entering that particular industry are
physically weak people, largely because the work g lght
and the pay small, and the vigorous, healthy people seek
employment which gives them a better income than this
partieular occupation would. So the group that elects this
particular industry are physically helow par and this,
coupled with the fact that the income is low, hag been given
aa an explanation of the high tuberculosis death rate, Those
are the facts that have been evaluated as & cause of the
higher death rates from tuberculosis. There is & good deal
of sthma amongst the workers, coal miners &b times, and
eapecially among workers in the vegetable dust, as well as 2
high incidence of tumor in certain (eyman mining districts.

This brings up another question which is of some im-
portanice, because on at least three occasions it has been
reported that acute disease in large numbers of workers
has followed exposure to vegetable dust. It hes been shown
in each fnstance that fungi or other infectious material has
been cartied with the dust and that the inhalation of quan-
tities of Jiving infectious material hag been respongible for
the disease in question,

Thete has recently been a very interesting and significant
development of a new disease amongst workers in the woods
of Northern Michigan, It represents a new industrial
hazard which is & product of the depression, Many Jogs at
the lopging camps have heen allowed to lie about for two
or three years, and, as the men have worked the ald logs,
they have found a very fine, almost impalpable powder of
black-brown color lying in huge amounts between the bark
and the body of the tree, This arisgs in great clouds when
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the hark Is removed from the log or when the log is sawed,
Quite  number of those people have developed evidence of
pulmonary disease with physical and rentgenological signs
that suggested tuberculosis of oo acube gort, Their symp-
toms, however, were predominautly these of asthma and
bronchitis. Those men, nearly fifty of them, have been put
into sanatoria, and all of them have got well. Now, the up-
shot of the whole thing has been that examinatfon of the
sputum has failed to reveal tubercle bacilli but has veveakd
a fungus. Examination of this fine powder has found it
to congist solely of pure culture of spores of this parasite.
Tn the ordinary process of the indusbry the logs would xot
lie uround long encugh for this fungus to grow, hut a8 they
have not been used, the hug hag an opportunity to grow
and this proguct, this fungus, this spore, produces in the
jung & very definite pulmonary digense, which, fortunately,
clenrs up promptly after vemoval of the cause. It has been
reported by Dr. John Towey, and it has been auggested thet
it be named Towey's disease. It points out this fact, that, in
association with vegetable dusts, there may well be infec-
tiols materials, which may be responsible for disease.

The next point on the agenda is roentgenological evidence

" of silicosis. 1 do not pose a8 an expert in roentgenology

and, with a few brief remarks T am going to pass thet over
o Dr. Russell, The classification of gilicosta tnto groups or
stages, one, two and three, has heen protested against
vigorously by a number of voentgenologists, particularly by
Pancoast and Pendegrass. They have felt that, inasmuch
ag the different industries are assoclated with different
fypes of pneumoconiosis, those stages do not apply. The
ordinary grouping that has been described hag been that In
assoclation with rock dust (quartz). The first evidenee
ig simply & haze (especially in asbestos {s) throughout 8
fairly large area of the pulmonary field, usually bilatersl,
and this in  film whieh may show (1) widening of the
medinstinum, (2) accentuation of the linesr markings, (3}
fine fibrous lines, and (4) fine shadows in the periphery of
the lung. As time goes on, 8 degree of nodular predomin.
ance appears s0 that these little nodules {lymphatic
nodules) become enlarged and appear on the film as opaque
shadows which have been deseribed a8 gnowstorm appear-
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ances. A little later there is fusion of many of the snow-
storm like nodules and an inerease in the amount of diffuse
fibvosis, both of which may lead to consolidated areas that
are sometimes quite large. These definite opacities appear
in the film. 'Then finally when tuberculosis superventd
masses of consolidation become more conspicuous. It 1s
quite difficult to separate a patchy consolidation of simple
" pneumoconiosis from that in which tuberculosis has super-
vened, It should be borne in mind that silica dust in its
various forms leads to differing roentgenological appear-
ances, In granite cutters, for instance, thickening of the
trunks, widening of mediastinal shadows, increasing den-
sity of shadows in the parenchyma all appear without the
nodular, snowstorm shadows.

I am not going to say more about roentgenological feat-
ures because Dr. Russell will speak to you shortly and will
undoubtedly diseuss this question. One might raise a ques-
ioh in connection with roentgenological features of gili-
cosis. Can onie make & diagnosis of pneumaconiosis in the
absence of roentgenological signa? This question comes up
to physicians quite often end it is 8 question that a phy-
sician is really in difficulty to answer. 1 should say “no” to
that question because, unless there ia roentgenologleal evi-
dence of pneumoconiosis, there is absence of the charae-
teristic symptoms of the disease, This question has been
up in South Africa and committees have made certain re-
quirementa for the diagnosis of silicosis af autopsy, In
South Afriea there must be & macroscopic nodule, at least
one nodule, In every four syuare ema. of lung tiasue, This
may vary, depending upon whether the lung is distended or
contracted (fbrotic), bub it indicates at least that there is
an effort being made to require definite evidence for the
diagnosis. If they do that in South Africa and make such
a requivement for the autopsy dingnosis, it seems logical to
assume fhat one cannot make the diagnosis in life unless
some definite criteria avail. As to the differential diagnosis
between pneumoconiosis and tuberculosis, there are algo cer-
tain difficulties. Physical examination is important, His-
tory is important. T am not going to dieuss it because Dr.
Russell will consider it, T am sure. Physical examination 18
of the greatest importance in evaluating the status of the
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patient. Occasionally miliary tuberculosts of the lungs Is
diagnosed 4s pneumoconiosis because throughout the puk
monary field miliary tubercles are seattered and these ap-
pear as innumerable little dots and points or opacities.
Miliary tuberculosis or pulmonary carcinomatosis (n very
rure disease) must be carefully differentiated from pney-
moconfosis, 1 have a case in mind just now that may illus-
irate that fact. A young mau of 21 had worked two years
in emery dust, polishing headlights in one of the Ford
plants, He reported that the dust was so thick that he
could ot see his neighbor who stood two or theee feet
away, He worked in that dust daily for two years before
he had & hemorrhage, which is not common in pneu-
moconiosts. He came for examination which was equivocal.
X-ray showed a snow-storm appearance that looked ke
very extensive pneumoconiosis. His sputum continued to
be bloody (which is not like preumoconiosis), and finally
tubercle bacilli were discovered in the sputum. He de-
veloped a cavity in the lung, was treated by pneumothorax,
and in the course of & year and & half his go-called sili-
cosiy disappeared from both lungs.

We ll know the symptoms and we know that, when tuber-
culosiy supervenes in the course of pneumoconiosis the
patient beging to feel il Heretofore, he had not felt very
hudly. A little shortness of breath and & little cough were
present, but he had hud very few symptoms. But now
tuberculosis begins, and he is very likely to lose his appe-
{ite; he is very likely to cough and expectorate and to Jose
weight, and he feels quite weak and Jethargic, Such symp-
toms appear eventually in the late stages of uncomplicated
preumoconioss, particularly when the circulation and the
heart begin o lug, but only in full blown cazes. The physi-
ca} signs help a good deal. When tuberculosis occurs there
are Tales in the chest, whereas the chest g alinost always
dry in simple preumoconiosis. A very important factor in
{he diffcrentinl diagnosis is examination of the spubum.
Sputum should be looked at over and over and over again,
if there is any suspicion that tuberculosia may be present.
It is only in that way that the diagnosis may be made in
many instances.

There are a good many more pointa in this outline, Noth-
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ing hag been said about prevention, but Dr. Russell and Mr.
Bloomfield are in 8 much better position to diseuss those
featurey than I am.

MR, Witcox: Have you any view on the matter of con-
centration of dust? 1 speak of it because we are developing
a dust and fumes code in Wisconsin and we have & number
of our members here,

De. WiLtis: In general it has been shown that & con-
centration of 200 to 250 particles per cc. or fivie to eight mil-
fion particles per cubie foot are within limita of safety. That
means particles below ten microns in diameter.

MR, DoE: What percentage of silica?

Dp, WreLis:  In a question fike that the important thing
is the type of dust. We know perfectly well that one hun-
dred million particles or possibly two hundred million par-
ticles of cement dust does little or no harm, bub we know
that one-tenth or one-twentieth of that amount of silica may
do considersble harm. So in any diseussion of the limita-
tion of numbers of particles, we must obviously consider
the type of dust as well, T think it is safe fo say that five
million particles of silica under ten microns fall within the
realm of safety in any practical circumstances, even if the
silica be present in 85 or even 50% strength.

Mx, Dog: I it is agreeshle to you and to Dy, Willis, I
would prefer not to ask any more questions until Dr. Rus-
sell has talked, because many of the things I might ask him
would be quite fully covered.

Mr. Witcox: Would that be agreeable to you, Mr.
Tarrell?

Mg, TargeLL:  Yes, aurely.

Ma. WiLcox; It is Dr. Russell's wish that Mr. Bloom.
field take his part on the program before Dr, Russell dis-
cuses this matter, If that is agreeable, we will have Mr,
Bloomfield at this time.

Mg, J, ], BLooMFIELD, Sanitary Engineer, United States
Public Health Service: Mr. CralRMAN, I should like to
diacuss those properties of a given dust which determine its
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capacity to produce pulmonary pathology; that is, the na-
fure of the dust, or its chemical and mineralogical compo-
sition, the particle size and finally the quantity of the dust

dispersed in the atmosphere.

Dr. Gurdner pointed out yesterday, in discussing his
work in experimental pathology, that apparently there are
no two dusts which exert the same influence on the lungs.
Mr. Cummings gave you an excellent discussion of the
nature of different types of dust, and I, also, ghould like
to comment briefly on this same point,

NATURE OF DUST

Research on the problem of industrial dust inhalation
has indicated that so far as their fbrosis-producing quali-
ties are concerned, dusts may be divided into three groups:
(1), those composed completely of combined ailica, that 1s,
silicates, such ay pure asbestos; (2), those containing free
silica in the crystaliine form known as quartz, (granite
containg approximately 35 per cent of quartz); and Jastly,
(3), dusts containing free silica in 8 nor}-crystalline form
aich as distomaceous earth, It has also been observed
that the harmfulness of & quartz-containing dust is in di-
rect proportion to ity quartz content,

However, even today we find the terms quarts, silica
and free lica used interchangeably, Perhaps it may not
be amiss to definie these terms briefly at this time, Silica
is the name given to the oxide of silicon (8i0,). A ds-
tinctlon is made between free silica and combined silica.
Free silica is the term used when the siliea oecura in the
form of a definite compound having the formula Si0,
Generally free silica when thus used means quartz, but a8
a matter of fact there are seven minerals that are com-
posed of free silica, For example, in addition to quartz
there are other free silicas now finding industrial use,
such ay tripoli, (used a8 4 facing powder for molds in
foundries), opal, an amorphous hydrated variety of silica
occurring abundantly fn distomaceous earth, and other
forms not quite s abundant in nature a8 quartz.

Combined silica iy the term given to siliea that oceurs
in minerals in chemically combined form, being united
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with certain bages, such as soda (Na,0), lime (Ca0), and
a number of others; in short, it is the silica in silicates,
According to Jong-established convention, the chemist re-
ports the silicon present in rocks and minerels ag sllics;
he makes 1o distinction between free ailica and combined
silica, even though bolh be present.

Let me illustrate these principles to you by means of
granite. The average granite 8 an aggregate made up
chiefly of three minerals in the following proportions; feld-
spar, 60 per cent; quartz, 80 per cent; and mics, 18 per
cent, Chemical analysis shows that this averspe granite
containg 70 per cent of silica. Of this T0 per cent, 30 per
cent is present as quartz (free silica) and the other 40
per cent is present a3 combined silica, heing locked up in
chemieal combination in the other minerals that make up
the granite,

From this illustration it is apparent that we should be
more explicit in our terminology when referring to the
nature of  dust. If a dust containg quartz, and we are re-
ferring to this mineral, then we should call it quartz and
not just silica or free siliea, As I have just pointed out
to you, there are other free silicas in existence thut are
today of industrial use, and these other free uilicas differ
in theix physical properties from quarts and may possibly
differ from quartz in their action on the lungs of workers
exposed to the inhalation of these dusts.

“Perhaps T can emphasize the importance of the necessity
for an exact knowledge of any dust under consideration
by pointing out a few of the pitfalls one occasionally en-
countars in field work. Yesterday, Mr. Cummings, in deal-
ing with the subject of the nature of dust, mentioned that
tripoli was an amorphous variety of free silica, whereas
quartz was the erystalline type of free silica. That is true
of the tripoli mined in Hinoly, which is composed of clusters
of crypto-crystalline silica, often know s amorphous silica,
whereas the Missouri deposit is composed of spongy, globu-
lar clusters of distinetly double-refracting quarts, » - 8o
that when one is dealing with a tripoli facing powder used
in foundry practice one should make sure by a careful
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analysis of the dust just which form of teipoli is under

consideration.

Again, in the study of the health of workers in & cement
plant * the Public Health Service found {t viecessary to con-
duct minetalogical amalyses of the dusts in the various de-
partments of the plant because of the physical and chem-
ical changes undergone by the various raw materials used
in cement manufacture, Clay, one of these raw materials,
was found o contain about 7 per cent quartz and the dust
in all the departments preceding the caleining of the ma-
tarials, contained about this amount of quartz, However,
in the kilng, the quarts combined with the other elements
in the materinls that go into cement manufacture, to form
complex silicates, and our dush samples obtained in the
departments following the kilns showed less than one per
cent of quarlz, So that we had to bear in mind this dis-
similarity of quarts dust exposure in analyzing our clin-
ical and other duta on the heallh of the cement worker,

I should like o present briefly one more exsmple of the
etrors one may make in not resorting o a careful mineralog-
ical snalysis of dusts encountered In the varos processes
of manutaciure of a single article. In 1926, Heffernan
reported & study in the Journal of Industrial Hygiene, on
“The Bxposure to Silica Dugt Without the Occurrence of
Silicosis”, (3), This occurred among brick makers in Dexby-
shire, England. The raw materials used in brick making
contained, according to Heffernan, 86 to 89 per cent silica,
mostly in the form of gannister sand, The finighed brick
was found, on rationsl analysis, to contain about 63 per
cent silics. Now in the depariments preceding the kilng
there i3 apparently very little dust generated, due to the
wet methods of working the materiala, On the other hand,
considerable quantities of dust are given off, in the trim.
ming and polishing of the bricks, following the firing of
the molded bricks in the kilns, Now, itiaa well-known fact
that when quartz or other free silica is subjected to high
temperatuves, such as obtain in a brick kiln, in the pres-
ence of other compounds, the quattz will combine to form
silicates or at least will become inverted and change ity
properties. Heffernan's paper does not state whether the
silica in the finished brlck was free or combined, but merely
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states that it contained 83 per cent silics. It may be in-
fgrred that the reason no silicasis cccurted among. the gan-
nister sand brickmakers in Derbyshire was probably due
to the fact that in the departments where quartz was pres-
ent the dust exposure was negligible, as stated by Hef-
fernan, and in those departments where considerable dust
was generated the workers were no longer exposed to a
dust containing quartz. A careful mineralogieal analysls
of the dust in each department, similar to the analyaes con-
ducted in our cement study, would have thrown consider-
able light on this puzaling situation presented by Dr.
Heffernan,

Yesterday, Mr. Cummings painted out some of the pit-
falls which may be encountered in dealing with the nature
of dusts and at the same time made & plea for a method of
analysis whjch would be more accurate than either & chem-
ical or petrographic examination. I should like to call to your
attention that for the past nine years the Public Health
Service has been making use of an accurate method of
analysis of dusts in connection with its various dust in-
vestigations. This is a combined chemical and petrographic
analysis or & so-called mineralogical analysis, best carvied
out by a competent geologist. Since no two dusts offer the
same problem it is difficult to Jay down general rules for
such an analysis. Suffice it to say that each sample must
first undergo a careful examination under the petrographic
microscope, and in addition s further subjected to & com
plete chemical analysis with frequent petrographic exami-
nations throughout the entire process, For example, only
by such analysis have we found it posaible to determine ac-
curately the percentage of quartz present in quartz-contain-
ing dusts,

With your permission 1 should like o show a few lantern
slides to lustrate some of the factors I have discussed deal-
ing with the study of the nature of dusts. During the
course of our numerous dust studies we have had many sam-
ples of dust analyzed to determine their compasition. As is
well known, our present knowledge concerning the harm-

fultiess of inhaled dusts is more complete with reference -

to quartz-containing dusts. For thi reason, and also be-
cause space does not allow the presentation of the other
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mineeals present in each kind of dust, the table depicted
shows only the quartz content of the dusta obtained in the
various industries which we have studied.

Tasie 1
PRRCENTAGE OF QUARTZ PRESENT IN VARIOUS
INDUSTRIAL DUSTS

Porcentage

of Quart:
Rock drilling dust {Litunsinous eoal TNNE) opmmcmsmmmeman 3.0
Granite cubting dusheceeaemmuremzcenzaaas VT 35.2
Ruck drilling dust (nnthraeite vonl T3 N4
Bruss foundry 6 womememmuercncs =-asssmmcasmmmnnzses 160
Dust from rrw mills in coment planteeeecnaaaemeoamnes 05
Slate mill dust (Vermont ped slae) v eanmmmannmmsnanas 38
Sitverwnre polishing Qusb. . oer-vemmmemeeamrasanarees 19
Anthincite cond st annoomccuenmvmmmmanwennnamnnae 1b
Bituminous €00} dUSlocsneveamnnoamcunronneemsumanaenens 1.2
CoMENt QUSL wonemmmmmmmn —oemecmssseseamsnasmummnanses <10
Slate mill dust (Vermont groen shite)eenensoenconnnnne trace
Tule ML QUBL —oeeceammann —cmmmmmmmmsseosnmnmmmavaneas 110Re
none

Morble eutting sl ——ocomeavrmmnersnsnnsnmmnansrennses

It is evident from this table that rock drilling occups:
tions in the conl mining indusiry and certain occupations
in the granite cubting industry and in beuss foundries would
be in the hazardous class, if judged solely by the propor-
Lions of quartz in the atmospheric dust, I should also fike
to point out that there are some slates which have been
found to contain as much as 30 to 40 per cent quartz, -
though in the slate industry which we investigated the dust
was found to contain from a trace (green alate) to 3 per
cent (red slate) quartz, I is also of interest to learn that
the coal dust, both in bituminous and anthracite mines, was
found to contain small amounts of quartz, due to the fact
that the coal exists in hard rock deposits.

