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REPORT OF THE PREVENTIVE ENGINEERING COMMITITEE

PROFESSOR PHILIP DRINKER, Chairman

During the past 8scal year of the Foundation, one fellowship has been
maintzined at the Harvard School of Public Health. The incumbent is
Bernard D. Tebbens, who is a candidate for the Doctorate of Sciencs Degree
at Harvard. He has worked oa two problems, one involviuz s study of par-
ticle size in relation to silicosis, and the other comprising a study d the
guses and visible fume evolved in arc welding with coated rods.

L For the studies on particle size and sillcosis, dust samples of finely-
ground flint, 99.37 S10. wers prepared as follows:

3.3, 1.7, 1.0, and 0.8 microas.

As stated in our 1939 Report, the object of XMr. Tebbens’ work with
sized particles was to study the relationship of sizs to potancy (with respect
to silicosis). It was generally admitted that the potancy incressed as the
size decreased but, 50 far as we know, no studles had been made (and cer-
tainly none published) which attempted to answer this question with patho-
logical proof. We.are indebted to Dr. R. Z. Schulz, of the Department of
Pathology, Harvard Medieal School, for his cooperation in this work and
wish to make clear that he will be joint author with Tebbens of a papar
detailing the complete study.

For each size group, nine rabbits were used and each received 100

milligrams of dust in saline suspension infected in two equal doses at three- -

month intervals. No animals died from the injections. One animal from
each series was sacrificed at about three-month intervals.

Histological sections of the liver of animals sacrificed cariz in the exper-
Imonts showed differcnces. in liver damage. After the first three months,
animals receiving 0.8 and 1.0 micron dusts showed small though definite
evidence of scarring. lMicroseopically, they had small areas of necrosis
and fibrosis distributed particularly in the portal areas of the liver. On the
other hand animals injected with 1.7 and 3.3 micron dusts showed no gross
pathological changes. On microscopic examination, only numerous macro-
phages and giant ceils were found scattered throughout the organ.

As the experiment progreased further, gross pathology became fncreas.
ingly evident in the animals which had reccived the two fner sizes, and even

_to some extant in animals having 1.7 micron dust. This pathology was par-

ticularly evident as fine wrinkling of the liver surface, merging into cleariy-
defined nodulation and white areas of fbrosis. A gradual enlargement of
liver and splesn was also noted.

In the last group of animals, such striking gross pathology was «idont
that there is no doubt as to the relative importarce of these dust Zractions
fn prodacing tissue damages. These animals had lived about 17 months
since the original injections.

The animal receiving 3.3 micron dust had slight enlargement of liver

- and spleen with negligible other appearance of patkology.

Thosa receiving 1.7 micron dust had vers noticeable enlargement of the
organs, and the liver was coarsely nodular with white fibrosed areas.

The 1.0 micron animals showed complete fibrosis of about 1t of the
liver, the remainder being distinctly nodular. The spleen was enlarged
about three or four times normal, but was otherwise not remarkable.
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The 0.6 animal functioncd on about ! of the liver, which itsalf wag =.
coarsely nodular. The remainder of liver tissue had beon completels ol
erated by fibrosis. The spleen was cnlarged several times and showes wi-
millary tubercules over its surface. Other organs, such as lungy a=d b
marrow, showed distinct evidencs of fibrusis. Kidneys of all animals by
appeared normal throughout.

Engineers are concerned with particle size in the causation of sJice.
because we, and not the pliysicians, are responsible for dust control axd ¢
making estimates or counts of dust concentrations. From the rescies .
Tedbens and Schulz, it is evident that methods and apparatus desigaed :

" abats dustiness or to estimate dust concentrations should be directed esp.
cially against the particles well below and not above 1 micron in size.

I. A part of Mr. Tebbans’ fellowship work has been devoted to 2 stud,
of the nature snd quantity of the fumes and gases fberated during -
walding with coated rods. Not all slectric welding today is done with maz.,
rods, but their use is increasing rapidly. In the case of alloy steels asd o
nop-ferrous metals, coated rods are the rule and not the. exceptio= ‘[=
general, the primary purpose of the coating is to shield both the are and th.
bhot metal from reaction with constituents of the air.

Time would not permit studying the full list of the coatings used oz
medern welding rods or the products they give off in the are. With the hely
of welding experts from the General Electric Company, who supplisd a%
the equipment needed for this study, we selected a number of representrtive
rods, of which the makers gencrally furnished the approximate anslysex I=
those few cases where analyses were not available, it was not difficzk =
detarmine the essential ingredients and to check them against the prodacs
of combustion in the are. Every effort has been made not to disulge a=5
trade or manuficturing secrsts regarding the exact pature of the coatingzs,

A. Low-Carbon Stes! Electrodes: Saven different slectrodes were s2d.
;etlil in three sizes, §/327, K", and §il6%. The costings contained ste
ollowing: -

Ferromanganese, the Mr serving 2s a deoxidizer.

Various silicatss, including asbestos, with small amounts of free siaca.
Sodium siljcate as binder.

Titanium dioxide as an arc stabilizer. .

Carbohydrates to furnish 3 reduciag atmosphere.

B. Stsel Alloys and Non-Ferrous Alloys: The costings of these rads
all contain fluoridas, usually earbonates, and some silicates. The eoaties of
rods for welding aluminum contzined chlorides, while one alloy rod, a §6
Cu ¢ SI rod, contained borates. .

In general, all rods and all costings gave off & visible fume or scwie
of which the qualitative comporition was predictable from the analyses of
the rods. In addition, we looked for aay volatile fluorine compounds, as ==l
ss carbon monoxide, chlorine or kydrochloric acid, and especially oxides of
nitrogen.

P Y
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and & hoed placed near the welding work. Beads were welded across small
meta) plates and the gases and fumes from the arc wers drawn Into tie
hood by the exhauster. Samples of gas and of the visible fume were takra
from the flue pipe and analyzed. From 2 considerable series of such analy-
ses, it was possible to construct a table: - .
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Welding was done in a gas chamber equipped with a special exhruster
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I welding was done at various distances from the hood it was poysis.
to determine at what suction velocity, measured at the are, all visible fun
and ga3 entcred the hood. It was also possible to predict, with fair accusa-
the gas and fume concentration aftor a definite time when welding undec
particular condition. It follows, therefore, that one may write specificatia:
for the necessary ventilation to bring about any desired condition.

In general, we Lelieve that modern electric welding is a safe job, pm
viding that the workcr observes certain simple rules:

He must avoid ultraviolet light from the arc and his skin, especia’;
hands, face and neck must be protected. We have no fault to Gnd with ¢,
convantional safety practices with regard to these items.

He should not weld in confined spaces, like tanks, unless they are wel
ventilatad, or unless he is supplied with an air mask.

If the concentration of visible fumes is kept within reasonable Lmis
by means of appropriato ventilation, there will be no risk of poisoning from
NO,. This does not mean that NO. gas and visible fumes are given off in ary
constant ratio. They are not. But low concentrations of visible fumes, suct
as 20.23 mgs./cu. m., preciude any possibility of barm from breathing gas-
. eous impurities.

We had formerly a second fellowship, held by Leslie Silvermaz, bk
this was stopped at my suggestion because 3r. Silverman was appointed
Instructor in this School and had to devota a large part of his time to teach-
ing and not to the research in which the Foundation was interested. How.
ever, his original thesis work, made possible by the Foundation’s generoiit;,
will be published. '

The purpose of Mr. Silverman’s work was to study the factors affecting
hood design for single-tlot unheated tanks, such as those used for cold-
plating, pickling, acid-dipping. alkali baths, and wash tanks. The eifect of
temperature and of solvent characteristics on ventilation requirements.
together with the performance of double-slot hoods, is being studied further.

Ventilation requirements (Q) of unheated tanks with lateral exhansis
were found to vary as follows:

Unflanged hoods .. Q = 23 (width)!-}& (length)o-33 (velocity)!

Flanged hoods Q, = L9 (widch)!-3 (length)®?  (valocity)t

The optimum height of flange is that equal to tank width and the opti-
mum flange inclination is the maximem allowable without interference witk
{ndustrial operations.

Slot velocity or slot width are unsatisfactory criteria of hood perform-
ance. The important factor is the quantity of air harndled.

The depth of liquid surface below the slot does not affect greatly the
characteristics of hood performance, but may have an important effect o
evaporation and entrainment of liquid.

I am assured that ons fellowship and perhaps two will be continued at
Harvard, and I should favor, fn this case, departing from perhaps our
straight engincering and incleding something that is a little more biochem-
feal, particularly a problem on how the human system handles solvent vapors
when axposed to a compound such 2s carbon tetrachloride. That is, if an -
individual is exposed to a certain concentration, how soon does his blood
become saturated at that concentration, and if he leaves, hotr soon does b
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become desaturated?! The fundamentul data on such matters now are badly
lacking.
I am also informed that our Engineering Committee next year will be

able to make the survey of exhaust systcms which wa projected last yesr
‘v and which we were unfortunately prevented from making purely by lzek of
' funds. I am informed that such funds will be available this yesr, and we
. shall go forward with that as projected in our annual report of a year ago.
. The Foundation has liberally continued its support of the Journal of
' Industrial Hygicne and I think I ean say %o the mutwal advantage of the
Joarnal and of the Foundation. From my standpoint, as editor of the Jour-
nal, it is & most desirable cooperative effort. W¢ exchange data all the
time and each helps the other materially in the abstract work, thareby
considerably reducing the cost of the combined efTort.

There is one item in which [ would bespeak your support if it should
come up. In the general field of industrial solveats, particularly of common
organic solvents, new ones are being introduced continually. Every now and
then a lawsuit such as this will arise: An Individual, unknown to himself,
has a tubercular lesion. Ha receives an exposure to some solvent vapor or
perhaps an irritant gas as from electric welding. He does not know that he
has tuberculosis at the time, but a month or two or three later he dreaks
down and is examined by a physician and is found to be in an advanced
stage of tuberculosis. Human nature being what it {s, he looks about for
some one on whom he can pin the blame and he picks on the employer at
; that time. That Is perfectly natural. You have experienced such suits. ..
: We may have our opinions about those things, but to prove them is a very

difficalt matter. I can aumber in my own experience two .or three such
occasions. The proof of the thing is highly embarrassing, even if the firm
has worked in the utmost good faith and is of the opinion that it has kept
working conditions as they should be. ... - .

The answers to vexing problems like that might well be obtained by
research, especially at Saranac Lake, of the type that Gardner has done so
successfully with dusts, aamely, the treatment of experimentzl gnimals
inoculated with tuberculesis virus In accordance with Gardner’s technique:
treatment of animals with known concentrations of solveat vapors such as
we would permit our worlmen to have in their ordinary work, and then
seeing whether their condition is adversely affected. -

You may say that lezally you eannot draw inferences from animal

* sexperimentation. I'd like to say that you can and it is being done with great
success in defending unjust claims. It is the one way you are likely to be
sble to answer the problem with even a shadow of success.

I think that the Foundation could very well interest itself in that prob-
lem. It is one which is most vital to the engineer, becsuse sometimes wu are
called upon to take responsibility for a ventilation installation which we have
put in in the utmost good faith. Later we find that the individual for whom
it was designed, perhaps. is a2 little below par. tubercular, if you wish, and
he breaks down and thean they say, “Well, the engineers didn’t wveatilate
this job. If they had done it the way they should this fellow should be all
: - right” I don't think it is our fault, but nonetheless they hunt around Zor

{ - blame and they pin it on us, sometimes with a good deal of success.

! I note in the program that at the conclusion of what [ have to say, and
: we have reached thot point, the meating is open for discusgion. If I or col-
. leagues in the audience can snswer quastions on these matters, we will be
glad to do so.

13
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=] DR. MILES: When you discussed the effect of thess fine dust partic
[ on the liver, in what way did you say the dust was got into the rabki:
% Injected ?

1] PROFESSOR DRINKER: Yes, into thc ear vein. That is an old te
X | nique that has been used for many years in the study of toxicity of vari:
=~ types of dust. Of course you can produce fibrosis from silica in various pa
3.; of the body. Putting it In In that way it can be done with precision =

with quantitative accurscy. The resson we didn’t dust these animals by«
- air.breathing route is because the samples of 0.8 micron dust wers measu:
. literally by the milligram and not by the gram and we dida’t have enco
dust to permit inhalation experimenats,
l;u: DR. WILKIE: I'd liks to ask 3Ir. Drinker If he did And anythirg in:
g3.

PROFESSOR DRINKER: Not of any eonseqneuec. Thor showed sli;
evidence, macroscopieally, of fibrosis. -

DR. SELBY: I{ it is so dificult to make this fine dust does It actux’

Jexist in industry?

PROFESSOR DRINKER: Yes. That {s a very good question and a ve
practical one. The trouble is that fine and coarse particles are .intimsate
tied together, and what we wanted were the individosl sharply defined
tions. In any place like a foundry or mine, all air-floated dust will conta
plenty of the 0.6 micron dust. We wanted to get it by ths millicram, .
gram {f we could, and to get it and separate it from the other sizes

- e extraordinarily difficult. It is very tenscious. They just stick together.

* "DR, MILES: In your conclusion. then, while you actually sexamined t:
liver you would say that there was an analogous change in the lungs.
mean it would cause fibrosis in the lungs were it breathed in.

PROFESSOR DRINKER: I am sure it would.

DR. MILES: Baut there would be 20 liver change ?

PROFESSOR DRINKER: I you breathe it in, the most importa:
damage will be in the lungs, whereas if you taka it lnmvonmly the impor
ant damage is always in the liver.

MP. BAILEY: The inference is that tho dost parﬂclu larger than 1
microns are harmless?

PROFESSOR DRINKZER: That is certzinly what I think—not total
harmless but, compared to the others, yes, they are harmless,

MR, BAILEY: Isn't that something new?

PROFESSOR DRINKER: I don't think so. [ think all we have dec

_ Is put a hunch that everybody had on a slightly more quantitative basis.

DR. LEROY U. GARDNER: May I say a word about this?

This subject (toxidb' of fine particles) that Professor Drinker hs
reported this moming is one that we have investigated zlso. You confirs
the findings that we have already made with the exception that we felt th2
# you allowed particles up to three microns in diameter 29 act long enouy’

they would produce definite and progressive changes in the liver. I haw
forgotten how long your maximum observation was.

PROFESSOR DRINKER: A year and a half,
) 24
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DR. GARDNER: We found that in & ycar's tine the particular quariz
with which wae worked wag active. We set three microns as tho upper limit
of activity. Four microns to six microns wero inert. We all agree, I think,
that the smaller the particle the more active it s and the more rapidly it
produces changes In various organs. .

The liver that Professor Drinker has used as a test organ is ons that we
have used also. When you come to apply this knowledge to inhalation, hov-
sver, you have got to consider whether particles under & micron or a half a
micron, perhaps, are geing to remain in the lung in sufMcient quantities. We
tried 30ome Fears ago an inhalation experiment with some exceedingly fine
silica, whose averags particle size was said to have been of the order of 20

angstroms. This material was prepared and measured by a method that [ am

not in & position to discuss just now. The point I want to make is that when
we made animals breathe this exceedingly fine silica we didn’t get what we
expected, that is, almost immedisate death, within a few weeks. We found
that relatively littls of it stayed in the lungs. There was enough there to
producs some changes in the phagocytes, the formation of giant cells, and
what not, but no fibrosis developed. Thare was not snough of the very fine
silicz in the lungs to cause any desth of tissue. While it i3 perfectly true
that the finer the quartz particle or the silica particle the more active it is,
it seems to me that our application of this finding must also be conditioned
by what can be expected to remain in the lung aftar inhalation.

I quite agree with yon that the engineer ought to be prepared to trap
the finest dust that is in the atmosphers and that he needn’t be much con-
cerned about anything over three microns, even though the lung may contain

some ten micron particles. Those three to ten probably are pretty {nactive. - - .

Whether it {3 going to be 1.5 or 3, I cannot say, but I certainly feel that it &s
in that range that we are going to define the upper limits of activity.

PROFESSOR DRINKER: [ think that engineers feel that we trap the
fine dust, but I don’t think that we fee! that we measure it when we go cut
into a plant. I think if we catch the 1's and 3's we will catch the 0.5's too.
Bat certainly, i we make estimates of relative hazards of one job and
another, we don’t come anywhere near laying the emphasis on the fine matar-
{al that we ought to. .

In defense of my having inf=inged on the fleld which Dr. Gardner has so
well covered, I should like to say that we were gzuided in our choize by the
fact that in the -experimental work which he cited. I am distinetly uader the
impression that he stopped at three microns. He said that the others were
more toxic, but his published data, quancitatively, are on the three microns
and over. That may seem like splitting hairs to you gentlemen, but it {sn’t
to me.

3MR. FRAZIER: I should like to ask if you have actually correlated the
different rates between the size particles on those particular animals you
have experimented with. In other words, by 0.5 on up.

PROFESSOR DRINKER: You mean correlated in a mathematical
_sanse?
MR. FRAZIER: Yes. .

PROFESSOR DRINKER: You can’t. I don't think we would ever be
able to. You can't do much more than get the results and just present them
as you see them, either in gross preparations or histological size, and say

15
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that one ia s0 much worse than tho other. To make any procise nut.hema:;
leal correlation I am afraid is beyond any skill that we have.

DR FRARY: Does that not imply that the examination and dust count-

Ing should be donec on a dark field rather than light field? I understand you

can’t get much under one micron on bright ficld. Some dusts which look

very well if you look only in the bright fiald become very bad if you look
only in the dark fleld.

PROFESSOR DRINKXER: In defense of the present coanting technique,
which is light fleld and does pay particular attantion to material that is
digger than one micron, the results of such counts, when they show high
dustiness, correlate fairly well with such data as we have on incidence of
silicosis and the like. After all, dust counting as it is done today is mot
to measure how much dust i3 in the air. It is to estimate what ths silicosis
risk is, and from the present way of looking at things the two haven't a
whole lot in common.

From the standpoint of precision, T agres very warmly with Dr. Frary.
vFriﬁn; the standpoint of public health, perhaps the present counting technigue

o.

DR. RUSSELL: Have the pathological effects of amorphous silica dust
and diatomaceous earth been determined by experimentation?

PROFESSOR DRINKER: We haven't tﬂtd auy. Dr. Garduer can
answer that much better than L. - . .

. DR. GARDNER: We have tesced the effect of diatomaceous earth by this

method and found that it is capable of producing a promssivc fidrosis that
looks very much like that caused by quartz. Thet is the only form eof
amorphous silica that I know of that will produce this resction.

It has been sugzusted that the reason for the greater activity of zhh
particular form of amorphous siliea is due to the tremendous surface exposed
to contact with the animals. The diatom shells are pierced by tremendous
numbers of exceedingly fine tubes and as these particles are brought into con-
tact with the tissues the tubes’ surfacs is added to that of the outer surface.
All the other amorphous silicas that I know of are incapahle of producing
a progressive reaction. A few of them cause a little chronic inflammation,
but that tends to subside rather than progress.

PROFESSOR DRINKER: A vear or 30 ago, at the last Saranac Silicosis
Symposium, Dr. King, from England. took me, among others, pratty seversly
2o task for the unscientific way in which we made dust estimstes. Hia
language was diplomatic, but the implication was that we were somewhat
stupid and that the British method of thermal precipitation. which caught
very easily the fine materinls of 0.5 microns, was superior to ours. Dr.
King said that their technique deliberately ignorcd the bigger sites, say
above three, and took the finer ones, whereas ti:e impinger did its bast work
beginning at about two microns and going on up to ten. Ha toak us to task,
and I think with reason, for the unscientific methods we were using. On the

" other hand, we can maintain with some justification :hat with such as we
“ have we can coutrol silicosis and measure the degree of our contrul fairly

satisfactorily.

DR. MELLER: The next section of the program is in charge of Dr.
Lanza, Chairman of the Medieal Committee.
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REPORT OF TIE MEDICAL COMMITTEE
A. J. LANZA, 3L D, Chairman

During the year we have succeeded In getting our studies on sick absen-
teeism in industry’ well under way. Fiftecn firms are now cooparating
with the Foundation and with the United States Public Health Service in
Pputting into effoct what will be a comprehensive record which will show
the extent and nature of sick absenteeism in industry. The importance
of this Is self-evident when tve consider the enormous economic loss involved.
We will bear in detail of this activity from Dr. Gafafer, who is on our pro-
gram today.

The Foundation has continued to sponsor research activities at the
Saranac Laboratory and this very important pieco of work will be described
to you by Dr. Gardner, who Is also on our program.

We also have continued to tupport the extremely interesting studies on
the effects of toxic materizls on the living tissue carried on at the University
of Pemylnnh, which will be described to you in detail by Mr. Hasgensen. -
As you know, the studies on x-ray which have bean earried out at the Uni-
versity of Pennsylvania have besn completed and are available to the mem~
bers and to the public in bulletin form.

For the coming year we propose to earry on our studles in sick absene
tseism, in cooperation with the United Statss Public Health Service and
with those member firms who have requestsd participation in this under-
taking. We also propose to carry on Dr. Gardner’s studies at Saranae and
Dr. Clark’s and Mr. Haagensen’s studles at the University of Pennsylvania.

I should like to discuss very briefly recent advances in the status of the
industrial heaith program throughout the coantry.

The American Medical Association, through Its Council on Industrial
Hult.h. is continuing its various efforts in this field. The Council not only
carries on educational and informative activities at its headquarters in
Chicago, but has inaugurated a broad cempiigm-of education through the
stato and county medical societies all over the country, having in mind par-
ticularly the needs of small plants wherein, as you know, some ﬂght)’ per
cent of all our industrial wage earners are employed.

The activities of our own Air Hygiene Fouandation are well described in
the program of today and tomorrow, but I should like to emphesize for your
attention that this Foundation is the only national association including in
its membership all trpes of industries which is actively supporting and
financing fundamental reseazch in industrial health problems, without which
continaed progress in the fleld of industrial health is mot possible.

