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PROCEEDINGS OF FIFTH ANNUAL MEETING 

OF

• *

AIR HYGIENE FOUNDATION OF AMERICA, INC. 
NOVEMBER 12-13, 1910

TUESDAY* SESSION 
NOVEMBER 12, 1940

The Tuesday morning session was called to order by Chairman Roger
A. Hitchins at 10:00 o’clock.

INTRODUCTION 

ROGER A. HITCHINS*

The activities of the Air Hygiene Foundation are particularly important 
at this time when all of our attentions are devoted to the defense program. 
It is well to remember that the men behind the machines of industry are as 
important as the men behind the guns. National preparedness depends upon 
production, and production depends upon able-bodied, able-minded workmen'. 
Therefore, what can be more vital to the success of the whole defense pro­
gram than the defense of employees' health? In the first World War it is 
estimated that eight to ten workers were required in mines and mills keep­
ing one soldier supplied at the front, and even a greater number is necessary 
now that war is so thoroughly mechanized—perhaps twice as many.

There is also the acknowledged shortage of higljly skilled workmen like 
tool and die makers. The services of highly skilled employees become all 
the more vital because of their scarcity, which is all the more reason why 
their services should not be lost through preventable illness or occupational 
disease.

Another significant phase, of this Foundation, too often overlooked, is 
the fact that it is a voluntary undertaking by American employers for the 
protection of employee health. You will find nothing like it in the totali­
tarian countries. The day of voluntary action in those countries is gone. 
Employers are told what to do and they do it—or else! Voluntary action 
by employers in dealing with social-economic problems might have helped 
avert the failure of democracy in those unhappy lands: There is no need 
for high-handed Governmental edicts when employers recognize their 
responsibility and face such problems themselves and deal with them intelli­
gently as is being done through this Foundation on the problem of employee 
health.

In my opinion, industry generally recognizes these days its social re­
sponsibly to employees, and based upon my experience in the affairs of the 
Foundation, industry is practically unanimous in its approval of the work 
being done by the Foundation. At the same time when we look at the

* Chairman, Board of Trustees.
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Foundation’s membership and fmd only 225 company names we are inclinej 
■V* to wonder why industry in recognizing its responsibility permits this Foun-
, dation’s work to he hampered by a Jack of support. Instead o£ only 200'

companies there should be 2,000 participating in tins work; which leads n.; 
to the question of what can be done about it? In our opinion two things 

•-* can be done: Jet every member of the Foundation take a more active interest
in this work and Jet every member try to secure another member who will 
support the work of this Foundation.

:.;v••
'*•••

-•

•*.! ' 
i.-': 
;••• *

Dr. E. R. Weidlein was introduced by the Chairman and spoke briefly 
on “Industry and the National Emergency."
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H. B. MELLER, Managing Director 

Membership and Income
The total number of members remained the same as at the close of 1039. 

During 1940 eleven members resigned (1 each in membership groups 3, 4 
and 5; 2 in group 7, and 6 in group 8); Meanwhile eleven new members 
affiliated (1 in group 4, 2 each in groups 5, 7, 8 and 9, and 2 insurance 
companies).

The income from fees and dues in 1939 was §32,999.81; m the first ten 
months of 1940 it was 832,234.52, a slight increase over the same period 
in 1939.

Digest of Literature
Popularity of the monthly digest of literature, which conta*"? approxi­

mately 1,000 abstracts per year, has been sustained. An index was prepared 
of all items included in the Digest to the end of 1939. This index will be 
continued annually.

The news letters and short, timely discussions of specific health prob­
lems have met with approval.

Inquiries
The number of routine inquiries for information or assistance in spe­

cific problems is increasing. Many of these inquiries come from non-mem­
bers, whom the Foundation is glad to help as far as practicable. In some 
cases this has led to membership. I urge that executives see that members 
of their technical staffs are aware of this "question-and-answer-service."

Surveys
Survey services also are increasing and are broadening in scope as 

members become aware of their value.
An industrial hygiene survey is to a plant what a physical examination 

is to an individual. Such a survey discloses the presence or absence of 
potential hazards to workmen. Followed by indicated remedial measures 
to make safe working conditions and periodic checkup to see that safe work­
ing conditions are maintained, it constitutes a permanent, official record, to 
be available as evidence should occasion arise—and who knows when it will?

I should like to ask each of you:
If claims for damages due to air-borne dusts, fumes, vapors, mists or 

gases were filed against you tomorrow, do you have dependable evidence to 
show to what concentrations your employees had been exposed? The fact 
that "it never happened before," or the belief that the plant is free from 
health hazards, makes poor evidence and is a poor substitute for a factual 
survey report, supplemented by checkup at proper intervals. If you don’t 
know, find out!

A company that does not know its hazards, or does not know positively 
that its operations are free from health hazards, is like a company that does 
not know its costs.

One large member company, which has had its own department of 
industrial hygiene, has made its own surveys and applied corrective meas-

: i 01x07 \
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ores in its numerous plants, now turns over to the Foundation thc.resp^ 
sibHity for periodic checking, determination of any additional hazards thi- 
may arise and recommendations for correction. Another company cuh' 
upon the survey services several times a year so as to “play safe” and have.- 
a continuous record.

Several other members are considering similar action; in case a company 
has made no survey of its own, the Foundation will start with a comply*'., 
study of existing conditions as regards occupational disease hazards.

The Foundation welcomes such action on the part of its members, 
believes it can be of real sen-ice to them, and will add to its staff of fu.ld 
and laboratory men and consultants as may be necessary.

Research
Research under the auspices of the Foundation continued at The Saranac 

. Laboratory, Harvard University, and the University of Pennsylvania. The
study of sick absenteeism progressed. All of these will be reported upon 
later in the program.

Funds were not sufficient to begin the study of existing exhaust sys­
tems in industry, which was authorized last year. This will be gotten under 
way at the beginning of the new year, and it is hoped it can be done without 
seriously curtailing any other research work, which has brought such val­
uable results.

Cooperation in Defense Program
Through a special committee, consisting of Dr. A. J. Lanza (chairman), 

Mr. V. P. Abeam, Dr. A. G. Cranch and Prof. Philip Drinker, the services 
of the Foundation were offered to the Government in the National Defense 
Program. Dr. Lanza will report upon the activities of this committee.

Various of the medical and preventive engineering committee members 
are actively cooperating on National Defense work. For example, Dr. Selbv 
is chairman of the Industrial Medical Committee of the National Defense 
Council and among the members are Dr. Lan2a, Professor Drinker and 
Mr. Yant.

A series of brief bulletins has been inaugurated on Industrial Health 
Defense. These are not intended so much to inform as to remind, jest 
important health items be overlooked in the break-neck rush of increasing 
production. They are simple one- or two-page summaries touching a few 
high points and presented as popularly as possible. Some are in a form that 
can conveniently be placed on plant bulletin boards; a number of companies 
did just that with the one-page circular on the common cold.

Public Interest
The amount of attention which the Foundation’s work is accorded in the 

journals and the daily press is gratifying evidence of the soundness of our 
policies and the general public interest in our work.

For this reason, and because of the close cooperation which the Founda­
tion enjoys with federal and state agencies, as well as its friendly relations 
with labor, an increasing amount of goodwill is attached to Foundation 
membership.

It has been suggested that we issue membership certificates which mem­
ber companies may exhibit, if they desire, in their offices or on their bulletin
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boards. Accordingly, we have drawn up such a certificate. These will bo 
issued at the first of the year to member companies, and as many duplicates 
as may be desired will be supplied on request.

Not a “Silicosis Institute'’
A handicap suffered by the Foundation in its earlier years, but which 

could not be avoided at the time, was the quite generally held opinion that 
it was in effect a "silicosis institute.” It is believed that this erroneous idea 
has been changed and that now it is fairly well understood that the Founda­
tion's work extends over the entire field of employee health. The content 
of the Foundation’s bulletins and monthly Digest proves that point.

DR. WELLER: Wo will have next the report of the Membership Com­
mittee, by its chairman. Mr. Ralston.



REPOUT OF MEMBERSHIP COMMITTEE 

C. E. RALSTON,* Chairman

Eleven new members affiliated with Air Hygiene Foundation during the 
past year. The new members are:

Allegheny Pittsburgh Coal Company 
American Mutual Liability Insurance Company 
Calco Chemical Company 
Colorado Mining Association 
Industrial Tape Corporation 
Liberty Mutual Insurance Company 
Maryland Self-Insurers’ Association 
Powers X-ray Products, Inc.
Pullman Company
Rustless Iron and Steel Corporation
Toledo Scale Company

Meanwhile, eleven companies failed to renew their membership in 
January. With the business upturn—increased production creating increased 
need for health protection—a number of these companies are expected to 
return to the fold.

While the resignations balanced the additions, maintaining the tot2l 
membership at 225 companies, there was an increase of about $400 a year 
in income. This is accounted for by the fact that most of the companies that 
resigned were small firms. Six of them were in the $50 a year class, 
whereas most of the new members are larger companies in the higher dues 
bracket.