To illustrate more clearly the importance of an exect
kniowledge of the nature of a dust in the study of the health
of workers exposed to industrial dusts, I should tike to dis-
cuss the next lantern slide, Realizing the importance of
this problem the United States Public Health Service in-
augurated, {n 1923, 4 sevies of dust shudles under the gen-
enal direction of Assistant Surgeon General L. R. Thorep-
son. These studies were all conducted in the same manner
in order to permit as detailed a compariaon a3 possible be.

tween the different investigations, Briefly, these meth-
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oda of study may be divided into six parts, as follows: (1)
examintion to determine the gemeral physical condition
of the workers under observation; (2) special physical ex-
amination to determine the prevalence of specific diseases
of the respiratory system and the hung pathology result-
ing from exposure to the particular dust hazard; (3) ree-
ord of the nature and severity of the disabling illnesses;
(4) analysis and detailed study of the occupational en-
yironment; {5) occupational mortality statistics relating
to the apecific dust; and lastly (8) autopsies. In brief, the
chief value of esch of these studies lies in the fact that it
represents careful and defailed observations on & falrly
large group of persons whose working environment wag
accurately determined, especially with reference o the ne-
ture and quantity of the dust exposure.

Tasrg 8
SICKNESS' FROM RESPIRATORY CONDITIONS IN SIX
DUSTY TRADES
Annus! Rato per 100
Years of Qbaervation Number of Cases
Disgnasia ;
1 i ‘ '
’ﬁ"@s““i”s’*
M HHBE ;
o Slataldlnld|dld
JYTT euNUTUTUUROUN I | N %\ JOU I R | . O ) RO Oy
Bronehltd. ..ocervnnerernn.| O8] 8.0] 8,014 .01 2.0 A 99 100F M 8 1B
Prounionls. ooy e eeumeene ploql 0810l 02foll TOH BB )
TUbEUlOn. oo onsarenees] B O8] O8] oaecfeen- 8 1 §..
Suspocted Tuberenlosla ... os}“ T - IR
Distassacf thonassl foaste_ ...} 4.8 8.7 B.41....[6.00 9.4 o4) 84 341|208 (7]
Tnfiuents and gHP. vaseoaeen 4.9120.6008.11 1.2116.6] &.8)] 56} 16T| 2031 &) MY 47
Pharyngitla and tonallitis. ... e E BN AT 20T 9 Bl M 2, A b
Fourdsy. ..o ooees s venmaia LU 6.8 0.8 0.2 0.2 041 na| of 100 3 o %
Other reapieatory dlaeases.. .. J.....[ 0.4) L1 1.4 041 ). ooy
Totabrespleatory dlicsass. 18,5042, 7H8, 1122.9]51.2]17.9|{ 228{ 26 IMI 118} 419j 128
Yeara of Obgervation, ... bt e mlme' | 5| 215

gt tiver

Tn Table 2 {6 presented & comparison of sickness for two
working days or longer from respiratory conditions in six
dusty trades, the annual rates being based on 100 years of
ohservation, ‘*An examination of this table showa that in
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the anthracite industry and in the cement plant there is &
high rate of iflness from grip and certain other minor res-
piratory affections, In the bituminous coal industy, bron-
chial disenses and peumonia are excesslve; in the cotton
industry grip and disases of the nasal fossas are predon-
nant; whereas in the granite industry, tuberculosis and
pleutdsy are excesaive, The dusty occupations in silver pol-
ishing show no excess from any cause, 1 should like to com.
went on the fact that in the case of the bituminous conl
miners the excessive pneumonia rates may be due to other
factors than dust, g recently pointed out by Brundage and
myself In the study of the frequency of pneumonia among
steel and iron workers, in which bituminous coal miners
comprised & considerable portion of the workers studied, ©

So much for the importance of & knowledge of the exact
compogition of dusty encountered in industry. 1 shall be
quite satisfied if 1 have been able to impress upon you the
necegaity for  very careful consideration of this phase of
the dust problem. I shall next discugs the factor or particle-

size of industrial dusts,

SIZE OF DUST PARTICLES

It was pointed out yesterday by some of the gpeakers that .
particles of o size greater than 10 to 12 microns in longest
dimension are very seldom found in the lungs. This absence
of larger particles is purtly due fo the fact that the num-
bers of such particles greater than 10 microns in size
present in industrial wir is, as compared with the lower
sizes, comparatively small and due to gravity and the pro-
tective action of the mucous surfaces of the upper respirg-
tory tract, these lurger particles do not penetrate to the
terminal portions of the respiratory tract. Hence, in study-
ing the size of dusts we need only concern ourselves, &3
& rile, with those dust particles that are less than 10
microns in longest dimengion,

Yesterday, Mr. Cummings, in discussing this phase of
the dust problem, showed you s particle-size distribution
curve on a sample of quartz dust taken not directly from
the air of un industrial establishment but from the gross
material used Ly him in dusting animale af thelr labora-
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tory. Mr. Cammings also discussed fully his technique of
size separation by the elutriation method and suggested
that such & method be used in the future for particle-size
studies, He also intimated that fo date no studies of
particle-size of dusts in industry have been made. I should
like to point out one or two things in connection with his
vemarks. To begin with the use of his suggested method
of particle-size measurements is impractical for field studies,
due to the fact that the method is very laborious and tedi-
ous. In his case it wag necessary to resort to such technique
sinee he wag intevested fn obtaining fractions of known
sizes for experimental purposes, We are not interested in
sctually separating dusts into sizes but merely in determin-
ing the percentage distribution of the various sizes of dust
particles existing in industrial atmospheres. For that res-
son we make use of & simpler technique than the one
pointed out by Mr. Cummings, 1 shall describe this tech-
nique in & few minutes, Mr. Cummings also suggested that
particle-size studies of dusts in industry should be con-
ducted. I should like to point out that such studies have
heen made by the Publie Health Service and that during the
past year I have reported on two occasions the results of
our studies of the sizes of dust particles present in indus-
trial atmospheres, @ [ shall present these results to you
in my discussion of the quantity of dust in air, since these
vesults fit in very well with that phase of the problem.
For the present I shall confine myself to a brief descrip-
tion of our technigue in obtaining and measuring aerial
dust.

Samples of dust in air may be obtained by the use of the
Owens Jet Dust Counter, ™ The advantage of this instru-
ment over other devices is that the Owens apparatug pro-
jects the atmospheric dust in unaltered condition directly
on & microscope cover-slip. This cover-glip may then be
properly mounted and examined microscopically; using a
magnification of 1,000 dismeters (ol immersion objective)
the horizontal diameter of  representative number of par-
ticles is measured by means of a calibrated filar ocular mi-
erometer, ® With this magnification it is possible to
messyre particles as small a5 0.5 microns in diemeter, while
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particles smaller than 0.5 microns are eaaly distinguished
at {his magnifieation and their presence recorded.
Yesterday, My, Cummings bold you about using the miero-
photographic method of making particle-slze studles. Such
a method may be used in dealing with falrly uniform sizes
of dusts, such as he obtained by the fractionation methed.
But it must be kept in mind that industrial dusts vary in
qize from Jess than 0.5 microns to more than 10 microna in
diameter. Aceording to Green ® and Chamot in order to oh-
tain good microphotographs the pasticles should be in one
plane, free from Brownian movement and well-dispersed,
Since Industrial dusts are not uniform it fe dificult to have
them all in one plane. We have attempted to make partide-
size studies of industrial dusts and enlisted the aid of the re-
search workers of the Bastman Kodak Company, who,
after much diffculty, obtained some good microphotographs
of dust for us, The particles shown In their prints were
at a magnification of 5,000 dimeters. A study of the Size-
frequency distribution of the dust obtained by the photo-
graphic method revealed practically the same results ag ob-
tained by the direct microscopic measurement previously
deseribed, So that for all practieal purposes the gimpler
and less expensive filar measurement 8 one of practical
applieation and fulfills the requirement of our problem.

DUST CONCENTRATION

The last factor which 1 desire to discuss in connection
with the study of the industrial dust probler is indeed &
very important one, the one deating with the concentration
of dust in the air, 1t is apparent that when the dust on-
cenbration is high the exposed person will inhale a greater
quantity in & given period of time than he will when the
dust concentration of the atmasphere g velatively low, and
since the rate of production of the fibroas 8 partially de.
pendent upon the rate at which the duat is inhaled, thia
latter item plays an important part in predicting the rels-
tive danger of different environments, Hence, the need
for the evaluation of the quantity of dust in the industrlal
atmosphere is abvious,

From the practical hygienic viewpoint, we fee that the

10



146

particle count is af present the best quantitative index of the
degree of atmospheric pollution. The decision a8 to the size
range of the particles which should be included in the dust
eount will be somewhat dependent on the size of the dust
particles actually found present in the industrial atmos.
phere. 1t is obvious that the size of the smallest visible
patticle will depend on the magnification and type of illumi-
nation used in the microscope, the refractive properties of
the dust and to some extent, on the visual acuity of the
observer. We must bear in mind that our chief interest in
this problem i in the industria hygienic aspect. Primarily
we are interested in differentiating between the dust con-
tent in ordinary normal stmospheres, not known to he
harmful, and certein industrial dusts which are known to
be associated with lung damage, As I will show you pres-
ently, this differnce is sherply marked so far s the dust
particles between approximately 14 and 10 microns in diam-
oter are concerned: but the difference between such normal
and shnormal air is magked and lost when we include in
our determination the particles of ultramicroscopic size
which are present in vast numbers in al air.

A | have already pointed out to you earlier, we need
not toncern ourselves with thase particles greater than 10
microns in longest dimension, since the number of such par-
ticls present in most industrial air i, 88 compared with
the lower sizes, comparatively amall. Let me cite you
what available dats we have on the lower limit of particle
siues of Industrial dusts, In South Africs, Moir " ex-
amined microscopieally 120 dust particles ohtained from
two specimens of siticotic lung and found that only 13 per
cent of the particles were less than 0.5 microns and about
36 per cent of the particles to be less than 1 micron in
diameter. The majority of the particles (60 per cent) were
hetween 1 and 8 microns in size. The median size of the
dust was found to be 1.2 microns in diameter, Practically
the same results were obtained by Watking-Pitehford, ©"
who examined and meagured the silica particles in sec-
tions of ailicctic lungs iluminated by polarized light,
Drinker, * in comparing the size-frequency of the par-
ticles found by Moir with the particles found by him n
the sputum of men employed in ore mills, found a close
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corvespondence. The fndings of Moir and Watkins-Pitch-
ford have also been corroborated by Mavrogotdato, ¥ who
examined dust both with light and dark-ground illumine-
tion, in sections of human and animal silieatic lungs a8 well
as the dust recovered from these lungs.

In connection with the lower limit of particle-size of
dust of pathologic significance the following pertinent ques-
tion arises: Aside from the evidence direct or indirect of
the non-retention of minute particles of dust by the lungs,
what evidence i3 there that appreciable percentages of or-
dinary industrial dusts ever fragment into those minute
sizes lesg than 0.5 microns in diameter] 1t 18 8 well known
fact that in most of the fine grinding operations in use
today, such as in the preparation of paint pigments, con-
viderable energy must be expended to obtain a product,

" the particle-size of which is less than 0.5 mierons in aver-

age diameter, and this not in an industry where dust is
an egil by-product but where finely divided dust is the
chief aim of the whole industrial process.

The best answer to the question just raised, namely:
what is the particle-size distribution of {ndustrial dust,

PARTICLE SIZE DISTRIBUTION
OF TALC DUST
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would be data of actual measurements of such dust, Let
ug gee what the available data on this question shows. In
1929, Fehmel “# reported some particle-size dust measure:
ments n connection with a dust study of hard rock drillers
in. New York City. As a result of his study, Fehnel re-
ported the findings on three samples, which showed the dust
which was less than one micron in size to vary from 110 16
per cent, Most of the dust in thege hard rock drilling op-
erations was, according to Fehnel, between 2 and § mi-

crong in size.
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Mierophotograph of Tale Dust Obtained with the Owens Je
Dust Counter. Magnification 660X,

Badham, '™ in studying the dust hazard among sandstone
workera in Sydney, measured some 16,000 partictes of
dust in the air of work places and found that 67 per cent
of these particles were about one micron in size, From
his atudy Badham states: “Tt would appear that below 10
rlerons there s no selective action by the dust cells of
the lung and that the particles found in the lung have the
same size-frequency ag those in the air breathed , , "
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During the past few years, in the course of the num-
erous dust studies we have conducted, we have collected
samples of dust suspended in industrlal atmospheres, Re-
cently we completed a study of 26 sawples of 11 different
kinds of {ndustrial dust obtained with the Qwens appars-
ts, These dusts ranged from that present in gandblast-
ing operations to the dust present in slate and talc mill-
ing plants, where the material i8 ground to & very fine
state of subdivision by recirculating the dust in & closed
system for many hours. An analyses of the messurements
obtained on these 26 samples showed that only 2 per cant
of the particles were lesy than 0.5 microns 21 per cent
less than 1 micron, snd the majority of the dust (11 per
cent) was found to be between ane and three microng in
average dismeter. In figure 1 you may see the particle-
size distribution of tale dust and this curve is representa-
tive of the results obtained from the mensurement of the
dusts 8o far studied, 1t is seen that the results of the
measurements on the tale dust show that only 16 per
cent of the particles were less than 1 micron, the ma-
jority of the particles (65 per cent) being between 1
and 25 microns in size, while the median aize of this dust
was foand fo be 15 microns, Figuve 218 8 mierophoto-
graph of the sume specimen of dugt,

From the evidence T have just presented on the particle-
ize distribution of industrial dusts In sir, a8 well a from
the previously mentioned studies of dust recovered from Jung
tssue, it is apparent that we need only be concerned with
those dust particles between % and § microns in size,
and from & practieal viewpoint the lower Jimit of particle-
size to e counted may well be taken at about one Ticron,
The method of dust counting which we have been using
fur the past 14 years is capable of revealing particles 8
small as one micron quite readily, and in the hands of an
experionced observer this method, o8 I will soon show
you, reveals quartz particles as small 8 0.7 microns in size.

Many methods have been devised and used for the pur-
pose of determining the quantity of dust in air. Suffice
it to say that for the purpose of dust sampling In either
high or low dust concentrations the Greenhurg-Smith
Impinger apparatus now finds universal favor, “ This
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instrument has been used by the United Stated Publie
Wealth Service in all of its dust studies during the past
nine years, and is also being used by other workers in
this field in this country and abroad.

In this instrument, the air to be sampled {8 drawn
through a glags tube and impinged at & high velocity on 8
glass plate which is kept beneath the surface of the water
or other suitable fluid in the collecting flask. The dust
15 momentarily arrested, wetted by the collecting fluid,

and in this manner trapped,
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The Impinger apparatus consists essentially of two por-
tions: First, a source of sufficlent suction to draw the air
to be sampled through the sampling device; and gecond,
the sampling device ot tmpinger ituelf, which consists of

Figure 8
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3 container and the impinger tube and plate, As 8 SoUrce
of suction one may use either an electrically-driven pump
or a compressed air ejector device. In figure 3 you may
see the esential portions of the apparatus, which consists
of & straight plece of Pyrex glass tubing 13 mm. in out-
side dismetet and approximately 325 mm. in Jength. The
fube i3 druwn down in siream line form at its lower end,
to a tip with a 2.3 mm, orifice. A circular glas implnging
plate approximately 3 mm. in thickness and 2 mm. in
diameter {s attached to the lower end of the impinger tube
at o distance of 6 mm, from the orific by means of three
gliss rods, The collecting medium (distilled water) In
the sumpling fask is of sufficient volume to keep the im-
pinger plate immersed at u depth of approximately 3 centi-
meters, In sampling, the outlet or auction elbow of the
sampling flask is conneeted with the soures of suction by
means of & suitable length (25 feet) of non-collapsible rab-
ber tubing, The duration of the sampling petiod should
be such as to yield  satisfactory suspension of dust for
anulysts and is thus dependent on the concentration of dust
in the atmosphere. Under the usna! industrial conditions,
sumples of from 10 to 30 cabic feet of air yield sufficlent
suspended dust for analysis. Since & sampling rate of 1
cubic foot per minute is maintained, this will require &
sumpling period of from 10 {o 30 minutes,

The collecting efliciency of the apparatus is dependent
upon adherence o the previously cited impinger fube di-
mensions and the sampling rate of ong eubic foot of air
per minute, Foxperimental tests of this instrument against
finely divided siliea dust suspensions in air have consistently
yielded efficiencies of 98 per cent at the specified sampling
rate.