A committee ermposed of 3Mr. Ahearn, Professor Drinker, Dr. C'anch
and mysslf, represcnting the Air Hygiene Foundation, recently went to
Washington and had an interview with Governor MeNutt, who is at the head,
23 you know, of the Socia] Securityr branch of the Government. We went to
see Governor McNust because the Public Health Service, whose interest we
weres endeavoring to slicit, is now in that division of the Government. One
of our objects in talking to Governor MeNutt was to try to make the respon-
sible people in Washington appreciate the importance of indusirial health
work in industry and to prevent as far as possible industrial physicians,
Industriz] hygiene engireers, Industrial safety men, and other technicians
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being dn‘erted from their activities in industry into some other form . u?
sramental service.

Furthermorn, we also hoped that the industrial physicians, the inds,
hygiene engmnn. the safety engineers, and others, who carry o
snormously important work, which Is just as essential & part of ee.
dafense as carrying & gun, would receive some credit or sone recoss.
30 that they might not feel that they had not been doing their paryp i-
general defense program.

I might say that Governor McNutt gave us a very sympathetic by,
and I think some sdvantage may come out of our visic

The National Association of Manufacturers {3 continuing its activits
stimulating and educating its member firms. This association also i piy.
its emphasis on the needs of small industries.

On the official side, we have the Division of Industrial Hrgieas o
United States Public Health Service. [ doa’t have to talk to you abez::
importance and far reaching sctivities of this division, which have bees =;
[fested bs’ the energy and thosoughness with which they have besn sm

- mental in setting up divisions of industrial hygiene in some thirty r.

governments. Every phase of health in industry is covered in t!u acth
of the Public Heslth Servics.

The Department of Labor, through the Bureau of Labor Studaré.n >
the Burean of Statistics, is continuing its important activities in the 8e%::
{ndustrial Besith, both through ficld work and educational publicaticns. i

Now comes a new factor in the fleld, and 1 am refe¥ring to the Ce=-
on National Defense. Industrial health {s 8 mafor portion of the ne-
defense program and is contajned under the Health and Medical Coz==-
of the Council. The Health and Medical Committee includes a sub-com=-;

_ on industrial health, tbe Importance and scope of whose activities cax=.::

ovarestimated. Two members of the Nod!ell Committee of the Air Hrrj
Foundation are also members of this Industrial Health Committee ¢!
Council on National Defense, 321d one of them, Dr. Selby, is the Chu.—:n.a.~
the Industrial Medical Committee of the National Defensa Council i

This committee {s tied in with the National Research Council en th 3
hand and with the military services on the other. Liaisan oBcers have ?
detailed to work with the commitree by the. National Research Coczel %

by the Surgeons General of the Army, the Navy, and the Publc F.:g
Service.

At no time In our history has the hezlth of the industrial r“é
whether he may be employed in plants owned by private industry or Fo 8
operated by tho various departments of the nationsl government, ner-e
30 much careful consideration as at the present time. It {3 safe to Aar-=
a3 = result of the national defense program and its coordinated acti ¥
{ndustrisl health and hygpiens will be established on & firm and pcm
foundation throughout the United States.

In conclusfon I wish to maks just a few mors eouumnu on ths L‘O}___
phase of the national defense program.

Physical selection is an integral part of the program, applying to P
fan as well as military forces. The present employment cxmm::.-"?
becoming more thorough and thereby more valuable for diagnosis a=$ 7,
for therapeutic purposes. The unpomnce of this, from the sundpv’:' b
public health, {s inestimable.

3Many men with minor and even major defects must be utflized &3
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R defense [ndustries, both in the general interest and in their own interest.
. .t ) Men must work where work is available, and it is the function of industrial
-t . medicine to ses to It that those who present special needs or problems secure
. the help and supervision that will anable them to koep on with their work. It
- : is important that those who are concerned in the administration of private
~- . and governmental industries keep well in mind that the function of a physieal
- . selection program is not to bar men from work but to determine what kind
- . of work they can best do and to provide adequats medical suparvision while
they are at work.
It is extrsmely important that those who are found unfitted for work—
. and I am thinking particulsrly of those who will be found to have tubercu-
s losis and other general organic diseases——recaive adequats eare, cave that
will have for one of its objects as far as possible physicsl rehabdilitation.
i . The defense program provides for our national security. As sn essantial
. part of that program physical selection and medical supervision must con-
tributs a positive force for hesalth that will serve to raise the general health
standard of the entirs industrial population. That is our goal, and we must
strive toward it. ~

401 mema s m— a—

DR. LANZA: We will continue our program. The next paper will be
by Dr. Gafafer, the Senior Statistician of the United States Public Haslth .
Service, who will spesk on the sick absentesism study. . . !

{
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DR. LA.\'Z'A: The next paper fs by Dr. Gardner, dealing with ai
research at Saranac Laboratory. :

INDIVIDUAL SUSCEPTIBILITY TO TOSIC DUSTS
DR. L. U. GARDNER® '

I am going to talk to you this afternoon on one phase of the sctivitie:
at the laboratory which I believe may have soms practical significance. It
is the one question as regards silicosis which 1 stil! believe needs further
clarification.

We have a good deal of information now on this subjcct. If we coald
pat that information to work in most places we would be able to contro!
silicosis pretty effectively. However, whers funds are not suffiefent to insti-
tuts all of the mathods of control that are known, we are pretty apt to have
some silicosis persisting.

* For that reason I believe that it would be important for us to know

whether there is such s thing as individual suaceptibility to the action of

sflica dust, and, if it exists, whether we are able to detect i by any method.
If this were true, it might be possible in the pre-employment examination
to discover the individuals who are unduly susceptible to sillea dust and ity
action and to placs them in jobs whers the exposuze would a0t be as great.

‘Thers seems to be more or less evidence for thinking that reaction
silica dust, like reactions to other environmental conditions, may not be the
same in every individual It is pretty common experience that out of ary
group exposed to silica dust only a small proportion of that group will react.
With the high silica exposures of hard rock mining, we ind that prect; much
the world over only about a quarter of groups, as & whole, develop demoan-
strable silicosis.

It is also true when we break down exposures for individaal gcroups that
we find that the longer men have worked the more of the particular group
will be involved. It Is-also true that the higher the concentraticn of silica
in the atmosphere, the greater percentase of the group will be involved,

Even with these reservations, we 4nd that there are some men who kave
worked all their lifetimes under conditions that seem 0 involve pretty severe
exposures and yFet they have escaped. It is also true that there are some
tadividuals who seem to be exposed to relatively slight amounts of silica
‘dust and yet in a very short period of time, long befors any of their fellow
workmen, these Individuals develop advanced stages of the disesse.

Slide No. 1—Classical nodular silicosis in the lungs and Iymph nodes of 2
granite cutter employed in Barre for 12 years. .

. Slide No. 2—No evidence of silicosis in the Jung but some nodulation in the

lymph nodes. This subject had worked for 28 rears in the same indus-
try with apparently equal opportunities for inhaling granite dust but
no pulmonary disease developed.

Slide No. 3—A higher magnificztion of the lung shown in slide 2 to indicaze
the localization of the dust cells in the walls of the bronchioles ard
dlood vessels.

¢ Dirsctar. The Saranac Laborutery.
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Slide No. 4—A still higher magnification from the same lung to demon-
strate the quantities of dust in cells collected in a blood vessel wall
The shadows of such perivascular accumulations are respoasible for the
pattern of exaggerated linear markings scen in an x-ray 8lm of the .

lungs. . :

Slide No. 5—The usual pictura of the modificd silicosis seen in iron miners
who have drilled in rock formations. History of such drilling for 30
years.

Slide No. 6—3linimal silicosis, too slight to be demonstrable in ante mor-
tem X-rays, in an iron miner emploved in the same mines, at the same
job, for 30 years.. Most of the reaction consists of foci of pigmentation
without fibrosis. Only 2 or $ minuts nodules of silicotic Sbrosis are seen
in this entire section.

Slide No. T—A localized focus of tuberculosis in another part of the same
long shown in slide 6. Here the presencs of preexisting tuberculous
reaction has caused ths retention of unusual amounts of inhaled silica
and iron resulting in localized silicotic nodulation. The silica, acting on
the latent infection, has caused it to progress after a time. The section
demonstrates a focus of active tuberculosis which is about to break
down and form a cavity. During life an x-ray picture would demon-
strate only the overshadowing tuberculous changes.

Slide No. 8—Another instance of the effects of inhaling silica dast into a
lung with a latent focus of tuberculosis. Occupation: sand miner for
18 years. Death from tuberculosis which progressed fairly rapidly
after once it had become reactivated. Evidence of silicotic nodulation
largely confined to parts of lungs about the old focus of infection.

Slide No. 9—Another section representing conditions in other parts of the
lung whose apex is shown in slide No. 8. Here the changes are very
larpely duc to tubsrcnlosis and only a few of the smaller nodular areas
are silicotic in origin. An associated lymph node reveals exiensive
silicotic changes, Presumably there was insufficient fine, silica dust
generited in this occupation to have adected & normal subject. The
Individual fllustrated retained effective quantities only in the region of
a partially healed tuberculous focus. In this location, howevar, the dust
was dangerous because it presumably caused a latent infection to
become prozressive.

Slide No. 10 shows the complete absonce of sflicosis in the lung of an
individual exposed to dust containing cslcined grpsum and quartz.
There is a slight amount of pigmentation about the Iymphoid tissues
within the lungs but no fibrosis. In the Iymph nodes at the root of the
lungs are clusters of silicotic nodules. In spite of a theoretical silica
hazard which caused us considerable concern in surveying the plant
where the man had worked, no effect is apparent in his Jungs. He bas
no scars of old tuberculosis and his lymphatic systam has drained away
such silica as he has inhaled. Only his lymph nodes show evidence of
reaction and in this location the effect is harmless.

Slide No. 11 comes from the lung of a man with a history of exposure as
a sandhlaster for 7 years—part of the time with improper protection.
He had been previously employed for 6 yesrs in a railroad shop and
before that had worked 8 vears as a coal miner. An anta mortem x-ray
of his chest showed no evidence of nodulation. This section, typleal
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of the rest of his luags, reveals only minute arcas of black pigmenta.
tion without fibrous reaction. Thers is no evidence of sillcotic nodula.
tion. Apparently his previous exposures bad conditioned his lungs
the silica subsequently inhaled in sandblasting so that they did not resct
by forming fibrosis. While there had been some dyrpnoen the man was
well dlong in years and it is doubtful whether inhaled silica was the

<auss.

The slides just shown are examples of the absance of generalized reac.
tion in the lungs of individuals exposed to concentrations of siliea dust that
are theorntically hazordous, In most cases the exposures are known to havy
produced silicosis in other men exposed. [n these czses they have elther
caused no silicosis or only localized reactions about areas of infection. I
the last, two cases the influence of other minerals in the dust were probably
responsible for inhibition of the silics, in No. 9 the effect was probablr
chemical inside the lungs and in No. 10 atmospheric phenomena presumasbiy-
prevented sillea from being inhaled. :

Slide No. 12 is an example of the reverse where silicosis develops rather
rapldly {n oaly an axceptional member of 2 group. This young mxa,
still slive, had worked for 5 years in ssveral tale mines where evidens
of typical silicotic nodiilation {s never found. He then begnn drilling ta
s hard roek mine but was not examined until 3 months later. At that
time his chest film showed a well developed generalized silicotic nods.
lation. It {s true that the drilling in hard rock might readily bave pro-
duced silicosis but not after 3 mouths’ exposure. Apparentiy the prev-
fous exposure to tale had conditioned his lungs so that they reacted
with surprising rapidity to subsequently inhsled quartz. Oae might alss
jmagine that his tissues were unduly susceptible to silica for others
his location with similar histories have not had the same experience.

There are various theoretical explanations which have been offered £
these appearances. It is generally considered to be the case that thesa indi-
viduals who do not develop disease, in spits of their apparent exposure, hare
worked in parts of the plant whore they do not get as much dust as ther
fellows. Somotimes that may be the case. Sometimes it may be true that
the modifying action of other minera!s associated with the silica in the
stmosphere may have prevanted these individuals from getting a3 muca
dust. But it is pretty hard to understand why these protective actiozs,
sbout which we know a little, should be exerted on one individual and »ot
on all members of the group. -

Thas other possibility that we have to think of {s modifying host factecs.
Lehmann, 33 you recall. proposed the hypothesis that some individuals had
better noses than others. In some instances the nose would filter oot a good
deal more dust than another and prevent its being inhaled. e made sorx¢
rather elaborate measurements of the amount of filtering sction of the upper
respiratory trsct and thought he was able to corrslate the amount of mil-
monary reaction with the effectiveness of the nose as a filtor,

Professor Drinker and his students made a similar study among graaite
cutters. They were not able to confrm these findings of Lehmann's as foilr
as they would like to have done.

Another possible host factor is that of coincident infection of a chroci
nature. We all know that sears in the lung of old tuberculosis tend to ho¥
and retain & good deal more dust than normal lung tissue does. It is a very
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familiar experiunce to all pathologists to find in the top of the lungs old

scars that are deeply pigmented by the soot and coal that most city dwellers

inhale. It is also cominon expurience to find variations in the amount of

dust that is eliminated from the lungs by the lymphatic drainage system
and deposited in these lymph nodes.

Presumably, then, infection may have two effects. It may hold the
dust in the lung locally. The infection may also disturb the function of the
lymphatic drainage system and prevent affective elimination.

Then there is, finally, a third genernl possibility. That is that the tis.
sues of some individuals are basically more able to renct to the stimulus of
sillea than the tissues of other individuals.

The Saranac Laboratery, during the past year, has been carrying on a
more or less detailed investigation of these possibilitics to find out whether
any of them are capable of absolute proof. We have in the laboratory, as
you know, dusting chambers where we can control pretty well the atmos-
pheric concentration of dust to which all members of tho large group of
. animals are exposed. We are making dust counts at vary frequent intervals

. in different cages and in different parts of these rooms, so that we know just

about what the dust exposure is. In spite of those controlled conditions we

find that normal animals exposed for the same periods of time do vary In

their capacity to resct. This is especially true of animals with long tracheas,
3 lﬂm the rabbit. It is not r0 txue of the smaller rodents, like white rats and
. guinea pigs. .
: In the next slide which you will see I want to show you the variation in
« the reaction in rabbits after four and a half years’ exposure to a concentra.
tion of one to three micron quartz particles averaging 144,000,000 per cubie -
foot. The amount of dust varied from tims to time, but the concentration
throughout the different parts of the room was essentially so similar that
I don’t think the differences were significant. We will see in the animals’
lungs differences in reaction. . .

I will say that there are thirty rabbits in this experiment and these
represent the variations in the picture which one sees. They all have been
exposed to the same quantity of quar:z under as nearly identical conditions
23 we could produce. )

Slide No. 13——This one has a heavy pnmliiod discrete nodulation through-
out his lungs. Another on this slide has a slighter degree of the same
reaction, and another has nothing that [ could identify as silicotice.

Slide No. 14—1e determined the amount of quartz in these animals’ luags,
using x-ray diffraction, which we have been doing recently, and we
found that the amount of quartz is comparable to the amount of reac.
tion present. Hare is the first arimal, with the two quartz lines showing
very strongly, correspoading te the beavy rsastion. The second animal
has a smaller amount of quartz. The third shows fust a faint sugges- .
tion of the heavier quartz line. It is very, very slight in amount.

. Some animals vary in their response even though the concentration
- of dust ia the atmosphere is pretty constant. We find that the amount of
variation is greater as the quantity of silica from the atmosphere decreases.
We found with our mixture of calcined gypsum and quartz that not more
than a quarter or perhaps a third of the animals developed any silicosis.
This type of observation seems to Indicate that host factors rather than
environmental factors must be responsible for this variation. In the animals
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that I have just shown you the factor of infection has been exeluded.
haven’t discovered whether there is any variation in the structure of <
upper respiratory tract in thesc three rabbits or others like them. It i
pretty difficult thing to do. We have tried to find out, but without =

success.

We have thought of the influence of differcnces in ths eficaey of t
lymphatie dninagc system of different animals. We are attacking v
problem by comparing the relative amounts of silica in the lungs and Irm:
nodes of animals exposed for the same period of time under practic’
identical conditions. We have also considercd the possidbility that the diT:
ence in the amount of disease may be due to variatfons in fundames:
capacity of tissues to react. [ slnll show a few fllustrations of oar we:
in thesa fields. .

In Slide 15 you see an example of the effect of a hesled tuberculocs scar
retaining dust within the lungs. The sear, which cxtends from o=
pleura to the root of the lung, is heavily pigmented with iron dz.
Similar effects have been illustrated by the cases with more active z.

~  fection just shown.

. I have indicated that possibly such retention is dug to interferencs s
the function of the lymphatic system. We can see In this case that o,
fibrosis involves the lymph nodes draining the pigmented part of the lzt:
Possibly the central obstruction in the node or the pressure on the delic:
Iy mph vessels insfde the Jungs has prevented eliminstion of the inbaled ds:-

. These effects all have to do with chronic infections but the acate o:-
are also puzzling. One frequently sees very little dust in the lungs of a=
mals d\-irg of an acute pneumoma at the end of 2 dust exposure of 2 ¢cr!
years’ duration. The infection has apparcntly lasted only a few days 2-
could have exerted no effect upon the dust inhaled previously. Was =
infection present in latent form from the time when the animals were pla:x®
in the dust room, or did tkese particular individuals possess some pecuiir:;
ties which prevented dust from accomulating In their lungs? i

Slide No. 16 illustrates the effect of subacute dbronchitis in white ratx
excluding dust from the lungs. It demonstrates the effect of apor*:
to quartz dust in four of these animals. Two with no trace of infecti-.;
present well-developed silicotic nodulation; two more with subar.:
purulent bronchitis show nonc. Apparently the secrction in the brons. &
has pre\ented effective quantities of silica from entering their luml
In view of such observations~in snimals it is possible that the chro-s ¥
bronchitis of which human silicotic subjects complam may be 2 =2
tective mechanism.

)
1

e have also considered the possibility of variation in innate c:p:f'
of tinuu to react to silica. To make certain that the same quantity ¢
quarts particles reached the tissues of cvery snimal we have en:ployed 2-

. Intravesous injection tcchmque mertioned by Professor Drinker this m:™
fng. We have substituted guinea pigs for rabbits because we could afic"3
to use s much larger number of animals. First we determined the mini= i
effective dose of quartz that would produce reaction by this pathway. T"‘”"
we injected 100 of these animals with a measured quantity of a snspe"‘
of carefully sraded 1 to 3 micron quarsz particles. All of them will be kic: i
after one Year and their splecns, livers snd Iymph nodes will be amaly=
individually for their silica content and degree of tissue reaction. ‘

mnmzm ‘l
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Slido No. 17 shows the degrie of variation in the amount of silicotic fibrosis
observed in three of the guinea pigs used in the preliminary test to
sstablish o proper dosage. Reaction is illustrated in the livers § months
after the injection of 50 mg. of 1 to 3 micron quartz. One of them has
barely visible foci of reaction scattered through it. The second has
somewhat larger ones and in the third the nodules are very obvious.
Chemical analyses indicate that these quantities of siliea in all three
livers are apparently adequate to have produced a maximum reaction.
Confirmation of these results in a much larger series of animala would
indicate that more subtle variations in capacity to resct to sillea are
responsible. .

TWe have tried to find out whercin these differences might lie. We have
felt that possibly the diet of the animal might aect its capacity to resct.
It has been claimed that in the presence of a vitamin C deficiency scar tissue
{orms less readily than on an adequate diet. As a conssquence we have put
some animals on a C deficiency diet, exposed them to quartz, but we have.
found no ditference in their capacity to react. For this reason, [ think we
ean exclude C deficiency.

Then we tried vitamin B and its efect. We did this because some one

" had shown that feeding high vitamin B diets would prevent the development
" of clrrhosis of tha liver by various Irritants. We were getting cirrhosis of

the liver by injecting quartz into the blood stream, as Professor Drinker .
showed you this morning. Feeding vitamin B did not do very much, . It
prevented the most widespread and destructive changes in the liver, but it
did not prevent the formation of these nodules in the liver, such as you have
seen here. -

This work is still in progress. It looks to me now as if the variations
which animals and human beings undoubtedly do manifest were pretty
largely due to host miechanisms rather than environmental factors. It

" looks to me as if possibly the effectiveness of the upper respiratory filtering

‘mechanism were very important in determiniag whether one individual got
more dust than another. I also feel, however, that the effectiveness of the
lympbatic drainage mechanism has to be taken into account, that old healed
{nfections may alter the effectiveness of drainage and allow more dust to
stay in the lungs.

Just what this last observation will eventually turn out to mean I don’t
know, We are going ashead and as 3oon as these hundred animals have had
a year’s contact with quartz we will make our analysis and draw our con-
clusions. YWhether we will be able to apply any of this work In pre-employ-
ment examination I do not know. But it does suggest that respiratory infee-
tion, even tkough it is insctive, may be of importance.

1 have jllustrated one line of. research which has been going on with
your assistance at the Saranac Laboratory. There are many other subjects
that I conid have chosen to discuss. Perhaps some of them would have inter-
ested you more. We have work progressing in the ficld of asbestosis, whkich
I think is going to be of definite significance as to the etiology of this disease.

The fourth vear of this program is just sbout completed. There is still
more to Jdo. . )

Ve have been studying the effect of carbon arc ash of low concentration,
similar to that to which motion picture booth operators may be exposed.
Nothing has happened, as one might anticipate. .

We have been working on the effect of inhaled glass wool. Apparently

au
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even the finest toxtile glass set up as an atmospheric dust js not inhaleq :
sppreciable concentrations and does not produce any dangerous effects :;.;’.
the lungs. .

As Professor Drinker indicated this morning, 1 believe there is a s
field for investigation of the eifccts of various respirmtory- irritants un-.
tuberculosis. [ have been 3o impressed mysclf, as prubably most of 7.
have, with the growing importince sttached to tuberculosis In indwes
that we have proposed this year, in place of the reqular silicosis symporis~
which wo have held from time to time in Saranac Lake, to offer a sympoizs
on this subject. There seems to be a_very considerable interest in the prh.
lem and I think we can assemble a group of speskers who would maks 5
definite contridbution. -

) The symposium might be developed along the following Hnes:

. An intreductory review of the fundamentals of tuberculosis and iy
diagnosis; the routine methods of control; a discussion of the knovwn facy
influencing tuberculosis susceptibilicy, theoretical as wsll as practical.