As Dr. Meller has announced, there has been a pronounced increase in 
the Foundation’s survey service to its members during the year. This is a 
significant development. It links the benefits of Foundation membership 
more firmly with every-day plant operations. An industrial concern which 
does not know its health hazards, or its lack of them, and have this informa­
tion in a scientific, specific form, is like a company that does not know its 
costs. Industrial hygiene surveys are simply inventories. Like inventories, 
they must be made periodically. The advantages of such a procedure are 
manifold.

In case of claims, you have a record showing what the health conditions 
actually were at the time of alleged injury. That is, you have this informa­
tion if you have been making periodic checks over a period of time. The 
report you receive from the Foundation removes the “guess work” and 
speculation as to whether there was or wasn’t a hazard at the time in ques­
tion. Further, as Mr. Fletcher pointed out here a year ago, a survey report 
from an outside, independent agency carries more weight in Court or before 
a compensation commission than does a report prepared by your own people. 
In other words, an outside party can talk with greater weight about you 
than you can talk about yourself.

You all know man’s capacity for spreading rumor, how tales grow when

• Safety Director, Pittsburgh Plate Gins* Company.
C
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repeated and how sensational they can become. Bill, working in one corner 
ol your plant, says, “there’s a lot of dust here.*' Jo*? say*, “maybe it's silica 
dust.” Tom says, “maybe we’ll get silicosis.*’ An ev.gbs., and says, “r/v. y- 
be I've got silicosis." Bill excitedly suggests, “m.ay.v; we’ve all got Sili­

cosis!" And so on and on. This sort of thing stlr.% alarm, unrest ar.d may 
stimulate claims.

In order to assure their workmen that they r.eed not fear for tr.*.ir 
health, some member companies not only have the rojr.-jation make pe.dv.k; 
surveys, but they post a summary of the findings or. plant bulletin boards. //» 
all the Plants of the Pittsburgh Plate Glass Company, we have endeavored 
to explain in detail to the employees the conditions prevailing around them. 
When surveys were being made we explained the purpose, as well as v.e 
results, and in all instances the response from employees was vary 
pleasing.

The survey service is developing to the point where the Foundation 1% 
being asked by some companies to take overall of their survey v.T->. 
relieves them of the responsibility. After the completion of a broad loea.t.o 
survey of all of our operations, an Industrial Kysperi-t was added to m.y 
staff. We continued this arrangement for five year?, ar.d during that per.vi 
placed all the operations on a high plane from a heelth standpoint. At t.-.e 
present time we find that only an occasional check 1* required—aside frv.v. 
special surveys in connection with new installation?.. Our present program 
calls for using the facilities of the Air Hygiene Four.datl'.r. for survey vrvrA 
in addition to our Medical Advisor, Dr. C. P. McCord. “ ho made oar origi* * ^ 
health survey.

Some companies have joined the Foundation for the purpose of h&vlrg 
a small survey made and, gratified with the results, erpanded the work to 
cover a whole plant or group of plants.

But surveys are just one reason for Foundation membership. Th:.». >. 
the only national association of private industry that 1 iroow that is supj-'.-m- 
ing broad research on industrial health.. At thTl mating you will >.**r 
progress reports on the findings from this resear:?.. ?*:■■** research or. In­
dustrial health may not excite you, it may be hard v. wl but reme.v.h*;.* 
this: research is the only path to progress'in ir.cusn.-Ul health. Obviv: 
someone must do it. Now is it to be done by indu.vmy. problem it
or are we to join the ranks of those whose soluticr imr every problem. .»• 
“let the Government do it"? That philosophy i= *%.jt way out bun 
leads to tragic results. When we get to the pcir.t •wbjvre Goverr.r/.er.t .'i 
doing everything for us, then we have some form, cf rtate socialism. T?.:x 
country* has become great on the philosophy that gv'^rr.uient exists for *.'*.<* 
people, not the people for government.

One of the brilliant features of Air Hygiene 7 vrriULTrvn s* this:
It is a voluntary undertaking by industry to industrial beak.*..

And where industry attacks a great social-ecor.cm...: yrt-hlem vcIur.tar.V; 
there is no necessity for Government to step ir. *'<: rvjgrlat*. In '.v.e* 
words, are we to do these things for ourselves cr \r~~. to sit back i *<t 
have someone else do them for us? There is not?.:.: ~ '..I'-i-.zzr.rC about t * ■' 
Witness the fact that democratic Britain has recently : y 7*'.'rfr‘.rr.4r.: decrv* 
told English industry that it must meet certain rvrr.r’vtr/trts :n ir.duau.r.i. 
health, and that it must retain the counsel of c:r.>v‘": ft-ecialists Ir. v...#* 
field..

But there are more patriotic motives for Foundaunc membership. T~<*-
7
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health of workers is as important as the health of soldiers in girding Afr­
ica. Defense production demands the defense of employee health, for t' 
is a war of workers and machines. Hence, the health of workers is <k^v;. 
important now. Air Hygiene Foundation can be of vital assistance to s-.j 
industrial concern in helping safeguard the health of its workmen.

DR. MELLER: Next will come the report of the Preventive Engineer;:;- 
Committee, which will be presented by Professor Philip Drinker.
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REPORT OF THE PREVENTIVE ENGINEERING COMMITTEE 

PROFESSOR PHILIP DRINKER, Chairman

During the past fiscal year of the Foundation, one fellowship has been 
maintained at the Harvard School of Public Health. The incumbent is 
Bernard D. Tebbens, who is a candidate for the Doctorate of Science Degree 
at Harvard. He has worked on two problems, one involving a study of par­
ticle size in relation to silicosis, and the other comprising a study of the 
gases and visible fume evolved in arc welding with coated rods.
I. For the studies on particle size and silicosis, dust samples of finely- 
ground flint, 99.37e Si02 were prepared as follows:

3.3, 1.7, 1.0, and 0.6 microns.
As stated in our 1939 Report, the object of Mr. Tebbens’ work with 

sized particles was to study the relationship of size to potency (with respect 
to silicosis). It was generally admitted that the potency increased as the 
size decreased but, so f?r as we know, no studies had been made 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 Medical School, for his cooperation in this work and 
wish to make clear that he will be joint author with Tebbens of a paper 
detailing the complete study.

For each size group, nine rabbits were used and each received 400 
milligrams of dust in saline suspension injected 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 early in the exper­
iments showed ditl'erences in liver damage. After the first three months, 
animals receiving 0.6 and 1.0 micron dusts showed small though definite 
evidence of scarring. Microscopically, 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.S micron dusts showed no gross 
pathological changes. On microscopic examination, only numerous macro­
phages and giant cells were found scattered throughout the organ.

As the experiment progressed further, gross pathology became increas­
ingly evident in the animals which had received th<» two finer sizes, and even 
to some extent in animals haring 1.7 micron dust. This pathology was par­
ticularly evident as fine wrinkling of the liver surface, merging into clearly- 
defined nodulation and white areas of fibrosis. A gradual enlargement of 
liver and spleen was also noted.

In the last group of animals, such striking gross pathology was evident 
that there is no doubt as to the relative importance of these dust fractions 
in producing 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 pathology.

Those receiving 1.7 micron dust had very 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 ^2 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 O.C animal functioned on about U of the liver, which itself waN ..... 
coarsely nodular. The remainder of liver tissue had been completely <•!. 
crated by fibrosis. The spleen was enlarged several times and showed v.; 
miliary tubercules over its surface. Other organs, such as lungs and 
marrow, showed distinct evidence of fibrosis. Kidneys of all animals ha. 
appeared normal throughout.

Engineers arc concerned with particle size in the causation of silic--:, 
because we, and not the physicians, sire responsible for dust control and £ 
making estimates or counts of dust concentrations. From the result; . 
T.ebbens and Schulz, it is evident that methods and apparatus designed : 
abate dustiness or to estimate dust concentrations should be directed c;-.. 
daily against the particles well below and not above 1 micron in size.

II. A part of Mr. Tebbcns' fellowship work has been devoted to a stu£.- 
of the nature and quantity of the fumes and gases liberated during ar. 
welding with coated rods. Not all electric welding today is done with coau; 
rods, but their use is increasing rapidly. In the case of alioy steels and cf 
non-ferrous metals, coated rods are the rule and r-* the exception. I;. 
general, the primary purpose of the coating is to shield both the arc and tb 
hot metal from reaction with constituents of the air.

Time would not permit studying the full list of the coatings used tr. 
modern welding rods or the products they give off in the arc. With the he'.: 
of welding experts from the General Electric Company, who supplied ah 
the equipment needed for this study, we selected a number* of representative 
rods, of which the makers generally furnished the approximate analyses. Ir. 
those few cases where analyses were not available, it was not difficult t: 
determine the essential ingredients and to check them against the produce; 
of combustion in the arc. Every effort has been made not to divulge any 
trade or manufacturing secrets regarding the exact nature of the coatings.