Since practically all dusts are, to some extent, soluble in
water, it is good practice o analyze the samples n3 soon 8
posaible. Such practice tends to prevent any undue floccu-
lution a8 well us any solvent uction on the dust particles, In
ihe Iaboratory the dust suspenslon in the sampling fuid is
fltered through a 325-mesh screen and then diluted so that
the number of dust particles in the microscope field i3 equal
to approximately 50 to 5. Two or more 1cc. portions are
pluced in Sedgwich-Rafter cells for counting. One of these
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cella Is shown in Figure 4. The microscope is of the ordi-
pary type provided with a suitable eyepiece and objective
and fitted with an Abbe condenser. A Whipple disc eye-
piece micrometer, of the kind shown in Figure 4, is placed
in the microscope eyepiece and the microscope tube length
is adjusted so that the side of the ruling in the eyepiece s
1 mm. in Yength. (We employ 2 7.5 X eyepiece, 16 milli-

Sedgwick-Rafter Cell Whipple Dise
Flgure 4

mebers objective and a tube length of 178 millimeters), A&
source of ilumination we use an ordinary type of microseope
lamp with the Abbe condenser system dropped below the
usual focusing point and the iris diaphragm adjusted 80 as
{o provide & high degree of visibility for refractile objects,
fn making counts the microscope should be foeused
throughout the depth of the cel sinee some of the dust par-
ticles may vemain in suspension. Since the counting cell i
1 mm. deep and the area in the microscopic field is 1 square
millimeter each count represents the amount of dust in a
cuble millimeter of the sampling fluid. Knowing the ori-
gina} dilution of the sample and the number of cubic feet
of air sampled it i3 an easy matter to compute the number
of dust particles in the sample per cuble foot of air. It la
of course necessary to make control dust counts on the
sampling fluid. -

In taking dust samples the Jocation of the sampling place,
the time during which sampling i conducted and the dura-
tion of sampling nre all selected with the idea in mind of
ylelding the definite data required by the study in progresa.
Tt is impossible o specify any set rules for this portion of
the procedure. Obviously the requirements of the study in
progress GOvern the procedure to be employed; thia pro-
cedure can best be judged by the investigator on the job,

Yesterday, Mr. Cummings discussed quite freely some of
the alleged weaknesses in the technique of dust counting
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which I have just described to you. This technique s the so-
called “light ground” illumination method as contrasted to
the “dark ground” method advocated by M. Cummings. In
our standard method the object is examined by the aid of
transmitted light and appesrs on & lighted or white ground
field, whereas in the dark-field technique the feld lo dark
and the objects appear 8s if they themselves emitted the
light by which they are seen. Now, Mr, Cummings made
many statements yesterday upon which T should Jike to
comment, To begin with he said that our method of counte
ing is not easily dupficated hy varfous ohservers. I wish
to point out that my dust counts have been repeatedly
checked by workers at Yale University and the Division of
Occupational Diseases of the Connecticut State Department
of Health. In fact, in the laiter Divislon counts are made
a8 a routine procedure, independently, by two diffevent ob-
servers and these have aiways checked very closely, So
that we are convined that persons with normal vision and
training in dust counting will find no difficulty on this score.
As Mr. Cummings said it may be true that 1 have good
visual acuity, but apparently so do many other individuals
trained to conduct thia type of microscopig work,

Now I'd like to compare some of 'the facts known today
concerning the light-field and dark-field methods of count-
ing dust. To begin wlth tn our standard light-feld tech-
nique, illumination iv not ay important a factor as In the
dark-fleld method, Mz, Theodore Hateh of Harvard Uni-
versity, who hias had considerable experience in conducting
dust studies, has recently informed us that tn the dark-field
method of counting advocated by Mr. Cummings, if the
time of counting & dust sample s prolonged and if the il
|umination isn't properly standardized, one may ohtain re-
gults 800 or more per eent in error. Our method i8 known
to reveal only those particles of hygienic significance. A8
1 have already indicated to you earlier all evidence points
to the fact that we need only concern ourselves with those
particles ranging in size from about 4% micron to § mierons
and for practical purposes the { micron particle may be
aceepted ag the lower limit of particlesize to be counted.
Mr. Cammings said that with our technique we can not gee
purticles smaller than 2 wiicrons in size and cites ay proof
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that ke and Mr. Fehnel of the Metropolitan Life Insur-
ance Company, who assisted him in developing his method,
received confirmation of this belief from makers of micro-
scopic instruments. [ suppose what they are all baging
this statement on is the knowledge that with a magnifica-
tion of about 100 diameters and light-field illumination,
the resolving power (the ability to see fine details) of the
microscopic system is about 1.5 microns, Now anyone with
any experience st all in the use of a microscope should
Imow that the limit of visibility, (the possikility of seeing
if an object is present), Which is what we are inferested
in, {3 much Jower than the limit of resolution. To satisfy
myself on this point I have taken quartz dust, a highly
refractive dust and hence offering a severe test of visi-
bility, and obtained a fraction ranging in size from 0.4 to
1.6 microns and averaging 0.9 microns, This fraction was
obtained by Mr. Cummings’ elutriation method. I have
placed a sample of this dust on a ruled cell and measured
100 of the particles at a magnification of 1,000 diameters,
sketching each particle, in its exact location in the ruled
area, on & piece of paper. Next I examined these same 100
particles by our standard technique and was sble to see
those particles of a size of 0.7 microns and larger. In other
words, if we reeall the particle-size distribution data on
industrial dusts I spoke of earlier, we can actually count,
by our method, 85 per cent or morg of the dust present in
industyial air. You will certainly agree with me that the
small pereentage of dust we fail to count by our method is
neglible when one takes into consideration the fact that
with Mr. Cummings’ dark-field dissecting condenser meth-
od one can be several hundred per cent in error if the
{llumination is not carefully adjusted. On the other hand
we know nothing of the lower limit of particle-sizes re-
vealed by the dark-field method, It is & welkknown fact
that such methods of dust counting are apt to reveal
ultramicroscopic dust particles which are present in all
air, thus tending to mask the signifieance of the results.

In your General Orders on Dusts, Fumes, Vapora and
Gases | notice in the section dealing with dust that you
define countable particles determined by United States
Public Health Service technique, ns those ranging in size
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from 2 to 10 microns in longest dimension, 1 don't “““.W
how you happened bo decide on this lower limit of 2 mi-
crons but from uil that had taken place at this cfmfer-
ence yesterdsy 1 am now able to confirm my auspicions,
Certainly yuu dida't obtain this figure of 2 mxcrqn& from
the Public Health Service when it asslsted you in fram-

" ing the dust code ab your Milwaukee meeting in 1930. 1

know, since | happened to be one of those testifying at that
hearing, 1 should Jike to guggest that if you decide to
leave the seetion dealing with dust in its present v.:ord-
ing, that you omit any reference to our standard technique,
gince as | have aiready pointed out to you, we &re able to
count particles of u ize less then 9 microns with our

techuique,

Mr. Cummings hus also informed you that the Public
Health Service has tentatively adopted hig dark-field tech-
nique for dust counting. Qg far 4 | know, and ] should
be pretty well informed on thig point, the Publie Health
Service has only one technique and that is the standard
technique it hes been using for the past 14 years in all
its dust work wnd a description of which was vecently re-
published in the Publie Health Reports, # 1 bave been
using this fochnique for nearly ten years and have ex-
umined some 1500 semples of dust with thia method, We
have been able Lo establish certain gtandards of dustiness
by the use of this dust counting method and have found
it to be of practical application. 1t may be possible that
some day we may wish fo alter our present technigue, but
if we do, it will first be necessary to standardize any pro-
posed method of qubstitution and obtain comparative re:
sults between the present method and the new one. In
this connection 1 should ik to call to your attention that
any resulty obtwined by the proposed method of dark-field
counting, of by any other dark-field technique, cannct be
interpreted in the light of our own findings; that is, our
present standards of permissible dustiness can not be &p-
plied to results obtained with the dark-field methods, and

" epce for all practical putposes these latter results are of

questionable value,
The best criterion of the value of any method of measure-

ment is the demonstration of its successful use in a practi-
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cal application. Such a test of our dust counting method
hag been offered us in our various dust investigations and
especially in our granite study. Let us briefly examine the
vesults of this study, The whole group of workers was di-
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vided into four sub-groups, depending on their average dust
exposure. I figure 5 one may note the annual frequency
of absences due to tuberculosia and the annual desth rate
per 1000 persons from tuberculosis among the workers In

167

these four groups. This figure also compares this data
with similay information for other industrial groups,

In group A, which included hand-pneumatic tool oper-
ators and in which the expasure average about 59 million
particles per cubic foot of air, it was found that, practieally
100 per cent developed an established illcosis within 10
years from the time of beginning employment, Algo, in
this group the highest rate was found for cases diagnosed
on physical examination as having active tuberculosis,

Furthermore, a definite relation was established befween
length of serviee in the industry and the prevalence of
tuberculosis,

In group B were included those workers other than lend-
pneumatic tool operators who were also exposed to more
than the averape plant dustiness, Teking the group as
2 whole, the sverage dust concentration was nearly 46 mil-
Hon particles per cubic foot of alr. This group showed
the same reflection of a dut hacard as Group A,

In Group C, consisting of those oceupational groups ex-
posed to the average plant dustiness (bout 20 million par-
Lieles per cubie foot of air), silicosia developed much more
slowly than in the groups just discussed and there ap-
peared to be very little excess in the rate for tuberculosle,
with no tendency for an increase according to length of
service. Analvsis of occupational mortality over a period
of 25 years, however, indicated that some of the occupa-
tiong in this group may have been exposed to a real dust
huzard.

Group 1) was made up of those oceupations in which the
dust exposurc was less than tht of the average plant dusti-
ness. The average exposure for the group was lesg than
10 million particles per cubic foo of air. Although a cer-
tain amount of silicosis was found even In this group, there
was 1o indivation of serfous results, even when the workers
hud been employed for many years,

It iy elear from these duta that there exiats & high cor-
relation between Uhe dust counts and the effects of this
dust exposure on the health of the granite workers, It is
obvious, therefore, that the technique of dust anslysis
which T have described to you constitutes & valuable Index
of the hazardonsness of dust inhalation and one from
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which the degree of hazard may be judged with practical
certainty,

Before concluding the discussion on dust concentration
in industry 1 should like to present o you some of the
results I have obtained in numerous industrial establish-
ments during the ppst nine years. In Table 3, & summary

Tapis 3§
AVERAGE DUST COUNTS IN CERTAIN DUSTY TRADES,

Dust Byposure Average
Industry and Occupation inmillions  per cent
of particles  of quartz
percubieft,  indust

Tale Mining and Milling:
F R T L Lo LT —— 2,160 none
[T 2 PP ORRO—— il “
LT 03 R —— {b f
crughermen end cylindermen____....... Y 4
Slate Finishing Mills: -...cuee- S i
BOOTMEN - oeeemmvmaracscmnenmnnmmnnn 1,88 §
TOBUETE oo mmom e masnw it e 1,276 3
dise crusher orerators ................. 3 :}
Quartz Grinding Plant; -oooooeoeeremeee 5
ill OPEEBRONS - omvecommemmmmcssensnns 17 9
JABOTELS oo ammemmmmmmemrs ornmm en 83 b
PACKETS —oemcmsmocmumcemmcsnsnsisann 56 9
Cranite Quarrying and Finishing? --.....- 35
Leyner drillers ,.occcommemmnocuianan 144 %
jack-hammer drillers ... -.oaeceeeeeen 112 1
hand pneumitic tool finishers......... ... i 1
machine peumatie tool finishers........ 3 36
phig Arillers woeeoeccimmanmmee s n 36
aitendant labor (indoors) _.e---aeeen.- 1 36
Anthracite Coul Mining: <caenvomooceunnns 15
miners and helperd . —ooroiuemannen pAy; 16
atlendant OY L.onmeemiiinnncinianns i 16
Bituminous Conl Mining: - oo ccmmevamaenes 1.2
cosl cutters and loaders oooveunoeanmee 112 12
attendant [abor ..o ceceemermamcacaccan { 1.2
Marble CURerS o oaeoennasmmmmmaneenannen LK none
Cotton Cloth Manufacturing! «.oocemeeveen- none
CHTORIE wooee cmmemccmccsammmmmmmenas 8 none
weavers Bnd SPINNETS < ummemeuunennre- b none
Silverware Manufacturing: «eoeeeecusnucs 11
dusty trodes .eomeoemecoarinmea- ceeee B 11
non-Justy trades _eee-moooceeoorirans 2 11

ia presented of the average dust content of the air fn a
fow of these dusty industries. This table clearly shows
that the highest dust exposure was in the talc mines, slate
fuishing mills, quartz grinding plat, coal mining and
granite cutting industries. QOwing to the high percentage
of quartz present in the dust of quartz grinding and granite
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cutting plants, as compared with the dust in the other in-
dustries listod in Table 3, quartz grinding and granite cut-
ting are revealed to be the most hazardous of the occu-
pations we have studied,

DUST SUPPRESSION

Yesterday there was & discussion on the floor concern-
ing the advisability of allowing & worker with & healed or
Jatent tuberculosis to continue in & dusty occupation. [am
in no position to add anything to this diseussion, since it
is not in my province, but it seems o me that if we could
cemove the dust evil at its source we would not need to
Le concerned about workers with healed tuberculosis or
other lung conditions conducting work in industry where
dust is generated, Unfortunalely we haven't very much
constructive engineering data on the subject of dust re-
moval. Nor have we an abundance of information on the
permissible amounty of various dusts which may be tol-
arated with impunity. We have such data for granite eut-
ting dust, cement, coal, certain kinds of slates and tales,
but we still know very little concerning the effects on the
health of workers exposed to other industrial dusts, such
as Teldspat, tripoli, opal, pure tale, and innumerable other
dugts. There was & study recently reported on the effects
ont workers exposed to diatomaceous silics dust in & Cali-
fornia deposit now utilized commercially, ** However, no
dust counts were reported so that wo do not knoy the
severity of the exposure nor ig there any information given
on the tolal length of exposure, I'd fike to suggest that
in any future industrial dust studies all phases of the prob-
lem be {nvestigated, somewhat along the technique used in
our dugt studies, so that we may be able to measure the
relative importance of ll the involved factors. In the
California study just cited we do not know the degree of
dust exposure that apparently brought about the physical
changes in the workers that wag reported by the {nvesti-
gators, o me this omission is a very serious one pince we
have no definite basic data to use in designing dust re-
moval equipment for this particular fndustry, for It 1 very
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expensive end ab thmes impossible to remove all the dust
generated in a process.

With your indulgence I should like to diseuss very briefly
some of the methods used in combatting the dust hazard.
The application of any one particular method, of course,
will depend largely on the industrial process creating dust.
The protection of wotkers against certain dusts known to
be toxic may at times be accomplished by the substitution
of & non-toxic materdal for the toxic one, As an example
of such & procedure we have the possible use of a metal-
lic or other type of artificial abrasive for sand in the sand-
blasting process, in those operations in which it is not es-
sential fo use aand, a substance high in quartz content.
Again, the mechanical enclosure of the dust-creating proc-
ess also serves at times o protect the worker. An excel-
lent illustration of this type of protection is afforded by
the modern sandblast barrel used in the cleaning of small
objects, Sometimes it is possible to protect workers by
the substitution of wet for dry processes. In one instance
in our granite study an operator using a diamond point
pneumatic tool worked the stone wet; the resulting dust
amounted to 22 million particles per cubic foot. The same
operator was then requested to work the stone dry; as
a result, the amount of dust reached the high figure of 4b
million particles per cubic foof. In the weaving of asbestos
cloth it has been possible to reduce the amount of dust in
the air by wet weaving to one-fourth of the amount pres-
ent when the process is conducted by dry methods, How-
ever, wet methods are not always to be relied upon for
the complete suppression of dust. For example, in & study
of the dust hazard in the wet and dry grinding shops of an
ax factory, Winslow and Greenburg " have shown that
protection afforded by wet grinding, as compared with dry
grinding using an exhaust system is, in most instances,
illusory. The same result was found in our granite study
in determining the exposure of tool grinders in that in-
dustry, Another example of this procedure in allaying dust
is the use of & spray of water in Leyner and jack-hammer
drilling in hard rock, although the new type of Kelley Dust
Trap is now finding much favor for thig kind of work, #*

In certain cases, such as in the sandblasting of large
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castings in sandblast rooms, the only practical aafeguard
to the worker is to provide bim with & mask or hetmef of
the positive pressure type. In the sandblesting investi-
gation recently conducted by the United States Public
Health Service in cooperation with the National Safety
Council, we found that with a well-deslgned and well-
maintained mask or helmet of the positive pressure type
supply of 6 cubic feel per minute of dust-free air will give
ideal protection to the worker, However, one must al-
ways bear in mind that the ultimate criterion of protection
should be the dust determination of the air within the hel-
met during blasting and not the quantily of the air supply
itself. '

In certain cases, where the exposure {s brief and the
work Is of such & nature that it is impossible to use posi-
tive pressure air devices, one can give the employee pro-
tection by furnishing him with an efficient respirator of
the filter type.

In most dusty processes, however, the most effective
means of dust elimination ave by the use of properly de-
signed Jocal exhaust ventilation systema, Since in many
instances it is a difficult, costly, and at times unnecessary
procedure to remove all the dust in the vicinity of 8 worker,
we first need Lo determine the minimum aniount of & certain
dust which the wotker can apparently tolerate with impun-
ity, Such information can be made available by the type of
studies carried out by the Public Health Service, which I
have lready mentioned frequently. For example, in the
granite study already referred to you will recall that ap-
parently 10 million particles of granite dust (containing 86
per cent quartz) per cubic fook of air could apparently
be inhaled with impunity for 30 or more years, At
the time our study was made there were already a few
plants utilizing local exhaust ventilation in connection with
pneumatic tool operations, those operations falling in our
Groups A and B. @ Studies of the eficiency of these
dust removal devices disclosed that with proper mainte-
nance these local exhaust devices were capable of keeping
the dust concentration at the worker's breathing level at
a safe minimum, as may be noted in Table 4.

11
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TabLE 4

COMPARISON OF ATMOSPHERIC DUST CONDITIONS BE-
TWEEN TWO GRANITE-GUTTING PLANTS EQUIPPED
WITH LOCAL EXHAUST VENTILATION AND
PLANTS NOT S0 EQUIPPED.

Average dust count in millions
of particles per cubie fool
of alr; winter observations

Plants  Plants with effi

Occupation without cient local exhaust
officient gystem
lucal
exhaust

witem  Plant X Plant ¥
AN weumatic hand-tool operatioms.... 852 235 05
{50 104

Rurface cubting «o.--eeescsennseceans 168

Tool gUNAING - smummmmmeommanmrees 3040 A
Sand hlasting «oococsemsermmmcoeveer 89 3.5 55 ¢
General plant atmosphere ... 226 66 89

A further study of the efficiency of the local exhaust
devices used in the more modern plants Jabelled as “X”
and “Y” in the table, yielded the results depicted in Figure
8. This figure shows the relation between the dust concen-
tration in the air at the worker’s breathing level when using
various pneumatic tools and the air velocity at the Jocal
exhaust ducts, From this figure it is apparent that o
velocity of 1,600 linear feet per minute ig necessary to keep
the dust concentration at the worker's hreathing level be-
low 10 million particles per cubie foot of air, the amount
found in our study as not assoviated with any disubling
jliness.