Then a presentation of conditions in different industries where statisticst

_ evidence indicates that the tuberculosis rate is high; an analssis of those

Industries to discover whether industrial factors are responsible.
- Finally, a discussion of the subfect of concrol from insurancs and cox.
pensation angles.
- If there seems to be a sufiicient interest for such a program the Sararas
Laboratory probably will offer it some tithe during the early part of Jusne.

DR. LANZA: We will aow have a discussion of this psper.. I do kope
that you will sask Dr. Gardner such questions as may appeal to you.

DR. DAVIS: I should like to ask il in the development of this rori
there does appear to be another illustration of what Jecome Alexander Lav :

. spoken of as the “optimum colloidality.” He points out that a great ma=;

phenomena, when plotted against particle size, as you go down in partc: :
size go up in intensity. As I understand the discussion this moraing, 7= :
get a marked increase in the silicosis e€uct when you reach a particle size ;
of three microns or less. Then awsy over on the other side you hawe :
practically none at 2ll. I wonder if that might represent a method of stk :
or if it has already been proved or disproved. ;
A further factor that seemed to occur this morning is this. I worder §
if there is an item of erystallinity in our silica. We know we have silic ¢
occurring in different forms. Cristobslite i3 the only one I happen 22 2
remember now. [ was wondering if the effect had been associated with s ¥
or other or is it independent of the erystalline forms of the silica presentud i
Are there manifestations that that may be a suitable attack T g
1 personally would be greatly interested if you could outline, if possiol. ¥
those materials which when added to guartr, such as quartz and asbestcs §
which rou mentioned, give silicosis reaction and some similar materia® 2
which do not give it. :
I hope I haven’t covered too much ground. \
&
E

DR. GARDNER: The first question dealt with variatiém according X
particls size, such as Professor Drinker discussed this morning. I thizt
that is unquestionably true. The smaller the particle infected into the tiss:e

- the more active it becomes. As far as inhalation is concerned, presumalir

there {3 an unecstablished lower limit of particle size beyond which we do o
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have Lo be cuncerned, because the particles smaller than this minsimum size

will be exhaled aguin about as fast as they are inhaled. But {n the inhala-
tion experiment which [ was discussing [ dou't believe that the matter of
particle size was responsible, because we have made size frequency determia-
ations of the dust In the atmosphere in thess ronms and we fnd a suthcient
quantity of fine particies at all levels in our dust house to produce discase.
The cages are not over five fcet above the floor in any place and the lowest
one is about eighteen inches above the floor. Furthermore, the animals are
moved around from time to time, 3o that they have exposures at different
levels. I therefore feel pretty strongly that it is & diTerence in host factors
that is responsible for the variation in the aninials’ lungs that you saw rather
than any difersnce in the atmosphere or in any dust in the atmosphaere.

All this dust has been ground Arst and all of it iy agitated in a hopper.
The room is not over eight feet square and eight feet high. The chancas for
variation in atmospheric concentration are pretty slight.

Docs that answer that phase of the question?

DR. DAVIS: Yes.
DR. GARDNER: Would you mind repeating your second question?

" DR. DAVIS: Crrstallinity. .

DR. GARDNER: We have tried 2 great variety of free silicas to see
what their effect might be by injection techniques that already have been
discussed. We have found that normal quartz, the eryptocrystalling free
silicas and the vitreous silicas, cristobalite and the other inversion form,
tridymite, are all equslly active; that of the amorphous silicas only diat-
omaceous earth produces a silicotic type of reaction. Opal, which is aow
reclassified as cryptocrystalline rather than amorphous, as they used to tell
us, will produce a moderately severe type of reaction when ground. All of
these tests werv made with materials ground to one to three micron particle
size and all injected in the same dosage.

As {ar a3 [ can see any inversion forms of quartz are just as active as

the normal quarts itself,
Then you had one other question.

DR. DAVIS: Are any of the silicates—

DR. GARDNEZR: None of the silicates. by the injection teats, have
given u significant degree of reaction. A few of the ciay minerals will pro-
duce a chronic inflammation but this is not generally s severe one and does
not progress to the formation of scar tissue. I think there is. however, a
very real and urgeat excuse for doing an inhalatfdn experiment upon the
elays, becausa clays have such a varied industrial use and because so many
roentgenograms come to us of men who have been exposed to clays either
in refractories industries or in potteries. Thesc roentgenograms show shad-
ows. The roentgenologist is quite surs that the industrial exposure is
responsible.  There have been no autopsies reported on human beings ex-
posed to clay alone. Ve don't know the basis of these shadows. In many
instarces the exposure has Heen not oaly to the clay but to flint and various
other forms of free silica. We may be seeing the effects of combined expos-
ures to quartz and claya,

1 am quite sure that were it possible to do inhalation experiments with

pure clays, both of the refractory group and thosc used in the potteries, we
3
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( 3 © would have some valuable information. I think probably what wodd k-
. : . pen, us the result of our experience with injections, would be that we w.,
e r see in the lungs evidences of sileht amounts of chronic inflammazion ;
: » - that these chronic inflammatory changes would not be associated wih d.

= nite fibrosis; they would not give rise to conditions which were &Esabli:
. . - However, this necds verification and necds proof. The only way I tmow
getting it is to do it by inhalation rather thun Ly Injection.

Of courser we do have too the effects of mixtures of the substase.
mixtures of free silica with other nraterials, like clays and many otk
things, that will modify the picture. ] was talking at lunch this nosa w
group interested in iron oxids and tecounted an experience which we tad he
1. We injected one group of animals with 2 mixture of equal parts of bemac:

- and quartz ground together drr in & ball mill. Injection of a saline mspe
sion of this material caused no resction whatscever. In the second expe:
ment we ground the two substances separately, then mixed the suspexsio:
of particles together and injeeced the same quantities. We now got
progressive silicosis.

The same amount of quartz was there in both instances, but the neth-

- of treatment in the first case had nevtralized the quartz. It had simp!

plastered the surface of every quartz particle with a thin layer of i
oxide, which had prevented reaction.

It is obvious that effects like this may eccur in the process of grindia
in industry and that Inactivation of quarts does oceu?, 30 that ths story isa’
as simple as just having a given amount of quartz particles of a givex 1iz

. and a host exposed to it. -

MR. ROUTSONG: I was very much interosted in the slide which }ad &
do with the sand blaster’s lunzs and his previous industrial history. Y.
said that the previous history: had conditioned the lung to resist siZcosic
Could you expand that a littls for us?

DR. GARDNER: I wish [ could. [ was trying to coter my ignerars:
with & phrase. I don’t know what happened. All I know Is that thes lnc-
had, by chemical analysis, a very appreciable and what [ felt was sigricas:
amount of quartz in It but there was po evidence of specific reacton =
that quartz. Now it might be that through the mechanism of the bodr cel:.
the coal dust became applied to the surface of the quartz grains and ta
quartz no longer reacted.

Years ago Dr. Haldane called attention to the same thing. He hal see”
a few cases where men were exposed first to coal dust and then to qzarts
and nothing happened. He thought that the effect was due to stimmaticz
of phagocytes which carried the quartz out of the lung, because the ol
had stirred up these dust celis to carry the stuff out. The effect jsx 34
simple as that, because we know the quartz is in this lung. Chemical s=alr-
sis shows {t is there, and yet no reaction. has developed.

It may be that we have something taking place in the body comp==a’’
to that coating of tie quartz that I just described by mechanical grindies
We know that the body tends to bring inhibitory substances into the mre
locations as the gquartz, which prevents irritation. YWe have done quile
& bit of work, which I have discussed here before, with aluminum hydrzxiZt
as inhibitor. We can put quartz In the body by one pathway and alumes=
hydroxide by another and, provided the pathways ars such that the ¥
substances get into the same organ, inhibition results in no sillcosis wi=t-
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soever. I presume that something like that has conditioned this sand blast-
er’s lung.

MR. KUMLER: Dr. Gardner, do we have to change our counting tech.
nique In the case of silica in order to more accurately estunats these three
to one-half micron sizes?

DR. GARDNER: [ doubt whether we will As Professor Drinker said
this moming, our method of control scems to work. Probably it is sumi.
clently accurate to establish what we need to know about dust in the atmes.
phere. If these very fine particles which can only be seen by dark fiekd or
some other technique are actually retained in the luag the scientist woukl
like to know how many of them there are there, but the engineer probably
doesn’t nced tq know because his present rules of thumb sesm to take care
of the situation. We know, as a gsneral rule. that rather constant ratios
oxist between dark fleld and light field counts. Generally the dack fleld
count ls three to four times that of the light fleld count. We still use dark
field courts for cur experimental work and in some other places. If we find
a disturbance in that ratio and there arc many tintes more dark fleld parti-
cles than those observed by light fleld, we think there Is sanitary signifi-
cance to the variation. But I doubt whethsr it is necessary to change. :

DR. HAYTHORN: ! should like to add one comment. I have seen &
number—I wouldn't say a great number, but [ have seen several lungs from
the coal mines around Pittsburgh which show practicaily the same picture
that we have just discussed. That is, there is plecty of picment therte

coal pigment, I think, largely. IWa incinerate the sections and put them -

under the petrographic microscope. There ars plenty of silica ecrystals
there and yet there is no nodulation in the lung.

That has caused me to wonder what {s the diTerence—the actual Jiffer-
ence—Dbetween silicosis that is prominent, as Dr. Lanza himself has shown
In his surveys, in the anthracite mines in tho east and the bitcminous mines
that tve hava in this distsict. We do get the silica inhaled and we do gst
the carbon there in larpe quantities. While I have secn mers of it since
they have been sanding in a good mary lungs on account of compensation
than I did previously, the actual silica nodulation is not common in this dis-
trict in coal miners’ lungs, as compared to those that are reported from the
eastern part of the state.

On the other hand. we just had a sand blaster’s lungs, within the [ast
two weeks, that is as typical a case of silicasis as [ have seen. There s
sormething in connection with that soft coal dust-inhalation and the pres-
ence of silicosis in the lungs and ity effect.

DR. GARDNER: I suspect, Dr. Haythorn, that some day we will have
a method of determining the physical relationship of the silica to the other
minerals and perhaps we will find a way to discover whether coating effects
actually exist or not. I really believe that is the explanation. How it comes

about I don’t know.

DR. LANZA: Are thers any more questions?

Thank you very much, Dr. Gardner, for your paper and your discussion.

The next paper is the account of the research that has been carried on
in the University of Pennsylvania, by 3Mr. Haazensen.
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: FURTHER DEVELOPMENTS OF THE OGSERVATION OF THE
£ REACTION OF LIVING TISSUE TO SILICA GRANULES

2 A IN THE LIVING MAMMAL
r

ELIOT R. CLARK, 3. D.* and DARROW E. HAAGENSEN, )L S.°

..
a-dlime 8o to

) During the past year additional work on the observation of the resctios :
3} of living tissue to silica granules in the Sandison-Clark rabbit ear chambe: +
has been carried oat along two lines. '
First—A more detailed study of cellular reactions has been recorded, :
particularly with respect to macrophages and giant eells.
2 Second—An additional sample of silica obtained throuch the courtesy of :
Dr. L. U. Gardner, Director of the Saranac Laboratory, has been used. Thi;
. sample was 1005 SiO. of particle size 3u or less in diameter.
The results may be illustrated by a nurber of slides considered tos be
representative of the large aumber of photographic records obtained in the
_ past 12 months.

Sn;{u A
¢ This serfes of slides at a low magnification illustrates two points:

Slide 1—The vascular pattern was growing downward. This exposare
was taken immediataly prior to insertion of the silica particles In the chamber.

. Slide 2—Four days later the blood vessels and the connective tissue
. have grown downward leaving one of the silica fields in a vascularized area.

Slide 3-x-Nine days nfter the insertion of the silica particles the Mood
vessel pattern had started to grow through the largs central fleld of.silics
This field of silica had Leen inserted purposely in a lower region contamirs
only extravasated material, the result of the original insertion of the cham.

ber in the ear.

Slide +=On the 18th day, the large field was above the growing edgr.
However, as the first point, the growth of blood vessols and connective
tissue had not been inficenced by the presence of the silica in this ce=xtra!
fileld. If the siliea particles had through some mechanism caused rapil
connective tissue growth the growing edge would have besn ureven in the
central region. This was not the case.

Slide 3-——0n the 6Sth day the chamber connective tissue bed had a cear
space because of the retraction of the tissue near the growing edge.

Slide 6—0n the 93rd day this space was completely filled in by tbe
production of connective tissue fibers through the activity of the fbrobizsts
normally found in the living tissue. For the second point of interest, while
the rapid tissue growth took place to fill in the space, there was no indaa-
tion of onustal connective tissue growth in the region of the large central
silica field during the same perivd of time. ’

Serles B

However, this series of slides at a much higher magnifieation ifus
trates tissue resporse to a relatively small fleld of silica.

.

LYRYYT oYY

A

sy S0 8

TURTIIY MLOG! MR TAETUN TN, S 3t U 4 MIIP  S CnSr on B 5 1 g s % o4 SamrnsPt tou o,

¢ Department of Anatomy. School of dedicine, Tniversity of Pennsytvania.
(Reéad by D. E Haageusen.)
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Slide 7—1In this slide the particlcs wers secn 7 days after placement in
the chamber. They were widely dispersed, mostly within the phagoeytic cells.

Slide 8—On the 23th day the grouping effect of these silica-laden cells
was seen. This point has been checked & number of times in other chambers.
Slide 3—On ths 96th day tha field of cells was dispersed. The connec.
tive tissue pattern was not influenced by the presesnce of the silica field and
there was no indication of a concentric arrangement of connective tissue

Serles C

Slide 10-=This series illustrates the tissue reaction with 2 larger field
of silica in the same chamber. In this slide the fleld was on the Tth day
{airly evenly distributed.

Slide 11——0n the $5th day the fAeld was in the stage of aggregation of
the living cells with their contained silica.

Slide 12-—0n the 25th day the field was again in the dispersed phage,
There was no indication of a specific responss on the part of the fibroblasts,

“Series D

For contrast this series illustrates the tissue reaction to a comparatively
very large fleld of silica particles varying widely in size, however, of which
87.5¢% were under é» in diameter.

Slide 13-Fifty days after insertion the conrective tissue bed along the
periphery of the field was uniform from left to right.

Slide 13-—0n the 711t day the field appears relatively stable.

Slide 15—0n the 105th day the connective tissue formation in this
region was not greatly eh!.nzed. The silica field was dispersed.

Slide 16—The same day another exposure in a region free of silica was
taken. The connective tizsue differentiation from left to right appeared.
similar to the Seld of the previous slide.

Series E

Slide 17—For purpozes of comparison 2 slides are shown of the reac.
tion which followed the ure of the 2 silica samples. This slide from a cham-
ber in which silica sample A was used was uken 151 days after insertion
of the silica.

Slide 18—This slide from a chamber in whxch we used nhca sample B
obtained from Dr. Gardner indicates the tissue response 153 days after

Insertion.

. Seties F

For a period of 8 weeks the movements of a large multi-nucleated
giant cell containing a number of small silica partisies were recorded.

Slide 19—On the {6th day the cell was ulh-r b.mdy visible with the
previously ingested small silica particles.

Slide 20—On the 7lst day the cell was larper in diameter and the
silica particles were more cleacly defined. The ceil had mo\-ed upward over

a large venule,
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Slide 21—0On the 82nd day the ccll showed signn-of degeneration. The
boundary was indistinct and a number of macrophages were sticking to the
periphery of the cell .

Slide 22—On the 103th day tha cell was obliterated. The sillea parti-
cles which had been ingested 8 weeks previously were then either deposited
on the connective tissue bed, or taken up by phagocytic action of macro-
phages. Thers is no evidence of any irritating residue left by the degener-
ation of the giant cell .

Motion Plctures

Several referencea in the literatare on silicosis Indicate the sticking of
leucocytes to the endothelial cells linicg the blood vosscls in regions where
silica particles are present. The film ahout to ba shown was.taken of &
silica field in the living tissue of a rahbit ear chamber. The jncorrectness
of that conclusion reached from dend tissue studies of rabbit ears is evident
{rom the film. The silica had been placed in the chamber severnl weeks
previously. The last part of the film was taken of another chamber by Dr.
Clark. This llustrates sticking of leucocytes caused by artitcial means
ard not by the presence of silica particles. .

Conclusions ‘ .

It may be concluded from observations for a period as long as 370 days
following a single insertion of silica granules in a series of rabbit car cham-
bers that the following points are evident:

The endothelium of the very axtensive complete vascular system found
in various chambers does not shotwr increased growth or differentiation into
epithelioid cells.

The granular leucocytes do not show a- specific respouse to the silica
particles.

Neither the Iymphatic capillarfes nor their contained cells show a spe-

~ cific response to the prescnce of the silica particles in the living connective

tissue.

Visible reaction to the silica has been almost exclusively confined to
macrophages. As described last year, these cells take in or phagoeytize the
silica granales in varying numbers, and retain them for weeks or months.
They become very sluggish in their movements and show a pronounced ten-
dency %o form permanent groups in the tissue spaces. Such groups have
been followed for nearly & year without showing any significant changes.

During the Srst few weeks, before grouping has occurred, and in lesser
degrees in Jater stages, there are seen many giant cells. Tkey do not develop
until after the macrophages have taken up most of the siliea, and are prob-
ably formed from macrophages, either by coalescence or by nuclear division,
as W. H. and ). R. Lewis have described. \While they may contain large
numbers of silica granules, the evidence indicates that these granules have
been taken up by the individual macrophages, and not by the giant cells
themselves. Giant cells may persist for days or weeks, during which time
they may manifest a very slow amoeboid movement. They may then dis-
integrate, the remains being taken up by new macrophages, or the silica
granules may be left in the tissue or Incorporated in connective tissue fibers.
Following the disintegration of giant cells there is no visible evidence of
s deposit of any Irritating residue. .

It should be pointed out that giant cells are invariably observed in the
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chambers in the rabbit's enr whether or not silica granules are present. It
should also be mentianed that the supply of macrophages is probably inex-
haustible, sinca they undoubtedly conme from the large mononuclear leuco-
cytes of the bluod stream whose number remains constant normally, with
replenishment to cxcess following depletion.

The pattern of the connectiva tissue growth in the neighborhood of the
silica Injections shows ne noticeable dilferencs from that in other regions,
or in chambers without silica.. Whether the groups of silica-containing cclls
are large or small, nothing has been seen, either In our living specimens or
in thoss of our preparations which have been fixed and stained, which indl-
cztes even a tendency townrd the appearancs of the typical silicotic ncdule.

DI LANZA: This very interesting paper will now be discussed by Dr.
Elfot R. Clark. i ‘

DR. CLARK: The results of these experiments are not considered by us
to be necessarily in conflict with the results of the injection expariments of
the many investigators who have described the formation, in rabbits and
guinea pizs, following intravenousa (Gardner, Simpson snd Strachan), intra.
peritoneal (Sayers and Miller) or subcutaneous (Falloa and Banting) Injec-
tions of silica® of characteristic nodules closely resambling the silicotic noed-
ules found in the lungs in cases of silicosis; and who failed to find nodules
of similar character following injections of many other types of granules.

Rather it seems to us that the absence of the typical resction in the
particular set-up of our experiments furnishes an wnusual opportunity to
investigate tho various possible accessory factor or factors which apparantly
must be added to the simple long-time presence in the tissue of silica gran-
ules, in onder to produce typical silicotic nodule formation.

That the complete explanation has not yet been found is evidenced by
the variety of unproven hypotheses which have deen proposcd. These in-
clude among others: (1) the posrible slow dissolving of the sflica with pro-
duction of ecolloidal silica which may have an effoct upon the tissues;
(2) some sort of slowly developed direet toxie action of the silica which
eventually injures the cell; (3) the production by the cell of a phospho-lipid
which becomes the irritating substance; (4) the suggestion that the silicotic
nodule is produced not in rvaction to silica alone bat to silica along with
somcthing else: living bacteria such as tubercle bacilli or their prodacts,
gaseous substances, or various other chemical substances. Each of these
hypotheses is held by one or more active invastigators or group of active
investigators at the present time. All of them are. in need of crucial testing.

In.anticipation of the desirability of having available an ssrangement

by which, in addition to having access to the living tissue for the insertion
of granular substances, we might have a contairer, open to the tissues, we
have developed a combinration chamber which makes this poasible. Without
mechanfcal disturbance to the tisaue, we can place in the container any
desired chemical substance, can leave it, as long as desired, in contact with
the tissue, and can then recover the contents of the chamber for chemical
analysis. The device, which is an adaptation of one In successful use for
some years in our laboratory in the hands of Dr. Abell, solves the problem
of a way to subject tissues to the prolonged action of flnid substances, which

@ (Fallon and Bunting describe nadules formed in the enrs of rabbits six months
After single subcuininevus Infections af »ilicn. and authben asninat the use of too
h_m L dose=—in which care the gTanuiar massen neem o act anly as focvign bodies.)
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B g cannot Le achicved satisfactorily by subcutaneous, intravenous or Intraperi-
toneal Injections.
j With this new chamber we can, for example, subjoct to a new test the
quostion of the reactions of living colls and tisaues in the living animal to a
. J . combination of long-retained silica granules and freshly introduced colloidal
- . or dissolved silica; we can study the reactions to phospho-lipids; we ean

- ~ observe the effects, on tha cells with long-retained silica granules, of living
- - or dead tubercle bacilli or their extracts—to mention only a few of the possi-
- . bilities. A rabbit with this new chamber instulled is on demonstration at
. F s this mecting. .

3 ! There is reason to hope and to expect that, building on the foundation -
- . . already laid in the studies which have been reported today and at last yoar's
5 meeting, we may be able to make further contributions toward an under-

standing of some of the puzzling problems presented by the reactioas of
Hiving tissues to silica dust. :

DR. LANZA: Is thers any discussion now or any question on either of

‘: ' these two authors’ remarks?