A. Low-Carbon Steel Electrodes: Seven different electrodes were stud­
ied in three sizes, 5/32", J4", and 5/16". The coatings contained the 
following: --

Ferromanganese, the Mn serving as a deoxidizer.
Various silicates, including asbestos, with small amounts of free silica.
Sodium silicate as binder.
Titanium dioxide as an arc stabilizer.
Carbohydrates to furnish a reducing atmosphere.
B. Steel Alloys and Non-Ferrous Alloys: The coatings of these rods 

all contain fluorides, usually carbonates, and some silicates. The coating cf 
rods for welding aluminum contained chlorides, while one alloy rod, a 90 
Cu 4 Si rod, contained borates.

In general, all rods and all coatings gave off a visible fume or smoke 
of which the qualitative composition was predictable from the analyses of 
the rods. In addition, we looked for any volatile fluorine compounds, as well 
as carbon monoxide, chlorine or hydrochloric acid, and especially oxides of 
nitrogen. *

Welding was done in a gas chamber equipped with a special exhauster 
and a hood placed near the welding work. Bends were welded across small 
metal plates and the gases and fumes from the arc were drawn into the 
hood by the exhauster. Samples of gas and of the visible fume were taken 
from the flue pipe and analyzed. From a considerable series of such analy­
ses, it was possible to construct a table: s
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If welding was done at various distances from the hood it was pu>,.\ 
to determine at what suction velocity, measured at the arc, all visible fL. 
and gas entered the hood. It was also possible to predict, with fair accuvs 
the gas and fume concentration after a definite time when welding ur.<j;.- 
particular condition. It follows, therefore, that one may write specificut;' 
for the necessary ventilation to bring about any desired condition.

In general, we believe that modern electric welding is a safe job, p: 
viding that the worker observes certain simple rules:

He must avoid ultraviolet light from the arc and his skin, especic.:, 
hands, face and neck must be protected. We have no fault to find with t;. 
conventional safety practices with regard to these items.

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

If the concentration of visible fumes is kept within reasonable linn: 
by means of appropriate ventilation, there will be no risk of poisoning ft-.-.- 
N02. This does not mean that NO* gas and visible fumes are given off in ar. 
constant ratio. They are not. But low concentrations of visible fumes, ?u. 
as 20.*s mgs./cu. m., preclude any possibility cf harm from breathing ga- 
eous impurities.

We had formerly a second fellowship, held by Leslie Silverman, hr 
this was stopped at my suggestion because Mr. Silverman was appoint-:. 
Instructor in this School and had to devote 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 generosity, 
will be published.

The purpose of Mr. Silverman’s work was to study the factors affect:::.: 
hood design for single-slot unlieated tanks, such as those used for cold­
plating, pickling, acid-dipping, alkali baths, and wash tanks. The effect t-i 
temperature and of solvent characteristics on ventilation requirement-, 
together with the performance' of double-slot hoods, is being studied further

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

Unhanged hoods .... Q = 2.3 (width)1-13 (length)083 (velocity)’
Flanged hoods....... Qf = 1.9 (width)1-3 (length)0-7 (velocity)1
The optimum height of flange is that equal to tank width and the opti­

mum flange inclination is the maximum allowable without interference with 
industrial operations.

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

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

I am assured that one fellowship and perhaps two will be continued at 
Harvard, and I should favor, in this case, departing from perhaps our 
straight engineering and including something that is a little more biochem­
ical, particularly a problem on how the human system handles solvent vapors 
when exposed to a compound such as 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, how soon does he
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become desaturatcd ? The fundamental 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 systems which we projected last year 
and which we were unfortunately prevented from making purely by lack of 
funds. 1 am informed that such funds will be available this year, and we 
shall go foi ward with that as projected in our annual report of a year ago.

The Foundation has liberally continued its support of the Journal of 
Industrial Hygiene and 1 think I can say to the mutual advantage of the 
Journal and of the Foundation. From my standpoint, as editor of the Jour­
nal, it is a most desirable cooperative effort. We exchange data all the 
time and each helps the other materially in the abstract work, thereby 
considerably reducing the cost of the combined effort.

There is one item in which I would bespeak your support if it should 
come up. In the general field of industrial solvents, 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 V;m«elf, 
has a tubercular lesion. Ke receives an exposure to some solvent vapor or 
perhaps an irritant gas as from electric welding. He does not know that ha 
has tuberculosis at the time, but a month or two or three later he breaks 
down and is examined by a physician and is found to be in an advanced 
stage of tuberculosis. Human nature being what it is, 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 
difficult matter. I can number 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, namely, the treatment of experimental animals 
inoculated with tuberculosis virus in accordance with Gardner’s technique: 
treatment of animals with known concentrations of solvent vapors such as 
we would permit our workmen to have in their ordinary work, and then 
seeing whether their condition 5s adversely affected.

You may say that legally you cannot draw inferences from animal 
experimentation. 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 
able to answer the problem with even a shadow of success.

I think that the Foundation could very well interest Itself in that prob­
lem. H is one which is most vital to the engineer, because sometimes we 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 a little below par, tubercular, if you wish, and 
he breaks down and then they say, “Well, the engineers didn't ventilate 
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 foT 
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 I have to say, and 
we have reached that point, the meeting is open for discussion. If I or col­
leagues in the audience can answer questions on these matters, we will be 
glad to do so.
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DR. MILES: When you discussed the effect of these fine dust par 
on the liver, in what way did you say the dust was got into the ral 
Injected ?

PROFESSOR DRINKER: Yes, into the ear vein. That is an oh! 
nique that has been used for many years in the study of toxicity of vu 
types of dust. Of course you can produce fibrosis from silica in various 
of the body. Putting it in in that way it can be done with precision 
With quantitative accuracy. The reason we didn't dust these animals l 
air*breathing route is because the samples of O.G micron dust were me a- 
literally by the milligram and not by the gram and we didn't have en 
dust to permit inhalation experiments.

DR. WILKIE: I’d like to ask Mr. Drinker if he did find anything i: 
lungs.

PROFESSOR DRINKER: Not of any consequence. They showed s 
evidence, macroscopically, of fibrosis.

DR. SELBY: If it is so difficult to make this fine dust does it act- 
exist m industry?

PROFESSOR DRINKER: Yes. That is a very good question and a 
practical one. The trouble is that fine and coarse particles are.intim. 
tied together, and what we wanted were the individual sharply defined : 
tions. In any place like a foundry or mine, all air-floated dust will co: 
plenty of the 0.6 micron dust. We wanted to get it by the milligram 
gTam if we could, and to get it and separate it from the other s':.-.-, 
extraordinarily difficult. It is very tenacious. They just stick together.

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

PROFESSOR DRINKER: I am sure it would.
DR. MILES: But there would be no liver change?
PROFESSOR DRINKER: if you breathe it in, the most impor 

damage will be in the lungs, whereas if you take it intravenously the imp 
ant damage is always in the liver.

MR. BAILEY: The inference is that the dust particles larger- than 
microns are harmless?

PROFESSOR DRINKER*. That is certainly what 3 think—not tot 
harmless but, compared to the others, yes, they are harmless.

MR. BAILEY: Isn’t that something new?
PROFESSOR DRINKER: I don’t think so. I think all we have d- 

is put a hunch that everybody had on a slightly more quantitative bash.
DR. LEROY U. GARDNER: May I say a word about this?
This subject (toxicity of fine particles) that Professor Drinker 1 

reported this morning is one that we have investigated also. You confi 
the findings that we have already made with the exception that we felt t! 
if you allowed particles up to three microns in diameter to act long enoi 
they would produce definite and progressive changes in the liver. I h. 
forgotten how lung your maximum observation was.

PROFESSOR DRINKER: A year and a half.
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DR. GARDNER: We found that in a year’s time the particular quartz 
with which we worked was active. We set three microns as the upper limit 
of activity. Four microns to six microns were inert. \Ve all agree, I think, 
that the smaller the particle the more active it is and the more rapidly it 
produces changes in various organs.

The liver that Professor Drinker has used as a test organ is one that we 
have used also. When you come to apply this knowledge to inhalation, how. 
ever, you have got to consider whether particles under a micron or a half a 
micron, perhaps, are going to remain in the lung in sufficient quantities. We 
tried some years ago an inhalation experiment with some exceedingly fine 
silica, whose average particle size was said to have been of the order of 20 
angstroms. This material was prepared and measured by a method that I am 
not in a 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 got what we 
expected, that is, almost immediate death, within a few weeks. We found 
that relatively little of it stayed in the lungs. There was enough there to 
produce some changes in the phagocytes, the formation of giant cells, and 
what not, but no fibrosis developed. There was not enough of the very fine 
silica in the lungs to cause any death of tissue. While it is perfect.* uu« 
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 after inhalation.

I quite agree with you that the engineer ought to be prepared to trap 
the finest dust that is In the atmosphere 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 arc pretty inactive. 
Whether it is going to be 1.5 or 3,1 cannot say, but I certainly feel that it is 
in that range that we are going to define the upper limits of activity.