Later on workers at the Hatvard School of Public
Health reported the results of their laboratory studies of
the design of dust contro} systems for use with pneumatic
cutting tools. ® These workers corroborated our findings
as to the degree of air veloelty af the exhaust duets neces-
sary to keep the dust concentration ot the breathing level
t0 an amount less than 10 million particles per cubic foot
of air and, in addition, were ble to gpecify the type of hood
to be used which would give such a velocily with & minimum
volume of &ir,

Before concluding my remarks I should like to leave one
ward of caution with you. You will recall in our granite
cutting bulletln we stated as a result of our investigation

that apparently 9 to 20 million partictes of granite dust in
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a cubic foot of wir, containing about 85 per cent quartz,
ean be inkaled with impunity even for 30 or more years,
We do not stude anywhere in our bulletin on thiy study
that an exposure to any other dust of the sume concentra.
tion and quartz content could nlso be tolerated without
hurm. Vet there hag been o tendency on the part of meny
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Figure 6
Graph showing the relation between the degree of air velocity at
exhaust duets and the amount of dust inhaled by granite cutters using
vavious peumutic tools,

individuals to interpret our findings in that light and to set
up slandards for other dusts in other industries based on
our granite culting data. This may be sound practice but
it also may lead one into ervor if taken too far, For ex-
ample, to renson that since 15 million particles per cubie
foot of air of a 35 per cent quariz-containing dust has been
found to be safe, that therefore about 4 million particles
per cubie foot of & 95 per cent quartz-containing dust, such
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a8 sandstone is also & harmlese dosage, may be good srith-
metical reasoning but may lead one into 8 serious error.
My suggestion is that we should determine the permissible
limit of dustiness for each individual dust.

In the interim, for those dusts that we do not have any
basie data of threshold dosage we can demand from ine
dustey that it maintain conditions in the workrooms equal
to those already found in the best plants of & gimilar in-
dustry in actual operation.

1 shall riow be happy to answer any questions that may
have suggested themselves to you duting the course of

my remarks,
Dp. Scrromovirz:  Did you make any study of the dust
in the air passing through respirators? '

Mg, Broomrierd: We have conducted studies on posi-
tive pressure masks and helmets ag used by sandblasters
during actual work in a sandblast room but we have not
conducted studies in the field nor in the labotatory on the
efficiency of respirators, Excellent work on respivators
hag been done by the United States Bureau of Mines and
at Professor Philip Drinker's laboratory at the Harvard
School of Public Health,

Di. Scromovitz: You don't happen to know the slze
of particles that pass through the mask?

Mg, BooMriEw; Last month Professor Drinker pre-
sented a paper at the National Safety Congress in Washing-
ton, in which he stated that 8 careful measurement of the
aize of dust particles entering and leaving vespirators shows
a slight but important reduction in average size of the
dust particles, In fact, there are now respirators on the
market which on testing by Professor Drinker were found
to have efficiencies in excess of 90 per cent pgainst gilica
dust of & size less than 2 microns, So that apparently
some respirators do filter out the small particles,

My, Wikcox: Is there any recognized activity among
these manufacturers of profective devices, respirafors and
80 forth, to try to develop something that will give relief?

Mg, BuooPiELD: Very much so. The manufacturers
of equipment and protective devices are quite active, In
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our sandblasting investigation we found equipment being
sold today which is capable of keeping the dust count to
o concentration of less than 2 million particles per cuble
foot of air at the breathing level.

MR, Witcox: That is where the air is fed by tubes?

M, BLoowFiELD; Positive pressure mask and helmeta
are now being sold, which if propetly maintained and sup-
plied with a sufficient volume of dustfree air will pro-
teet 8 worker fully inside & sandblast room and in addi-
tion there are now on the market sandblast cabinets, tables,
harrels end other equipment, which if maintained ina
proper state of upkeep, will also give 1deal protection fo
warker without the use of masks or positive pressure de-
vices. We have found such conditions during the course
of our sandblast investigation,

Ma. Knurson: Have you any supgestion to offer with
regard to safety devices thut might be used In connection
with the sandblasting of castings weighing several tons?

Mr. Broommep: One can sandblest such castings in
large rooms, exhoust the rooms properly and furnish the
worker u good positive pressure respivatory device, There
are instaliations of the automatic type which do not neces-
situte working inside the blasting zone, but such equipment
iy not practical for huge castings.
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November 17, 1932, Afternoon Sesslon

D, Apger E. Russet, Surgeon, United States Publl
Health Service; Surgeon, U, 8. Bureau of Mines

It ia & great pleasure to be here with you and to take
part in the diseussion of this very interesting and intricate
subject. What haa gone before has been very interesting
and seems to have brought us up now fo & consideration
of the physical condition of the worker and the clinleal
pictures produced by the effect of inhalation of dust,

It has been my pleasure to work fn the publie Lealth
service in a study of the dusty trades. Beginning in 1924,
we made ohservations in the cement industey, the granite
industry, cosl mining, both bituminous and anthracite and
other dusty trades. We have found a number of very
interesting things and two of these studles have been pub-
lished in bulleting No. 176 and No. 187, In the report of
cement study we made the statement that although in most
of these dusty trades fibrosis of the lungs was produced,
we were of the opinion that this fibrosls, even though it
was similar o that produced by other dusts, did not repre-
sent the same degree of disability. I think our subsequent
studies and observations of workers in other dusty trades,
have borne that out, 1 will show you today a number of
glides of X-rays from different industries showing reaction
to dust as'shown in X-rays and we will discuss it more af
length af that time,

In doing our studies we started out with a program
which would include dust counting and dust analysls,
records of absentees from work and finding out the reasons
for absence. We were greatly interested in the sickness
and longevity, und the amount of time lost from work due
to sickness, A complete physical examination with specil
attention given to the chest conditions, was made on al
employees where il was possible, First, I will take up
some of our findings in the morbidity records produced by
exposure to dust. Second, you will recall that Mr. Bloom-
field discussed that we had groups of people exposed fo
different concentrations of dust. Our most extensive atudy
was made in the granite industry in Barre, Vermont, and
it was my pleasure to be there and to hava charge of thia
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study throughout its course, Our sickness records and
later our X-ray and other findings, seem to divide the
workers into certain groups aceording to results we were
getting and later when Mr, Bloomfield made his dust counts
we found a very close correlation of dustiness and the
amount of sickness snd disability and deaths in direct
proportion to the concentration of dust, With the first
slide we will start considering the morbidity.

This slide (see Plate 3, p. 10, Bul. No. 167, U. 8. P. H. 5.)
is  photograph of a man at work cutting stone. You
have heard a lot about different methods of dust counting,
but this will veveal the fact that the worker is exposed o
quite a bit of dust which can be seen with the naked eye.
Thia tool is the hand pneumatic tool which vibrates very.
tast and in working on the hard granite rock he bends
over Jooking at his work and brings his nose closer to the
dust he is creating. The general atmosphere in that plant
was rather high and is not shown in the photograph, nor
do you get it in visibility unless there are direct rays of
light shining in the plant, You may walk through it and
it doe not seem to be very dusty, That is where the dust
counts tell more accurately as to the extent of the dustiness,

This slide (see Fig. 2, 0. 20, Bul, No, 187, U. 8. P. . 8)
shows the different occupations that we had in Vermont.
These bars indicate the intensity of exposure. Our groups
divide themseives into the first and second group, ten to
twenty million; then from twenty fo sixty were the two
second groups. You can see the general plant atmosphere
was about twenty million particles per cubic foot of air.
There were & number of occupations with comparatively
low exposure. Keep that in mind in considering the mor-
bidity records which we will discuss later,

The South Aftican standard of permissible dustiness 8
indicated in the black bar at the bottom. The groups I
{old you about we called A, B, C, snd D, This next slide
(See Fig. 17, p. 88, Bul, No, 187, U. 8. P. 1. 8.) i graph
which shows the number of persons with and without
silicogis in the four dust groups indicated in the other
graphs by length of gervice. The bottom line indicates
length of sexvice and each ling indicates a certain group
‘of workers, Almost invariably by the end of fourteen
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years practically all of the workers n the higher dust
counts had evidence of allicosis, Some of it was rather
slight in the X-ray and very little in the physleal and other
characleristics, hut with the X-ray there was almost In-
vuriubly evidence of silicosis ut the end of that perlod.

You have seen this slide (See Fig. 22, p. 118, Bul. No,
187, U. 8, P. 1. 8.) before today when Mt. Bloomfield dis- -
eussed it It carries out the line of thought, the incidence
of sickness or absences was lower in these groups of work-
ery beginuing with group C and D) in the low exposure line
and higher in groups A and B. The tuberculoia death
rate for males in vural Vermont is indicated here, Group
D was less than that and s perhaps due to the small num-
ber of people. Group C is about the same, hut groups A
and B are quite a bit in excess,

This graph (See Southern Med, Journ, Sept, 1982, pp.
019-027) shows the frequency of digability lasting longer
than one week on aceount of sickness, exclusive of acel-
dents or Trom respiratory diseases in industry.  The ins

dustries are specified, The industrial groups; the first

group 3 gold mining in the Black Hills of South Dakota.
Their rate was 208. General manufacturing is shown and
is more or less an average, That includes indusiries In a
number of northern stafes. This would seem to indicate
that that group of workers had that mueh siekmess in ex
cugs of what we might call the normal, The respiratory
disease, the incidence of sickness in the lower part with
granite culting in Vermont heading the list. Gold mining
in the Black Hilly second, Portland cement third, anthracite
fourth, with general manufacturing, which we might say
iy about un average ab this point, you can see In those

" four industries the incidence of sickness i this much in

excess of average. 1 might say in relation o the gold
mining in the Black Hills in South Dakota that we do
1ot know the extent of the exposure to dust because no
dust counts were made, We might compare it to dustiness
in other mining, but we don't actually know what it i
there, It i evident that there was an excessive amount
of dust which was practically pure quartz, The reason why
we haven't as much tuberculosis among the gold mining,
I think, is ecause of the fact that the labor turnover is
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rather high and these workers develop silicosis and hecome
partially disabled and go to their homes before developing
fuberculosis, The workers in Vermont remain af their
homes inasmuch &s granite cutting Is a skilled trade. The
labor turnover in granite cutting is very little, wheress
in gold mining it wag very high. That will explain many
differences that may follow, The gold miners head the
list in the incidence of influenza; cement workers second,
anthracite coal mining third, and granite cutting four,
and general manufacturing at this point, In bronchitis,
acute and chronic, anthracite coal miners head the list,
Portland cement second, general manufactoving third,
which would indicate that the cement workers hed a slight
amount in excess of granite and anthracite coal miners had
still more, '
Thig is & continuation of the same group of workers.
Respivatory tuberculosis only is considered in the in-
dustries we have been talking sbout, Granite cutting In
Vermont heads the Jist, gold miners in the Black Hills
second, | have explained that the reason why I think
this isn't greater is because of the labor turnover; anthra-
cite coal mining third, and general manufacturing ab this
point. Tt would seem there is this (pointing) much in
excess of tuberculosis in the three industries sbove, In
the fron and steel and Portland cement plant it seems to
he about the same as general manufacturing. In the inci-
denee of pneumonia, workers in iron and steel head the
list; granite cutters in Vermont second and general manu-
facturing third, We would think that the excess wag not
a8 great as in some of the preceding diseases, 1 might
say 5 word about the economic conditions. The iron and
steel workers are not pald as well as granite cutbers,
Their living conditions are not a9 high and that may be
a factor in considering tuberculosis and other diseases,
particularly those of the respiratory tract. The granite
workers in Vermont made $1.00 an hour. They worked
eight hours & day, forty-four hours a week; this was the
minimum wage at that time. The highly skilled workers
made more. The anes able o carve and cut statues made
up to §20.00 a day. They lived well. The best group of
industrial workers I have ever seen. The incidence of
tuberculosts among them wag not an economic factor,

i

This brings us down to the pettographic analysis of the
dust. Tn sitver polishing the total aflica percentage varied
according to different occupations and different materials
used, and the quartz content varied likewlse. ~ Mr. Bloom-
field showed & graph this morning in which the dust count
in these particular accupations was quite low, I think about
five million particles at the greatest, In eement industry
the tota) silica Is expressed as 21% in the raw cement, but
the quartz content of finished cement a less than one per
cent. 1t I9 stated to contain 8% before passing through
the kilna but the burning process reduces the amount. In
coal mining the vock dust is quite high in quartz becausa
the overlying stratum was sandstone, Quartz content of
coal is 129, In havd coal we have the same explanation
here with 1.5 siliea in the coal with 819 quarta tn the rock
dust. The granite we have explained has a total of 70%
silica with about half of it #s quartz. There i3 a polnt I
wish to mention here. In the United States most of the
hard coal a8 anthracite is found In an ares in e few
counties in Pennsylvania, Bituminous coal is scattered
pretty well theoughout the country. In the state of West
Virginia there are avess where overlying stratum is sand
stone and olhers where different rocks make up the over-
head rocks, The ailica content of these rocks varies tre-
mendously iu different localities, which makes it impracti-
able to compare the results from the study of one group
of coal miners to another. The amount of silica in the
rock dust to which he might have been exposed should bs
stated, It is very difficult to say that one Industry is
comparable to another or that one part of the same in.
dustry represents the same conditions throughout, We
don't Jmow until we have made careful analysis of fhe
dustiness in the various occupations. 'This slide gives us
an average dust count under ten microns in certain dusty
teades, of which we will speak later, Cement dust aver-
ages about twenty-five million, In granite cutting there
are fitty million particles per cu, ft, for the upper two
groups and sixteen million for the lower two groupe and
in anthracite coal mining one hundred twanty fonr million
for the minery and 11,000,000 for attendant labor. Bitumi.
noug cosl mining has one hundred and two milllon and 3.3
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milllon for the attendant lehor, In the silver manufactur-
ing 4.1 million and 800,000, I think these dust counts are
very inferesting and we believe that they correlate wel
with our findings which we will bring out as we go along.

This {s a graph (See fig. 8, p. 53, Bull. No: 187 0. 8. P,
1. 8) expressing the incidence of sickness from all causes
i these four dust count groups in the granite cutting
industry in Vermont. 1t is by length of service and the
sbaences are elght days or more and the rate ia per thou-
gand. Here we have a group with less than ten years ex-
posure, with the four groups starting at about the satne
point, Group Cand D with lower exposure average about
sixteen million. As they grow older the fotal incidence
of gickness seems to diminish. The upper groups, whose
exposure fo dust averaged about b0 million, their rate of
sickness increased in proportion to the length of exposure

to dust,

This slide shaws the prevalence of tuberculosis, and we
considered only active pulmonary tuberculosis, by length
of the service and dust count groups, This is hased on
physical examinations, and X-tay to determine the presence
of the disecase, Here we have group C, starting with a
higher rate then groups A and B. We think perhaps there
may be an economic factor here. The attendant labor did
not have as good living conditions as did groups Aand B.
Up to ten years' exposure there isn't much_significance
but after ten years you see these two groups of workers
having incressed incidence of Suberculosis in direct pro-
portion to the length of service. After thirty to forty
yeats exposure, it seems fo reach its peak; taking for
granted thet & man is about twenly years old when he
starts to work we would expeet that the group of workers
having tuberculosis would be around fifty years of age. 1
believe that our average for the age e that particular
study was a little over forty-nine yeers,

This shide ] am showing s about an average thest,
Sometimes we get & very good presentation of this slide,
and it shows more than at other times, due to fllumination,
This i3 what is usually found in & more or less average per-
son, {hat i8 & person Who hag not had tuberculosis, sili-
cosis, or any of the other chroni¢ pulmonary diseases, Those

¢}

of you who are not physicians and not familiar with an
average chest should hear {his in mind as we go glong and
you will be able to follow changes indicated by X-ray, Ne-
tice that the diaphragm cutves with & regularity on each
gide. Thia is the hilus of the Jung of which Dr, Gardner
hes spoken, and the light areas are the functioning portion,

(X-ray No. 4, case No. 807, near p. 9, Bull 187, U. 8.
P.H,8) 1 ealled your attention to the regularity of the
diaphragm in the preceding one, I want you to see the
irregularity in this cage, You will notice that through
the Jung fields there are linear markings spreading out
toward the periphery and we think that It was due to the
inhalation of dust. This man was a geanite cutter who had
cut stone about fifteen years. In writing up our report
of granite study in Vermont you wil) recall we didn’t at-
tempt to classify onr cases of silicosis by the then existing
one classification which was the South Afriean one, Our
cases did not seem to fit info thak clasaification, This man,
gince this picture way mode in 1924, has developed tuber-
culosis and died of clinical pulmonary tuberculosis.

This i3 another granite worker who had been working
ubout twenty-three years in culting stone; it shows an in-
crease in the shudows with further evidence of disease.
You will nole in this slide, as in the ones which follow, that
there iy more pathology indicated in the right hung, That
hus been attributed Lo the fuct thut the right bronchus s a
little Jurger than the left and it curves at an angle of about
twenty-four degrees, whereas the left bronchus bends at &
little sharper angle snd is slightly smaller. You will no-
tice in thig case the diaphragm is fairly regular. In the
preceding one there were evidently pleural adhesions caus-
ing irregulurity in the contour of the disphragm. It Is
possibly due to a latent tuberculous condition In addition to
the effect of dust,

The next slide, The two cases pteceding have been
cases of silicosis uncomplicated by tuberculosis, You noted
in those cases that the apex and upper portion of the hings
were fairly clear, Most of the pathology was In the middle
and lower portion.

This case (X-ray No. 43, case No, 196, Bull. 187, U. 8.
P, H. &) is one of pulmonary tuberculosls in & granite
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worker, You will notice the apices are fairly clear. There
ia quite a lot of pathology indicated by the markings in the
lower portion of the lungs, The man had & cavity at the
base of the xight lung. We checked most of these cases
for sputum analysis and almost invariably we found they
were positive, These granite workers all expected to have
fubereulosis: they were rather averse to having spulum
analyses,

Thig (X-ray No. 45, case No. 32, Bull 187, U. 8. P. H. 8.
is another worker showing similar condition with an ac-
tive tuberculous procees determined by physical examina-
ton in the lower portion of the right lung. The usual mark-
ings are present and he hed the usual symptoms of tuber-
cnlosia.

The riext slide. This 1s still another granite worker,
Thia slide shows the thickened pleura in this area together
with the usual reaction to dust and to tubereulous infec-
tion. You will notice in the earfier cases the shadows were
linear, and that they spread out to the periphery from the
hilum in each case. The markings here are more conglom-
erate and Jess distinet in character,

This (X-ray No, 40, Case No. 174, Bull, 187, U, 8. P.
H. 8.) is & very interesting case in that there scems to be
a pneamonic'procesy here. The-man had clinical and phys-
fcal signs of active tuberculous disease and he died a short
time after this picture was made, You will note a little
irregularity in the diaphragm at this point and the con-
tour of the diaphragm on the other side la not clear. There
seems o be an adherent mass at that point.

This (X-ray No. 46, case No. 194, Bull. 187, U.8P
H, 8.) is a very interesting case. He was working and de-
veloped & condition which is quite like pneumonia physi-
cally, Quite a bit of pulmonary tissue became consolidated,
which on physical examination gave all the signs of preu-
monia. He was intensely dyspneic, but had no temperature
not toxemia, and as this cleaved up bacilli appeared in the
spubum about three weeka after.