: DR. CARDNER: I show this slide to fllustrats diferent stages in the

] reaction to direct injection of larger quantities of 1 to 3 micron quarts .
g particles. The early phase consists of a tubercle-like collection of macro-

3 phages or dust cells filled with quartz of the same size used by Dr. Clark.
- After about 2 or 3 weeks the centar of this mass besaks down with the

| . Yiberation of fatty material demonstrable by special stains. After 6 months
the center of the area has become soft and semi-fluid 30 that it has fallen

out in preparation of the section. Surrounding it, howsver, {s a definite

4 layer of more or less concentrically arranged fibroblasts (connective tissue

j cells). One year after exposure the whole ares has been replaced by 2 mass
of silicotic Abrosis, so dense that the tissue is torn in preparing the section.

T cannot remember the exact dosage in our experiments but they were

. ’ of the order of 0.1 cc. of & 1 per cent suspension, which means an enormous
‘ ) number of particles of the size employed. .

I believe 'that the fact that so many observers have obtained silicotic
resctions on injecting excessive amounis of silica directly into the tissues
while Dr. Clark has failed to do so with smaller quantities Indicates an
indirect mechanism as the cause of the injury. Fallon proposed the hypoth-
esis to which Dr. Clark has referred, L e., that in silicosis the primary irri- 2>
tant was silica. This substance acting within the phagocyte poisoned it,
liberating non-specific phospho-lipids. Phagocytosed tubercle bacilli might
have 2 similar eTect and llkewise liberate phospho-lipid. It was the latter

|
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E substance, non-specific in charactar, which then uctegl upon the connective
» tissues to produce the nodular type of reactivn which craracterizes both
4 silicosis and tuberculosis. - :
Ela e are testing this hypothesis at the present time. Dr. Clark has an .
Fi exceptional opportunity in the method that he has developed to-study the t
b further stages of the reaction to silica and to test the Fallon hypothesis. .
E1 I shall watch with great interest the further developments of his work. :
& DR. HAYTHORN: I should like to produce at this time an unpremedi- .‘
b1 tated hypothesis. ;
¥ Repair and reparative processes, and I think that the nodule of siliea -
- fs 3 reparative process, depend on some Injury or destruction of the circula- >
3 tion. Dr. Gardzer's dosage, aside from considering the quantity of sillcs, :
x L .
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was large enouch to injure the loeal circulation. We can sce from the doses i
. . used in the ear, in these motion pictures, thut the circulation was still intact. ;
It might not amount to anvthinge, but I should think there was a chance
. that those, when introduced, should injure some of the vessels.

.. - DR. GARDXER: I think, Dr. Haythorn, that you are undoubtedly right.
{S% I think that there is an effect on the circulation, but I think it is a specific
\ o\ one, because the same dose of the sanie size particles of aluminum oxide, for
example, will not have this effect.’ Nor will the nodule be formed if you
. coat your quartz particles with aluminum hydroxide or with iron or with
any of the other known antidotes. I think the injury is the result of soluble
silica continuously deposited on the surfazce of the quartz grain and that
that injury manifests itself on the cytoplasm of the phagocytic cells, dust
cells.

¢ I quite agree with you that there Is an effect on the circulation, because

we see the vessels swell out with these big doses.

DR. HAYTHORN: On the other hand, If we make a cut with a razor
that destroys the circulanon. we will got a sear at that pomt.

DR. GARDNER: Snrely.

DR. CLARK: I should like to say in connection with Dr. Gardaer’s dis.
cussion that we have been very much disappointed that we dida't have nice
silicosis nodnles develop with our method. We thought that here was a chance
to watch the development of the nodules, perhaps add something to the
mechanism. Then if we could get them produced we would have a chance
to experiment "’lth sub-tnnc-s that uu:h: prevent the .development of the
nodules.

- I think that we sheuld go on and use more inassive doses, although, as .
you saw from some of the pictures, for the amount of tissue involved some
of our doses were pretty large. I still think that the f{act that silicz gran.
ules, in the doses that we used, can remain in this environment for months
without producing amy specific response does furnish a basis for a series

. of experiments in which we may see what it is when added to that silica—
maybe it is more silica that may be the answer—that does lead to the result
of this specific reaction in the connective tissues.

DR. MELLER: This is where we have planned to stop for the day. 1
want to call rour attention to the symposium on industrial health defense 1
scheduled for tomorrow, which will be intensely practical I am sure none
of you will want to miss it. ——

The meetm: is adjourned until tomorrow morning.
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3 WEDNESDAY SESSION. 2
s NOVEMEER 13, 1940 1.
f,.} The Wedaesday meecting of Air Hyglene Foundation of America, Ine, E
13 was called to order at 10:00 A. L by Dr. H. B. Meller. 3
1] DR. MELLER: Mr. Waters is detained in court this morning so we will f;
ask Mr. J. Dewey Dorsect to be kind enough to read MMr. Waters’ paper. 7z
- }..‘.‘
¢
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REVIEW OF RECENT OCCUPATIONAL DISEASE LEGISLATION

\‘ w'i .J'v.; l‘\l\

THEODORE C. WATERS*
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The maintenance of the health of workers engaged in industry has
become an essential pare of the program for national defense and, during the
past year, there has Leen extensive activity on the part of Federal, State and
private agencies to perfect the methods for health control. These programs
hava crestad new responsibilities for employers, and [ have been requested
to submit, on behalf of the Foundation’s Legal Conimittce, a report dealing
with current developments relating to the legal liability of employers for

health injuries sustained by employees. For this purpose I have selccted the
following subjects for discussion:

"1. State Legislation

i

s

-

Occupational Disease Compensation Acts introduced in State
Legistatures ia 1940.

Legislativa Besolutians guthorizing the appointment of Recess
Committees to study the problems of occupational disease, and
submit reports to the 1941 State Legislutures,

3. Activitics of State Bureaus of Industrial Hygiene.

\
]

2,

Jeanik

)
X

IL. Important Court decisions coastruingy compensation statutes.
I. STATE LEGISLATION

1

Occupational Disexse Compensation Acts
Introduced in State Legislatures ia 1940

No additional Stases, during 1940, enacted new oceupational disease com-
pensation statutes and, therefore, there are now twenty-four! States and the

i
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* Member Legal Committee: Chzimuan, Marviand Occupational Diseases Com- “ _’".ﬂ
mission. 1 =
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1. Arkansas.-1538 dMarviand-1932 North Carolina-1838 ¢ NN
Calllornia-1519 Massachusaits-{922 North Dakota-1223 { ¥ 3
‘Connecticut-1827 Allchigan-1337 Dhfo-1%21 T e
Delaware-1937 T Mizsouri-1421 Pennsyivania-1337 e
1daho-1323 Minnegroen-in27 Rhode Intand-1924 1 4
Niincts-182¢ Nebiragka 1837 Washingcion-1037
Indiane-153° New Jorzavr-182¢ West Virxinia-1238
Rentucky-1834 New York-1920 Wisconsin-1313

2. District of Columbia-182
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District of Columbias where accupational diseases arc specifically compen-
sable by statuta. The State of Arkansas, included in this number, enacted
fts occupationul disease luw in 1939, but this law will not become effective
until approved by refereadum at the time of the general election this fall.*

During the past year, bills that would have made occupational diseass
injuries compensable were introduced into the State Legislatures of Louis-
iana and Virginia, but failed of enactment.

In New Jersey, severa! bills were offered to make the preumoconioses
compensable, but up to the present time none of these bills have been favor-
ably acted upon hy the Committees to which they were referved.

New York State enacted an important amendmont to the section of the
statate providing compensation for the dust diseases. Prior to the 1940
amendment, compensaiion for partial disability from these discases was
denied, and a limitation of monetary liability of an employer was established
in the amount of $§300.00, accounting from June 1, 1936, with progressive {n-
creascs at the rate of $30.00 per month until & maximum of $3,000 was
veached. That maximum would have beea reached in Aurgust of 1940, but
this amendment incresased the maximum limitation of liability to $3,000, the
progressive increzses at the rate of $30.00 per moath continuing until the
maximum {s reached in December, 1943. This amendment also provides for
the appoiatment by the Industrial Commission of a board of expert con-
sultants on dust discases, consisting of three members, who are required to
examine claimants in all controverted claims. The findings of this board of
expert consultants are then fled with the Commission and become presump-
tive evideace upon the hearing of the claim.

During the coming year, the Legislatures of all the States will be in
session, except those of Alabama, Kentucky, Louisiana, Mississippl and Vir.
ginia, and it is highly probzble that bills will be offered to make occupationnl
discases compensable in some of the States where ther are not at present

. compensable, while in other States efforts will be made to liberalize the laws

and extend the Lenefits of compensation thereunder.

1 would suggzest, therefors, that the members of the Foundation follow
carcfully these legislative programs in the respective States {n which they
are engaged in business.

2

Legislative Resolutions Authorizing the Appointment of
Recess Committees to Study the Problems of Occupational
Disease, and Submit Reports to the 1941 State Legislatures

During the year 1940, legislative resolutions authorizing the appoint-
ment of Reccss Committees for the purpose of studying the compensation
laws and recommending revisions thercof have been passed in the follow-
ing States:

" Louisiana Oregon
Aichigan . Tennessee
New Hampshire Texas

Utah ;

In Louisiana, House Resolution No. 61{ and Senate Resolution No. 387 -

provide for the appointment of a Commission to study the workmen's com-
pensation law and to draft & new Act for that State. To date this Commis-

* This Iaw was approved in the November, 1340 election.
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sion does not scem tv have been active nur to have prepared any report.

In Michigan, ltouse Resolution No. 52 and Senate Resolution No. 38
provide for the uppointment of a Committee to study the Workmen's Com-
pensation Law. No persoancel was appointed, and the Standing Commitices
terminated upun the adfournment of the Legislature. The State Bar Associ-
ation of Michigan appointed a Comniittee upon Legislation and Law Reform
to study the proposed revision of the Michigan Workmen’s Compensation
Law. This Committee has been active and, while its final report has not
been submitted, fc has prepared and submitted a progress report which
includes the following reference to occupational diseases:

“Your Sub-Committee has under consideration and has tenta-
tively agreed upon the following general proposition, detailed
recommendations as to which will be included in our fnal report: . .

“Wa believe the law should cover accidental injury which may
be definitely located as to time when and place where the accident
occurred, as well as occupatior al disease clearly due to the nature
of the employment. We recommend that the schedale of occups-
tional diseases be eliminated from the statute and that the term
‘Injury’ or ‘occupational injury’ be clearly defined by statute in
such manner as to include accidental Injury as indigated sbove
and occupationnl disease pecullar to and resuiting from the employ-
ment. Such definition should clearly exclude disabilities common
to members of the public generally, except where it is clearly aggra-

. vated by the employment.”

In New Hanpshire, Joint Resolution Nao. 64 provides for the appoint-
ment of 3 Commission of nine men to study occupational diseases. This
Commission kas been appointed by the Governcr but to date has not pre-
pared its report.

In Oregon, House Joint Resolution No. 13 provides for the appaintment
of & Committee of five members to study the Workmen's Compeasation Law
and the advisability of including occupational disesses under the act. This
Committee is now actively engaged, but to date has not prepared its pro-
posed report. :

In Ternnessee, Joint Resolution No. {2 provides for the appointment of
a Committee to study the Workmen's Compensation Law and presumably
to consider the recomimendation for compensating occupational ‘disease
injuries. A Commission of three men has been appointed recently by the
Governor."® : S - :

In Texas, House and Senate Resolution No. 256 provides for the appoint-
ment of a Commitice of five members to investicate the operstion of the
Workmen's Compensation law. I am advised that this Committce has not
been active and probably will not prepare or submit & report because of the
lack of an appropriation to carry out its work.

In Utah, Senate Resolution No. 249 directed the State Board of Health,
in cooperation -rith the United States Public Health Service and the Indus-
trial Commission to make a surveyr of industry in Utah, and to determine the
nature and extent of the occupatiora! disease probiem in that State. It is

® The Governor's appoincees are as follows:
Dr. Poy Gucrison, DPresident of Peabody College of Nashville.

Lev Loving. Labar Leader af Mempliin,
W. T. Reunécley. & Knoxville attorney.
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h assumed tha: the Siute Board of Health wil! sulotit to the proper Legis-
e : lative Commizices a report dealing wita this problem at the 1941 session.
P - . 3
-, . Activitics of State Pureaus
. of Industrial Ilygiene
.. State Industrial Hygiena Units have been estahlished and are now active
{n thirty-one 3:22¢s. To this report is appended a list of thesa units with
- the names ard addresses of their dircetors.

During :k& 7ass year there have Leen many instances where the services
of these units Zave Leen made available to industry for the purpose of assise-
ing in the con:! of specific occupational disease problems. The utilization
of these services stould be of macterial assistance to small industrics with-
out medical 27 engineering departmen:s qualifed to advise them in the
methods of corel of disease hazards. .

The Divisions of Industrial Hygieae in severzl of the States, during
1940, have promuigazed Codes and Pules for the protection of employees
. . from occupatisnal disease Injuries. In New York State the State Depart-
. . ment of Latsr fas submitred to the Board of Standards and Appeals for

approval three proposed induscrial codes reiating to the following subjects:

1. Contro! of dxziz, fumes and Zases iz foundries.
2. Control of silies dust in the stone erushing industry.
3. Coantrol of sflica dust in the stone cutting and stone frishing

'

{ndustry.
. N These Coder were prenared pursuant to Section 29 of the New York
' Labor Law gnd izciude standards of dust conceatratious permissible ia the
* given induscries. Public hencings upsa the Codes were lield during the past .

summer and ¢loted 9a Augu<r 1, 1946, Tiie Codes are now before the Board
of Standards and Appeals for finel necion ard, vpon their approval, will have
the force and eect of law. The New York State Departmeac of Labor is
now giving considerstion to five additional Codes as follows:

¢ 1. A Code on temperature, humidity and vencilation. It Is believed
that this Ccde will be very narrow in its scope and will apply
solely to u=derground operations.

2.  Revision of Code No. 12 ¢n dust, fumes ard gases. This macter
is belng stadied by the Department a=d additional data is being

. obtained to lay the groandwork far the rew Code.

3. A Code 20 corntrol dust in the Ceramics industry. The basic
data i{s now being procured for the preparation of this Code.

4. Code or respiratory protection. The reed for the approval of
respiratory eauipment has come 2 be receznized and the use of
such equipmen: maT be approved £ad recommended in ceriain
trpes of induiial operations

5. Carboa JMaenaxide Code. The propcsed ssudy of this subject is
being planred by the Department.

No Commizites have as yet been appointed ¢a draft these Codes, and the
present deperimenca! activicy is coniined 0 accumulating information relat-
ing ta these su=*ezzs {51 the purpese of schmitzing such.information to the
Code Commiztess ~hen appointed.

In Jarsland the State Department < Health and the Department of
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(‘_ ’ Health of Raltimore City have recently prmulgated rules relating to pec-
missible concentrations of vapors, fumes and gasces hazardous to the health
- . of employees. These rules have been advertised for public hearing on
November 25th, after which they will be adopted or amended.® The proposed
: rules are patterned upon the Connecticut Code for similar control,

)
sey
~a

.t ) . IL IMPORTANT COURT DECISIONS CONSTRUING
. . . COMPENSATION STATUTES

. . During the past year there have been many interesting Court decisions .

relating to the legal lability of an employer for health injuries sustained

by employees in the course of employment. Some of these decisions have
construed the Workmen’s Compensation Acts to cover what appear to be
occupational disease Injuries under the theory that such injuries are acci-.

dents; others construe general coverage occupational disease compensation
statutes as purporting to provide compensation for many of the human ills .

to which we may all be subjecs, unrelated to our employment or the indus- :

trial processes in which we may be engaged; while others relate to the estab- I
lishment of the date from which the period of limitations runs for the fling toal
of claims for-occupational disesse injuries under the compensation statutes. -

In the time given to me it is impossible to discuss many of these decis- W

P

fons or to discuss even a few of them in detail; however, [ believe they are
so indlcative of judicial trends in construing an employer’s liability for such .
Injuries, that I would like to call your attention to those that to - mae seem Lz
most important. . . =

The case of Neill MlcRae v. Unemplayment Compensativa Commission
of North Caralina. (1940). 9 S. E. (23d) 3935, was a workmen’s compensation

a0 reeiim sm g gl

- e

- ® The fallnwiux rules and rezutlatiniug were appeveved al the henring Noveruber 28
to appsly borh to the State and Cly:

Reguiation 1. General. Nu permnn, Arm, curpneatin o ather emplnyer shall
use of permit to Lo ured fn the cunduct of his luniners, munufncturing escaldish-
ment or other place of empiovinent, any procese, material er method of wocking
known t0 have an adverse effect on henlch, unices arrangements have beett munde to

] Yoenr o,
O I T L

® trmatn e

matniain the wvupational environment in such & Mmanner that (ojury to health i

shall not resute. -2

Reguiation 2. Thrasheld timite. Exposures to 4 ) iat, vapors, ]

- KRses, OF any materiais that mas affect henlth shall be ke below the following Y
concentratien Hmiis, an determined hy accepred provedure: ,:’ :

Material Concentratiens . Do

Renzene (Benzol) e X paree per million : o

Carbon Tetrachioride . 1686 parts por milllon - ‘ -

Carban Monoxide 160 parts per miltion . -3

————

Chlorine e 1 part per miilion
Chronuic Acid 4.1 me. per cubiec meter
Formaldehyde ——— SN pACTS per million
GREOliNe eme—eere. 1000 pRirtn Per million
Hydrogcen Cynnide N parta per milllon
Hydrogen Crlotide ——— 10 parte per mlilion
Hydreogen Flneride e ¢ pares per million
Hydmngen Sulfide - 20 pacrts per miilion
Lend €.12 mex. per cublic meter
Methnont oo . 109 paArte per million
Nitrozen QOxides 16 parts per mitition
H . Phorzene 1 paet  peer millilon
KRulfur Dinxide 16 parts per mitlion
Thie regulaszion. ae (t relatee ta Chromic Acll. shall be ennstrued o apply only
- ta that dranch of (ndusiry eoncemned with Chramiom plating.
* FEXposure ta ather materials unt Included In the above shall be kept Lelow
{nfurious cnncentratione, .
Dunts of minernlseiral cnmvaition xnd ceranie dusts shall not exceed cnacen-
tratinn imits which <hall be stipatated. depeading on the nature of the dunat.

{41
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claim for tuberculosis alleged to have been contracted as the resalt of work.
ing with a fellow employee sutfering frum this discase. The claimane was
employed by the State Uncmployment Compensation Commission, and avi-
dence was ofered to show that its offices were erowded and that, during
February, 1939, tha claimane, with a fellow employee named Tyson, were
placed across from each other at a very narrow table to do their work; that
on or about February 15, 1929, Trron, who wns suflering from active pulmona
ary tuberculosis, coughed into the face of the claimant on several occasions;
that, thereafter, the elaimant, who had previouslty been strong and healthy,
commenced to suffer bodily fatigue and general debility; and that, on June
5, 1939, upon physical examination, his case was diagnosed as Leing pulmon.
ary tuberculosta. Aa award in favor of the claimant wes made by the Com.
mission on the theory that the injury so sustained was an accident within the
meaning of the North Carolina Workmen’s Compensution Aect.

Upon appeal, the Court sustained the award, holding that the tubercu.
losis suflered by the ciaintant was directly attributable to his infection when -
his fellow employee involuntarily and unexpectedly coughed into the elalm.
ant's face, such coughing being “untoward, unfortunate and unusual {n its
proximity to and its effect upon the plaintid,” thus constituting an accident
within the meaning 6 the compensation statute.

The case of Vot v. Ford Motor Co., St. Louis Ct. of App., (April &, 1940),
135 S. W. (2d) 634, was an appeal from a decision of the lower court, afSrming
an award of the Workmen’s Compensation Commission in favor of the
claimant, Vogt, who had applied for compensation for injuries, holding that
his contraction of bronchial asthina, allegedly due to cold air, dust and paint
fumes, to which he was exposed during the course of his cmployment, was
an accident compensable under the issouri Compensation Law,

The evidence showed that the plaintiff worked in the “trim room”
where he ussembled parts and put them upon cars as they passed along a
conveyor line. He was stationed near an open door leading into a paint
spraying room from which a fan blew paint spraving fumes through the
door. MMedical testimony was offercd that the claimant had sllergic bron.
chial asthma; that the working conditions to which he was subjected had
esused this asthma.

The Court affirmed the opinion, finding that there was suficient evidence
to fustify the Comnission's finding that the clainant’s condition was the
result of his emplorment. It was further held that, since the claimant's
condition was due to an allergy, it was not an occuputional disease, since
"asthma is not & disease, which from the common experience of humanicy,
is known to result to others engagrd in the same work; in other words, the
disease Is not a general concomitant or the result of the work which he was
doing”” and was not & disease known to be incidental to that particular em-
plorment. However, the Court found that the injury sustained was an scefe
dent because it was “an anexpected and unforeseen event happening sud.
denly and violently with or without human fault and producing at the same
time objective srmptoms of an injury” found in the act. It was further
found that the claimant could not have expected or foreseen that {n his phys-
fcal make-up thers was a dormant allergy to the particular dust and fumes
ol his employment.