PROFESSOR DRINKER: I think that engineers feel that we trap the 
fine dust, hut I don’t think that we feel that we measure it when we go out 
into a plant. I think if we catch the l’s and 3’s we will catch the 0.5’s too. 
But certainly, if we make estimates of relative hazards of one job and 
another, we don’t come anywhere near laying the emphasis on the fine mater­
ial that we ought to.

In defense of my having infringed on the field which Dr. Gardner has so 
well covered, I should like to say that we were guided in our choice by the 
fact that in the experimental work which he cited, I am distinctly under the 
impression that he stopped at three microns. He said that the others were 
more toxic, but his published data, quantitatively, are on the three microns 
and over. That may seem like splitting hairs to you gentlemen, but it isn’t 
to me.

MR. 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 DP.INKER: You mean correlated in a mathematical 
sense?

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
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that oho is so much worse than the other. To make any precise mathemat­
ical correlation I am afraid is beyond any skill that we have.

DR. FRAIlY: Does that not imply that the examination and dust count­
ing should bo done on a dark field rather than light field? 1 understand you 
can’t get much under one micron on bright field. Some dusts which look 
very well if you look only in the bright field become very bad if you look 
only in the dark field.

PROFESSOR DRINKER: In defense of the present counting technique, 
which is light field and docs pay particular attention to materia! that is 
bigger 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 not 
to measure how much dust is in the air. It is to estimate what the 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, I agree very warmly with Dr. Frary. 
From the standpoint of public health, perhaps the present counting technique 
will do.

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

PROFESSOR DRINKER: We haven’t tried any. Dr. Gardner can 
answer that much better than I.

DR. GARDNER: Y.re have tested the effect of diatomaceous earth by this 
method and found that it is capable of producing a progressive fibrosis that 
looks very much like that caused by quartz. That is the only form of 
amorphous silica that I know of that will produce this reaction.

It has been suggested that the reason for the greater activity of this 
particular form of amorphous silica 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’ surface is added to that of the outer surface. 
AH the other amorphous silicas that I know of arc incapable 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 year or so ago, at the last Saranac Silicosis 
Symposium, Dr. King, from England, took me, among others, pretty severely 
to task for the unscientific way in which we made dust estimates. His 
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 materials of 0.5 microns, was superior to ours. Dr. 
King said that their technique deliberately ignored the bigger sizes, say 
above three, and took the finer ones, whereas the impinger did its best work 
beginning at about two microns and going on up to ten. He took 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 that with such as we 
have we can control silicosis and measure the degree of our control fairly 
satisfactorily.

DR. MELLER: The next section of the program is in charge of Dr. 
Lanza, Chairman of the Medical Committee.

Ifi



REPORT OF THE MEDICAL COMMITTEE

A. J. LANZA, M. D., Chairman

Dui-ing the year we have succeeded in getting our studies on sick absen­
teeism in industry well under way. Fifteen firms are now cooperating 
with the Foundation and with the United States Public Health Service in 
putting into effect 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 we consider the enormous economic loss involved. 
We will hear in detail of this activity from Dr. Gafafcr, who is on our pro­
gram today.

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

We also have continued to support the extremely interesting studies on 
the effects of toxic materials on the living tissue carried on at the University 
of Pennsylvania, which will be described to you in detail by Mr. Hangensen. 
As you know, the studies on x-ray which have been earned out a* *'•» Uni­
versity of Pennsylvania have been completed and are available to the mem­
bers and to the public in bulletin form.

For the coming year we propose to carry on our studies in sick absen­
teeism, in cooperation with the United States Public Health Service and 
with those member firms who have requested participation in this under­
taking. We also propose to carry on Dr. Gardner’s studios at Saranac and 
Dr. Clark’s and Mr. Haagensen’s studies at the University of Pennsylvania.

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

The American Medical Association, through its Council on Industrial 
Health, 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 campaigrr-of education through the 
state and county medical societies all over the country, having in mind par­
ticularly the needs of small plants wherein, as you know, some eighty per 
cent of all our industrial wage earners are employed.

The activities of our own Air Hygiene Foundation are well described in 
the program of today and tomorrow, but I should like to emphasize for your 
attention that this Foundation is the only national association including in 
its membership all types of industries which is actively supporting and 
financing fundamental research in industrial health problems, without which 
continued progress in the field of industrial health is not possible.

A committee composed of Mr. Ahearn, Professor Drinker, Dr. Craneh 
and myself, representing the Air Hygiene Foundation, recently went to 
Washington and had an interview with Governor McNutt, who is at the head, 
as you know, of the Social Security branch of the Government. We went to 
see Governor McNutt because the Public Health Service, whose interest we 
were endeavoring to elicit, is now in that division of the Government. One 
of our objects in talking to Governor McNutt was to try to make the respon­
sible people in Washington appreciate the importance of industrial health 
work in industry and to prevent as far as possible industrial physicians, 
industrial hygiene engineers, industrial safety men, and other technicians

17



fa
f■

l
>

I
4

i

"-'3■ i

being diverted from their activities in industry into some otJier form 
ernmcntal service.

Furthermore, we also hoped that the industrial physicians, the ir. 
hygiene engineers, the safety engineers, and others, who carry 
enormously important work, which is just as essential a part of >. 
defense as carrying a gun, would receive some credit or some reco: 
so that they might not feel that they had not been doing their par; 
general defense program.

I might say that Governor McNutt gave us a very sympathetic 1. 
and I think some advantage may come out of our visit.

The National Association of Manufacturers is continuing its activ; 
stimulating and educating its member firms. This association also is ; 
Its emphasis on the needs of small industries.

On the official side, we have the Division of Industrial Hygiene 
United States Public Health Service. I don't have to talk to you afc:. 
importance and far reaching activities of this division, which have bee.- 
ifested by the energy and thoroughness with which they have been ; 
mental in setting up divisions of industrial hygiene in some thirty 
governments. Every phase of health in industry is covered in the act 
of the Public Health Service.

The Department of Labor, through the Bureau of Labor Standard 
the Bureau of Statistics, is continuing its important activities in the r. 
industrial health, both through field work and educational publication*.

Now comes a new factor in the field, and I am referring to the C 
on National Defense. Industrial health is a major portion of the v.z 
defense program and is contained under the Health and Medical Ccr.:- 
of the Council. The Health and Medical Committee includes a sub-con:: 
on industrial health, the importance and scope of whose activities can- 
overestimated. Two members of the Medical Committee of the Air Hy 
Foundation are also members of this Industrial Health Committee i 
Council on National Defense, and one of them, Dr. Selby, is the Chairr.. 
the Industrial Medical Committee of the National Defense Council.

This committee is tied in with the National Research Council or. ir.. 
hand and with the military services on the other. Liaison officers have 
detailed to work with the committee by the National Research Council 
by the Surgeons General of the Army, the Navy, and the Public lb 
Service.

At no time in our history has the health of the industrial vr 
whether he may be employed in plants owned by private industry or in r 
operated by the various departments of the national government, rec- 
so much careful consideration as at the present time. It is safe to say 
as a result of the national defense program and its coordinated acti- 
industrial health and hygiene will be established on a firm and perms- 
foundation throughout the United States.

In conclusion I wish to make just a few more comments on the bi­
phase of the national defense program.

Physical selection is an integral part of the program, applying to < 
ian as well as military forces. The present employment examinr.::" 
becoming more thorough and thereby more valuable for diagnosis ar.-i • 
for therapeutic purposes. The importance of this, from the standpe-i'' 
public health, is inestimable.

Many men with minor and even major defects must be utilized
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defense industries, both in the general interest and in their own interest. 
Men must work where work is available, and it is the function of industrial 
medicine to see to it that those who present special needs or problems secure 
the help and supervision that will enable them to keep 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 physical 
selection program is not to bar men from work but to determine what kind 
of work they can best do and to provide adequate medical supervision, while 
they are at work.

It is extremely important that those who are found unfitted for work— 
and I am thinking particularly of those who will be found to have tubcrcu- 
losis and other general organic diseases—receive adequate core, care that 
will have for one of its objects as far as possible physical rehabilitation.

The defense program provides for our national security. As an essential 
part of that program physical selection and medical supervision must con­
tribute a positive force for health that will serve to raise the general health 
standard of the entire industrial population. That is our goal, and we must 
strive toward it.

DR. LANZA: We will continue our program. The next paper will be 
by Dr. G2fafer, the Senior Statistician of the United States Public Health 
Service, who will speak on the sick absenteeism study.

*
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FOUNDATION STUDY OF SICK ABSENTEEISM IN INDUS! 

DR. \V. M. GAFAI*ERJ

■■

Since the last meeting of the Medical Committee progress 1,.; 
made in connection with the solution of various problems raised by ; 
posed study of sick absenteeism among the member companies of • 
Hygiene Foundation. Thus far 15 companies, representing appro:<;:
CO,000 employees, have indicated their willingness to cooperate in the 
the disability plans of these companies including principally mut-j- 
benefit associations, managed either by the employees or the compa:-.- 
contracts with life insurance companies.