1 believe somebody said that we didn’t have any case of
mottling of the lungs similar to the South African cges
among the Barre workers, This i an exception. It i the
only cage we had which presented this type of pletyre, The
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lineat shadows are not present s In your ather cases of
gilicosis, There is a great similarity in this pleture to what
we see in Africa in gold miners, Just why this case hag
this same marking I am unable to explain, He welgh

about two hundred pounds and was Oné of the finest look-
ing chaps I ever saw. He had no symptoms, except a little
yspnea on exercise. 1 saW Dr, Pancoast after 1 had been
doing that study and he showed me the only other lide
like this of & granite cutter with this partioular character-
iokic and he said it was given o him 88 belng & typleal
granite cutter in Vermont. Thig is the only one [ have
with these particular markings. This man was exposed
to {he same intensity of exposure and same percentage of

qilica as the preceding cage.
Dn. Garongs:  For how long?

Di, RusseLL: Twenty-three years. This man was &
Seotchman. In Barre they have 8 nice variety of national-
ities, Ttalians, principally the Northern Italians, French-
Canadians, Scotchmen, American and New England Yan-
kees, few Spaniards nd quite & few Qeandinavians and &

fow other nationulities.
A Voicg: What was the subsequent history of that

man’

Dx. Rugsert.s T don't know. Two years later he was
fill well, T hope to go buck and check up on some of these
people this coming year.

This (X-ray No. 63, case Ne. 18, p. 102 near, Bull l\!o.
187U, 8. P, H. 8.) is & cose of an Iltalian who cut granite
{wenty-five years, Eleven years prior to the time this X-
ray was made he had been living on & farm in Vermont and
the reason he came to me was that he wag getting to be
quite dyspneic and he was worrying about his condition.
We took X-rays and this ia the picture, He had been in
dust-free atmosphere eleven yeats of the farm, His dyspnea
increased and two years after this time he had & fulminat-
ing tuberculosis; he was past fifty years ¢f age.

This is snother case (X-1ay No. 69, case No. 209, Bull
187, U. 8. 2. 1. §) with a similar higtory, This man was
ilsh, cut granile 26 years; thirieen years immediately prior
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io the time this picture waa made he had been & night
waichman in an insane ssylum; a dust-free pecupation.
You will note that he had deep markings in the bases of his
lungs. It has lost that linear character and i more the
cottony or confluent type. He was very dyspenic, and was
64 years of age. He found it quite diffentt to do any
chores around his home and his occupation was quite seden-
tary, no strenuous work to do and yet he was bothered
with dyspuea. The superintendent of the hoapital was quite
interested in him and very much interested in our work,
and about three years after this picture wes made he wrote
me that the men's dyspnea had increased and that be had
toxic aymptoms and tubercle bacilli in his gputum.

This -(X-ray No. 88, Case No. 335, Bull. 187, U. 8. P.,
H, 8.) is & case with o similar history, 8 New England
Yankee. He cut granite 17 years, then went to Oregon
and cultivated apples, and he had heen out of dust about
fifteen years, He came back to Vermont and cuf granite
for one yesr and he began to huve some difficulties and
this Is what the X-ray revealed. He later developed  ful-
minating type of tuberculosis, and lke most of those
granite cutters with tuberculosis, he did not last so long.

"Dhis slide ia of an X-ray of & potter, The man had spent
more than twenty years in the pottery industry. I think
potter's clay containg about 38% silica, shout the same
amount we have in granite, With a picture like thig, I
think we can safely say that the man was exposed to too
much dust. The fAocculent shadows are possible, dug to &
guper-imposed tuberculosis, '

The next one is & case of a potter with earlier stage of
the silicosia. You will note that the markings ate more of
a linear type and spread out at the hilus toward the perl-
phery and to this portion with the enlarged hilus glands.
Phere are & few calcified tubercles in the area. He had
heen a potter twenty-six years when thig picture was
made,

I don't know much sbout acute ilicosis, but I am pre-
senting this slide as a case of early silicosis with rather
short exposure. This man's occupation wag that of & fore-
man of tunneling work, and he wes exposed to dust for
gbout 4 year. ‘Thia tunnel went through pure quartz rock

m

and he was in it qulte often during the wotking hours, You
will nate that he has quite an increase in the Hnear mark-
ings, He had perhaps an old tuberculosia condition in thia
hilus with a few calcifications. He had no disability.
This is another tunnel worker with rather extenstve pul-
monary fibrosis together with a little interlobar pleurisy at
that point. The exposure of this case was something of
shout a year. I have seen autopsies from cases from that
same tunnel with exposure of & year or less, which pro-
duced & fatal silicosis, This is perhaps an acute silicosis,

This is & slide showing & man who had been o lens
grinder, grinding pure quarts lenses for a petiod of eight
months and he wag disshled with silicosis at the time the
picture was made. He was in & tuberculosls sanatorium
and the staff physicians were unable to demonstrate the
presence of tuberculosia. The patient’s complaint, like most
silicotics, was that of shortening of breath, The hiluses
seem to be greatly choked up. The shadows are rather
dense and no doubt he hag silica deposited in the lung, He
has not had time, in the course of eight months, to develop
the fibrosis indicated in the preceding X-ray,

This brings us up to the consideration of pneumoconiosis
of a different cause. You remember what I aid in the be-
ginning, that you eouldn’t look ab Bbrosis in one ease and
sny that was comparable to that of another. You will see
his worker hay quile  bit of lung markings and yet he hag
no disahility, or apparently not much to worry about in the
future, Me was a soft conl miner,

This is another soft coal miner who had been getting &
little rock dust. We believe thia irregularity and the mark-
ings are more of a linear character and more discrete than
in the previous ane. I must admit there is very fittle path.
fﬂogy there, 1 am showing it to contrast with the preced-
ing one.

This is an X-ray of an anthracite coal miner, Appar-
ently the anthracite coal miners have more rock dust ex-
posure than the group of bituminous workera at Jarge. This
case 18 interesting, because of the interlobar plerisy shown
at this point (between upper and lower lobes), It is the
only one I have ever seen like that. You will note that he
has quite & bit of pathology indicated In hoth jungs, yet the

12
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character of the markings lg different from that of silicosle

which T have shown you before.

Dr. Witwss; Would you mind commenting o
heart?

Dr. Russerl; We don't know 80 much al:iou; d}rlgzr};e;;t:é
. ' having dro
t we have an idea that cased .
:’:me :emote old fuberculosis. I@ has heen th: e:pﬁ:ﬁ:;
in South Africa that workers with dropi;};a:hi \ iv e
iliconi is much more rap
giliconi and tuberculosis muc i
i1 pot have it, You will note in the preeed .
;;l;ﬂhiﬁtngad s greater cutve fo the left :shan this; not::
that the horder of the heart in this case is almost perp '
dicular. | o '
This is another anthracite coal mmert ghoxsigghg;f:tm::;
0w You will notice the contrast in W
:?ltﬂ:)lrtg:ding one. This case and the preceding case had
miner'’s asthma. | ‘
This is another miner with atill a tittle different ?:ctur;
You will note that the markings inhthes: cas;sﬂ?:sr; x:::k
llel, You will note the cnarac o 0
:flzlzie ;lemsuggestive of the presence of gilica, because of

ther uniform distribution.
th?l‘lrl?s i:ran X-ray of a cement worker, & man who hx:ﬁ
besn working in a cement plant abou} tlen years. ElouI iwht
notice that it has different characteristics. Notice tne HE

n the drop

that seems to be coming through in this area with more oF -

leag clouding at the areas to the outer ?prtian. l;l‘he;i s:lrte
fine lnear markings underneath, T wish to e d{u gy
tention to the fact that these workers were exposi ?think
one per cent quartz in their dust, The dust counts, ,
d 25 million particles. . .
uv;‘r;f:wing this there will be some Shfels of malri?rllz wrr);}l]te
' m ot lime,
 (‘ement dust contains & Jot of cal clu
;:::rblgworkers were exposed to dust which contafne:n:gt:;;
i d I think the company 8
889 calcium carhonate, and 1 oy
' d |ess than one per ¢
of the dust stated that it containe e
i a different place
~ Qur analysis was taken from qui
g:gr‘t:e found practically no quartz in the marble_dust. N
This is an X-ray of & man who had been cutting mar
twen:;-two years, YOu will note the increased shadows
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around the hilus and around the larger bronchi, But you
Will note the light areay which indicate thers s quite a ot
of good functioning tissue, e had absolutely no disabil-
ity and no evidence of tubereulosis or any other chronic pul-
manary condition. You will note in these atides of marblo
workers there are quite & lot of calcificatlons. This one
husn't a3 much as the other. These workers were the same
g8 a3 the granite workers, occupations very much alike and
the dust concentration little less in the marble than gran-
ite plants, We found no case of active tubereulosis among
the marble workers. Dr. Rogers of the Vermont Sani-
tarium for tuberculosis stated he never had & marble
worker a8 & patient unless they had also worked in granite,

These marble workers had quite a Jot of calcification of the
costal cartileges,

This is another marble worker. You will note the cal-
cification of the hilus of the lung and some fncrease in
fibrogis, This case, like the others, had no disability, You
will note the caleification here.

Those pictures weren't a3 good as we would like to have
had them, but the best we could do out in field work, Fleld
work js quite different than in institutions, We work under
handicaps in so many plnees. In this picture the caleifica-
tions are present with quite » degree of fibrosls. The con-
stant exposure to dust over o long period of time carrying
bacteria in the lungs would produce Abrosis no doubt, but
nol necessarily a disabling fibrosis, Marble.dust does not
seem to predispose to any chronle disense,

Mg, Tanegst:  Did you follow that patient up to see how
soon it wag he became disabled?

Dr. RussguL: Did T say he was disabled?

MR, TARRELL: You said he was not disabled when you
took the X-ray.

Dit. Russkis:  That has been a year ago and he wag all
right when we took it. We haven't heard anything,

Thia is a marble worker and the caleifieations of thess
costul cartileges are indicated in this picture,

I am showing this next slide because of the caleification
of the cartileges with apparent calelfication of the pleurs,
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This man was a dlate worker, His history s that. he lh{ed
in the area of this slate and that for most of his life, aside
from farming, that had been his sole oecupation, The elate
workers in one plant which we observed were not exposed
to any quartz. The plant adjacent to this u|ull hac! abput
39 quartz in the slate it used, You will note in considering
late that the silica content of slate varies In different arese
go we can't say that slate has a definite amount of allica
without determining it first. The same holds true for gran-
ite. There are certain granites which have mach less than
85%, 1 think most of the Vermont granite containg about
359% quartz. You can see the futlity of trying to compare
X-tays of the lungs from workers in one industry to those

of another,

This is an X-ray of & slate miller, You will notice he

has & few pulmonary markings, with quite a bit of .ﬁna
linear fibrosis. We found in the group of Exlate miller
workers one case who had an active tuberculogis, He had
been in this slate mill about six years and apparently tl}e
tubetculosis was just incidental and not 8 result of his

accupation, o
Other slate workers showed hilus thickenings with a few

calcifications. Still other slate workers ghowed & different
picture but not extensive pathology. ‘

This is an X-tay of another slate worker show.mg quite
a bit of shadows in the lower pattion of the right lung

' calcifications. ’
Wl'tl‘};l;fieswthe X-ray of & man who had, or has,'asbestoma.
His occupation was that of cleaning and restoru.lg the as-
bestos on pipes in one of our government huspltgls. He
iad been working at the trade about six years, I think, and
you will see, he has fibrosis of both lungs, The character
of the fibrosis 18 quite 8 bit different from that of the gran-
ite workers, He had disability and the government com-

him for it.

pe;?:i??s s graph showing clagsification of silicosts. The
first classification was made in South Africa, They started
out classifying their cases &8 primary an'd secondary stages,
and as they learned mote about the disease they had to
add to this classification. They lestned thet they had
stage earlier than primery and it was called ante-primary,
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and ag it developed there was still another condition before
they could be considered as ante-primary so they called
that “more fibrosis then usual” They fook an average
chest of the average individusl a3 more or less » standard,
and there were 3 number of cases having mare fibrosis than
the average person and yet not enough fibrosis to be
placed in the classes mentioned. When they diagnosed a
case a9 having ante-primary, primary or secondary sili-
cosls, their arrangement is that the man i3 entitled to com-
pensation and he is removed from his dusty occupation.
This is the original classification of silicosis,

In Australia, they used a slightly different classification,
They called their chests normal instead of average. In
Dr, Moore's paper he gives the reagon for cases having
more fibrosis than ususl, tuberculoaia, that {s, latent tuber-
colosis, or healed tubereulosis; cardiac conditions, and
dust, The stages are called early and advanced, Thelr
advanced cases seem to be considered more or less In two
phases. At the International Silicosis Conference this
Clussification into first, second and third stages was recom-
mended. The South Africans have their classifications
written into their laws and they have to stick to it, although
they said a more worksble or reasonable clasaification
should be adopted and adhered to. The classification of
sluges designated as negative o average chest, more fi-
hrois than usual, first, second and third stages was rec-
ommended. Tuberculosis complicating any one of these
atages would automatically place it in third stage, The
first stage of silicosis with tuberculosis would therefore be
congidered as the third stage.

This slide represents a case which would more or less
come under the stage of "more fibrosis than usual” How.
ever, the density in here i getting o little heyond that
stage, but you will note that the slide illuminates well, In-
dicating that there is apparently quite good aeration of
the lung. He was a sand blaster working for the Uniled
States Government and he had been in this occupation for
gight years, He was a colored man and he had several
masks. He not only wore one but two masks nelther of
which were good, [ took this X-ray because 8 man work-
ng in the same placa ba was had died of bubereutosls, They
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had filed a claim with the employees’ compensation com-
mission for silicosis for this deceased sand biaster, There
was an X-ray of him at the hospital where he had d?ed,
and apparently he was entitled to receive compensation,
and it was o recommended, This patticular case hiad been
working along with him. This picture was taken in 1926;
he Iater developed tuberculosis and died, and in 152 the
widow filed claim for tuberculosis and silicosis, This stage
1 consider “more fibroais than usual” and if he had had tu-
berculosis and more fibrosis at that time it would have
been considered a third stage case.

Phis i & slide of & granibe worker I'm showing to bring
out the point that when » tuberculous infection exiats the
rate of progress of silicosis seems to be augmented, | ﬁnd.
Tt T have left out the stide that should follow, but I be-
lieve that 1 can describe the stage. In the right lung
there is qulte a lot of fibrosis, more than in ths‘a feft lung.
This picture was taken in 1926, last. year, in 1931, I
X-rayed this man again, This condition was about the
same, but he has apparently developed tuberculous infec-
tion In this Jung and there was undoubtedly much more fi-
brosis in this lung than in the right lung. Ordinarily and
in the preceding cases the disease has seemed to develop &
Hittle more in the right lung than in the Jeft .

You have perhaps seen our beautiful Union Station in
Washington, This is the X-ray of the man who carved two
of the five beautiful statues which surmount the entrances
on the outside to the Union Station, He was one of the
mast skilled granite workers, This i the right }ung. He
hag quite & snow storm appearance in this portion, lower
right, At the time this picture was taken he had rales
after cough, afterncon temperature and loss of welght,
posltive sputurm, and the usual signs or symptoms of tuber-
culosis,  (See Southern Medical Journal, Sept. 1932, pp.

997, for Xray.)
mg‘h%gr‘r’lext glide is from another case from Verrpont. The
man had apparently in this pot an old smoldering tuber-
culosis, Thia case i3 not typleal of our qther Fases, fome
of which 1 have shown you in preceding shides, in that they
have bilateral fibrosts. He had this conglomerate affair
wlth Tictle pathalogy indicated in the other Jung. Because

188

it wag different I observed him very closely for & perled
of two and one-half years while there, I visited in the
place & year later and found that he had not been sick
nor lost one day from work. I was back in Verment in
1931 and as T waa interested in him we took an X-ray snd
this s the result. This area has spread pretty well all the
way to the periphery together with & tremendous incranse
of the amount of pathology in the other lung. He was
fecling pretty well except that he was very dyspneic be-
cause 8o much of the normal functioning lung had been
displaced with fibrous tissue. (X-ray No. 14, Case No.
189, Bull, 187, U.S.P. 1. §)

This is the man's photograph, He doesn't look partieu-
Inrly bad, As long as these cases do not have active clinieal
tuberculosis they Jook quite well,

This is an uctual photograph (Plate 17, Case 87, p. 150,
Bull, 187, U, 8. P. H, 8.) of the lungs of one of our cases
in Yermont, This is the apex of the Jung st this point.
You will notice dark areas through there. The Hghter areas
at the bottom are tuberculosis, I want to call your atten.
tion to the density of the pleura, The pleurs, a3 you know,
is & very small mucous membrane, many times likened to
the mucous membrane of your lip. In these cases ther
was preat thickening of the pleura. 1 believe it is dua to
the fact that we have an exposure lasting over a long
mimber of years and the possibility that the majority of
the cases have a smoldering tuberculosls along wih it,
That is, I believe that the tubercle hacilli fa perhaps a
fuctor in this tremendously thickened pleura, I have seen
# number of lungs of sifivotic patients who had & shorter
exposure o a much higher silica dust than were the gran-
ite workers and the pleura was not thickened to the ex-
tent of the Yermont cases. Pleurisy pain ia one of the
symploms of silicosis which we will congider in the dis.
cussion of the diagnosis of silicosis. One of the few com-
plaints which the workers have is pain in the chest. It
is more or lesy trivial and not usually disabling,

They seldom complain of it and don't often stop work,
It bothers them more in damp weather, Palng in the chest
with shortness of breath is about all that these Vermont
workers compluined of in the course of allicosla until they
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hegin to develop signe of active tuberculosis, that i, tem-
perature, loss of weight, increase in the amount of cough
with productive sputum, ete.