The case of Wolfe +. Broh.mu\ (Sept. 18, 1940), Supr. Ct. Apn. Div,
22 N, Y. 8. (2d) 403, was aax appeal from an award of disabilicy compensa-
tion and desth benefits in favor of the widow and minor child of the dececased

{7
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employce, made by the State Industrial Board under the Worknien’s Com-
pensation Law,

The deceased employee was engaged as a butcher and meat cutter,
which occupations required him to go in and out of a refrigerator cooler,
thereby subjecting himsclf tv sharp variations in tamperature. On March
20, 1937, he was compelled to remain in tho cooler longer than usual and
longer than he had ever remained on any previous occasion. While in the
eooler he suffered a sovere chill and was sent home and a doctor called.
Pneumonia developed, from which he died. The State Industrial Board
found that -this pneumonia was the result of an accident and was also an
. occupational disease, which opinion was affirmed by the Court. . .
. There ave several cases wherein appellate courts construe occupational N
disesse acts, which are of particular interest. :

.
7Y, 90 gy RS VIS 2TV I

The caze of Blassingame r. Southern Asbestos Co, et al, N. C. Supreme
Court (March 6, 1940), 7 S. E. (2d) 478, was an appeal to the North Carolina
Supreme Court from an opinion of the Superior Court, afirmiag an award

by the Workmen’s Compensation Commission in a clxim for death from ¢
lobar pneumonia, allegedly dae to asbestosis. The claimant’s decedent had

worked for the defendant for a period of seven years, and died on April 1,

1837, a few days after having driven to the Stace of Georgia for a vacation, R
sad sullering with & heavy cold at the time of his trip. An autopay was -

performed on May 10, 1937, and medical evidence was offered showing he was

affected with the early stages of asbestosis. Notice and claim wero made

out July 19 and flled on July 20, 1937. The cizim was referred to the mem-

bers of the Advisory” Medical Committee under the North Carolina Comipen-

sation statute, whose testimony established that asbestosis was not a factor

in causing the decedent's death. The case was first heard before one mem-

ber of the Commission, who denicd compensation. The full Commission then

reversed ‘he decision of the individual Commissioner, finding, as a fact, that

decedent’s asbestoris lowered his resistance to the pneumonia. This decision .

was affirmed by the Superior Court and later sffirmed by & four-three deci- -~ - -

sion of the Suprente Court of North Carolina. :
The two phases of this case that are of particular interest to this dis- <

cussion are as follows: . ;-
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1. The ﬁ.ndinm of the full Commission reversed the decision of the
individual Commissioner to the effect that the decedent’s asbes-

-tosis twas a contributing cause of deathi, because of his lowered '
resistance to pnoumonia, even though the Advisory 3ledical :
Comntittee had testified that the decedent’s asbestosis had :

played no part in his deach. Therefare. the majority members
of the Compensation Commiassion, in fact, overruled the medi-
cal findings of the Advisory Medical Committee.

2. The North Carolina Occupationa! Disease Act, Sec. 50-%3 (o), ...
provides: : . .

“Unless writtez notice of the Arst distinct manifestation
of an occupational disease shall be given to the employer . . . . .2
or to the Industrial Commission within chirty (30) days after
such manifestation, and. in case of death. unless also written
notice of such'dexth shall be given to the bencficiary hercander
to the employver or the Industrial Commission within ninety
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{90) days after oecurrence. . . .~ the right to compensation
for dizability or death shall be barred.

In this case it will be noted that death occurred on April 1;
that the autopsy wai performed on day 10th, and that notice
and claim were not made until July 19th. The Court found
that the netice given was timely, on the theory that notice of
death had been given wichin ninety days after the widow dise
covercd her husband was suffering from axlestosis, even though
the statute established that such notice rhould be given within
ninety days after death. Tha majority opinion based its con-
clusion on the ground that the want of notice did not prejudico
the employer.

The case of Molfett v. Hacbison-\Walker Refractories Co., 14 AtL (2d)
111, decided Junc 14, 1940, by the Supreme Court of Pennsylvania, was an
appeal from an order sustaining s statutory demurrer to plaintif's state-
ment of claim in a common law action against his employer for alleged par-
tial disabilicy from silicosis. The Pennsylvania Occupational Disease Com-
pensation statute denies compensation for partial disability, and plaintiff's
daclaration alleged such partial disability sustained while in the defendant’s
employ. The plainti¥ contended that, since the injuries sustained by him
were not compensable under the occupational disease compensation act, he
retained his right of action for such injuries at common law. In denying
the right to the plaintiif to maintain his action the Court said:

“It is common knowledge that in the early stages silicosis
is difficult to detect. A Commission on Compensation for Occu-
‘pational Discases which reported to the Governor in 1933 recog-
nized that silicosis and miner's asthma, because of their slow
development, presented the ‘createst difficulties as administra- .
tive prohle:ms.’ The Legislature recognized the difficulty of
the subject and provided, In relief of the postible burdens
.on the employer, that the Commanwealth would contribute :
$100,000 for the purposes specificd in Section 7. It also
provided, in the circumstances stated in Section 10, for the s
appointment of a Medical Advisory Board to report to the com- N
pensation authoritics on silicosis cases on trial, and in Section -
11 for the ‘entry of any physician, surgeon, or expert upon the ]
premises of the defendant employer in order to ascertain the
facts in any case srising under this act.’ We think it is clear,
therefore, that the legislature intended to bring all silicosis
sullercrs, whether partially or totally disalded, under the Act
and that by accepting the provisions of the compensation acts,
an employee agreed to Jook solely to the Act for compensation
and to give up any remedy he might otherwise have had."

In the case of Peter Tomsic v. H. C. Frick Coke Co. decided by the
Workmen's Campensation Board of Pennsylvania on September 8, 1940,
the claimant Aled a petition on January 17, 1939, alleging total disability
resulting from silicosis or anchraco-silicosis, which he contracted during his
. employment with the defendant. The claimant offered medical testimony
that he was suffering from chronic bronchitis, better known as “miner’s :
asthma,” and admitted that he was not suffering from silicosis or asbestosis. !

nyt !

ratars oot

The Act of July 2, 1937 (P. L. 2714, Sec. 2), which was the Occupational )
Disease Compensation Act eTective during the time of the claimaat’s em- x
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ploymeat, did not providc compensation for miner's asthmu. That aet wag

amended by the Act of June 21, 1939, the amendinent.defining compensable -

occupational diteascs to Include “silicosis or anthraco-silicosis (commonly -

known as miner's asthna and hereinafter referred to as anthraco-silicosis).”

The Board held that since this act did not take effect untl October 1, 1939,

{t was not retrvactive and that, therefore, the employer was not liable for

the compensation sought in this cage. !
. I would like alio to call to your attencion two decisions of the Missouri

Appellate Courts, establishing the time from which lmitations run for the

filing of occupational disease claims under the Compensation Statute.

In tha case of Cleveland v. Laclede Chelsty Clay Products Company,
129 S. W. (2d) 12, claim for silicosis injuries was made. The claimant
oparated a truing muchine for the purpose of grinding and finishing tile.
He was Arst employad in 1928 and in 1923 began to develop symptoms of
chest pathology. He was attended by a physician on Janusey 30, 1936, and v
advised to discontinue work. He laid o for a period of five weeks during -
which time reeatgen examinations were made of his chest. At the end of ¢
five weeks lie returned to work, but his condition became gradually worse )
and he discontinued work on Jume 22, 19%6. He was again examined oa
January 7, 1937, and advised by hiz doctor on that date that he had silieosis, o
this being the first time that he was told the name of the disease from which !
he was suffering. Claim was filed on Janusary 28, 1937.

The Compensation Commission zwarded compensation, whica award was
reversed by the lower Court, the rever:al heing sustained by the Coart on
appeal, because the claim had not been flled within the six months period
required by the statute. In pussing unon this point, the Court said:

“According to his otwn testimony, claimant knew more thana .
six months prior to the filing of hix claim, that he had this .
trouble in his chest, and that he had been treated for it. He :
knew that the chest trouhle was the caose of his inability to do -
his full work and that the nature of the work azgravated 2
this condition.” ) -
The Cowrt further said: _‘ :
“This sectivn (Section 3337) has been construed as s limita- i
tion on, and an extiaguizhimens: of the right itself o maintaiu .
the action when not exercised lefore the six-morths period of
limitation has run against it. [t seems to be the well settled -

o}

Cwme™ A v,
- .

rule in respect o latent injuries that-the six-months limitation

for filing claim for compensation commences to run {rom the :
time it becomes resson:ably apparent and disccverable that - .
the employee has sustained & compensable {njury.”

Tke case of Renfro v. Pittsburgh Plate Glass Company, 130 S, W. (2d)
165, indicates the attitude of the courts with respect to a construesion of the e
six-months limitation period in 2 manner as favorable :o0 the claimant as -
possible in order %o protect his claim. That case (nvolved a clsim for sili- .
cosis, the claim having been flled Septembar 1, 1937, alleging that disability o
began January 4, 1937. The Commission found, s & matter of fact, that

disabilic;y began Jaazary 4, 1937. On Aarch 11, 1937, the employer and
employee had entered into an azrcement providing for voluntary payments
to the employee. such payments, however, not to be construed as an admis. - N
50 ' :
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sion of liability on the part of the employer for compensation. Payments
were made to the employes under this agreement until December 12, 1937,
In passing upon the qucstion of limitations, the Courc said:

“If we were to adopt the cruployec’s view in the casc at bar,
that tho Commniission’s award as for an injury in December,
1935, is correet, although there was no disability or lozs of earn.
ing power until January, 1937, then a proper regard for tho law
would require us to hold that the employee’s claim herein s
barred by the six-months statute of limitations, because his
claim was not filed until September 1, 1937. It is extremely
important that we should not adept a rule which would resule
in claims of employees being barred by the Statute of Limita.
Hons under such circumstanees as appesr in this esse. We are
of the opinion that the statute af limitations is not involved at
all under the evidence hercin beczuse we are holding that the
Commission’s award of compensatisan, based on an injury as of
December, 1935, is incorrect.  Such award as for permanent
total disability contradicts the Commission's own fndings of
fact that there was no disability until January ¢, 1937, and Is
not supported by the evidence. Furthermore, the evideace shows -
that the employee’s claim was filed ‘well within six months
from the date of last payment’ as provided by Section 3337
R. S. Mo, 1929,

CONCLUSION

It {s spparent that the trend of judicial opinion is toward a liberal
interpretation of our compensation statutes, in providing compensation for
those injurics to health that are peculiar to the employment, srd may be .
sggravated by conditions of the cmployment. It is also apparent that in
those Staics having general coverzage occupational disesse compensation
laws, compensation will be awarded for health impairment that {3 common
to every-day life, provided there is medical testimony in the casé expressing
the opinion that the injuries so sustained may have been caused or aggra-
vated by the conditions of employment. If this tendeney continucs sabstan.
tial unanticipated expense will be imposed upon employers and their insur.
ance carriers because of awards for tuberculosis, pneumonia, asthms, and
other similar respiratory diseases. .

During the State iecislative sexsions of 1941, we will £ind, undoubtedly,
that many bills relating to this subiecct will be introduced and pressed for
enactment, proposing to liheralize benefits =nd Sroaden the scope of come-.
pensation coverage.

These developments emphasize the fact that it has become and will
continne to be good business for {ndastry to concern itself with the protec.
tion of the Lealth of industrial workers and. in giving consideration to the
lezal responsibility that arises from injeries to that health, we come to the
full appreciation of the impsrtance of comprehensive programs for indastrial
hygiene.
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‘ ’ g - STATE INDUSTRIAL HYGIENE UNITS
.. 3
P < STATE ANO EXECUTIVE REMAARKS
o J ALABAMA
- . ] Dr. Joha R Cain, Director,
.t - Division of Industrial Hygiene, !
.t by Department of Public Health, :
i 3lontgomery, Alabama.’ . €
i CALIFORNIA S
is Dr. J. P. Russell, Chief,
. i: Industrial IIygiene Service,
il; Department of Public Health,
‘5. 2002 Acton St.,
- Batkeley, California.
_ Dr. V. A. Nasatir, . )
. City Health Department,
Los Angeles, California. )
COLORADO -

Robert J. Owens, Industrial Hygienist,
Division of Industrial Hygiene,
Colorado State Board of Heslth,

State Office Building, .
Denver, Colorado.

e

@ s -y g T T S

1] CONNECTICUT
' De. A. S. Gray, Director,
Bureau of QOccupational Discases,

Connecticut Department of Health,
Hartford, Connecticut.

IDAHO
Dr. E. L. Berry, Director,

5 Division of Puablic ITealth,
'@ Boise, 1daho.
. ILLINOIS
Dr. M. H. Kronenberg. Chief,
Division of Industrial Hygicne,
! Department of Public Health,
1800 Fillmore St.,
Chicago, Ilinois. b
INDIANA
Dr. Louis W, Spolyvar, Director,
Bureau Industrial Hygiene,
Indiana State Board of Health,
Indianapolis, Indiana. .

.
L

'
Y L )

-y -

, st P

IowWaA
P. J. Houser, Industrial Hygiene Engineer,
‘C. L. Campbell, Chemical Engineer,

Departmant of Health,
Division of Public Health Engineering ard

Industrial Hyziens,
Des Moines, Jowa.
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STATC AND EXLCUTIVK

KANSAS
Dr. Ernest Loyce, En“mcer & Director,
Division of Saaitatioa,
State Boacrd of Health,
Marvin Hall, Uaiversity of Kansas,
Lawrence, Kansas.

MARYLAXD

REMARKS

Dr. John M. McDonald (Medical Department), City of

Dlirector,
Bureau of Occupationsl Dl:eues.
Dr. Wilmer H. Schulze, Director, Sanitary
Section,
Baltimore City [Tealth Department,
Baittmore, dMaryiand.
AMASSACHUSETTS
Maufred Bowditch, Director,
Bureau of Occupational Hyglene,
Daepartment of Labor and Industry,
Boston, Massachusetts.
MICHIGAN
Dr. Kenneth E. )hrkuson. Director,
* Bureau of Industrial Hygiene,
Departrmient of Health,
1151 Taylor Avenue,
Detroit, Michigan.
MINNESOTA
Dr. A, J. Chesley, Executxrc Officer,
Departmaent of Health,
469 State Office Building,
St. Paul, Mianesota
MISSISSIPPI
Dr. J. W. Dugzer, Director,
Industrial Hyziene & Factory Inspection,
State Board of Health,
Jackson, Mlississippi.
MISSOURI
Dr. Harry F. Parker, State Heslth
Commissioner,
State Board of Health,
Division of Engineering,
Jeflerson, lissouri.
MONTANA
Dr. Lloyd M. Farner, Director,
Division of Industrial Hygiene,
State Board of Hesalth, -
Helena, Montana.

NEW HAMPSHIRE

Frederick J. Vintlaner, Indastrial Hygienist,

Industrizl Hyglene Unit,
State Board of Health,
Concord, New Hampshire.

Baltimore only

Conducted in a cooper-
ative, joint approzch to
problem by labor and
heaith departments

..Service available after

January 1, 1941

Data service will be
available pot yet an-
noanced
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STATE ANO EXECUTIVE REUARKS
. . NEW YORK
Dr. Levaard Gevenbury, Executive Divector,
L. Division of Industrial Hygiene,
. Department of Labor,
- . 80 Caeatre Street,
PR New York, New Yock,
. . NORTH CAROLINA ’ )
. Induytrial Commisaioner. . Even though the Divi.
North Carolina Industrial Commission,  slon of Industrial Hy- -
Raleigh, North Carolina. glone fs a department
. of stats health depsr:-.
ment, Industrial Com-
mission allocates cer-
tain funds to it
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QHIO
Dr. I. B; Ristler, Chief, .
Adult Hygiens Division, ’
Ohio Department of Public Health,
Columbus, Qhio.
OKLAMOMA
Dr. G. F. Mathews, Commissioner of :
Health, T
H. J. Darcey, Chief Engineer, Direcsor, -
Burecau of Sanitation, State Health ’ -
) Departmeant,
* Oklahoma City, Oklahoma.
PENNSYLVANIA .
De. John J. Shaw, Secratary of Health,
Department of Health, .
Commonwealth of Pennsyhvania,
. Harrisburg, Pennsylvanfa,
S . RHODE ISLAND
. . Charles L. Pool, Chief of Division,
* - : Division of Sanitary Engzineering,
- Dapartment of Health,
: State Oifice Building,
. Providence. Bhode Island.
H SOUTH CAROLINA - -
' Dr. Harry F. Wilson, Director,
: Division of Industrial Hrgiene, .
. State Board of Heaith, -
. Columbia, South Carolina. N
: TENNESSEE . .
.. W, C. Williams, Commissioner L
! Department of Public Hzalth, _ Y
: State of Tennessee, ~
¢ Nashrille, Tennessee. . *.
A . TEXAS . t %
E Dr. €. A. Naa, Direcior, -
‘l

. R C Ik RETUIC R PYIPN

Division of Industrial Rygiene,

State Depariment of Health, .

H Austin, Texas. s
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STATEK AND EXECUTIVE REMARKS
CTAl

;

J. L. Joacx, M. D, D. f. H., Director,
Industrial Hygiene,
Staty Board of Heazlth,
Sale Lake Cicy, Ucah,
VERJMONT
Harold W. Slocum, Director,
Tuberculosis Diviaion of Industrial Hygiene,
Department of Health,
318 Collegw Streec,
Burlington, Vermont.
VIRGINIA
R. T. Homewood, Engineer,
Bureau of Industrial Hygiene, .
Department of Healch,
Richmoad, Vicginis..
WEST VIRGINIA
Dr. Arthur E. McClure,
State Health Commissioner,
Department of Health,
Charleston, West Virginia.
WISCONSIN
Dr. P. A. Brehm, Sapervisor,
Divisfon of Industrial Hygiene,
State Board of Heaith,
Madison, Wisconsin.

The following Cityr Heaith Departaients also have industrial hygiene
divisions:
Flint, Grand Rapids, Newark, Saginaw and St. Louis County.

_DR. MELLER: Thank you very mwuch, Mr. Dorsett. Is there any dis-
cussion ? -

We go then to the Symposium on Industrial Health Defense. Professor
Drinker will preside. . e -

PROFESSOR DRINKER: Regardless of oar jobs or our political amlf-
ations, the gencral topic of this symposium is 02e of enormous interest to us.
We have the advantage of having with us, as participants in this sympos-
fum, several men whom we have never had the pleasure of hearing at these
meetings and some of whom have not attended the mectings at all befors.

The first speaker, Dr. Neal, who is no loagzer acting chief but {s chief
of the division of industrial hygiene, {s the saccessor of our very good friend
and sardeat supparter, Dr. Savars. It is especially pleasant for us to have
him here with us today. His sabject and the activities of the Publiz Health
Service in the national defense program are perhaps one of the chief guiding
points for those of us whose professions lie in industrial hygiene. We look
to them constantly for advice and for direction. It is especiaily plaasant for
us to have the chief of the division with us today.
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* Chief. Division of Industrial Hygiene. Natfonxt Institute of Flealth.

ACTIVITIES OF THE I'UBLIC HEALTIH SERVICE
IN THE DEFENSE PROGRAM

PAUL A. NEAL, 3. D.*

Qne of the outstanding developments of the preseut national defense pro-
gram has Leen the recognition on the part of the leaders of our Nation that
health is an essential elecment of prepacedness. On September 19, 1940, the
President approved an order establishing a Health asad Medical Committee
to advise the Council on National Dcfense, and to coordinats medical and
health activities affecting national defense. This Committee consfats of the
following members: Dr. Irvip Abell, Chairman; the Surgeon Guneral of tha
Army; the Surgeon General of the Navy; the Surgeon Genersl of the Public
Health Service; and the Chairman of the Division of Medical Sciences of the
National Research Council. This Committee and its many sub-committees
have the responsibility of advising the Council on Natieaal Defense regazd-
ing the health and medical aspects of national defense, and of coosdinating
heaith and medical activities affecting national defense. One of the impact-
ant subcommittees set up by the Health and Medical Committee ot the
Council on National Defense is the one on industrial medicine.

Inasmuch as the program for national defense has shready served to
emphasize many problems pertaining 20 the public heaith, the Surgeon
General of the Public Health Service, Dr. Thomas Parran, called & special
conference of the State-and Territorial Officers on September 16 3nd 17, for
the purposc of reviewing plans and agreeing on & program of action. Dr.
Parran enuncisted the keynote of the conference in the intreductory para-
graph of his address. He said:

“The mos: impelling problem w!'dch we face today fs that of
maintaining the sufety of this country and its institutions. For
their aggressive defense, we are gearing up gevernmentzl methods,
mobilizing resources and manpower. For:the first time in all his-
tory, world events have thrust upoa us tha concept of & total war.
In preparing a total defense, all factors ultimately rest upon the
one faundamental resource of the country, manpawer. Medicine and
public health, through the centuries. have been devoted to the con-
servation of manpower and fts socially constractive use.”

In any discussion of methods pla:uud for eficctively carrying out a pro-
gram it Is esseatial thet the problem to be solved be definitely outlined. Tke
various health prablems confronting the Nation-as a resalt of the present
emergency were clearly defined at the Conference of State and Territorial
Heslth Oficers meeting with the Surgeon General last September in \Wasghe
ington. These may be briely sumniarized as follows:

EMERGENCY HEALTH PROBLEMS
Rchabilitation
One of the pressing problems we are {aced with is the physical rehablli.
tation of regxstran:s disqualified for duty with the armed forcas. Based on
the experience of the 1ast World War, we may expect approxicately 25 per
cent of those examincd to be rejected. with about 35 per ccat examined hav-
ing one or more defects. Of the 17,000,000 registrants, probably 6,000,000
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In military and industrial mobilization arcas.” The Confcrence further urged
the coordination of activities pertaining to industrial hyzicne and stressed
the nccessity for supplententing the efforts of the States.

Industrial Hygiene .