The Manual, “A Proposed Plan for the Recording of Industrial 
teeism," edition of May, 19-10, prepared by the Division of Industrial 
of the National Institute of Health, was distributed among the repr*- 
tives of various member companies at the meeting of May 27, 1940. l. 
explained at that time that the plan as presented in the Manual w; 
objective which should be aimed at and that for the time being sufficier.: 
be supplied by the companies agreeing to cooperate with the Found?:: 
make possible the analysis of 8 calendar day or longer disabilities by < 
and specific for color and sex. In addition it was strongly emphasize-; 
the number of employees under observation should be made avail?.:-: 
color and sex, to make possible the calculation of rates. The num:, 
workers under observation includes those workers, and only those wo: 
whose absences would be reported should they at any time be absent ; 
calendar days or longer. Thus the analyses with respect to age, occc; • 
and department would be reserved for the future, and only disabilitie.' 
calendar days or longer would be included.

The Medical Committee has given thought to the matter of the mo:.' 
©logy of reporting the requisite information on the absences by the c»; 
ating companies to the centi-al^fiice. It was agreed that the clerical 
should be reduced to the lowest possible minimum. For this rcasor 
punch card method of reporting as indicated in the Manual was scroti: 
and some members of the Committee seemed to favor the substitution :• 
simple report form devised to carry the information on a dozen or s-.- . 
sences, the filled-in forms to be used by the central office in the punch:'t 
the cards. Moreover, in the meantime practical knowledge of the sta­
bility of the punch card method of reporting has accumulated. This ex: 
ience has shown principally that the use of the punch card outside of : 
central office has necessitated the repunching and rewriting of not a s~- 
number of the punch cards submitted for analysis. It is therefore rrr* 
mended in the interests of reducing clerical labor to a minimum and to av 
the possible maltreatment of punch cards that in the matter of report::: 
form be substituted for the punch card. The decision to use a reporting 
instead of a punch card leads to a number of consequences not cutir-*- 
unfavorable. Thus, it will be possible for a company to keep copies cf 
reports, cases will be less easily lost, not-emlcd cases will be more c.v 
chocked, the punch card in the central office can he made more flexible ■ 
special studies, and punching will be facilitated.

The form referred to has been made. It is in two parts: Form 1 enrr- 
information on all 8 calendar day or longer absences that terminated dur

• Senior Statistician, United States Public Health Service.
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a particular month, while Form 2 carries the* information on those absences 
which may have began at any time and were carried over into the following 
month. Figures 1 and 2 show the front and back, respectively, of Form 1. 
The front shows the form proper and the back the instructions necessary 
for.filling in the form. It will be observed that the form refers to a partic­
ular month. There is space to enter the number of workers under observa­
tion by sox and color, and the various items related to 14 absences. These 
items include for each absence, the employee's social security number, his 
color, sex and age, the date of beginning and date of termination of absence, 
calendar days absent, how the absence was terminated, reason for absence, 
diagnosis and by whom the diagnosis was made. Symbols that are used in 
the filling in of the form appear on the back of the form as shown in Figure
2. Thus to indicate how the absence terminated R is used to mean “Returned 

■ to work,” D for “Died," M for “employee received Maximum benefits," 0 for 
“Other termination," and U for “Unknown."

The front and back, respectively, of Form 2 arc shown in Figures 3 and
4. This form, which is the second part of the reporting form, is used to 
report those 8 calendar day or longer absences which were carried uv«r into 
the following month. There is sufficient space to carry 23 unended absences 
and the particular items covered form a part of those shown on Form 1. 
The symbols to be used in filling in the form appear on the back of the form 
as shown in Figure 4.

The question now arises of the content of the tables which might be sup­
plied by the central office to the cooperating companies. Three basic rates 
should be presented, namely, the frequency rate or average number of 
absences per 1,000 employees, the disability rate or average number of days 
absent per employee, and the severity rate or average number of days per 
absence. "With regard to the time periods which the tables should cover, it 
is recommended that the frequency rate by cause, and specific for sex and 
color, be presented every six months with a particular company compared 
with all cooperating companies. It is recommended further that the 2 rates 
involving time cover a whole year and be presented by cause, specific for 
sex and color, and showing a comparison of a particular company with all 
reporting companies. With respect to some of the tables it would be neces­
sary to combine specific causes when the exposed population of employees 
is too small to yield data of a magnitude sufficient for the calculation of 
reliable rates. Thus the number of workers reported upon may be so small 
that meaningful rates will not he yielded for specific causes in which instance 
it would be necessary to express the rates for broad cause groups only, such 
as respiratory diseases, digestive diseases and nonrespiratory-nondigestive 
diseases. This observation is obvious as soon as stated.

In conclusion, it should be stated that for present purposes Forms 1 
and 2 as described are recommended in the reporting of absences of 8 calen­
dar days or longer caused by sickness and non-industrial injuries, these 
forms to replace the punch card which is to remain in the central office. The 
Forms should be filled in at Tegular intervals, preferably every month. 
Since Form 1 makes provision for the number of workers exposed, Forms A 
and B as described in the Manual may be ignored for the time being.

(This report was illustrated by lantern slides.)
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Name of company XYZ Manufacturing Company

Employee's
Social

Security
Number

Color Sex Age
Date 

absence 
began ■

Reason
for

absence
Diagnosis

123-45-6369 w M 36 9-15-40 s Appendectomy
123-45-6559 N F 32 10- 1-40 N Broken Ankle
123-45-6832 0 M 35 10-15-40 . N Ptomaine poise-

Signed
John CDoe Date 11-15-40 :

Figure 3.—Form 2 filled in. (Original size 8" x 10.5")
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FORM 2

This Form Applies to absences of 8 calendar days or 
longer on account of sickness or non-industrial injury 
among the group of workers under observation.

The Form is designed'to carry information on those 
absences which may have begun at any time ar.d have not 
as yet terminated. The absences are, therefore, those 
whose records are carried over into the month following the 
current reporting month.

t Instructions

h COLOR: Insert the appropriate letter. W = White, N — Negro,
f* 0 = Other.

I SEX: U = Male, F = Female.

i AGE: Enter age in years at last birthday.
r

t DATE ABSENCE BEGAN: For example, 10-24-40.
\

h REASON FOR ABSENCE; S = Sickness, N = Non-industrial injury.

;J DIAGNOSIS: Give the primary cause of disability; complications should
i also be recorded.
?

1

i
i

Division of Industrial Hygiene, National Institute of Health, 
United States Public Health Service

Figure 4.—Back of Form 2
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DR. LANZA; The next paper is by Dr. Gardner, dealing with 
research at Saranac Laboratory.

INDIVIDUAL SUSCEPTIBILITY TO TOXIC DUSTS 

DR. L. U. GARDNER*

1 am going to talk to you this afternoon on one phase of the activit. 
at the laboratory which I believe may have some practical significance, 
is the one question as regards silicosis which I still believe needs iurti. 
clarification.

We have a good deal of information now on this subject. If we col 
put that information to work in most places we would be able to cont: 
silicosis pretty effectively. However, where funds are not sufficient to ins: 
tute all of the methods of control that are known, we are pretty apt to ha- 
some silicosis persisting.

For that reason I believe that it would be important for us to kne 
whether there is such a thing as individual susceptibility to the action , 
silica dust, and, if it exists, whether we are able to detect it by any meth-. 
If this were true, it might be possible in the pre-employment examinati'. 
to discover the individuals who are unduly susceptible to silica dust and i: 
action and to place them in jobs where the exposure would not be as great.

There seems to be more or less evidence for thinking.that reaction t 
silica dust, like reactions to other environmental conditions, may not be tl 
same in every individual. It is pretty common experience that out of ar. 
group exposed to silica dust only a small proportion of that group will reac* 
With the high silica exposures of hard rock mining, we find that pretty muc; 
the world over only about a quarter of groups, as a whole, develop demon 
strablc silicosis.

It is also true when we break down exposures for individual groups tha: 
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 concentration of silica 
in the atmosphere, the greater percentage of the group will be involved.

Even with these reservations, we find that there are some men who have 
worked all their lifetimes under conditions that seem to involve pretty severe 
exposures and yet they have escaped. It is also true that there are some 
individuals who seem to be exposed to relatively slight amounts of silica 
dust and yet in a very short period of time, long before any of their fellow 
workmen, these individuals develop advanced stages of the disease.
Slide No. 1—Classical nodular silicosis in the lungs and lymph nodes of a 

granite cutter employed in Barre for 12 years.
Slide No. 2—No evidence of silicosis in the lung but some nodulation in the 

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

Slide No. 3—A higher magnification of the lung shown in slide 2 to indicate 
the localization of the dust cells in the walls of the bronchioles and 
blood vessels.

• director. The Saranac Laboratory.
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Slide No. 4—A still higher magnification from the same lung to demon­
strate tiie quantities of dust in cells collected in a Wood vessel wall. 
The shadows of such perivascular accumulations arc responsible for the 
pattern of exaggerated linear markings seen in an x-ray film of the 
lungs.

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

Slide No. 6—Minimal silicosis, too slight to be demonstrable in ante mor­
tem x-rays, in an iron mine** employed in the same mines, at the same 
job, for 30 years. Most of the reaction conMsts of foci of pigmenta?*'"- 
without fibrosis. Only 2 or 3 minute nodules of silicotic fibrosis are seen 
in this entire section.