Thia slide is one showing the death rate in rural Ver-
mont from pulmonary tuberculosis beginning about 1900,
In the granite industry in about 1834 they introduced the
hand pneamatic tool which is activated by compressed alr,
a8 an instrument for cutting granite. You will note that
about that time the death rate of granite cutters from tu-
berculosts began to increase. We think that 1s caused by
the excessive amount of dust which i generated in cutting
of stone with this hand pneumatic tool. (Fig. 26, P. 180,
Bull. 187, U. 8. P, K. §)) |

I might say & few words about the diagnosis of silicoais,
I am frequently asked to speak of the diagnostic points of
ilicosls. It seems to be the practice of 50 many people
to draw their own conclusions from the X-rays plone. We
believe that in the scientific practice of medicine, all points
should be considered in making & diagnosis and certainly
this should be done when there is the matter of extent of
disability to be decided on. In Vermont we had complete
physical examination, history of the case which included
the entire occupational life, and that with any symptomg
he may have had, As T said before, very few of them
have many complaints, They even forget that they have a
little hacking cough which is perhape due to mechanical
ieritelion of the upper respiratory tract. Ordinarily, un-
leag they have a cold or infection, they do not prpduce
sputum. They may complein of an oceasiona) pain in the
chest and usually of a slight shorbness of breath. One of
them expressed it to me in this way—"1 am beginning to
get 80 ] can't get my gecond wind” When the reserve

ig called upon they seem to be unable to get their “second
wind." .
Another phase in the 'dingnosis of silicosis Is the consid-
argtion of respiratory diseases they may have had. I
showed you in the glides that this particular group of
workers had more respiratory disesse than the usual ind'n-
vidual, The physical examination of these workers 18
frequently disappointing. You may listen to the chest, and
hear very little and when you see the X-ray you sre su-
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prised at the extent of pathology present, but even so that
is o reason for omitting the physical examination. The
chest expansion i3 almost invariably imited in these work.
ers and we find it almost in direct proportion to their length
of exposure and which would be, of course, aecording to tha
progress of the disease. The granite workers were a husky
robust type of people and you would reasonably expect
them to be capahle of at least 254 to 8 inches expansion,
whereas, most of them had one inch or less, They seem
to have an abdominal type of breathing rather than thor.
acie, 1 found that examination by palpation was quite
disappointing, the fremitus was not usually increased in the
same proportion that it is in fibrosis of tuberculosis, Tu-
berculosis produces a more ov less localized fibroais, where-
as, in silicosis it ig more or lesy generalized, and that may
explain the difference in the fremitus in the two conditions,
The breath sounds in these cases in Vermont were not
changed to any particular variety, There seemed to be
more softening of all the sounds. The fibrosls of tubercu-
losis produces more definite changes in breath sounds than
does silicosis, T saw someo cases of silicosis recently which
had developed the disease after very short exposure and
they had breath sounds which were quite different from
the Vermont cases. .

In the acute cases, which T saw recently, the printipal
portion of fibrosis and infiltration were in the upper lobes
of the lungs. The lower part of the lungs were emphyse-
matous, The upper portion seemed to be functioning very
little. In the silicosis cases in our Vermont study, reles
were not heard unless infection wag present. When tu-
berculosty complicates siticsis, slmost invariably rales can
be heard after the patient coughs, as in tuberculosis in
non-silicotic people. A great amount of fibrosis may con-
cea) the presence of rales to a certain extent in Silicotic
patients, Our cases in Vermont had very few signs, symp-
toms or complaints until they began to develop an active
fuberculosis, That wag & very definita point with them,
They then complain of increased shortness of breath, paing
in the chest, loss of weight, afternoon temperature, pro-
ductive cough and the usual other signa of active uber-
culosis. These patients seemed to have pulmonary hemor-
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rhages more than most cases of tuberculosis, We had sey-
eval deaths from hemorrhage of the lung and the doctors
there teld me about other casey that hed died there of it
prior to our study. One of them had died on the lawn
of & doctor’s office trying to get help. Hemorrhage i the
result of ulceration of these tuberculous areas,

One of the cases of acute ailicosls was giving me his his-
tory recently, and he was quite perturbed because after he
had & coughing apell his chew of tobacco was gritty, This
is a new angle on the elmination of dust, He didn't mind
the cough, but he didn't like to have his chew of tobacco
spoiled. I think that it is the result of ulcerations and
erosions of these silicotic and tuberculous lesions and dust
was eliminated along with other debris,

The tuberculous complication of all the cages in Vermont,
other than the pulmonary type of tuberculosis, were com-
paratively rare. Maost of these cases developed a fulminat-
ing type of tuberculosis and did not live uo long as the
uncomplicated case, thereby lessening the chances of com-
plications, We had one man die ninety days after he quit
work and most of the other cases died within a year. We
had only one man who lived two years after he stopped
work, I think that the comparatively short period of time
they lived after developing tuberculosis, would perhaps pre-
clude the development of other tubereulous eomplications.
There were, however, 2 few cases of glandular tubercu-
losis, one case of infection of the inguinal glands, and a
tuberculous elbow with adenitis of the axillary glands, A
few children in these families of granite cutters developed
tuberculous meningitis.

T think you people are parficularly interested in in-
formation relative to the point where a sificotic becomes
disabled, or where he should be compensated, In our cases
in Vermont we had no disability from silicosis unless they
developed tuberenlosis, 1 don't recall, and T don't helieve
we have recorded & single instanee of a case with disability
without the disease. Our cases had from 15 to 30 and 35
years of exposure, I don't believe that you can estimate
the disability from the X-ray alone and that is why [ urge
that cases be studled not only by X-ray, but by physical
ohservations as well,
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This slide is a case of » man who was tha lens grinder
who had been exposed to silica only eight months and was
disubled, yet from the X-tuy it didn't appear he had any
disability, but he was bedfast, 1 betieve I apoke of the fact
that 1 have seen & number of disubled cases of silicosis re-
cently. The greatest amount of pathology wes in the upper
portion of the lung in these cases, which {8 directly oppo-
site to what we saw in Vermont. Mot of these recent
cases were exposed to silics dust less than two years, and
have disability, whereas, in Vermont the workers were
exposed over a period of many years,

There is one other thing T might speak of and I think
Mr. Bloomfield touched on it this morning, and that is
nbout the so-called anti-stlicotic dusts. There is one thing
that Mr. Bloomfeld didn’t bring out, that I wish to men-
tion at this time. The oviginul report which started the
discussion of anti-silicotic properties of dust, did not in-
clude dust counts to show that a hazard really existed.
There have been no scientific studies made on the subject,
but rather & lot of surmising, If there ia an antidote for
silien dust, we should make every effort to learn sbout .
It would alleviate mueh suffering and save many lives as
well aa mueh expense to industry. The author of thia article
did not show that encugh dust was preaeat to produce sili-
cusis, und because the workera didn't get silicosls, he con-
¢luded the clay kept them from geiting it, He glves the
annlysis of this dust and the total pereentage of silica in
the material wus 88 or 84¢,; the total percentage in silica
in Vermont is 69% with much less quartz than hia dusts
seem to have had,

The following table shows that granite dust containg less
silicn and more of the so-called “antl-silicotlc” elements
than what is found in the materials used in brickmaking,
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Anchysis of “Dork Burre” Granite  Motorials Used in Brickmaking

Brick  Brick
Contentsof  Fuctory Factory
Sample B
7111 R B3.00 8490
Ang oo cenemnnna 1608  Aluming ve-o. 748 988
Tron oxlde .. —oevomn. 146  Ferric oxide.... 016 018
Iron Sesquioxide weceenn-e 104  Manganese, mog-
) ETT )11 ) J—— 066 nesium and tin
508 eesamrsasmmmmmmmen 47 oxide eeene 044 086
LAMB cnmeemeeeccanmanaa 207 Bodh -veomeee 140 08
Potash (Ki0) -ooeemeeuee 420 Lime eeeemmee 000 0

Wntleor uneombined (H,0 at sl Water and Loss. 248 380

1) .
Water combined (H.O) (ic

1111 ) P 0.23
Phosphorous pentoxide
(PO eiimaene Trace

Report of Gremite Ares of  Heffernan, Jowrnel of Indus-

Baree, 1902, George 1 Finlay, trial Hygiene, November, 1620,
State Geologiat of Vermont.

No study has been reported in which accurae dust
counts were made and wheve it was shown that a silica
hazard existed and has been a very definite curative or
preventative dust mixed along with it, thereby preventing
the development of eilicosis, [ hope that somebody will
give ug sueh & study, I wish Dr. Gurdner and Mr, Cummings
much success in thelr endeavora along this line, and I am
sure if anything can be brought out as an antidote for
silica, they will do it,

There are, perhaps, a number of other things that will
come up in the discussion. I believe that is all for the
present.

Mr. Dog; Dr. Ruseell, in your discussion of the surveys
thet you have made, where there was 8 high silica con-
tent and where there was & low silica content, you referred
{o the presence of fibrosis in both cases, Yesterday I got
the impression from Dy, Gardner, that in the non-silicotie
dusts there was no formation of fbrosis in the same sense
that there was in the case of silicotic dusts, Is it your view
that in the non-silicotic dusts the pathology is the same or
different!

DR, Russiel: I think it is different. In silicosls, you
have formation of silicotic nodules aa shown by Dr. Gard-
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ner. In non-silicotic dusts the silicotic nodules are not
present. It is more of a generalized type of Abrogis,

M, Dog: What I wanted to know wae whether it
was fibroals, or whether it was merely the presence of
dust that was retained in the lung tissue?

D, Russert: I think the X-ray penetrates most dusts.
I don't believe many shadows are reeorded on the film due
to dust particles.

M. Dor: You don't think that most dusts sre radio
opaque!

DR, RusseLt: I don't think that most dusts are,

Mn. Dog: Are they radio opaque?
D, RussguL: 1 think they are not.

Mr. Dog: So that in the eases of marble workers that
you showed, the markings are not the dust, in your opinion?

Dr. RussetL: 1 think they are caleifieations, That iz,
combination of fibrosis and lime,

Mg, Dog: Then they are partially dust and partially &
reaction of the tissues themselves?

D, RusserL; Yey: caleificationa are present in tubercu-
losis.

M. DoE: When you have s non-silicotic dust such as
marble dust, for instance, do you think, Dy, Russell, thet
the mere presence of those dust particles In the tissue jn
the manner that you have deseribed, have any predisposing
effect in relation to tuberculosis?

DR. Russery: Murble dust?

M. Dog: Perhaps I don't mean to limit it to marble
dust, but to any non-silicotic dust,

Dn, RusseLL: I think that they might predispose to
tuberculosis in this way, not directly, but Indirectly. In
most dusty trades there i3 an increase in the amount of
respiratoty diseases and I think it is reasonable to presume
that o repetition of respiratory infections certainly would
tend to aggravate a smoldering tuberculous condition
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Certainly the tuberculous condition would be better off
without having these concurrent infections,

M. Dog: If & man had a history of two or three

pnéumonias and a couple of pleurisies, it might be slgnifi-
cant?

Dg. RusseLt: Yes, And influenza,

Mr. Dog:  Would there be any difference in that respect
with regard to whether the man had an old tuberculous
condition or never had had any tuberculosia?

Dr. RussetL: T thought you said with an existing or -

latent tuberenjosis.

MR, Dog: 1 am asking you the question both ways.
Whether it is in the one case or isn't In the other, or
whether both would be the same.

DR. Russert: I think the incidence of respiratory dis-
enses of any kind, a repetition of them, a number of them,
more or less predispose to tuberculogis. We have many
patients giving a history of their break down from influenza,
efe. Of course, we don't know in those cases whether
they had latent tuberenlosis or whether it is & new thing,
Most of us I think, believe it is latent.

MR. Dog; 1 there any way of telling in a particular
case?

DR, RusserLs Well, the X-ray might reveal the pres-
ence of if, but it doesn't always show up on the X-ray.
It depends, of course, on the extent of the original infec-
tion.

MR, Dog:  Well, when you have an individua! who has
been exposed to non-silicotic dust who becomes tuberculous,

are there any means of telling whether the fact that he ia

tuberculous is associated with the dust?

DR. RusseL: [ think different cases would vary & lot
individually. There might be some chiaracteristies—I think
it would be difficult to tell whether or not the case was
agsoclated with pneumoconiosls, so to spesk,

MR. Dog: In your studles have you made any compari-
son hetween the incidence of the disease of tuberculosis
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among the population of the locality and in the dusty
trades? 1 notice you had In the Barre survey the incidence
of disease in rural Vermont. In other studies have there
been similar comparisons!

D, RusseLs: Not entirely similar, We have in the
anthracite coal the death rate for the county in which we
made our study, and the death rate from the coal miners
in that area,

Mr. Dog: And you had & high percentege of siliea at
least {n the rock drilling, didn't you!

Dr. RusseLL: Yes.

Mp. Dog: Have you made any such comparison, Doctor,
in the nen-silicotic dust studies?

Di, Russert: I don't believe we have, I don't think
there hag been anything published.

Mg, Dog: In the marble study there waa no comparison
of incidence of tuberculosis with the civil population?

Dr. RusseLt; Not in the report. Thers were no cases
of tubereulosis among the workers st the time we were
there, There is a low death rate (from tuberculosls) for
rural Vermont,

Mn. Dog; Are you satisfied that in the case of the
marble study you made, the incidence of tuberculosis was
no higher than it was among the reat of the population?

DR, Russert: | think it is quite conclusive that it was
not. higher among marble workers,

M. Dog: Would it be your opinion that that would also
be true of other non-silicotic dusts?

Di. RusseLL: [ made (he statement in the beginning
that you couldn’t compare fibrosis of one case of pneu-
moconiosis with that of another. I think each one of these
groups of workers is unique in itself. 1 think with the
marble workers, whatever happens to them we couldn't
suy the same thing would happen to slate workers or any
other group. We might hazard & guess but one guess Is
nbout as good as another.
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Mg. Dog; Do you believe that there is any markgq dlf-
forence between the silicotic cases and the non-gilicotie

cages in that regard]
Dk, Russer; Of tuberculosis?

Mg, Dog: Yes.

DR, Russelh: Yes.

M. Dog: Well, you have made certain studies of non
silicotic dusts. One is marble and one is dlata where silica
confent was nominal. Is it your conclusion from those
studies, that the incidence of tuberculosis i a8 low as
that of the rest of the population in the communtty?

Dr. Rugsert: [ said it was for marble,
Me. Dog:  What is the fact as fo glate?

Dr. RusseL,:  About the same. The same a8 the popu-
lation,

Mg, DoE; How does the frequency of respiratory infec-
tion compare with that?

Ds, Russeit; We didn't make maorbidity studies of the
marble workers nor slate workers. According 'to our h!s-
tories 1 think the slate workers have more respiratory dis-
geases than marble workers, [ haven't the figures,

Mg, Dog: But you wouldn't conclude from that that
the tuberculosis rate would be higher!

Dp. Russeis: The amount of tuberculogls we found
among workers wes not higher than that of the general
population. |

Mp. Dog: Doctor, will you-tell us a little sqmethmg
about what you have found with regard to secondary heart
conditions in silicosis? f

giL: 1 don’t believe we have any cases of 8ect
on]d):r‘ymliizrt conditions due to silicosis in Barre. Cer-
tainly it was not indicated in the X-ay, that there wa;
undue cardiac enlargement, particularly the right side o
the heart,

Mg Dog: Did you form any conclusion a8 to whether
thet it fs common or URCOMIIOD, that there could be 8
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secondary heart condition due, we will say, to third stage
silicosis?

Dk. RusseLL: [ think it is possible. Quite possible.
You have to take into consideration the person’s previous
condilion, his heart condition before the onset of silicosis,
A lat of people have & heurt disease, and it occurs in and
qut of dusty trades,~a certain amount, just ke tubercu-
losis in the general population,

Mr. Dot: You didn't feel in the Barre survey then
that there was any evidence of a secondary heart condition
that wag atteibuted 1o the disease of silicosis?

Dy, Russrin:  No.

M, Dok Tave you found any such factor in any other
study?

DR, RusserL: That was the most extensive silicosis
study I have done, T would rather you would congult the
literature of others who have reported on that to give you
their opinion.

Mg, Dog:  From the studies you have made, Dr. Russell,
what would be your opinion as o the advisability or in-
advisabilily of continuing o man in & dusty atmosphere
altey the presence of silicosis is detected? Suppose you
Tl o “more fibrosis than usual” finding,  Would it be your
judgment that that man should be excluded from a dusty
occupation us soon as that was detected?

Di, RusseLt: If that were done it would take {hem
out very vapidly.  You would have tremendous labor turn-
over,

Mz, Doz: Would it make any difference ag to the num-

Lier of years that he had been employed before the “more
(ibrusis thay usual” finding was discovered?

Di. Russked: T think it would.

M. Dowk: Would it be your view that all such eases
should be excluded from dusty employment, if possible?
1 don't mean (o state an impractical situation.

DR, Russeit: [ think it would be better to clear up
the dust than lo huve to be constantly thinning employes
13
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out. Dust can be prevented and you would have to take
men in many dusty trades who are skilled opferators. At
least they know their trades, Tf you keep takulxg them mft
how would you retrain them for other ucf:uyutlons? It is
much chenper and a hetter policy to elimiuate the dust
than to be constantly turning over employes becauge they

develop fibrosis, :

Mu. DoE: That might be the ideal gituation, if on
could do that, but assuming that after the hest has been
done that we are capable of in the present state of know-
ledge, you take a man with more fibrosis than usual, your
idea would be that he should he gotten out of employment?

Di. Russek: If there fs an excessive incidence of
tuherculosis in that particular occupation. It 9eper}da a
lot on the extent of siliea in the dust. I‘dont think 1
could, or anybody else, lay down 8 definite policy F’}at wauld
be applicable to all instances where you have silica rang-
ing from cne to one hundred per cent. nge coal mingrs
show more fibrosis than usual, and yet hxgtory of bitum-
inous coal is that they don't have excessive amounts of
tuberculosis, Tt would be folly to take tllwse people opt.
It would depend entirely on the indugtry involved and its

past record,

Mg, Dog;  Well, would the quantity of silica in the dust
b the determining factor, for instance, if you had a marble
worker with more fbrosis than usual, would your recom;
mendation be different than if he were a granite worker!

D, RusseiL:  Yes, it would be, of course,

Mg Dog: Now, then what do you say would be A
veasonably safe maximum and when I say §afe3 | mean
safe from the danger of tuberculosis complication fiest,

aa to silica content!

Dg, Russerb: T can only give you our experience in
Barre, I think it ia the only dusty {rade where that 1;ma
well worked ont, Groups C and D were exposed to Jess
than twenty million particles o'f dust, the death rate from
those people {from tuberculosis) w.as about the same ag
rural Vermont and the death ra'te in the groups expose
to more than tweaty million particles was greatly in excesy

106

of rural Vermont. I can give only my practical experience,
B8 approximately less than twenty million particles per
cubie foot of dust containing 35% silics. I & man has
evidence of tuberculosis with more fibrosis than usual, [

don't think it would be advisable to continue even in that
dust.