It is now a well established fact that military mobilization and expan.
slon is impossible without industrial wobilization and expansion. The
prasent industrial expansion has already brought in itz wake many nerw
problems in employee health. To insure maximum physical fitness, the
industrixl worker needs to develop a high sense of personal respoasibilicy,
Industry must continue and accelerate Its ¢fforts to protect and promote
physical welfare among workers, and the various health agencies, both gov-
eramental and private, must give every possible assistance through scientific
research, through the e¢xpansion of community sanication mensures, and
through the spplication of our developments in both the prevention and
treatment of disease. Despite continued progress in the field of industrial
hygiene, we still have in_this country 17.000 occupational deaths from acci-
dents every year; 75.000 permanent disabilities; and 1,400,000 temporary dis-
adbilities. Recent survers conducted In industry show that the working en-
vironment of about 1,000,000 persons requires investigation by tralned {adus.

trial hygienists to determine whether or not the presence of silica dust {n the

afr constitutes a health hazard. The conditions of work of 800,600 persons
handling lead and its compounds slso need study. Similar informatian {s
available on many other potentially hazardous exposures. For exariple, it
is well known that many millions of workers are exposed to materisls waich,
if improperly used, are capable of causing skin diseases. Fuarthermore, it is
well known that industrial workers have higher rates of physical defects
than non-industrial workers and that the death rate from all causcs among
unskilled workers is 100 per cent or more in excess of the death rate among
agricultural emplovees. The many studies of illness among workers recently
completed show that the average worker in this covazry loses 10 days a year
on account of sickness. In fact, general ilinesses have been found to account
for 15 times as much time lost as that dua to both accideats and occupatiornal
discases. This problem of lost time from disability amoeng workers is of vital
importance now that our indusirial machine is playing such 2 prominent role
in the defense effort. . ’

Our receni studies have also shown cleariy that although industry is
cognizant of the proliem and is making progress. much still remains to be
done. For example, onlyv 25 per cent of our workers have full time safety
direction services, only 135 per cent have full time medical services, and only
31 per cent have nursing services. Engineering studles have also brough:
out the fact that protection against exposures o hszardous materials and
conditions is still far from adequate.

Tha present industrial activity on defense orders has already augmented
these problems in industrial hygiene. Able-bodied ma2n are being mobilized

into our armed forces and these will have to be replaced in indugtry by older -

men, by roung adults and, in some cases. by women. Yany of these newly
{nducted industrial werkers will not be as physicalir 4t for arduous ¢asks.
nor will they be as skilled. The problem of fatigue. so Important in the first
World War, will again reappear as the result of e rapid tempo of indus-
trial production. Maayx hazardeus chemicals. both oid and new, will be intro.
duced into irdustrr. We mayx expect crowding in factories and we must
fight the tendency to relax i the vigilance o necessary to prevent accidents
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and discases among workers. Dr. Parrun has stated that our industeial
machincs are rated to be the most efficient in the world, and he rightfully
fnsixts that the men and women who opcrate these machines should have a
comparable eflicicacy.

These, in brief, are same of the problems facing us today in ocur health
preparcdness program. The Commities on Health and Jlcdical Preparcdness
recently established by the President, and its many subcommittees, ave
already coping with these various problems confronting us. The work of
coordinating existing machinery both as to public health and medical facfli-
ties is uader way. Insofar as industrial hygicne is concerned, the ground-
work laid by research during the past quarter century and the machinery
doveloped during the past several years for the application of this resenrch
by the States and by industry finds us better prepared to cope with indus-
trial health problems than at any time in our induscrial history. We know
that every job ean be done safely If we onlr apply our preseat knowledge.

. THE PROGRAM

With reference to those activities on health and medical prepzredness
concerned with the civilian population and our armed forces while in train-
ing, the Public Health Service is working very closely with the Army, the
Navy, and the State and local health departments. The Surgeon General of
the Public Health Service has already appointed medical and engineeriag
laison officers to each of the Army corps areas, for the purposs of expediting
the solution of the various problems discussed herein. Reccanaissance sur-
veys are even now being made by the Public Health Service and State health
department perscnnel in the various areas to dctermine the exact needs in
each locality.

Fortunately, the industrizl hygicne program could be laxunched immed!.
ately, in view of the f{act that the various Statss in organizing their indas-
trizl hygiene services had already made detailed surveys of the problems in
each locality. The States are thercfore in & position to know where these
services are needed. Furthermore. manjy of the research activities of the Divie
sion of Industrial Hygiene, which are carried out during peace time, furaish
us with the key to the solution of problems of a military asture and some
of our findings can also be applied to emergency problems i{n fndustcy. For
example, the study this Division recently completed on the fatigue status of
truck drivers has furnished us with a2 great deal of information applicable
to fatigue problems which may arise in industry zs a result of increased
sctivities.,

The industrial medicine subcommittee established by the Health and
Medical Committee of the Council on National Defense has already been
assured the Zullest cooperation of the Industrial Hygiene Division of the -
National Institute of Health. All of the facilities of this Division will e put
&t the disposal of the committee. and a greatly expanded employee health
program {s being developed in close collaboration with the 31 State iadus-
trial hygienc units, wicth industry, labor, and rumerous official and unoficial
sgencies. In other wozds, 2 program has been developed for cooxdinating

the work of all the Federsl and local agencies, of indusiry, of labor, of the

medical and engincering professions, ard of all organizations vitally con.

“eerned with indestrial health.

Insofar as the Division of Industrial Hyziene of the National Institute
of Health is concerned, {ts functions may be considered as partly adminis-
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trative, concerned with coordinating all activitics bLath at the Federal and
State level, and mostly concerned with the promotion of Industrial hygiene
services (n State and locul health departnents, and with scientific investiga.
tons conducted both at Its laboratories and in the field. The Division of
Industrial ilyvgicne is alceady carrying out urgent rvsearch directly related
with Jefense and it {s working very closely with both the Army and the
Navy. In addition to fundanental laboratory research onm toxie materials
of direet impoctance to nationul defense, some of the Divisicn personnel are
being employed to supplaruent the wock of thos=e States which have Lecn con-
fronted with emergency problems too great for successful handling by their
own cfforts. If the necessary furds for this phase of the work are obeained,
it s planned to have at least 15 units in the Aeld, each consisting of a trained
physician, an engineer and technical support, for the purposc of asxisting
the State industrial hygiene anits on emergency problems. Several such
units are already doing work with the States.
In brief, the work which the Industrial Hygieae Division s already per-
forming, and which It hopes to expand, may be summarized as follows:
L Industrial hygiene services to Government arsenals and other
Federal projects.
2. Assistance to the Stites on Industriz! hygiene problems in
defanse industries.
3. Toxicological research on defense materials.
4 An appraisal of the fatigue status in relationship to the natioasl
defense program.
The determiration of methods for the absocrption of handi-
capped persons into vital ladustries for natioral defense. .
6. The preparation and disseminatiou of information oa varioas
toxic marerials and processes, including approved designs of
exhaust systems for the control and elimination of atmospheric

contaminants,
Pructically all of the States havingy industrial hygiene divisioas have

bl

slready submitted programs to the Public Health Scrvice for assisting indus. )

try in muintaining heslthful working conditions and healthy workers. Tkhese
pregrams differ in no way from those already practiced by tha Scates in the
past, excep? that emphasis will be givea to directiag their edorts to indas-
tries engaged on defense contracts. In other wornls, the work in the States
will embrace the following activities: .
L The evaluation and control of the various heaith hazards aris-
ing from exposurse to duss, fumes, gases.and vapors.
2. Advice %5 industry in the construction of pew plants and in the
renovation of old plants in the interest of safecy and health.
3. The promotion of physical examinatfons azd medical services
to workers by Indusiry.
4. The promotion of measures for the coatral of communicable
disesse, such as syphilis, preumonia, tuberculosis, and others.
The preparation and dissemination of information on various
toxic materials and processes, includiag approved designs of
exhaust systems for the contro! and elimination of atmospheric
contaminants.
Industsy is thorouzhly convinced of the fact that it pays to control scei-
dents. In reducing the frequency, severity and moretary losses {nvolved in
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Industrial accidents industry wttacked the problem from two viewpoints:
First, by the provision of well cuarded cquipment. and sccond, by the educa-
tion of workers in safety measures and pnu.:wu. We arc thoroughly con-
vinced thut the same tactics will materially aid in reducing loat time from
occupational diseases aad other tlinesses. In other words, first, we must pro-
vide a safe and healthfu! environmient, and sccond, we must educaze the
worker in safe practices and healthful living.

It is quite evident that {nsofar as public health and medical prepared-
ness aro concerned, plans have heen crested which are not emergency impro-
visations, but are designed to ba an integral part of our national lfe (n the
future. This is especially true of our industrial hygiene program, and it is
hoped that we will not forfeit the gains we have made so far for the sake of
expediency. All of us, be wu public kealth workers, private medical practi-
tioners, engineers, chemists, industrial manegers, or factory workers, must
assume leadership and responsibllity and coordinate all of our efforts, so that
the men and women in our jndustries will uuu: & high level of efficiency

- and hulth. .

PROFESSOR DRINKER: I am sure that Dr. Neal will be glad to
answer questions as to the matters which he has brought out.

AMR. CONNQR: I should like to ask the spesker whether or not he can
tell me this. I have sbout sixty young men of draft age who are receiving
regular routine trestments for syphilis. They are coatincally ssking me if
when they are called the government will continue their treatments in active
service or whether they will be refected. I can’t tell them. I'd like to kave-
some help.

DR. NEAL: [ can’: speak for the Army, naturally, on that, My opinion
would be, and [ think it is the present thought, that each individual case is
decided on {ts own merits in connection with this commaniceble disease, as
others. If the men are not disabled, and we assume these are not—in otzer
words, they don‘t have cardlovascular disesse—they will receive the same
treatment they are getting now after they are inducted into the service.
Whether they will be inducted into the service or not I don’t kaow., [ th!nk
it will be decided on each Individual case.

PROFESSOR DRINRER: Dr. Ssyers, I think we shoald all be glad 20
hear & word from you.

DR, SAYERS: I am very much Interested, as you know, in the pmgram
that has been outlined by Dr. Neal for you and to vou. It is one that has
been developing for a matter of yesrs. Thers are many of you sitting
around here who have been asiociated with us in tha development of that
program. Most of you in the room have had something to do with it

The program is not new and it is not & program that is just for deferse
slone. As {n all industry, as in all the work that we are going 2o do, it must
be speeded up if it is going 20 accomplish the parpose we are to have.

In answer to the guestion, {f I may expnd a litzle on Dr. Neal’s state-
ment, I think that whether any individual who comes ap is inducted or not
will be determined by rvour local draft board to a great extent. [ don’t
think we need to worry vtery much about those people with syprilis. They
will receive treatrien:. Ther will ro longer be communicable from one to
another in the army. 1 don't think we need worry t0o much about it

I do think that we all have s real problem {an regard to industrial
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hyglene. [ think we all must got behind it and push {t. We cannot succeed
in this wac unless we have our workers in good health. Whenever & man

" is away, it doesn’t make any differcnce whather It {6 occupational disease,

sccldent, or fust fllaess that causcs him to ba away, {t intezferes with pro-
duction, and production {s important to us today. 1t s a very serious thiag.

Agaln, we are not here to scare anybody. We just want to work along

sticlently, and scared people are not eflicient. We have a job in front of us,
and it is & big job. We must all work. [ hope we can support all the group.

Thare are several hers on this medical defense who belong to the Advis-
oty Conntittes, [ believe, of the Medicnl Defense Commission—or is it the
Defense Council? You know the Defense Council is made up of secretaries
In our cabinet. There fs an Advisory Commissioa to the Defense Couneil
Then they have special committees in the Research Couneil that advise them,
aad the Medical Committee is one of that orzenization, as [ understand the
present group. Then there is a sub-committee on industrial hygiene. The
program is being worked out, I believe, expeditiously.

We cannot work too fast. The groundwork has been lsid ia the period
of years that has gone by and part of that groundwork is within this organi.
zation here. Dr. Neal has emphasized to you the importance of cooperation
and coordination. That must be had if it is to be-efficient.

It {s a great pleasure for me to be here with you today. I thank you ail.

PROFESSOR DRINKER: If there are no further questions we will
proceed with the next paper. Thank you very miuch, Dr. Neal

Qur role as a nation in this present emergency, whother we are helping
the Allies or whetlier we are siinply helping ourscives, is distinetly ap to the
present time one of production—production of srmaments. [t has boen said
by those In position to know that there is protably no single operation that
is more important to the produstisn program than welding. both electric
weldicg and gas welding, Dr. McCord, with his colleagucs, for some time

has been engaged in the study of the haalth sspects of are welding., The )

first paper that they have published on this subject appeared recentls in the
Journal of Industrial Hygicne. Perhaps some of you have had the oppor-
tanity to read the paper.

It is particularly pleasant for us, therefore, in the Foundaffua, to kave
bad Dr. McCord acesde to our request that he come and talk 1o us today onm
his own work. I have much pleasure in Introdocing to you Dr. Curey P.
McCord, Director of the Industrial Health Conservancy Laboratories.
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THE HEALTI OF ELECTRIC ARC WELDERS IN THLE
NATIONAL DEFENSE PROGRAM :

GORDON C. HARROLD, Ph. D.,* STUART F. MEER, M. D, and
CAREY P. M¢CORD, M. D.t

v

{ntroductioa .

Arc weldiag in itself cannot defend & country or win & war, but ueither
of thesy national enterprises well mas he prosecuted without reliuuce upon
src welding for many essential fubricaticas. The exteat of are welding in
this country may be gauged by the fact that in 1929 152,363,400 pounds of
welding electrodes were utilized, with s corresponding figure fur the firse
six months of 190 of 86,634.5¢0 pounds. From another source has come the

statenient that the total production of welding rods, including automatic -

welding rods, was, for the year 1939, 137,430,206 pounds, of which 129,050,211
represented heavily cosated carbon sceel rods, with only 10,154,186 pounds of
bare washed or dust coated rods. These figures indicate that less than 8%
of the country’s arc welding is carried out with bare rods. However, chis
marked shifting to heavily coated rods is not true for all industries. In one
automobile plant, whers the greater portion of weldiag is accomplished by
spot or pressure welding, thus calling for no clectrodes, more than a million
pounds of bare welding rods were applied in a recent 12 months’ period, but
of this total poundage of welding rods only 0.8¢¢ was represented by cosced
rods of all varieties, Every modern standard automobile possasses more
than 5,100 welded points wich, however, only some 140 are welds, but several
of these arc welds are many inches long.

This year of 1940 sa:xc the first all-welded ocean-going steamer, the
17,000 ton Exchequer, launched in Mississippi in June. Commercial naval
construction technology of this war peried in some measure may become
symbolized by this first all-welded freighter. The oxient of welding, with-
out at this timae specific reference to arc welding, again is reflected by the
fact that about 200,000 welders are now employed in the Uaited Scates. To
expruss this in military terms, these welders represent an army of approxi-
mately 23 stream-lined divisions or seven srmy corps. .

As welding applications increase, more and more tie need is for a
better understanding of the hyzienic exposures that may arise. Tae world
of Industrial hygiene is not in a happy position in its knowledge of the
aature aad extent of exposures for arc welders. Apparently many of us
are hampered by too much reliance upon tradiciondi standards, particulariy
with regard to nitrous gaies. Examiration of the original pubdlications
upon which some of these much advecsted standards are based reveals a
mﬂnen of evidence far in disproportion to the significance long sttached

am,

In facing the 2ctuality of industrial hygienic shortcomings with regazd
ta the exposures connectsd with arc welding, several things contridute to the
obvious complexity @ the situstion. Firsh, the quaatitstive determination

- of some welding gases, such as the several nitrozea oxides and ozone is far

mere dificult than for many other substances. Secoad. the costing matecials
applled to weldinz rods are so diversified and s0 rapidls changed as to balle
almost any attempt to keep abreast of developments. Third, alloyed steels,

® Chrysier Indostrial Hygfens Laboratorfes.
t Industrial Health Conservancy Laboratories.
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such as nickel-chrame steel, ar metals that huve been coaceed. such as la gal-
vunizing, sre introdacing now difficultics in connectiva with welding upera-
tions. As a resule, the attmdm. industrial hygienic situations are far
{from simple.

In general, the potential sources of injury from arc welding other than
{rom trauma and thermal effects, seemingly may be grouped in the following
categories:

Oxypen deficiency.

Carbon monoxide.

Nitrous gases.

Ozone.

Metal fume from alloyed steel

Meta] fume from the metal electrodas.

Silicz Zrom welding rod coatingy.

Harmful substances other than silica in rod coatings. -

Injurious substances coated on to the metal being welded.

Radiations. .

Possibly other gases such as cyanides theorstically produced

in the electric are.
From fairly exteasivc first hand experimenta! work and medical depart-

ment exparicnce with several hundred welders, we have reacaed a aumber

of conclusions soon to be presented, but unfortunately space doés noc permit
adequate preseatation of the evidences upon which these ¢onclusions are

" based. Before cntering upon any further discussion of some arc welding

exposures, it is here emphasixed that arc welding does not preempe the
icld of possihle injuries related to welding and that gas welding in particular
may provide dangers under fortuitous circumstances.

Brief Review of Qur Recent Experimenta]l Work with Bare Iron Electrodest i

In our welding experiments, welding was carried out for six hours a
day, ve days a week, in a8 metal gassing chamber 10x10x10°, 1a these
experiments, the welder was located on the outside of the chambar perform-
ing weldizg with arms inserted through portholes. Aanimals in cages protected
against ultraviolet light frem welding wese expozed for six and one-half hours
daily. The exhaust system of this exposure chamber was dampered to less
than two changes per hour, The rate of-welding was represented by the
maximum number of rods that might be burned iz a unit of time. In ane
experiment with a voltage of 44 end an amperage of 300-330, 43 to 50 dare
rods were burned in 2{ minutes of every hour, which aggregated approxi-
mately 19 pounds per welding day. I[n four major experiments, limited to
uncoated welding rods, 250 animals (rakbits and aibino rate), including 87
controls, were observed over a period of 20 months with the longes: expari-
ment continuing 9 weeks (4S5 exposure days).

These experiments established that nitrous e (rcportad as nitrogen
dioxide (NO.]), increased with every increase in voltage across the are as
utilized. At"27 volts (130-200 amp.) the average ppm. were 29: at 31 volts
(200-225 amp.), 33 ppm.; at 32 volts (250-273 amp.), 40 ppm.;: and << volts
(300-350 amp.), 70 ppm. Thile the average concentrations found were as
Just indicated, concentrytions at times ranged much higher, averaging 97
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ppm. under some conditions with an exireme maximuin of a single sumnple
. of 135 ppm. with a duplicate of 127, )
T While suitable tests were made for carbon monoxide, excess carbon
. dloxide, oxygen deficiency, excessive temperatures, chlorine, ete., chief deter-
' minations made were the quantities of nitrogea dioxide, ozone and metallic
: fume. XNitrogen dioxide was determined through the nitrate methed and
samples collected throughout the day, immediately at the cessation of overy
weldirg cycle, 4%, 10” and 16 thereafter, that is, in every hour thers were
two welding cycles, esch with welding continuing for 12.14 and sample
taking from 16-18“, Thus, in a singie hour, &8s many as 3 samples for nitro- .
gen dioxide alone at times ware collectad. In the aggregate, approximately
2,:00 detarminations were made for welding gases and fumes.

The quantity of particulate fron present as 2 fume and arisicg from
the arc ranged from 33-393 mgms. per cubic meter of air. The quantity
of iron fume constituted no measure of the quantity of nitrous gaies present
Likewise, the quantity of frme stands in no fixed relation to the voltage
scross the arc.

Ozone (O;) both has been affirmed and denied a4 existing in the atmes-
phere sbout the electric arc. In our experience, from 10-32 ppm. were found
within 1° of the are, from 0.5 to 9 ppm. 4" from the arc and from 0.1 to 1
ppm. in the center of the chamber, all samples beirg taken during the flam.

" ing of the arc. Unlike nitrous gases, increase in voltage apparently did not
create increased quantities of ozone.

No product of this experimental welding, rezardless of voltage or of the
prolonged duration of exposure produced any obvious changes characteristic
of the action of nitrous gasvs. With a voitage of 34, the experimental ani-

mals were exposed for 123 hours to a conccntration of 70 ppm. of altrogen -

dioxide, Including 33 hours in tho aggregate a: 34 ppm. of nitrvZzen dioxide

and with the exception of a porzion of the first hour of every welding day, 2o

exposure to nitrous gases during the <0 days of elapsed time was lower than YooY
" 48 ppm.

In ajl experimenss, the survivors exceeded 204: of the animals at the .-
beginniug of the exposures, not including those deliberately sacrificed at
" various intervals. Death rates did not exceed those for contrul groups.

In general. we sought to produce as high quantities of nitrous gases as
were possible under any conditions sesembling practical arc welding. We
utilized voltages well above thase.commonly utilized in practical weldiny,
We burned rods at x« much higher rate than any welder is likely to do. We
carried out such experimental welding in a confined “area as represented cy
a tacusand eubic feet with only about one ckange of air per hour. Notwith-
standing, we were unable to produce any gases or fume {rom bare walding
vods that brought about aay readily observable injurious action on exposed
animals except for the formation of methemoglobin, the siznificance of
which is discussed in & latar section.

In view of the rignidcant absence of pathoiogs afler seversl weeks of
exposure to nitrous gases in excess of those quantities regarded as harmful
for even brief exposures, we are dizposed to question tke standards that are
now widely accepted and promzigated. While & few hours have been spent
by humans of our own group in the gassing chamber with concentrztions of
nitrous gases at 84 ppm. for 3 hours, 3 ppnv for 30 minutes and 103 ppm.
for 3 minutes, and while many scores of casual observations have been made
upon practical welders, it is to be recognized that our outstanding evidence
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as to the acilon of nitrous gases originating in are welding is linited to anl.
mals. Within these limitations, we arc disposed to regard arc wekling in
open arcns carried out with hare mild steel rods on urcuated coramon types
of steel as lttle associated with practical dangers from nitrous gases.