Slide No. 7—A localized focus of tuberculosis in another part of the same 
lung shown in slide 6. Here the presence of preexisting tuberculous 
reaction lias caused the 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 dust into a 
lung with a latent focus of tuberculosis. Occupation: sand miner for 
15 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 
largely due to tuberculosis and only a few of the smaller nodular areas 
are silicotic in origin. An associated lymph node reveals extensive 
silicotic changes. Presumably there was insufficient fine, silica dust 
generated in this occupation to have affected a'normal subject. The 
individual illustrated retained effective quantities only in the region of 
a partially healed tuberculous focus. In this location, however, the dust 
was dangerous because it presumably caused a latent infection to 
become progressive.

Slide No. 10 shows the complete absence of silicosis in the lung of an 
individual exposed to dust containing calcined gypsum and quartz. 
There is a slight amount of pigmentation about the lymphoid tissues 
within the lungs but no fibrosis. In the lymph 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, r.o effect is apparent in his lungs. He has 
no scars of old tuberculosis and his lymphatic system 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 come3 from the lung of a man with a history of exposure as 
a sandblaster for 7 years—part of the time with improper protection. 
He had been previously employed for C years in a railroad shop and 
before that had worked 8 years as a coal miner. An ante mortem x-ray 
of his chest showed no evidence of nodulation. This section, typical
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of the rest of his lungs, reveals only minute areas of black pigmenta. 
tion without fibrous reaction. There is no evidence of silicotic nodula- 
tion. Apparently his previous exposures had conditioned his lungs to 
the silica subsequently inhaled in sandblasting so that they did not react 
by forming fibrosis. While there had been some dyspnoea the man was 
welt along in years and it is doubtful whether inhaled silica was the 
cause. •
The slides just shown are examples of the absence of generalized reac­

tion in the lungs of individuals exposed to concentrations of silica dust that 
are theoretically hazardous. In most cases the exposures are known to haw 
produced silicosis in other men exposed. In these cases they have either 
caused no silicosis or only localized reactions about areas of infection. In 
the last two cases the influence of other minerals in the dust were probably 
responsible for inhibition of the silica, in No. 0 the effect was probably 
chemical inside the lungs and in No. 10 atmospheric phenomena presumably 
prevented silica from being inhaled. «

Slide No. 12 is an example of the reverse where silicosis develops rather ? 
rapidly in only an exceptional member of a group. This young nan, 
still alive, had worked for 5 years in several talc mines where evidence 
of typical silicotic nodiilation is never found. He then began drilling in 
a hard rock mine but was not examined until 3 months later. At that . 
time his chest film showed a well developed generalized silicotic nodu- 
lation. It is true that the drilling in hard rock might readily have pro­
duced silicosis but not after 3 months’ exposure. Apparently the prev- . 
ious exposure to talc had conditioned his lungs so that they reacted 
with surprising rapidity to subsequently inhaled quartz. One might also • 
imagine that his tissues were unduly susceptible to silica for others in 
his location with similar histories have not had the same experience.

There are various theoretical explanations which have been offered for ! 
these appearances. It is generally considered to be the case that these indi­
viduals who do not develop disease, in spite of their apparent exposure, have \ 
worked in parts of the plant where they do not get as much dust as their .• 
fellows. Sometimes that may be the ease. Sometimes it may be true that • 
the modifying action of other minerals associated with the silica in the 4 
atmosphere may have prevented these individuals from getting as much ; 
dust. But it is pretty hard to understand why these protective actions, 
about which we know a little, should be exerted on one individual and not ; 
on all members of the group. |

The other possibility that we have to think of is modifying host factors, ; 
Lehmann, as you recall, proposed the hypothesis that some individuals had j 
better noses than others. In some instances the nose would filter out a good ^ 
deal more dust than another and prevent its being inhaled. He made some : 
rather elaborate measurements of the amount of filtering action of the upper $ 
respiratory tract and thought he was able to correlate the amount of pul- t 
monary reaction with the effectiveness of the nose as a filter. »

Professor Drinker and his students made a similar study among granite ■ 
cutters. They were not able to confirm these findings of Lehmann’s as fully ; 
as they would like to have done. i

Another possible host factor is that of coincident infection of a chronic ;
nature. We all know that scars in the lung of old tuberculosis tend to hoM •
and retain a good deal more dust than normal lung tissue does. It is a very [
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familiar experience to nil pathologist* to find in the top of the lungs old 
sears that are deeply pigmented by the soot and coal that most city dwellers 
inhale. It is also common experience to find variations in the amount of 
dust that is eliminated from the lungs by the lymphatic drainage system 
and deposited in those 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 effective elimination.

Then there is, finally, a third general possibility. That is that the tis­
sues of some individuals are basically more able to react to the stinmius of 
silica than the tissues of other individuals.

The Saranac Laboratory, during the past year, has been carrying on a 
more or less detailed investigation of these possibilities 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 the lai*ge group of 
animals are exposed. IVe are making dust counts at very 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 pvwrH for the same periods of time do varv in 
their capacity to react. This is especially true of animals with long tracheas, 
like the rabbit. It is not so true of the smaller' rodents, like white rats and 
guinea pigs.

In the next slide which you will sec 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 cubic 
foot. The amount of dust varied from time 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 quartz under as nearly identical conditions 
as we could produce.
Slide No. 13—This one has a heavy generalized discrete nodulation through­

out his lungs. Another on this slide has a slighter degree of the same 
reaction, and another has nothing that I could identify as silicotic.

Slide No. 14—We determined the amount of quartz in these animals’ lungs, 
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. Here is the first animal, with the two quartz lines showing 
very strongly, corresponding to the heavy reaction. The second animal 
has a smaller amount of quartz. The third shows just 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 in 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 excluded, 
haven’t discovered whether there js any variation in the structure 
upper respirators* tract in these three rabbits or others like them. U 
pretty difficult thing to do. Wo have tried to find out, but without i: 
success.

Wc have thought of the influence of differences in the efficacy of 
lymphatic drainage system of different animals. Wc are attacking 
problem by comparing the relative amounts of silica in the lungs and h 
nodes of animals exposed for the same period of time under pratti.. 
identical conditions. We have also considered the possibility that the di 
ence in the amount of disease may be due to variations in fundamc 
capacity of tissues to react. I shall show a few illustrations of our v. 
in these fields.
In Slide 15 you see an example of the effect of a healed tuberculous sc;: 

retaining dust within the lungs. The scar, which extends from 
pleura to the root of the lung, is heavily pigmented with iron d 
Similar effects have been illustrated by the cases with more active 
fection just shown.
I have indicated that possibly such retention is due to interference v 

the function of the lymphatic system. We can see in this case that 
fibrosis involves the lymph nodes draining the pigmented part of the 1. 
Possibiy the central obstruction in the node or the pressure on the del:, 
lymph vessels inside the lungs has prevented elimination of the inhaled c 

These effects all have to do with chronic infections but the acute <, 
are also puzzling. One frequently sees very little dust in the lung* of ;> 
mals dying of an acute pneumonia at the end of a dust exposure of 2 c 
years’ duration. The infection has apparently lasted only a few days 
could have exerted no effect upon the dust inhaled previously. Was • 
infection present in latent form from the time when the animals were pin 
in the dust room, or did these particular individuals possess some peculi.. 
ties which prevented dust from accumulating in their lungs?
Slide No. 16 illustrates the effect of subacute bronchitis in white rats 

excluding dust from the lungs. It demonstrates the effect of expos, 
to quartz dust in four of these animals. Two with no trace of infeed 
present well-developed silicotic nodulation; two more with subne. 
purulent bronchitis show none. Apparently the secretion in the bron. 
has prevented effective quantities of silica from entering their !un; 
In view of such observationr'in animals it is possible that the- chro* 
bronchitis of which human silicotic subjects complain may be a rr 
tective mechanism.
We have also considered the possibility of variation in innate capnc: 

of tissues to react to silica. To make certain that the same quantity 
quartz particles reached the tissues of every animal we have employed t 
intravenous injection technique mentioned by Professor Drinker this 
ing. We have substituted guinea pigs for rabbits because we could affi" 
to use a much larger number of animals. First we determined the mini" 
effective dose of quartz that would produce reaction by this pathway. Tv 
we injected 100 of these animals with a measured quantity of a suspend- 
of carefully graded 1 to S micron quartz particles. All of them will be ki' 
after one year and their spleens, livers and lymph nodes will bo sundy- 
individually for their silica content and degree of tissue reaction.
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Slido No. 17 shows the decree of variation in the amount of silicotic fibrosis 
observed in three of the guinea pigs used in the preliminary test to 
establish a proper dosage. Reaction is illustrated in the livers 8 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 silica in all three 
livers are apparently adequate to have produced a maximum reaction. 
Confirmation of these results in a much larger series of animals would 
indicate that more subtle variations in capacity to react to silica are 
responsible.
We have tried to find out wherein these differences might lie. We have 

felt that possibly the diet of the animal might atToct its capacity to react. 
It has been claimed that in the presence of a vitamin C deficiency scar tissue 
forms less readily than on an adequate diet. As a consequence we have put 
some animals on a C deficiency diet, exposed them to quartz, but we have 
found ho difference in their capacity to react. For this reason, I think we 
can exclude C deficiency.