Mr. Dog:  Would that have a limitation as to the num-
ber of hours—for instance, if you had an occupation that
showed less than twenty-five million particles and, say,
no greater silica content than you had at Barre, would that

employment be safe for that individual for an indefinite
period of hours?

DR, Rusgeed: It seemed to be true there: they continue

~ in that occupation for many years,

Mr. Dok: Nothing in the studies you have made sinee

has effected that eonclusion?

Dr, RusserL: We haven't done any studies sinee that
time of silica dust. Most were other types of dust. What
is applicable to the grunite industry I can't say definitely
would be applicable to other industries. We believe, how-

ever, thut men can tolerate twenty million particles in that
much silica, (36%).

Mr. Dog: Suppose you found a case in your marble
survey, of an individual who had been exposed to & duat
containing a very nomina) percentage of silica, compared
to the granite, and that he had heen exposed to that dust
for a relatively short period of years, say len years, and
he developed tuberculosis, would you say the development

of tuberculosis in such a case was seeondary to the employ-
ment! '

Dg. RusseLt: In the marble?
M. DoE:  Yes, in the marble.
DR. RusseLt: No, I don'| think so.

M. Dok: Would there be any means of, n the present
state of our knowledge, connecting a case where the ex-
posure to silica was lesy than 85% and the number of
particles less than twenly million, any means in eannecting
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up & tuberculosis with such a case with the industry that
you know of?

Dk, Russes: I think it would be difficult. You have
to take into consideration a certain percentage of people
have tuberculosis, regardless of occupation.

Mr. Dog: That is, in every community there iy & certain
incidence?
Di. RusseLL: Yes, certain incidence of tuberchlosis.

MR. DoE: s there any criterion upon which those indi-
viduals in that community can be classified s to whether
their disease is industrial or not, if the silica content is
lower than granite and Jess than twenty million?

D, Russett: I don't know of anything, If we haven't
the characteristie silicosis proceeding with tuberculosis, 1
don't see how you can sy positively that it is

Mg, Dog: What is the proper method of taking an
X-ray to show the charncteristic findings of silicosis; is
there & proper technique as to under and over exposure
being avoided; can you tell us your views on that?

DR, Russt:  Personally I like X-ray of one character

and other people of another character. 1t is more or less
 personal standard, You reatice that there is & big variety
of X-ray equipment st the present time. I am using 4
_ portable X-ray machine, but | woull much prefer to have
a larger and better one, a hospital unit, The technique
I use for this portable machine could not be used for &
hospital. 1 don't believe there is a standard technique for
it. although it has been urged that a certuin technique be
promulgated and used throughout the countty, but with the
big variety of X-ray equipment | don't see how it can be
easily carried out.

Ma. Dog: In a hypolhetical situation where you ha,
say, not a portable machine, but a variety that might be
availuble in the large centers-can you give us any critevion
by which we can tell whether an X-ray is properly exposed,
not too little and not too much?

DR Russet: 1 think the X-ray picture itself would

tell you that.
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Mie, Doe: - What are the signs by which we would know!

D, Russern: 1t it s over exposed it is difficult to de-
sevibe, (U is casier to demonsteate, if you will, the softer
or Joss intense exposure hrings oul the finer shadows. You
¢ give tore exposure and (hese fine lines are obliterated,

M, Doe: Dr. Russell, what is your view on the path-
ology of the higher incidence of tuberculosis in silicotics?

‘Dlt. RussetL: T think you had better refer to Dr.
Gardner un pathology ; he has been discussing that yester-
day und today.

M. Dok Suppose we aceept Dr, Gardner's hypothesis
al the moment, that the phugoeyte is killed and that ne-
cro‘sis sels in und that is something in the nature of poison
which resulls in the tuberculosis, do you give any compar-
able situation to that when the dust is non-silicotic in
charaetor?

D, Russed: T dow't think it. has been shown,

Me. Dok: Dr, Russell, has the Public Health Service
done sy work i iron mines or has the Bureau of Mines
one unylhing in frow mines wilh which you are familiar?

Dic. Russerr: The Public Health Service husn't und the
Bareau of Mines husw't veported anything,

MR Do Thatl s all,

Mr. Tawgris:  Dr, Russell, in answering the question
u.f Mr, Log, us to the standard or the given quantity of
sificy wnder which & man might work with sufety, you have
reference to u group of men have you!

Di. Russpnt: Yes,

Mit, TARRELL:  And in one section do you refer to any
particnlar individual person?

De. Russevl:  No, they were groups we studied.

M!z. TARUELL:  TF & man has a breakdown of the upper
respiratory tradl, u breskdown in the line of defense
aguinst the inhalation of dust particles, should he work

under 'condiliuns with twenty milllon particles in less than
36¢¢ silicu?
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D, RusseLL: How are you going to determine the
breakdown?

M. Tarrers: Well, it is & fact isn't it, that the inhaln-
tion of dust particles tend to destroy the mucous membrane
of the respiratory tract!

D, Russetr: Yes,

M. TARRELL: That has all been covered, But if a man
does have a breakdown and the mucous membrane is de-
stroyed, can that man safely work in an atmosphere of
twenty million particles?

DR, RusseLL; I don't think we said the mucous mem-
brane wag destroyed; the ciliary action was limited. The
only way you can defermine whether or not the cilia are
gone i to get & section of the mucous membrane of the
trachea to determine that.

Mg, TaBRELL: The resistive powers of some individuals
differ from others?

DR. Russett: Yes.

Me. Tarrenl: Then there isn't amy definite standard

you can set up for separate individuals under which they
may work’

DR, Ruseitl: No. The presence of tuberculosis pre-
disposes to silicosis. 1 told you about this case developing
more Kbroais in the right lung snd later having a tuber-
culous infection in the other lung, and the rapidity with
which the combined disease developed on that-side. Most
of such cases in Vermont were the case of father and son,
the father had tuberculosis, the son lived with him and pre-
sumably became infected. These younger chaps in cases
of that kind, seem to develop silicasis more rapidly than

the others,

Mg, Tarkert: The amount of dust necessary to produce
s nasal disease in one individual is not the same in ell
individuals?

D, Russew: | think the upper respirafory tracts in
different individuals vary a lot. Deflected septum, ginug
disease, chronic tonsilitis, would aiter the effciency.
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Mg, Tawreet: Does that statement apply equally as
well to non-silicotic dust?

Dk, RusseLt: 1 think a person in & non-silicotic dust
with a deflected septum, would be more apt to have & res
piratory condition than if he didn't have it,

M, TarngrL: What influence would that have on the
development of tuberculosis!

Dr, Russert: Well, T think it would be indirectly, as
I spoke of before, that that would perhaps have an undue
amount of respiratory disease of different varieties, and
{hat in this way it might predispose to tuberculosis,

\
Mg, Tauret: And by respiratory disease you mean
Lroiehitls, pneumonig—

Di, RusseLL: Influenza,

Mg, Tagugel; Asthma and influenza?
Da. Russeul: Yes,

M. TanibLL:  That is ull

Dr, OGUEN, of the Tllinols Steel Company: Dr, Rustel,
i afl of your slides which showed a true pneumoconiosis
alher than nsbestosis, do you think that there was a possi-
bility of vuling out silics as & determining factor?

Dr, Russirs: You mean in all of them?

Di. OcbeN:  Yes, could it be ruled ot as the determin-
ing factor, causing fibrosiy other than ashestosis !

Di, Russect: T don't think so.

Dr, OcoEN: There was always free silica present in
each one of those in varying degrees?

Di, Russeit:  In practically all of them there was some
silica present,

DR. OGoEN: 1t couldnt he ruled out as heing the de-
lermining cause!

DR, RusseLL:  No doubt the presence of silica with other
dusts help to produee fibrosis, The reaction to silics is
much more violent than it is to other dusts,
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DR. OcoEN: You didn't show any slides of true pneumo-
coniosis in which there was no ilica, with the exception of
ashestos, is that correct!

DR, Russti: No, I don’t think so, T think there was
mayhe one per cent in most of them. That hrings us up
to the point of mixéd dusts, Practically all dusts are
* mixed. These funnet workers were exposed to almost one
hundred per cent silica; there were less of the other ele-

ments with it.
Di, 0coEN: That cement slide,

Di. Russitt: That was the finished product; about
one per cent quartz.

Dk. Beknap, Milwaukee, Wisconsin: I would like to
ask if there i3 any known clinical functional test that you
can give a man with 4 certain amount of pure silicosls by
which you might determine his disability, say, he coni-
plained of a certain amount of dyspnea !

Di. RusseLt:  You mean like a luberculin test?

De. BELKNAP:  No, to get an estimate of disability from
pure silica?

Dt Russgcl: 1 don't know of any, no, I think in es-
timating disability you have to take into congideration the
whole picture, the man's history and his background, his
present condition and the X-ray.

Dk, BeLkNap: I meant definitely on dyspnea.

Dr. Russert: In our Vermont study we recorded, by
use of the spivometer, the vital capacity. QOur statisticinn
said that we couldn’t do much with it statistically, but it
seemed to me (hat these men when they had silicosis, had
a marked decrease in vital capacity and most dyspaeic pa-
tients had a marked Joss of vilal capacity. One of the
slides 1 showed you, T think the second one—hiy chest in-
dicated quite a bit of pathology aid he had one of the best
vital capacities of the whole group, because he wag the
begt golfer in that area; he had built up a reserve, You
can practiee with a spirometer and increase your vital

capacity.

an

M, Wricit: In the cases that come for litigation, the
spirometer s of very little value because we need full
and perfect conperation of the patient in order to get
true vital capacity. You spoke of response to exercise,
didn't you, or did you? You spoke of chest expansion. Do
you put any stress on the movements of the diaphragm!

DR, RussELt: Well, chest expansion and respiration is
along the same line as vesult from the spivometer. It s
more or lesy voluntary,

M, Wnignz; But T find that very often in examining
patients they may know ubout vital capaclty; they may
not know what you are locking at when looking for the
movement of the digphragm in the dark room. They may
not know what you ure getting at. One thing is response
to exercise and another (hing iy holding of the breath, I
find when you don't et cooperation in sny of the other
tests & man may hold his breath for a normal length of
{ime, which is a very valuable thing, In other words,
wouldn't you use the same tests Lo determine the man’s dis-
ability in this lung condition that you wodld in any other
tests of his ordinary physical eapacity?

Dt Rissrnd: T would, Wxercise is quite valunble in de-
termining vital capaeity, T think it is really more accurute
than the spirometer. 1 used to meet patients at a cettuin
place and walk up the stairs with them to an office for X-
vy and | counted their respirations at the bottom of the
stairg and the top, It gave a rough index as to what we
might find with the X-ray, The stairway had a landing
half way up, and the more advenced eases of silicosiy would
stop there For a few extra puffs, and that is something they
can’t control. You can determine your own respivalions
before and after and compare them to his, I think it gave
i fairly good index, and of course, other exercise i similar.

M Dok: Dr. Willis usked for an opportunity to cor-
rect & portion of what he said this morning. T would like
{0 have him given that oppertunity.

Dr. Wietis:  This morning the question came up right
at the last concerning the concentration of dust and dust
counts which were the limits of safety, 1 think 1 suid



02

that T would recommend five million. What I wanted fo
follow that up with was this: That is pretty neatly a com-
promise between Dr. Russell's data which he held at ten
million, as I remember it, in his publication from the grat-
ite industry, and the earlier investigations in South Africa,
which made it anywhere from five to eight million,

Mr. Dog: Dr. Willis, when you refer to a safe limit are
you assuming a certain silica content in the dust?

De, WiLuis: That waa & 35% level becguse there is
really no other hasis to go on except those two well eg-
tablished figures,

Mr. Dog: Is there any method of getting & combina-
tion classification; for instance, we will say that five to
ten million of 85% silica is safe from the standpoint of
any hazard of contracting tuberculosis. Can we make
any similar classification, doctor, with reference to other

quantities of silica? |
DR, Witits:  You mean 50% or 10%?
MR, DoE:  Exactly.

Dr. WiLs: Well, it certainly sounds like you could
logically, but there is no established fact that you can.
It is perfectly logieal to assume that it ought to require
2 higher concentration of 10% silica to produce pneumo-
confosis than it would a 60%, but aside from the range
which Dr. Russell has shown, I don’t know of any wel
worked out authenticated data,

Mg DoE: It is the general conception, is it not, Doc.
tor, that the higher the silica content, the more rapidly the
disease will occur?

Da. Wituis: His work would certainly indicate that.
M. Dog: But there is no definite graduated scale
which one can apply!

Dn. Wittis: No, there is no definite graduated scale
which one can apply.

Mg, Dog; Wag it your view that in the classes C and
] where the incidence of tuberculosis was not above that
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of rural Vermont, would you aay that if one of those men
exposed to the degree of concentralion that was invelved
in those cases, which 28 1 recall wag sixteen million, had
contracted tuberculosis, would there have been any means
of attributing that to the industry, in your opinion?

DR, WiLids: That is & hard question, I believe that
unless you can illusteate that the concentration wes suffi-
cient to produce silicosia that it is only an assumption that

" that had & deleterious effect on tuberculosis. Agaln there

is no absolute proof,

Mk, Doe:  Dactor, in your statement this morning and
now, do you use in making a statement you just made, the
terms silicosis nnd pneumoconiosis as interchangeable?

Dp, WiLLis:  Pneumoconiosis would in that case mean
silicosis, Yes,

MR, Dok:  Assume & dust which containe less than 295
silica, From what you have just said I assume that the
concentration might be very much higher with safety, than
it could be if the dust contuined 35% sllica. Can one
clagsify dusts into silicotic and non-silicotic dusts by say-
ing that a dust that containg as little as less than 2¢; dust
falls into the non-silicotic groups of dust? Can you give
us any guide ay to the margin of safety in that group of
dust containing less than 2%?

Dr. WiLLis: We can only cite the data available for
coal miners and cement workers, In other words, in conl
miners the silica content is perhaps one and one-half per
cent and in cement it varies from one fo about five. In
cement work the count is terrifically high. [ think it was
fifty million or so, When the silica percentage is low the
dust count must be extraordinarily high to accotd a hazard
that 8 low count with high percentage would accord.

MR, Dok: Has any work been done with which you
are familiar that gives any comparable result to the Barre
study of silicotic dust, with relation to non-silicotic dusts?

DR, WiLLis:  No, except these several pieces of work
(hat Dr. Russell has mentioned,

Mg, Dog:  There are here u series of X-rays,
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MR, TarpeLL: I want to ask Dr, Willis his qualifica-
tions as a roentgenologist.

Mk Dog: 1 will ask you Dr, Willis, how many chest
films do you see annually?

D, Witwis: I supposs about 3600,

Mz, Dog:  You are the director of & tuberculosis sana-
forium at present?

Dk, Wizeis: [ am on the staff,

Ms, Dog: How Jong have you been engaged in tuber--

culosis work as a specialty?
Dr. WiLtis:  Well, T should say since 1920.

Mi. Dog: What did you do at Johna-Hopkins relating
to this subject?

Dr, Witeis: Well, I did a fair smount of experimental
work on the question of anthracosis and silicosts in animals
gnd T also, from time to time, saw clinical cases of pneumo-
coniosts, and I wrote a review on the subject of pneumoco-

"niosis, particularly as it velates to tubereulosis. As I said,
1 don't mean te qualify as an expert witness in X-ray work,
I thought this was just a question of opinion,

Mp DoE: Yes. Now, Dr. Willis, what were the con-
clugiony that you reached on the experimental work you
did on coal miners?

D, Winuis: That inhalation of eoal doesn’t have any
appreciable effect within the limits of experiments; it does
not produce any fibrosis of the lung and in animals so
exposed are not more susceptible to tubeeeulosis than other
animals not so exposed.

My, Dok: Your other study’

Dp. WiLLis: ‘The other study way & study of uilicon car-
bide produced by the factory which Dr. Clark represented
yesterday. That was un experiment in which animals were
exposed to inhalution uf dust over three years and the re-
sulty were essentially the same a8 those with the inhala-
tion of caal dust. 1 didu't know that this was going to be
taken s sctual evidence in the case.
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Mn. TarReLL: Before I consent to have your statement
I want to ask some more guestions.

My, Dot: 1 thought thiy might be of great inferest to
Pave him tell s,

Mg, Tageets: 1 thought I heard Dr. Willis say this
motning, or two of the other doctors, that from X-ray alone
you could not reach u conclugion, Now, I understand you
propose to submit an X-ray and have him reach a con-
clusion on that, '

Mr. Dog: No, [ haven't asked him anything about any
films yet, Now, with vefevence to this man, Bruno Rhode,
his age was 42, his exposure was six yeats, the silica con-
tent of the abrasive wheels which he used as & grinder
was 16% and the concentration was 1.1 millions; this man
undoubtedly hus an active pulmonary tubereulosis, Now,
have you anything to sny whether there is any evidence
on that picture of dust inhalation? That ia ane of the
suries which cover an interval of roughly one year—if you
cave bo you may look ut the entire series,

D, WILLIS:  In the first place, theve is quite 8 good deal
of diffuse fibrosis throughout the tung. There is evidence
of spotty infiltration in several pinces with questionable
cavitation which would certainly indieate a tuberculosis,
These diffuse fhroses and shadowy ave not the common
finding in an ordinary tuberculosis, Now old is the man?

Me. Doe:  Forly-twa,
DR, WiLis: e has been oceupied at the job six years?
Mu, Dog: As o grinder,

DR, WitLis:  Before one could pass on that one would
certainly want 1o know a good deal more shout the man's
previous oceupation and previous history, that would all
come in, The fact is as Dr. Russell brought out, from
the film alone you cannol arrive ut an ultimate eonclusion,
heepuse it 18 one of several bits of evidence, but it Jooks
like thera is tuberculosis there, There ig this interesting
fuet too, that these shadows here in the course of a year
huven't changed as much as you might have antieipated if
thul were tubareulosis superimposed on a silicosis, The
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two flms are not quite comparable.and that brings up also
the question of absolute reliubility of films.

Mg, Dog: T show you another film, Dr. Willis, this was
taken on March 10, 1932.