Coated W, eldlnz Rods
Thus faxr we have had opportunity to expose animals to tho gases and

fumes of but one coated swelding rod. This rod presented the following
approximate analysis:

Moisture and volatile matter 8.4
Si0, 20.20
TiO. 43.12
Mnd. ! 11.00
CaCoO, 4.37
)Iz,(PO )2 (theoretical) e 1330
———

100.43

The last item is open to considerable question. It is known that phos-
phorus is present, but in what quantity and in what form has proved to be
diflicuit to establish. The miid stcel on which this coating has been applied
has not been analyzed, but it believed to conform to the common type of
steel rod with approximasely 985 of iron and the remainder being made up

of the following:

Carbon oo 0.13-0.187%
Mangarese oo, 0.40-0.607¢

Silicon ecesneeeee 0,06 ¢ maximum
Sulfur e . 0.04 v meximum

Phosphorus . 0.04 % maxinum
This coated rod was burned in simulatad welding at 2 voltage of {3 at
the rate of 46 rods per welding hour or 23 pounds per day (ignoring rod

stubs). Forty animals (rsbbits and albino rats) were exposed for €.5 hours
The chiaf atmospheric determinations

daily, 5 days per week, for 45 days.
At this voltage the bare rods burned at

wers for nitrous gases and ozone.
the same rate yielded sn average concentration of. 70 parts of nitrogen
: 1

dioxide per million. The arc shie!ded by the gases from tiis parucular
rod led to the Zormation of considerably less nitrogen dioxide, the average
quantity being 33 ppm. I appears to be genernily true that the shiclded are
is associazed with the formation of smaller qnnuues of nitrous gases.
Insofar as nitrous gaus are the offerding agents u\ arc welding, a pnfcr-
ence may be expressed for the coated walding rod. °

At this time, uscsual interest exists in the nacture of the coating nutcr-
{als for welding rods. Many pa‘u:u analys=s have been pubdbiished. but some
of these are kighly confusing siace the ﬁndi...s on addition may tcta! from

40 to 1402. The chemical nature of many rods is still a well guarded secret,
but it is known that an almost unlimited variety of substances have been
tried out as weldin: rod coatings. The number includes silica, ubesuz.

other Inorzanic silicates, organie silicates, titanium, caleium, magnesium,
manganese, fluorine, aluminum. columbium, nickel, iron, baricm, chromiam,
phosphorus, borax, wned meal, cellulose, gum arabic. sage, tea leaves,
asphalt, cotton, jute, paper, cereals, string, starches, sugars, ete. Whataver
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constitucnts enter into the rod, it is gonerally conceived that they serve some
of the following purposes.

1. To provide a slag coating ol the metal weld during the period
of freezinz.

2. To furnish alloy maisrizl rot present in the metal core in the
rod in order that the weld itself may cunform to the original
metal :

3. To confine or stabilize thke are itself so that the size of the are
is within reason constuant and tho flow of electric power essen-
tially unifornw.

4 It {s usually stated that the shielded arc excludes atmosphasic
nitrogen and oxygen. This possibly may be doubtad and in-

. stead possibly the shielded arc alters the action of ultraviolet

rays upon the atmospheric gases.

To meet these various purroles served by the rod coating, highly differ-
ent substances enter into the coating mixture. Thus, to preduce visitle cloud -
sbout the arc, there may be present such ingredients as cotton lint. paper,
po\rcc'ed coke, ete. For the proteciing slag layer immediataly over the weld.
Ing point, inorgeaic substances chielly ars used including borztes, barium,
ealcium, slominum and manganese compoands along with many othara. In
order to make up the deficiencies of the walding rod itself in relatina to the
metal to be \\'eldcd. manganese, chromium, lead may enter into the coating
ftself. - Lastly, it is necessary to bixd these ingredienta on to the rod, which
ealls for another class of marterizls, some of which in addition to- being
binders are gas generators. The number includes asphalt, resip, casein,
ethyl silicate, sodium silicate, ete.

By way of practical objections to the nse of heavily coated rods, welders
bave indicated that it is difcul: ta (1) observe the weld being made because
of the overlying slag: (2) the cleaning of welds made with heavy coated .
rods is more difficult than the bare rod; (3) the increased visible clonds - .
from the coated rods are dis:zrhing and unwanted.

A somewhat representative zaalyxis of the coating for rustless stecl @
rods is the following:

Organic materizis 19.2 %
Siliea (Si0.) 22.02%
Fluorine. 144 %«
Calcium oxide 222 carbonate _......... 30.1 7
Iron oxide 1.7 %
3langanese oxil rremee 2465
Aluminum oxide : -11.1 %

100.937%¢

An analrais of a similar oo cating material {or high chromium nickel rods
as furnished by Captain Brow=. :Ze¢ next speaker, is as follows:

Lime 30-35%¢
. Sodium fluorii: . 30-35%
Ferromangaress 8. 7% )
Silfea 8- 1% .
Sodium sflicate 11%
Cellulose ... 4%
= 100%




I I—ra a0 o

!
;

From the same source were obtained analysss of coatings for carbon
stesl rods:

Cellulose 307
Asbestos 15%%
Ferromanganese 127%
Titanium dioxide 1274
Sodium silicate 30%
9%

Lime 8- 8% .
Iron oxide ‘ 20-287;
Ferromanganese 152047
Asbestos %
Feldspar (silicate) oooeeeee e, - 3077
Sodium silicate 114
Pyrolusite (3fn0.) 8%
~ = 100%

While many of the varied substances that enter ints the coating of
welding rods well may be looked upon with suspicion as soarces of infury to
welders, our personal observations and conclusions are restricied to four
[tams related to only one type of costed welding rod, namely:

L The shislded arc apparently diminishes the quantity of nitrous
gases.
2. Significant weight and growth devistions occur.

3.  The quantity of free silica present in the dust from arc weld-
ing with coated rods containing free silica appears to be insuf-
ficient to stimulate any proliferative reactions on irtraperi-
toneal injections.

4. 3lethemoglobin is produced in the blood of animals exposed to
the products of welding with coated rods. (This statement does
not imply that methemoglobin is not formed from the products
of welding with bare rods.)

The last two items above have been made the object of further comment
in two sections now following.

.

Methemoglobin

Aethemoglobin and methemogiobinzemia long have been associated
with nitrous gases and at leas? easually with welding.

In our early experiments, no opportunity arose for any blood counts
or methemoz.obin determinations. In the sixth of the series of exper-
iments already mentioned, methemoglobin determinations were made with
the Puifrich-Zeiss photometer, standardized respectively for male and
{female rats and rabbits, at the end of 43 days of exposure when the con.
centration of nitrous gases averaged 25 pom. and when the voltage utilized
was 43 (300-330 amp.) Table I presents the quantities of muhnmoglobin
found in 10 male rats, together with results one week after the cessation of
exposure. Hotwever. on other occasions, subsequent to exposure, the per-
esntages of methemoglobin were in some instances higher, but always within
the limits of experimental exror. At the time the experimental animals were

68
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TABLE I )
METHEMOGLODIN IN MALE RATS
Percantage Mathemegiedin
Rat 8-13.40 ) 8.20.40
Identification Do:t"(.:l‘:l::::: '::”, Seven Days After
te 23 pom. NO, Last Expesure Oste
s frem Coatad Reds
1985 217 27
1983 173 15
1980 10.4 28
1978 147 @
1957 115 s
1969 160 @2
. 1936 16.3 .00 : @
1992 10.4 0.7 -
1988 130 81
1963 18.7 i 23
Controls T - .
. . ‘":ﬁ‘:““” : } Percantage Methemogisnin
1943 T00 ($1340) | 42 (3270
1985 00 (813400 | 35 (82040
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tested (8-13-10) two control miale rats presented no nteasurable trace of
methemogivbin, but on other occusions methemoglohin has been detected in
control rats up to a maximum of 4.2, However, this figurc embraces the

probable ervor circa =2%.

‘The assumption was that the eccurrence of methemoglobin was in nowise
peculiarly associated with costed wellding. rods, which causcd us to repeat
for a few days an earlier experiment with bare rods using a voltaze of 43.
Table [I presents methemoglobin percentages just privr to exposure, at the
end of one day of exposure, 3nd thrve days after the cessation of a three day
weiding period. Although the resuits shown are iometirues within the
limits of experimental error, the uniformity of resuits suzpests that ones day
of exposura may increase the blood content of methemoglohin, which quickly
disappears by the end of the third day after exposurs. During this period
the average quantity of nitrous gases wus 0 ppm.

In the case of four welders, samples of blood collected during the period
of welding work revealad respecticely 2.3, 2.3, 2.3 and 2.6 per cent of medh-
smoglobin. - One human control yielded no methemoglobin at this time. 0Of
13 determinations for nitrous gases mede in connection with the possible
exposure of these welders, the highest was 13.3 ppm. of nitregen dioxide in
a sample collected from an automobila body in the course of construction.

The inference is that some methemogzlobin formation is a common result
{rom mild exposures to welding gases. This statement scarcely applies to
experimental rabbits, which animal appears to be more resistant o mothe-
moglobin formation.® Should the need arise, it may prove possidle to utilize
the occurrence of rethemoglobinemia as qualitative proof of exposure to
welding gases. In the absence of other sources of methemoglobin czusation,
the presence of any considerable quantity of this scbstance in an arc or gas

welder suygests exposure.
* The nature and physiologic signifcance of methemnglobin in the blood
is {ar from clear. In conzenital or familial methemogliobinemia, as much 23
40534 has been reported as continuous and little associated with any evi-.
dences of ill effects. However, in many publications dealing with clinical
methemogzlobinemis, the method of demonscrating the quantity present may
be open to nuestion. It has been stated that methemoglobinemia up to
60:5-¢ of saturation is compatible with life. Other puhiications indicaze
that the bekavior of the body in the presezce of methemozlobiremia coa-
forms in general to the pattern that governs csrbon monoxide kemeglobint
£9.10,12.12.12.1¢.35
It is frequently asserted that methemoglobin is a presive antagonist to
eyanide action and that its presencs in the hlood in cases of cranide poison-
fng is a fortunate occurreace. It has been claimed that methrline blne 23
a treatment for cranide poitoning is efficacious from its catsatiun of methe-
moglobinemia, whick substance in turn combines with the cyanides with
resulting body protsction through the preveation of intarnal zsphyxiation.
Thus i2 it Ye true that some cyanides may be produced in coanestion with
arc welding, the presence of soma methemoziobin may serve a bdeneficent
tather than detrimenta! purpose. Granting some possibility of an anti-coxic
action of metkemoglodin under rome circumstances. {t may not be Inferred
that the oxyzen requirements of the tissues of the body may ba met in the
presence of any hizgh perzentage of methemoglobdin, since the combiracion of
methemoglobin and oxygen provides littla or no aveilable oxygen for tissue
use. It is here emphasized that the present state of eviderce i3 far from

conclusive 16.17.18
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TABLE I
METHEMOGLODBIN, IN MALE RATS

Peccantage Methemegiedia
. 9440 : 9.-4.40
at . (3 eclack) - (Secleck) -
tdentificatien 14 Alter t 0:7 of An:rgl.;lyt H 1 Oays .A"“
‘ Prier te Exposure | Exposure | Cassstion of
Expesure te 70 pam. NO, | te 19 som. NO,i  TXPesure
fromy @are Reds. frem Gare Rede
2078 0.6 24 23 0.0
2069 2.0 - 3.8 24 0.0
2082 0.8 3.0 35 0.0
2065 0.0 21 31 0.0
2084 0.0 Lo 3.6 0.1
2071 0.8 0.0 3.1 0.2
Controls
Rat : .
tdentification i Percentage Methemojietin

1964 ! 0.5

2069 g 0.0

2085 |- 15

981 | 18
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Intraperitones] lnjection with Welding Dust after Welding with Silica-

Containing Coated [fods. .

Large numbers of coated rods contain silica or silicates. The prime use
of silicates is as a binder for other coating materials. Organic silicates are
used for this same purpuse, but this use is linited. The high temperatures
(circa 6,500° F.) of the electric arc muy conver: the greater portioa of
combined silicon to silica. In the analysis of rod coating materials used in
one of our series of experiments, the Si0. ranged between 17 and 20%:. ‘It

- - has been computed-that from the burning of & single 13°, 5:32° coated rod
more than 150 mgms. of fine particulate mutter is introduced into the atmos-
phere. While this fgure in itself is of little significance. it leads up to the
statement that arc welding is or may be a dusty operation,

. Because of a maximum content of 20¢; of free silica of the totai weigkt
of the electrode of the one rod ucilized by us, we collected with the eleczrical
precipitator sufficient quantities of this dust for intraperitoneal injections.

) . On analysis, this dust pruved to have a content of only 8% silica, & larger
3 percentage consisting of iron dust from the mild steel rod oa whick the cost. -
2 ing was implanted. This material in 0.2 gram amounts suspecded in saline
It solution was introduced intraperitoneally into six rats, using the technique
£ described by Miller and Sayers,!® and extensively used by us in other experi.
.—'% . ments.s*=1 For comparative purposes, injections were msade of similar
 -- quantities of free silica, iron oxide and saline solation. Between the 60th
i and 70th day, these animals were sacrificed and examined. The silica used
. for control purposes creatad the expectable typical proliferative nodulation,
}’- the iron oxide induced only an inert reaction with deposits on the anterior
- peritoneal surface in the omentum, on the genitalia, ete.; the collested weid-
- ing dust proved to exert oaly an inert reaction closely resembling that from
- . the iron oxide. There was no suggession of proliferation. It was concluded
L | that dusts from coated rods containing silica or silicates, of the type used
i in our experiments, are ualikely to constitute any practical threat of silicosis.
4 e e i — it
': . Welding on Steel Allors and Welding Rods of Other than Mild Steel -
E k In arc welding, it is frequently but not necessarily desirzble thac the
. constituents of the welding rod conform to that of the materials being
. - welded, that is, both the metal being welded and the rods themseives may
. give rise to greater opporzunity for injury to welders than in the case of
» essentially pure steel welded with mild size!l rods. In addition to alloyed
f': steel, the same type of problemy may arise if the metal to be welied pre-
viously has been coated, such us in galvarizing. The outstanding examnle

.
1

of the adjustment of welding rods to an-alloyved steel is to be found {n the
relatively high percentage of chromium asad aickel in welding rods for use
on rust-proof steel. Such x rod inay present the following approximate

. analysis:

)
! }1'1 A
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Caroon .. 0.05 ¢
Mangznese ... 11 %%
Phosphoras e 0.03172

Sulfor e 009 =

Silicon vemaeeees 043 %

Niekel e 94 %

Chromium woomeeee. 197 G

Copper cveeeee. e 0.08 T .
Vanadiur e 0.03 -

Remainder Iron
2
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A type of welding rod widely used In welds on cast iron is represented

by the following:

Carbon - 011 %
Manganes® ame. 1.70 % :
Phosphorus 0.03
Sulfur 0.018%¢
Nickel 68.52 <
Cobalt ——— 385 %
Izon 12 %
1003 %

An 2nalysis of another rod designed for use on ehrome-nukel steel has
been borrowed from the work of Captain Browa:

Carbon 0.09 <
Manganese 164 <
- Sulfur 0.00S8°,
Silicon 032 %
vickal 21.14 <
Chromium 26.04 %

Remainder Iron

In view of the high temperature of the welding are, almost any con-
stituent of the metal being welded or the welding rod, to ssy nothing of its
coating, may be intruduced into the atmosphere to some degree. Ameong
other possibilities are zmc. cadmium, manganese, chromium. nickel, copoer,
moly bdenum, iron, arsenic, aluminum, phespkorus, selenium, silicon, titun-
ium, vanadium und tungsten. TWithout intending to culpate any of these
metals or Iz the case of coatings, non-metal material, it is pointed out as
obvious that many of these substances ars dangerous aad that some of them
are present in the atmosphere about welding operations in quantities sulti-
cient to induce harm.== Thus whea welding is carried out upaa galvanized
stcel more than 73%¢ of the fume may coasist of zinc oxide. In general it
{s believed that in this domain may be Zound the truly disturbing situations
connected with arc welding. Already some complaints are arising over the
possibilities of chromium from chrome-nickel steel; lead may be measured
in the atmosphere near to welding on leaded steels.™ Hcewever, as yet there
is no reliable case record clearly associating injury with either of these
metals in welding. A few deaths have been connegted with welding on gal-
vanized steel, but to associate these deaths directly with the galvanizing orv
any other individual aspect of welding certainly is not warraated at this

time.

Practical Applications and Implications

1. Iln our expavience snd from our appraisal of the literature, it does
not appear that the health of arc welders as a class may be set apart as
especially differeat to metzsl workers in general Although occasional
records of deaths appear associated with some aspect of welding as the
cause, we have no evidence of any prevniling diseases characteristic of the
work of the arc welder (radiation efects excepted).

2. In our experimental studies, with the rate of rod burning much
hither than in practical welding, and with welding confined to & compara-
tively small chamber of 1,000 cubic feet, with at times only one air change

I

01477

- oo la e 2. ei, *r e -

- P AR LT Y-
. . Iad ! PR e I A \;:;"‘—"
P Ly ¥ =, Pt
AP Dol iyl -—;J;«,—’a‘-:sz-’ijf‘-




|

. . —
L . .. , e
: . v TEE

'R N . o, e g tN- S

- .

w e V0

per hour, we have not been able to find any suggestion of oxygean deficieney.

3. The much discussed point of ozone formatioa in the weldiag arc
h.u in our experience resolved itself as follows:

Auch ozone (10-32 ppm.) is produced immediately in the sre, hut
quickly is diminished (1-9 ppm.) a few inches ({°) away from the are and in
the center of the chamber the residual is not more than 1 ppm. of ozone.
Although this excecds the somewhat accepted threshold of injury of 0.4
PP, no injury from this gas has been decermined by us,

4 Numrsous tests for carbun monoxide have been made under various
conditions-~giways without any significant results,

8. Other things being equal, low voltage and amperage ara desirable
in arc welding, since it appears to Le true that low voltuge is conducive to
the low formation of nitrons gases.

6. Our best efforts to produce from are weldiag, suciently high con-
centrations of nitrous gases to Induce injury to animals after long expascre .
. were not successful. Practical arc welding in open areas seldom leads to
higher concentratlons of nitrous gases than 20 ppm. .

- T. It is our observatiun that concentrations of nitrous guses nesr the
widely accepted threshold of 39 ppm. sre qnite harmless to laboratory ani-
mals after prolonged exposure and further that dcuble this quantity for
prolonged exposures and trebile this quantity for limited exposures Ukawise
are without discernible il effects on animals. Human beings exposed to such
quantities as 84 to 105 ppm. of nitrous oxides for a few hours (thrve) suf-

: fered no ill consequences. .

8. We possess some evidence that methomoglobin is formed bath (n .
laboratory animals and Auman beings exposed to welding gases, but the
i quantity of this methemogiohin appears to be without infucious propensities
i and further there is theorezical cvidence that comparatively low percantages
. of methemoglobin in the Llood may cnder some circumstances serve benef-

- . : icently.
. @ : 9. Limited experimentzl observation Is unfavorable to any belief that
. silicosis may be brought about from silica dust exposures incident to are
. . welding.

10. The heavy iron zontent of the zic incident to animal expasure In
weldiag has not heen shown, from clinical, x-ray and sutopsy observatioas,
to produce any injury beyond pigmentation. _ -

11. Apparently eoated rods are to be favored over bare rods {nsofar .
as the production of nitrous gases {s concerned.

12. Finally, in appraising arc welding zs an industrial procedure
essential to national defense and with particular reference to bygienic prob-
lems we at least are convinced that some over-emphasis in the jast may
have been placed on the signifizzr.ce of nitrous gases, carbon moaoxide, ozone
and iron fume. To the contrary, if there be practical hygienic protlems
related to arc welding (in addition to the obvious ulirz-viclet emanactions)
these may be expected in the little explored deld of the constitueats of cont-
ings on rods, costings oa metals. and special constituents of the metzl weld-
fng rod or the metals being welded.

.
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PROFESSOR DRINKER: We welconie any dizcussion on this paper or
quastions to Dr. McCord

DR. SANDER: 1 should like te ask Dr. McCord what he meant by the
possible protective action of methemoglobin formation,

DR. McCORD: { am very glad to go into that, but I do want to confess
that nobody’ cun be surc of that situation and Initcad of relying upon my own
offhand comment here [ wish to refer to my notes in that connection. -

In the first pluce, methemoglobin may not be highly danierous in ftself.
There are several cases on record of famillal methemaoglobin znemia which,
according to n:ethods that were used for testing, and some of those may be
doubted, yielded up to forty per cent of methemoglobin in the blood without
any apparent disturbance to the owner of that particular congenital defect.
In a much larger number of cases the quantity of methemoglobin contin.
vally present has been on the order of tweaty or thirty pur cent.

From the work on methylene blue in the treatment of cranide poisoniag
and that type of poisoning, it apparently has been established or may be
estiblished that the only goosd or the chief good that the methylens blue
does is to form methemoglobin, and the methemoglobin in turn acts as a
direct antagonist to the eyanides.

We have no proof yet that eyanides or unitriles, which are about the
same, are produced in connection with twelding, but we have some vague
belief that such is the case. On the assumption that these cyarnides or
nitriles may arise we believe that they mizht be overcome or destroyed
because of their combination with or because of an antagonistic action of
methemoglobin, which apparently readily combines with eranides and that
type of chemical in the bodx. )

PROFESSOR DRINKER: One of the largest, if not the Iargese, em-
plovers in the country today, in the factory sense. is the United Siates Navy.
The Army will shortly be, if it is not already, in just about the same cate.
gory. In the production progrum and the accomplishment of cur desice to
have a two ocexn maty, our navy yards have necessarily become enormons -
producers and enormous employers of labor. Their industrial hygiene prob-.
lems are therefore just those that would be ereated by such a huze expan.
sion necessarily made without as m=ch time and preparation as we would iike.

I pezsonally have had the pleasure of knowing the next szeaker. Cap-
tain Brown, for & number of years. In industrial hypieze matzers I firs:
met him in connection with the dismantling of ships arnd the induscrial
hygiene problem that that created. Now he-is in charzs of the medical
aspects of one of the largest yards in the world .

It is & grest pleasure to us to have here today Captain Ernest W, Brown,

of the Medical Corps of the United States Navy.




e .

Ke.
-

{al
al

o,

fi

INDUSTRIAL HYGIENE AND THE NAVY
IN NATIONAL DEFEXNSE

CAPTAIN ERNEST W. BROWN (3(C), U. S. N.

1. Introduction ,

One of the most important concerns of the edical Department of the
Navy today is industrial hygizne and especially in Navy Yard practice. This
is & situation of ever increasing moment in view of the present era of enore
mous expansion in naval conmstruction, unparalieled in the history of this
country. This is bringing about a vast increase in tha industrial force of
our Navy Yards and, in all probability, new problems in industrial hygiene
will emecge, incident to new materials and processes.