Then we tried vitamin B and its effect. We did this because some one 
had shown that feeding high vitamin B diets would prevent the development 
of cirrhosis of the 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 mechanisms rather than environmental factors. It 
looks to me as if possibly the effectiveness of the upper respiratory filtering 
mechanism were very important in determining whether one individual got 
more dust than another. I also feel, however, that the effectiveness of the 
lymphatic drainage mechanism has to be taken into account, that old healed 
infections may alter the effectiveness oi 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 ahead and as soon as these hundred animals have had 
a year’s contact with quartz we will make our analysis and draw our con­
clusions. Whether 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 infec­
tion, even though it is inactive, may be of importance.

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

The fourth year of this program is just about completed. There is still 
more to do.

We 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
31
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even the finest textile glass set up as an atmospheric dust is not inhale,? 
appreciable concentrations and docs not produce any dangerous effects up 
the* lungs.

As Professor Drinker indicated this morning, I believe there is a >• 
field for investigation of the effects of various respiratory irritants i;-. 
tuberculosis. I have been so impressed myself, as probably most of v 
have, with the growing importance attached to tuberculosis in ind.i.-t: 
that we have proposed this year, in place of the regular silicosis sympo?--. 
which we have held from time to time in Saranac Lake, to offer a sympo?;- 
on this subject. There seems to be a very considerable interest in the- pr.-' 
lent and I think we can assemble a group of speakers who would make 
definite contribution.

The symposium might be developed along the following lines:
An introductory review of the fundamentals of tuberculosis and i: 

diagnosis; the routine methods of control; a discussion of the known iac: 
influencing tuberculosis susceptibility, theoretical as well as practical.

Then a presentation of conditions in different industries where statistic- 
evidence *ates that the tuberculosis rate is hign; an analysis of tV- 
industries to discover whether industrial factor's are responsible.

Finally, a discussion of the subject of control from insurance and com­
pensation angles.

If there seems to be a sufficient interest for such a program the Sarar.a-: 
Laboratory probably will offer it some time during the early part of June.

DR. LANZA: We will now have a discussion of this paper. I do hoc? 
that you will ask Dr. Gardner such questions as may appeal to you.

DR. DAVIS: I should like to ask if in the development of this work 
there does appear to be another illustration of what Jerome Alexander !:.••= 
spoken of as the "optimum colloidauty.” He points out that a great mar;; 
phenomena, when plotted against particle si2e, as you go down in particV 
size go up in intensity. As I understand the discussion this morning, yea 
get a marked increase in the silicosis effect when you reach a particle she 
of three microns or less. Then away over on the other side you have 
practically none at all. I wonder if that might represent a method of attack 
or if it has already been proved or disproved.

A further factor that seemed to occur this morning is this. I wonder 
if there is an item of crystallinity in our silica. We know we have silica 
occurring in different forms. Cristobslite is the only one 1 happen ts 
remember now. I was wondering if'the effect had been associated with or.* 
or other or is it independent of the crystalline forms of the silica presented 
Are there manifestations that that may be a suitable attack?

I personally would be greatly interested if you could outline, if possible, 
those materials winch when added to quartz, such as quartz and asbestos 
•which you mentioned, give silicosis reaction and some similar material5 . 
which do not give it. \

I hope I haven't covered too much ground. j
DR. GARDNER: The first question dealt with variations according V 

particle size, such as Professor Drinker discussed this morning. I think 
that is unquestionably true. The smaller the particle injected into the tis?-4 
the more active it becomes. As far as inhalation is concerned, presumably 
there is an unestablished lower limit of particle size beyond which we do r.rf j
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have to be concerned, because the particles smaller than this minimum size 
will be exhaled again about as fast ns they are inhaled. But in the inhala­
tion experiment which I was discussing I don't believe that the matter of 
particle size was responsible, because we lmvc made size frequency determin­
ations of the dust in the atmosphere in these rooms and we find a sufficient 
quantity of fine particles at all levels in our dust house to produce disease. 
The cages are not over five feet 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, so that they have exposures at different 
levels. I therefore feel pretty strongly that it is a difference in host factors 
that is responsible for the variation in the animals’ lungs that you saw rather 
than any difference in the atmosphere or in any dust in the atmosphere.

All this dust has been ground first and all of it is agitated in a hopper. 
The room is not over eight feet square and eight feet high. The chances 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: Crystallinity.

DR. GARDNER: We have tried a 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 cryptocrystalline free 
silicas and the vitreous silicas, cristobalite and the other inversion form, 
tridymite, are all equally active; that of the amorphous silicas only diat- 
©maceous earth produces a silicotic type of reaction. Opal, which is now 
reclassified as cryptocrystalline rather than amorphous, as they used to tell' 
us, will produce a moderately severe type of reaction when ground. AH of 
these tests were made with materials ground to one to three micron particle 
size and all injected in the same dosage.

As far as I can see any inversion forms of quartz are just 2s active as 
the normal quartz itself.

Then you had one other question.
DR. DAVIS: Are any of the silicates—
DR. GARDNER: None of the silicates, b.v the injection tests, have 

given a significant degree of reaction. A few of the clay minerals will pro­
duce a chronic inflammation but this is not generally a severe one and does 
not progress to the formation of scar tissue. I think there is. however, a 
very real and urgent excuse for doing an inhalation experiment upon the 
clays, because 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. These roentgenograms show shad­
ows. The roentgenologist is quite sure that the industrial exposure is 
responsible. There have been no autopsies reported on human beings ex­
posed to clay alone. We don’t know the basis of these shadows. In many 
instances the exposure has been not only 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 clays.

I am quite sure that were it possible to do inhalation experiments with 
pure clays, both of the refractory group and those used in the potteries, we
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would have some valuable information. I think probably what would I 
pen, as the result of our experience with injections, would be that we v... 
see in the lungs evidences of slight amounts of chronic inflammation > 
that these chronic inflammatory changes would not be associated with <; 
nite fibrosis; they would not give rise to conditions which were disabh 
However, this needs verification ami needs proof. The only way I know 
getting it is to do it by inhalation rather than by injection.

Of course- we do have too the effects of mixtures of the substan.; 
mixtures of free silica with other materials, like clays ami many «t- 
things, that will modify the picture. J was talking at lunch this noun t 
group interested in iron oxide and recounted an experience which we had I. 
Wc injected one group of animals with a mixture of equal parts of hem.-.-, 
and quartz ground together dry in a ball mill. Injection of a saline susr- 
sion of this material caused no reaction whatsoever. In the second ex;>; 
ment we ground the two substances separately, then mixed the suspend 
of particles together and injected the same quantities. We now go; 
progressive silicosis.

The same amount of quartz was there in both instances, but the met!- 
of treatment in the first case had neutralized the quartz. It had sir.i: 
plastered the surface of every quartz particle with a thin layer of ir 
oxide,, which had prevented reaction.

It is obvious that effects like this may occur in the process of grindi 
in industry and that inactivation of quartz does occuf, so that the story j.,: 
as simple as just having a given amount of quartz particles of a given si 
and a host exposed to it.

MR. ROUTSOXG: I. was very much interested in the slide which had 
do with the sand blaster’s lungs and his previous industrial history. V 
said that the previous history had conditioned the lung to resist silicon 
Could you expand that a little for us?

DR. GARDNER: I wish I could. I was trying to cover my ignorar 
with a phrase. I don't know what happened. All I know is that that hi: 
had, by chemical analysis, a very appreciable and what I felt was significn 
amount of quartz in it but there was no evidence of specific reaction 
that quartz. Now it might be that through the mechanism of the body ce! 
the coal dust became applied to the surface of the quarts grains and %'■ 
quartz no longer reacted.

Years ago Dr. Haldane called attention to the same thing. He had sc< 
a few cases where men were exposed first to coal dust and then to quart 
and nothing happened. He thought that the effect was due to stimulate 
of phagocytes which carried the quartz out of the lung, because the cc: 
had stirred up these dust cells to carrj* the stuff out. The effect isn't a 
simple as that, because we know the quartz is in this lung. Chemical analy 
sis shows it is there, and yet no reaction has developed.

It may be that we have something taking place in the body comparat! 
to that coating of the quartz that I just described by mechanical grindir.; 
We know that the body tends to bring inhibitory substances into the son 
locations as the quartz, which prevents irritation. We have done qui; 
& bit of work, which I have discussed here before, with aluminum hydro*!' 
as inhibitor. We can put quartz in the body by one pathway and alumintr 
hydroxide by another and, provided the pathways are such that the t- 
substances get into the same organ, inhibition results in no silicosis wh-r
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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 estimate these three 
to one-halt micron sizes?