MR TARRELL: Which case is that, Mr. Doe?
Mg. Dog: This is the Prahl case,

Di Wiees: Tn this fist film there is very definite evi-

dence of tuberculous infltration with cavity in the left -

upper and with quite & bit of diffuse aread of presumably
tuberculosis, In & fim like this here there might have
been at an earlier time, some other markings, but the tu-
bereulosia has supervened, 1t is awfully difficult {0 pass
on the other markings and I wouldn't want to make an
absolute statement a8 to whether all this below and on
the other side is tuberculosis or is an occupational infil-
tration.

MR. DoE: That is all.

Mp. Tameett: No questions.

M. Dok: 1 would like to usk Dr. Gardner some more
questions. 1 would like to usk you, Dr. Gardner, whether
in the case of inhalation of dust containing less than two
per cent silica, do you believe you can asgist ug any on the
question of whether there is any necrosis such as described
in the silicotic nodules?

DR, CarpNER: In nong of our gtudies hay there been
any necrosis except in the case of free silica.

Mi. Dog: Does that have any bearing on the conelu-
sion of the relationship between non-silicatic dusts and tu-

bereulosis in your opinion?

Db, GARDNER: Tt hag always been my belief that the
neerosis produced by silica was responsible for thg Sus-
ceptibility to tuberculosis. That is at_ the present tlmg 8
hypothesis, however, and one on which we are working
to attempt to prove this association,

Mr. Doe:  That is all

&

FRED M. WiLcox, Cheirmon, Industrial Commission of
Wisconsin: To have had an opportunity to give intensive
and sustuined consideration to & subject of this kind s
we have done is just another demonstration of how much
hetter it is han to have to submit these issuey in court
to u jury mude up of the butcher, the baker and the candle.
stick maker. I need not say more. I urge upon you who
represent industry, you who represent insurance carriers
and all those who are interested in the administration of
workmen's compensation to keep in touch with the men
who have been hete, and to remember the counsel of Mr,
Cummings and Mr. Bloomfield and the doctors as to the
many things we ought to have in mind when we make our
studies. When we do undertake a study let's tabulate
everything that is available.

And there iy another thing that T wish to impress upon
you because of the delicacy of the situstion, Families of
deceased workmen do not want post mortem examinationa.
After all when death has overtaken an employe who has
been exposed to & condition which may or may not produce
silicosts, or perhaps a superimposed tubereulosis, we should
do our best to dissunde the fumily from the feeling that
they have and prevail upon them in the interests of o
hetler undurstanding of this whole subject to consent o o
Jimited post mortem cxamination,~a¢ least of the lungs,
Too often when these matlers are in Issue we play on the
feelings of the families to induce & settlement of a cage
by compromise. Rather than go through the post they
settle. It should be approached from an entirely different
point of view,—the interest of all in & better understand-
ing of the effects of our employment, We have just got
to take a firm, yet sympathetic stand,

Thanks again for your attendance and your contri-
butions,
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Appendix A
BIOGRAPHICAL SKETCHES

Dr, Leroy U. Gardner was graduated from Yale Col-
lege and from the Yale School of Medicine, receiving de-
grees of B, A, and M. D. in the years 1912 and 1914 re.
spectively. He spent three years in post-graduate study
of pathology under Dr. F. B. Mallory at the Boston City
Hospital, and during the last two years of this period he
was also ranking instructor in pathology st the Harvard
Medical School. He then aceepted a position a9 agsistant
professor of pathology at the Yale School of Medicine, when
it was heing reorganized by Dr. M. C. Winternitz, After
a brief period of teaching there, it was necessary for him
to come to Saranac Lake. As soon &g his health would
‘petmit, he became associated with the Savanac Laboratory
for the Study of Tubeveulosis. In 1919 they started ex-
perimental investigation of the study of the inhalation
of dust as a predispoing factor in the production of tu-
bereulosts, These studies have been in progress since that
time. In 1928 he was made Director of the Saranuc Labora-
tory, and since that time they have expanded their work in
the field of preumoconiosis, nssociating themselves with
others in various parts of the country who have been simi-
larly interested. Today the whole Laboratory iy organized
for the investigation of this problem and they are devoting
the major portion of their time to it.

Mr. Donald E. Cummings was graduated from the U. §,
Military Academy in 1920 and entered a School for the
Instruction of Officers, us 8 first lieulenant, immediately
following his graduation. He remained in this school for
one year, at the end of which time he resigned and entered
the Mussachusetts Institute of Technology, He was gradu-
ated from this jnstitution in 1923 with the degree of B.S.
in chemical engineering. He then accepted a position s
instructor in the Massachusetts Institute of Technology
under Dr. Warren K. Lewis, 1t was then necessary for
him to come to Saranac Lake and after recovering his
heylth he became an instructor in physics and chemistry

and

in the high school at Savanae Lake for (wo years in order
Lo assure his complete recovery. Batly in the year {928
he became associated with Dr. Gardner in research work,
dealing with pneumoconiosis in the Savanac Laboratory,
He hag beon made Assistant Director of the Saranac Lab-
oratory and has continued research work in pneumoconiosis
nnlil the present time,

Ife has been & Consultant in the U, 8, Public Heallh
Service under Dr. Lenke, and st present, an instructor in
the Trudeau School of Tuberculogis, He is & member of
the National ‘Tuberculosis Associntion, American Chemi-
cal Sociely, and & special commiltee of the Ameriean So-
ciety for Testing Materials, He has had an opportunity
lo make several field investigations in industries having a
known dust hazard, o

Dr. 1, 8, Willis gradualed from the University of North
Caroling in 1914, obtained his M.D. at Johns Hopkins Uni-
versity in 1919, and his M.A. at the ssme University in
(920, From 1919 to 1922 he was Assistant and Instructor
in Modicine; from 1922 fo 1928 was Associate in Medi-
cine; rom 1928 1o 1929 way Associnte in Clinical Medicine;
From 1920 1o 1930 was & leelurer in Clineal Medicine al
Jubwg Hopking Universily,  In 1929 Dr, Willis was placed
in charge of Dows Tubereulosis Luboratory of the Johng
Hopkins Hospital, and during the period of his connection
with the University was Assistant Visiting Physician and
Dispensary Physician al the Johns Hopking Hospital,
From 1928 to 1930 he also conducted & genera) practice in
the City of Bultimore. In 1930 ke came with the Wm. H.
Maybury Sanatorium, which is the Detroit Municipal Tu-
breulosis Sanatorium, at Norlhville, Michigan, a8 a
pathologist. e has done a volume of clinical work in in-
ternal medicine and tubereulosis, and several years of
experimental work on tuberculosis and pneumoconiosis.
He hay made numerony publications on these subjects in
the American Review of Tubereulosis and in the magazine
Medicine. At the present time he retaing his connection
with the Mavbury Sunatorium, where be iy still pursuing
clinical work in pneumoconiosis in conjunction with hig
other dulies,

L
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Dr. W, Irving Clark recoived his medical education b
Columbia University, New York City, wheye he received
the degrees AR, and M.D,

Following this he served as inlerne b the Roosevelt
Hospital, New York City, from 1904 to 1906,

Moving to Worcester, he became coonected with the
Worcester City Hospital, wheve he worked on tuberculosis
in the out-patient department and later Lecame the Secre-
tary of the Worcester Tuberculosis Relief Agsociation
which carred on netive field work amang the tubercular pa-
fients in Woreester,

He was later appointed assistant surgeon af the Mem-
orial Hospital, Worcester, and in his private practice he
did considerable chest work, dividing his time between this
and general surgery.

During the war he served overseas with the American
Red Cross and later as Captain of the Medical Corps of
the United States Army. . ‘

Tn 1911 he was appointed in charge of medical serviee
of the Norton Company, Worcester, a large manufactory
of urtificial abrasives, grinding wheels and grinding me-
chines, He has been connected steadily with this institu-
tion unlil the present time and has made a special study of
the effects of the inhalation of ubrasive dusts on the lungy
of the workmen, These studies have been published in
four papers on the Dust Hazard in the Abrasive Industry,

Dr. Clark has also written an article on the offect of
inhaling artifiial abrasive dugts for Oceupalion and
Health Encyclopedia of Hygiene, published with the Inter-
national Labor Office, Geneva, Switzerland, He hay also
published an article on Industrial Medictne in the Oxford
Medicine, and & similar article for the Nelson Loose Leafe
Medicine. .

Since 1919 he has been connected with the Harvard
Sehool of Public Health, first s an ingtructor in Industrial
Medicine, and for the last two years ag assistant professor

it the same subject.

" Mr. Bloomfield was graduated from the University of
New Humpshire in 1920 with the degree of Bachelor‘of
Seionce in Engineering, and immediately aftor graduation

a

hecame affiliated with the United States Bureau of Mines
ut the Piltsburgh Experiment Station. During the three-
year period at the Bureay of Mines, Mr. Bloombivld con-
ducled extensive studies on problems related to toxic gases,
fumes and dusts, A considerable portion of this time was
devoled to the development of prolective devices for nse
in contsminabed abmospheres,

From April, 1925, to the presont dote, My, Dloomfield
has beew attached as Sunitury Engineer to the Office of
Industrisd Hygiene and Sunifution of the United States
Public Heulth Service, devoling hiy entire time to prob-
lems dealing with the industriul environment as related
{o its effect on the health of the wotker. The heslth haz-
ards nssociated with radium dial puinting, lead storage
battery manufucture, the use of tetraethyl lead gasoline,
chrominm plating, und the pneumonia problem in the steel
industey are o few of the probloms which Mr. Bloomfield
has been engaged on during the past ten years, The larg-
est portion of hiy time, however, has been devoted to
sludies of the dust hazaed in various industries. Mr.
Bloomfield hay conducled detailed studies of the dust ex-
posure of workers in eonnection with every one of the
many dust studies caevied out by the United States Public
Health Service, amd iy co-author of the Bulleting issued to
dule on the stucies of e heallh of workers in the cement
aid granite culting indusivies. He was also affilinted on
the study of the dust hazrd in the sundblusting industry,
which was conducted jointly by the United States Public
Health Service and the Nutional Safety Couneil,

fu addition to the studies concerned with the nature and
concentration of dusls in industey, My, Bloomfield hus also
nude Many studies on the efficiency of dust vemoval de-
vices und other wquipment used for the protection of the
worker,

Mr. Bloomfield is author or co-uuthor of more than 30
papers on various subjects pertaining to heatth hazards
in industry,

Following Lhe graduation of Dr, Alberl B, Russell from
Medical School he became Resident Physician of the Way-
erly lills Sunatoriun al Touisville, Kentucky, in 1918,
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which position he held until 1919, He then entered the em-
ployment of the United States Public Health Service as
a member of the Staff of Service, Hospital No. 26, at
Greenville, South Carolina, where he remained in service,
specializing in the treatment of tuberculosis during 1520
and 1921 From 1022-28, inclusive, Dr, Russell acted as
Assistant Chief of the Tuberculosis Hospital Section of
the U. S Veterans' Buvews, From 1924-30 he was in
charge of feld studies as to the health of workers in dusly
irades for the United States Public Health Seevice, In
1930 he was appointed as official representative of the
United States ot the International Silicosiy Conference al
the League of Nations at Johannesburg, South Africa, of
which he acted as Viee-Chairman, In 1030 he becume
Chief Surgeon of the U, 3. Bureau of Mines.

Dr. Russell has made numerous eontributions to medieal
magazines, and has written many reports for the U, §.
Public Health Service, covering particularly the feld of
pulmonary diseases and more specifically those disenses
revulting from the inhalution of dust.
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Appendlx B

LIST O PERSONS WHO ATTENDED CONFERENCE GON-
CERNING EFFECTS OF DUSTS UPON THE RESPIRATORY
SYSTEM HELD HEFORE THE INDUSTRIAL COMMIS.
i\‘llll)lN OF WISCONSIN AT CHICAGY, ILLINOIS, ON NOVEM-

ik 11T, T,

Bininess
Nume Address Profession Connecdion
Andrews, Asa A, Chieago, 1), + +.  Lumbennes Ma-
tusl Cusualty
o,
Atklnson, ¥, Mitwauker, Wis. ... .............Liberty Mubual
Casualty
Augst, RA...  Monteeal, Wis.... ........... ._.M%nlrenl Mining
0.
Bunysd, Dr. A. L. Milwaukee, Wis. Physician_... . Clinie Diceetor,
Muirdule San.
Hellnup, B L M. D.231 W, Wi, Ave, Medioal Director Glole Union Mig,
Mitwaukee, Wis. Co.
Wellig, Dr. G, L...  Wouwatosa, Wis.. ._............. Sust. Muledale
2.
Derlin, Dr.D,5.  Chieago, .. ...........cocenvis Augusting Houp,
Biever, . ... .. Kohler, Wis.. . .Mech, Engineer .. Kohler Compeny
Bloomtield, ... Washington, D.C........_........U.5 Public
Heulth Servicg
ritton, Dr.d A, Clieugo, 1L . Mediewd Diveelor Tnternstiong]
Hurvester Co,
Browe, Wm. B, Milwaukee, Wis. Lawyer_. .. . Alli-Chalimers
Mtg. Co,
(urk, De.W. Irvine Worcester, Mass. . Phyalelan..... . .. Norton Compuny
Hutvurd School

(ollinghum, M. 1), Kobler, Wis.. .. Medicul Director Kohler Cumpany

Cummings, D. B, Surenae Luke,
N.Y.... . .. Ass't Director.. Saranac Lab,

DeBluig, Lewis — NewYork, N Yo ooy

Dickson, L B, .. Chicago,I11.... ... weeneee ...Standerd Equlp-
ment Co,
Dubbing, De, Thos. Kenosha, Wi, .. . ... ... Nash Motors Co.

Doe Arthur B, 826 N, Broadway, Lawyer...... ... Employers Group
Milwaukee, Wis,

Butlywine, . L. Chieago, L. ... ... vt e
Frenh, G B, Chieago, B . ... . Liberty Mut, Cus,

Furd, De. WAL . Milwuukee, Wis, Physician...... .. Ass't Chiel T. B,
Div. Heulth
Dept,
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Nume

(andrey, Alfred R.
Nowak,C.A.. ...
0'Melley, Dr. T. 8,

Ogden, Dr.C. ..
Otjen, C. 4.

Partish, L3, .. . .
Pierport, Dr. D.C. .

Reid, M.A._..._..

Reynolds, Paul F. .
Ringo, Dr. H.F.....

Russell, Dr, A, E....

Sander, 0.A.. . ..
Sunpington,
f)l. g 0.

Sehlomoviat, W,
Benj.H........

Sexton, James M.....
Story, HLW.. ...

Tareell LA, ... ..

Tharinger, B. L. .

Wartield, D,
Louiy M,

White, Wm. W......

Wileox, F. M, ...
Willis, 11.8...... ..

Goldschmidt, W.J.
Graves, Dr. 8.8....
Gray, A W.......

324 E. Wia. Ave, Medical. .

' Buiinew
Adlress Profession Connettion
Milwaukee, Wis, Lawyer. ._... . Ass't City Aty
Chicago, Ili.... .. .1\ Indus. Com.
238 W. Wis. Ave,, Surgean
Milwaukee, Wi,
Chieago, IN.... . 1. Steet Co.
Milwaukee, Wis, Alformey. . Liberty Mutual
I, Co.
Milwsukee, Wis, . A. 0, Smith Corp,
Ironwood, Mich, . ,Pi%kunds. Muther
0,
Hurley, Wis.. .. ... ..... ... Montres Mining
(o, & Odansh
Tron Co.
Cleveland, Ohic. . Mncntreul Mining
0,
Montreal, Wis.. . Mucutrenl Mining
0!
Wushington, D.C. Surgeon U, 8. Publie
Heulth Service
B00 Empire Dldg., Employers Mut.
Milwaukee, Wis.
Chiivago, U, Cunstallunt
Ind. Med,
210 Bmpire Bldg,, Internist
Milwaukee, Wis.
Milwaukee, Wis. . Employers Mut,
Milweukee, Wia. . Allis-Chalmers
Mig, Co.
Milwaukee, Wis. . Atlorney ..
Milwaukee, Ws, . Pathologist .
Mitwaukee, Wis. Intermit . . . ... ...
Cleveland, Oblo.. ... } MEntraulMinlng
0'
Madison, Wis.... Chuirman .. . Wia. Indus. Com.
Detrait, Mich. ... .. .. Detsit Public
Health Dept.

Mitwaukee, Wis. .Attorney_..__..... ceeee :

Chicago, I1L.... ... Medieal Director I, Indug. Com,

Private Practlee
Milwaukee, Wi,

Name Addross Profession
Guillest, F.. Chicago, TH.. .
(iuire, Peter,Jr. ~ Chicago, . . .Commigsioner._.
Habbe, Dr.J B, Milwuukew, Wis. Roentgenologiat

Hengel H.G. . Chicugo, 1Il. . ._Salety Dircetor

futh, Gorddon C. . Chicago, JIl. . .

Ireland, Walter .. Koller, Wis.
Janzer, W.W. . Milwiukee, Wit,

Business
Connection

.. .. ..EyaShield Co,
W Indus. Cop.

Youngstown Sht.
& Tube Co,

Universa) Atlos
Cement Cn.

{mployment Mgr. Kohler Co.
.. Seamun Body Cory,

Knuteon, R.G. .. Mudison, Wie.. .. Memher_.. ... . Wis. Inius. Com.

Kuechle, B. E..... . Box 32, Wausau, -

Wis... . [nsurance. .., Employers Mut.

Kuho, Dr, Leroy P. Chicagn, Ill... . .

Lavich, J. L., Chicago, 111

Lalz, Qseur W24 B, Wik, Ave,, Medieal, .. |
Milwuukee, Wis.
Meluyre, M. 0. Cleveland, Obin
MeLaren, De LB, Appleton, Wis. — Physician... .
el 11, ), Kennslia, Wis,
Miloslavich, fr,
Biw. G .. Milwankes, Wi, . Puthologist.
Nelson, Hurry A, Mudivan, Wi, . Director, Works
men's()ompu..
Wrabetz, Yoyls — Mudison, Wis.... Memwer... ... .
Wright, C.B...  Minneapulis,
Mimn..  llemnigt......
Zim, L1 ... Irouwoud, Mich, ... ...,

+ ... Lumbermena

Mut, Cus. Co,

.. .Lumbernens

Mut. Cea. Co.

Private Proctice

... Pickandy, Malhar
Co,

CIlin_lSuniuun.
Kimberly-Clark
Corp,

Nk Mutars (o,

Wis. Indug. Com,
Wis, Indus, Com.

... Pckands, Mather
Co.