It should be remembered in this connection that the policy of the Navy
Department is to allot new naval construction on an equal baiis to govern-
ment and commercial yards. [t follows that the commercial establishmencs
are also undergoing rapid development with an enormous rise in industrial
personnel. They will therefore be confronted with the problems of industrisl
hygiene similar to many of those arising in Navy Yards.

Industrial hygiene is a field which is now undergving rapid development.
This appears to be due to certain significant trends, the most important of
which has been the recent setting up of mazy Industrial Hygiene Units
in state or city Departments of Health through funds relcased by the pase
sage of the Social Security Act. These trends, in fact, pardeularly that
Just mentioned, reflect a definite renaissznce of industriel hyzienc as & phase
of public health in the United States.

This movement is recel\'mz increasing recogmition in naval indastriul
circles, nnd mdus:nal hygiene is now listed as a xpml:y of the naval medi-
cal officer along with other specialties outside of the purely clinical fields,
such as aviation medicine, submarine medicine, chemical warfare med:-
cine, ete.

Those fust mentioned, however, sre concerned primarily with naval
personniel. Industrial hygiene, on the other hand, is largely occupied with
federal indastrial personnel. [t therefore follows that the status of the
Senior iledical Oficer of 2 major Navy Yard in relation to the Industrial
Department is analogous in many respects to that of the Medical Director
of & large commervial indusivial plant. The object of this paner is to pre-
sent an outline of the administration of indusiriz® hygiene in Navy Yards
which are the chief industrial units of the Navy.

3Mention should be made In this connection of the Sub-comm{ttec on
Industrial Hygiene of the Health and Medical Committee of the Natioral
Defense Council which has recently been established. The Surgeon Generzl
of the Navy is represented by lizison oficers in conjuaction with this Suab-
committes. Important recommendations pertinent to the Navy and Indas-

trisl health will result and many of them will undoubtedly be put in effect. .

The term, industrizl hygiene, as applied ia the present discassion, is used
in the specific sense of the prevention and control of occupational disease.
The fact may be of interest that the first compansation law for occupational’
discases in this countrv was orne pasrted in 1908 by Conzress for U. 8. Civil
Scrvice employees. Compensat.on laws for industrial diseases have lagged
far behind legislation covering accidents. Only 16 states of the Union pro-
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vided compcnsation for one or mora occupational diteases up to the yur 1937,
although all but two provided legislation fur accidental injuries.

2  The Industrial Organization of Navy Yards

The mission of a Navy Yard is prinarily the construction, maintenance
and repair of naval vessels. Tho central administration of Navy Yards, ard
fa fact, of all industrinl shore stations of the Navy, is vested in the Assistant
Secretary of the Navy, in whose office is the Shors Establishments Division
of the Navy Departmanc,

There are eleven Navy Yards located as follows: Portsmouth, N. H.;
Boston: New York City; Philadelphia; Washiagton, D. C.; Narfolk, Va.;
Charlestan, S. C.; Mare Island. Calif.; Puget Sound, Weash.; Pear! Harbor,
Hawzali; and Cavite in the Philippines.

In addition, mertion should also be made of the following specialized in-
dustrial plants: for the building of submarines at Portsmouth, N. H.and Mare
Island, Calif; the Naval Gua Fuctory at the Navy Yard, Washingtoen, D, C,,
for the production of high caliber naval guns, torpedo tubes and accessories;
the torpeds fattories at Newport, R. [, and Alexandris, Va, fcr the mana-
{acture of. torpedoes: the powder plant at Indian Head, Jd., for the produc-
tion of Navy smokeless powder; the sircraft factory at Philadelphia for
experimental air craft construction and tepair; the naval armor plant st
Charleston, W. Va.: and the Naval Clothing Factory at Brooklyn, N. Y.’

Organization of the New York Navy Yard: The organization of the
New York Navy Yard may be taken as typical of a major yard. It falls
under two departments, i. e, the Industrial Department headed by a naval
captein of the engin=vrin branch and an Operations or Military Departe
ment under the dirastion 94 a naval line captain, As a conservative esti-
mate it may be stated that 90 of the activities of a Navy Yard are
industrisl. . .

: Under the Industrial Manager there arc at present twenty-three shops
of different types with a2 foree per shop varying from 30 to 3,200 men. The
total of civil employees of this yard is now 17,000. This is rapidly rising
and, it is estimated, will exceed 29,000 in 1941,

3. Extent of tke Cisilian Industrial Focce of the Navy

The combined industial forcs of all Navy Yards {s now approximately
100,000. In view of the pexding program of naval construction it is esti-
mated that this will resch 130,000 in 1941. If inclusive of all shore stxtions
this would probably be close to 160,000. -

In additioa to the industrial force of Navy Yards we should also con-
sider the emploree volume in the eommercisl naval ship building plants such
as the Newport News and Dry Dock Co.. the New York Shipbuilding Cozpor-
ation at Camden. N. J.. ard the Bethlehem concern at Quiney, ass., which
row employ from 12.000 to 15.000 men each. It is a conservative estimate
that the comshined industrisl personnel of all such plants oa both east and
west coasts will resch & peak of over 100,000.

& Organization of the Medical Department of a Nary Yard

The medics! sta of the New York Yard consists of 10 madical officers.
5 dental officers, 1 nurse, 43 enlisted men and 2 civilian clerks. The chief
activities with reference to industrial personnel may be summarized as fol-
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fows: (a) Pre-employment physical examinations: all applicants for federal
jobs arc examined physically, although the standards for acceptance vary
to somc extent for diffcrent occupations. (b) Periodic physical examina-
tions: these, of course, are conducted with the object of medical supervision
of certain groups of employees exposed to definite potnntial health hazards,
as foundrymaen and spray pnlnteﬂ. (¢} Physical examination of federal
smployees for rctirement: this is for evaluation of degree of disability and
opinion as to dlyposition when total duabllnty is alleged. (d) Diagnosis,
trcatmant and dlsposition of industrial injuries and occupational disesses.
(e) Adninistration of compensation cases, (f) Industnnl hygiene and plant
sanitation,
5. The Industrial Medical Officer )

An oficer of the medical staff of the Navy ‘x’ard is specifically detatled
for industrial hypiene administration subject to the direction of the Senior -
Medical Officer. The accompanying slide outlines' the scope of his activities.

(a) Advisor to the Safety Engincer: The adequate practice of industrial
hygiene in Navy Yards, as In civil industry, is depeadent upon the close and
efficient correlation of the safety engineer and the industrial medical officer.
It is essential to obtain a grasp of the functions of both of these officers in
order to properly visualize industrial business administration.

(b) Inspections: The industrial medical officer is responaible for the
gencral supervision of plant sanitation, i. ¢., ventilation. illumiaation, watsr
supply, general cleanliness, adequacy and condition of sanitary facilities, etc.
He also conducts shep inspections for occupational health hazards and their
measures of control . A

He cannot expect to c¢valuate working conditions and thereby detect
occupational health harards carly unless he makes periodic inspections

" through the plant. In this way he can observe the adequacy of existiag
measures against specific hazards and whether such methods arq being prop-
erly utilized. These inspections also have a psychological value in that they
create greater respect for the medical service in the minds of the employecs.

{c) Supervision of Special Physical Examinations: pre-employment cases
when the applicant reports previous exposure to potential industrial health
hazards sach as lead fumes or foundry dust: periodic examinations of groups
expased to such potential occupational hazards, as ipray painters and sand-
blasters; examination of cases referred for transfer to other shops where
there is & question of occapational disabilicy; _clinical studies for a decision
as to industrial origin fn obscure cases. - )

(d) Medical survers of occupational groups; this will be discassed later.

. (e) Administzation of the medical aspects of compe=nsation claimed for
oecapulonal disease pendm: Yefore the U, S. Employees Compensation Com-
mixsion.

(f) Supervision of prwtr:"xon of accident and occupationzl disease

reports for the Naty Department. .

8. The Safety Encineer

A civilian Safety Engineer is stationed at the Navy Department ag the
advisor to the head of the Shere Es..abluhments Division. A na-'at officer
is assigned to each Navy Yard as the safety engineer.

(1) Accident snd unsafe practice control: Safety engincering is one of
19
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the divisions of the Navy Yard organizutions. The Safety Engizeer conducts
an investigation of all lost-time accidents with a view 20 fixing tho cuuse
and advising 2« to measures to prevent their recurrenee. The bLasic features
of approach to the safety problem in Navy Yards ace provision of safety
devices, such as mechanical guarding, and the safety education of workmen
and their supervisors.

Arother important aspect is tha competitive approach which has proved
very effective in stimulsating Intercst in accident prevention. The Nacy
Department publishes the comparative safety scores of all Navy Tards
monthly.

Tha accompanying slide emphasizes the advance made by the Navy
Department fn acciden: reducticn begianing with 2n intonsive safety cam-
paign ia Navry Yards in 1926. We find the frequency” accident rate lowered
from 20 to practicaliy 10 per year in a 12 year period; the severi:y rate
reduced from 2.2 per year to 0.5. On the other hand It will be noted that the
tofal man hours worked during the pericd increased to 115 million from 63
million per year, the average number of employees rising from appraxi-
mately 30,000 to 66,000.

(2) Occupationsal Health Control: The control of occupational disease in
Navy Yards naturally lies witkin the sphere of both the safety engineer
and the industrial medical officer. Although the safets engineer {s admiais-
tratively charged with tais task, the medical ofiicer is actnally coordinate
with him In this phase,

As a matter of fact, the medical o%cer is the key man ia the prevention
of industrial disesse in Navy Yards, in that he usually discovers {ts exis.
tence. The diagnosis kaving been made, the occupational history sad the
pre-employment examination record are carefully reviewed in order %o reach
a decisfon, if possible, whether the hazard can be traced to present or past
employment. If ascribed to, or sogravated by environmental conditions, the
medical officer confers with the Safaty Engineer and an induscrial hygiens
survey is uscally recommended to the Commandant.

7. The Industrial Hygiene Survey .
Such a survey {s of course a combined medical and engineering task.

(a) The >fadical Sarver. -
This consists of a complete clinical study with detailed oc:'.:pation.al

histories of all exposed personnel 23 a case finding procedure under tis
supervision of the induscrial medical officer. Although not directly sesporsi-
ble beyond the matier of the medical surver, it is imporzant that she medical
officer have a ressonable grasp of the entire problem so that he will be in a
position to utilize all data that have any bearizng on the interpreation of his
medical &ndings. In addition, ke may 22t in an advisory capacily to the
safety cngineer with respect to coertain technfcal paases in the plaaning and
conduct of the engineering zspects of the survey.

(b) The Enginecring Survey.

The encineering phases of an indastrial hrgiene survey in 2 Navy Yard
fall, naturally, under the direczion of the safets engineer. As in & commer-
cial industry, this embraces essentialiy s complcte story of the occupational

-

duties, physical conditions of work. and the maserisls, procesres, and equip-

ment of the individual shop, in other words, the environmental conditions.
Laboratory facilities: There are no facilities provided for technical
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studies in the Navy Yard orgunization and there Is no central luboratory

aait in Washington which could sapply industrial hygicuists for field studies.

4 his is an urgeat need and recommendations have recenty been made to the

eml of setting up such an agency.

. - The Department has been most fortunate in the past in securing the
services of the Division of Industrial Hygicne of the Public Heulth Sarvice

. to conduct such technical studics much in the same way that industries in the

states utilize the facilitics of State Burcaus of Industrial Hygiene.
Tha safety engineer formulates the control program of the heaith haz. .
and on the basis of the data of the survey. After all, once the ouolo:r is .
disclosed prevention of occupational disease s largely an engineering

problem.

8. The Reporting of Industrisl Accidents and [llnesxes

An important advance in accident prevention by the t\a\'r was Initiated
oa July 1st of this ycar when the Secretary dirccted that a report of esch
accident and illness, both “lost-time” and “no lost-time,” occurring among
civil personnel of Navy Shore Establishments be mads to the Burean of
Medicine and Surgery. The report of each accident {s submitted on a2 form,
knm as F-C, shown in the accompanying slide. This presencs the dizg-
nosis of the injury and the essential details as to the csuse. Punch cards are |
made up from these records for mechanical tabalating and indexing throuch
a sorting machine. This provides facilitfes for the statistical analysis of
these accidents and diseases, and the data obtained promise to boe a far-
reaching contribution to the subject of accideat contssl. Prior to this system
a czuds forra of accident reporting 2o the Department was in etfect but it
was not adapted to statistical analysis.
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9. Occupational Health Hazards ia Navy Yards

The chief potential occupational health hazards in Navy Yards will now
be considered, the data being based chiedy on reports to the U. S. Employ- ..
ses Compensation Commission over a series of years. It hardly requires -
emphasis that industrial medical officers must be constantly on the slert for

new hazards.

(1) Dust Disesses.

(a) Silicosis: Important units of all Navy Yards are iron, steel
i and brass foundries.

The dust control problem is &2 major consern.in these plants as in civil
industry.

One of the diffculties mot with in combating the foundry dust problem
in navy yards is the fact that silicosis dust is not particulerly irritating or
obnoxious in concentrations which may sltimately lead to pulmornary dam-
age. As a result we find 2 tendency to an indiTerence on the part of ths
workers and even scpervisors and exesutives, which must be overcorme i
order to accomplish efective snd permarexnt dzst control. Another reasoa
d . for this attitude is t=e long period of time mecessary for those foundry work-
ers exposed to only moderate concentrstions of dust, such as molders, to

“w
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2l develop sillcosis.
> A medical susver of the foundries of the Navy Yard, Washingten, D. C,,
was conducted by the speaker in 1939: of 5235 mea X-rayed, approximately
605+ had a record of 10 years or over; and 367: a record of 20 years or over
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of total foundry employment. Twelve cases of silicoris were found or 2.47%
of the total—sall in Stage I or IT; these data leading te recninmendations for
. Improved dust control methods. .
‘. ) Industrial hygiene surveys In foundries other than the Washiagton Navy
Yard have not as yet been carried out but would, in all probability, disclose
& cartain Incideace of sillcosis, even if not of disabling type.

The medical contral of silicosis in the naval astablishment consists of an
. X-ray of the chest before employment and an gnauatl radiograph of all men

exposed to the higher sillea dust concentrations such as sandblasters and

. ’ shake-out men. It i3 belleved that medical survess of foundries in all Navy
Yards will soon be required. ;

(b) Asbestosis.
This is & potential occupational disease hazard from the inhalation of
asbestos dust among workers engaged in the manufacture of asbestos insu-
{ : latihg covers for Aanges, valves and hich temperaturs stesm turbines.
The speaker recently conducted & medical survey of the workers of the
3 Pipe Insulating Shop of tha New York Yard Inclusive of x-ray studfes, ths
- maximum working period of exposure being 17 years. No asbestosis cases
. were found. Shmilar findings have been reported from two other yards but
1 the study should be extended to all men in this trade. )
) Medical control consists of an x-tay of the lungs aanually. The asbestos .
{s moistened and localized exhaust ventilation {s installed aver the work area. R
A respirator is wora during the dustiest sspect of the process.

(2) Lead and Lead Conpounds. .
Lead poisoning has become comparatively infrequent in recen: years
both among industrial and service naval personnel; apparently due in part
- . to changes in materisls and methods, and partly to improved niessures of -
. - control. Zinc and titanium paints have largely replaced leaded material
for ship interiors. Red lead paint is still in use as the priming coat on hull
extariors but the finithing coats contain either no lead or a greatly reduced
proportion. All peinters regularly handling leed—containing paint are axam-
ined semi-anuually for evidences of lesd absorptioa.

(3) Volatile Organic Solvents. .
* : Lacquer spray painting occurs .on an extensive scale in Navy Yards and
therefore demands rigid medical supervision. aAnocther importaat 2pplica-
tion is in degreasing measures. All spray lacquer personnel are subject to
semi-annual physics] examination. -

{4} X.vay and Padium Hazards.

The x-ray and radium are continually utilized for the detection of favws
in castings and pipe welded loints for high pressure steam installations.
Radium has an advaacage in the small size of the equipment in that {t is
adapted to tests ia the confined machivery spaces of ships.

The question of protection from irradiatioa of the operating and other
personnel working in the vicinity of the spparatecs has received thorouph:
study, the practice of the Barear of Standards being generally fullowed.
Complete blood counats af all technicians are cozducted quarterly snd special
pre-employment examinations ere prescribed. )

Another potential hazard of radium is that of Inpestion iacident to

. radium painting of lomirous dials, more especially for fire control instru-
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* . ) meats and siremft. The control measures advized by the Public Health
"t Service are generally in force, plus certain local regulations.

5 . (5) Welding.
L . The bygienle supervision of welders ls another outstanding feature of
- medical responsibility. Approximately 2500 welders wers on the rolls of

. . the combined shore establishments as of January 1, 1940, including 653 at

. . New York. This number has progressively increased and will continue
. to rise.

° The immense volume of work {n confined spaces i{s characteristic of
naval welding. A battieship of 35,000 tons displacement under construetion
contains approximately 500 compartments {a which electric welding is
mandatory, ceriain of these spaces being extremely small and forcing the
welder to work in very cramped pasitions. These conditions complicate the
question of effactive preventive control of the

The chiel hazards which have to be considered at preseat are “nitrous
{fume” poisoning, zinc fume faver, as it {s popularly termed, and actinic
ophthalmis from ultraviolet radiation of the welding are. “Nitrous fume”
poisoning, while comparatively rare, is a serious condition.

No secant need be placed on the fact that these fnfaries would be still
further reduced in number if the control measures provided were properly
utilized. It may be of interest to nota that of 317 cases of actinic ophthalmia
reported at the New York Yard in 9 months of the current year, only 20%
occurred among welders; the remaining 8047 smong men exposed in spaces
adfacent to the welding arc but not utilizing available protective goggles.

Chronic poisoning among naval welders from mengznese, fluorides or
N silicon, which might be ascribed to inhalation of these metallic or mineral
: oxides in the weldiny fumes originating in the rod coatings, has not beea
reported. Such & possibility, of course, eannrot be denied. The limitation
of time prevents mention of additional hazards.

- —— e .

10. Annual Examination of Crane Operators, Enginemen (Hoisting and
Portable) and Locomotive Engineers
These classes of workers are physically examined annaally with special
emphasis on blood pressure. hearing and vision. In view of the nature of
their duties, physical failure, such as sudden collapse, might involve critical
injury to themselves and others; and ia addition, damage to matesial. If
corrective measures are impracticable the worker is retired or transferred 4
to some other type of employment for which he may be suitable. A crane
operator, for instance, presenting a markad hypertensiof. would be referred
to his private physician and transferred to other duties.

11. Time Loss from Industrial versus Non-ladzstria! Disabilities
In a limited study of 116 Industrial ¢companies in various parts of the
United States conducted by the American College of Surgeons a few years
ago, it was found that the time loss from non-industrial types of illness was
. approximately 15 times that Industrially conaected. The spesker in his
) eapacity as Senior Medical OfMicer of the Washinaton Navy Yard mede the
followinz observations Tor the calendsr year 1933: Total industrial foree,
7,000; number of dayx lost from industrial accidents. 0.14; namber o days
lost from non-industrial illness or accident, $.20. The aumber of days loss
from non-industrial disability was therefore 37 times that from industzfal
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caunes. A similur atudy by the speaker at the New York Yard for 1929
revealzd that the non-induvstrial loxs was roupghly fuur times the fndustrial
ficure. The possible facturs in the dilfercnce between the two yards have
not Leen analrzed.

Disparitiea of the same general order have heen reported in rocent sta.
tistical studies by certaln large commercial industries and reflect an enor-
mous economic loss. duch of this non-induscrial {llness is preventable, It
is belicved that in the oaval estalilishments this wastage of preventable
fllness can be grescly reduced, if the problen ix attacked by an annusl physi-
cal examination of all employees, referring cases requiring corrective treat-
ment to their private physicians or other agencies. This would requize a
heavry increase in medical staffs but it woald be a profitable investment by
naval industry in the saving of man power for national defense. It Is a
question worthy of being explored.

PROFESSOR DRINKER: We were informed the other day in Wash-
ington that the Navy is now in the mining business and Is confronted with
the conventional mining hazards as well. Thersfors we can say that their
hazards are about”™all those we meet in all of our industries.

I am sure that Captain Brown will be glad to answer questions. -

MR, WEIL: I should like to ask Captain Brown what his eye tast con-
sists of for his men in so-called key positions. We are using & keystone
and we are a little at 2 loss as to how to interpret some of the findiagy. -

CAPTAIN BROWN: I didn't get the drift of that,

‘MR WEIL: I want to know what the cye examination consists of and
what is your experience in interpreting the keystone test, if you use it

" CAPTAIN BROWNXN: I don't think we have had azy contact with that
particular test. We simply use the ordinary southern test, with dednite
standards. .

PROFESSOR DRINKER: A teacher always fudges the valae of a book,
first, by his ability to keep it in his own library or in his own laboratory.
They have & way of diszppeariag, particularly if your students are eager
for it. One also judges the valae of a book by the genera! appearance of the
cover, whether it begins to f2ll apart after a month or twa. ’

Haggard’s “Noxious Gases™ is the standard .book throughout the Eng-
lish-spexking world on the subject. I am on my fourth copy. I don't know
how the rest of you are doing. Two of mine have been stolen, one Is worn
out, and the one I have kas been rehound once. The University also has a2
number of them at the Medical Sz%20l and at the Sagineering School Librz-
ries. I state this to show you how eagor we are ta use it and how much
we do use it :

It s pleasant to welcome to our group—a? least it is for me as a pro-
fessor at Harvard-—s profeszor In a slster univesaity and ope with wham
we have friendly rivalry of all sorts. In this case I have to admie, with a
good deal of professional fealousy and very sircere admiration, that there
fsn’t any rivalry. Tho lead i{s entirely with Yale.

It is to me, therefore, & great peryonal privilegs to ba able to Introduce
to vou Dr. Howard W. Haggard. of Yale Uzniversity, who will speak on the
“Absorption and Excretion of Volatile Solveats.”
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