DR. CARDXEU: I doubt whether we will. As Professor Drinker said 
this morning, our method of control seems to work. Probably it is sufii- 
ciently accurate to establish what we need to know about dust in tiie atmos­
phere. If these very fine particles which can only be seen by dark field or 
some other technique are actually retained in the lung the scientist would 
like to know how many of them there are there, but the engineer probably 
doesn’t need to know because his present rules of thumb seem to take care 
of the situation. We know, as a general rule, that rather constant ratios 
exist between dark field and light field counts. Generally the dark field 
count is three to four times that of the light field count. We still use dark 
field counts for cur experimental work and in some other places. If we find 
a disturbance in that ratio and there are many times more dark field parti­
cles than those observed by light field, we think there is sanitary signifi­
cance to the variation. But I doubt whether it is necessary to change.

DR. HAYTHORX: I should like to add one comment. I have seen a 
number—I wouldn’t say a great number, but I have seen several lungs from 
the coal mines around Pittsburgh which show practically the same picture 
that we have just discussed. That is, there is plenty of pigment there— 
coal pigment, I think, largely. We incinerate the sections and put them . 
under the petrographic microscope. There are plenty of silica crystals 
there and yet there is no nodulation in the lung.

That has caused me to wonder what is the difference—the actual differ- ... 
ence—between silicosis that is prominent, as Dr. Lanza himself has shown 
in his surveys, in the anthracite mines in the east and the bituminous mines 
that we have in this district. We do get the silica inhaled and we do get 
the carbon there in large quantities. While I have seen more of it since 
they have been sending in a good many lungs on account of compensation 
thau 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 last 
two weeks, that is as typical a case of silicosis as I have seen. There is 
something in connection with that soft coal dust- inhalation and the pres­
ence of silicosis in the lungs and its 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 there 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 Mr. Haagenscn.
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FURTHER DKVKLOFMENTS OF TilE OBSERVATION OF THE 
REACTION OF LIVING TISSUE TO.SILICA GRANULES 

IN THE LIVING MAMMAL

ELIOT R. CLARK, M. D.* and HARROW E. IIAAGENSEN, M. S."

During the past year additional work on the observation of the rcaetiv. 
of living tissue to silica granules in the Sandison-Clark rabbit ear chais.b-: 
has been carried out along two lines.

First—A more detailed study of cellular reactions has been rccordc-c 
particularly with respect to macrophages and giant colls.

Second—An additional sample of silica obtained through the courtesy o: 
Dr. L. U. Gardner, Director of the Saranac Laboratory, has been used. Th:. 
sample was lOO'/i SiO.. of particle size 3m or less in diameter.

The results may be illustrated by a number of slides considered to fc, 
representative of the large number of photographic records obtained in th. 
past IS months.

• This series of slides at a low magnification illustrates two points:
Slide 1—The vascular pattern was growing downward. This exposur. 

was taken immediately 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—Nine days after the insertion of the silica particles the blood 

vessel pattern had started to grow through the large central field of..silica. 
This field of silica had been inserted purposely in a lower region contains; 
only exlravasated material, the result of the original insertion of the cham­
ber in the ear.

Slide 4—On the 18th day, the large field was above the growing edge. 
However, as the first point, the growth of blood vessels and connective 
tissue had not been influenced by the presence of the siliea in this cer.tr;:! 
field. If the silica particles had through some mechanism caused rapi-i 
connective tissue growth the growing edge would have been uneven in th-. 
central region. This was not the case.

Slide 5—On the 68th day the chamber connective tissue bed had a clear 
space because of the retraction of the tissue near the growing edge.

Slide C—On the 93rd day this space was completely filled in by tin* 
production of connective tissue fibers through the activity of the fibroblast? 
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 indica­
tion of unusual connective tissue growth in the region of the large centra! 
silica field during the same period of time.

However, this series of slides at a much higher magnification illus­
trates tissue response to a relatively small field of silica.

• iVpartmeiu of Anatomy, School of Medicine, University of Pennsylvania. 
(Head by T>. E. Haagensen.)

Series A

Series B
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Slide 7—In this slide the particles were seen 7 days after placement in 

the chamber. They were widely dispersed, mostly within the phagocytic cells.
Slide 8—On the 24th day the grouping effect of these silica-laden cells 

was seen. This point has been checked a number of times in other chambers.
Slide 0—On the 96th day the field of cells was dispersed. -The connec­

tive tissue pattern was not influenced by the presence of the silica field and 
there was no indication of a concentric arrangement of connective tissue 
fibers.

Scries C
Slide 10—This series illustrates the tissue reaction with a larger field 

of silica in the same chamber. In this slide the field was on the 7th day 
fairly evenly distributed.

Slide 31—On the 45th day the field was in the stage of aggregation of 
the living cells with their contained silica.

Slide 32—On the 96th day the field was again in the dispersed phase. 
There was nu indication of a specific response on the part of the fibroW""**

Scries D
For contrast this series illustrates the tissue reaction to a comparatively 

very large field of silica particles varying widely in size, however, of which 
87.5'/f were under 6m in diameter.

Slide 23—Fifty days after insertion the connective tissue bed along the 
periphery of the field was uniform from left to right.

Slide 34—On the "1st day the field appears relatively stable.
Slide 25—On the 10S:h day the connective tissue formation in this 

region was not greatly changed. The silica field was dispersed.
Slide 16—The same day another exposure in a region free of silica was 

taken. The connective tissue differentiation from left to right appeared 
similar to the field of the previous slide.

Series E
Slide 17—For purposes of comparison 2 slides are shown of the reac­

tion which followed the use of the 2 silica samples. This slide from a cham­
ber in which silica sample A was used was taken 153 days after insertion 
of the silica.

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

Series F
For a period of 8 weeks the movements of a large multi-nucleated 

giant cell containing a number of small silica particles were recorded.
Slide 19—On the 46th day the cell was rather faintly visible with the 

previously ingested small silica particles.
Slide 20—On the "1st day the cell was larger in diameter and the 

silica particles were more clearly defined. The cell had moved upward over 
& large venule.

37



iL
.l-

.ji
. fc

Jl
- 

‘j- 
.'.

Ll
,n

Slide 21—On the 82n<! day the cell showed signs-of degeneration. The 
boundary was indistinct and a number of macrophages were sticking to the 
periphery of the cell.

Slide 22—On the 108th day the coll was obliterated. The silica 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. There is no evidence of any irritating residue left by the degener­
ation of the giant cell.
Motion Pictures

Several references in the literature on silicosis indicate the sticking of 
leucocytes to the endothelial cells lining the blood vessels in regions where 
silica particles are present. The film about to bo shown was taken of a 
silica field in the living tissue of a rabbit ear chamber. The incorrectness 
of that conclusion reached from dead tissue studies of rabbit ears is evident 
from the film. The silica had been placed in the chamber several weeks 
previously. The hist part of the film was taken of another chamber by Dr. 
Clark. This illustrates sticking of leucocytes caused by artificial means 
and not by the presence of silica particles.

Conclusions
It may be concluded from observations for a period as long os 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 extensive complete vascular system found 
in various chambers does not show increased growth or differentiation into 
epithelioid cells.

The granular, leucocytes do not show a specific response to the silica 
particles.

Neither the lymphatic capillaries nor their contained cells show a spe­
cific response to the presence 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 phagocytize the 
silica granules in varying numbers, and retain them for weeks or months. 
They become very sluggish in their movements and show a pronounced ten­
dency to form permanent groups in the tissue spaces. Such groups have 
been followed for nearly a year without showing any significant changes.

During the first few weeks, before grouping has occurred, and in lesser 
degrees in later stages, there are seen many giant cells. They do not develop 
until after the macrophages have taken, up most of the silica, and are prob­
ably formed from macrophages, cither by coalescence -or by nuclear division, 
as \Y. H. and M. K. Lewis have described. While they may contain large 
numbers of silica granules, the evidence indicates that those 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 
a deposit of any irritating residue. ,

It should be pointed out that giant cells are invariably observed in the
3R
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chambers in the rabbit's ear whether or not silica granules are present. It 
should also he mentioned that the supply of macrophages is probably inex­
haustible, since they undoubtedly come from the large mononuclear leuco­
cytes of the Uood stream whose number remains constant normally, with 
replenishment to excess following depletion.

The pattern of the connective tissue growth in the neighborhood of the 
silica injections shows no noticeable difference from that in other regions, 
or in chambers without silica.. Whether the groups of silica-containing cells 
are large or small, nothing has been seen, cither in our living specimens or 
in those of our preparations which have been fixed and stained, which indi­
cates even a tendency toward the appearance of the typical silicotic nodule.

DP.. LAX2A: This very interesting paper will now be discussed by Dr. 
Eliot R, Clark.

DR. CLARK: The results of these experiments are not considered by us 
to be necessarily in conflict with the results of the injection experiments of 
the many investigators who have described the formation, in tabbiU ar.d 
guinea pigs, following intravenous (Gardner, Simpson and Strachan), intra- 
peritoneal (Sayers ar.d Miller) or subcutaneous (Fallon and Banting) injec­
tions of silica* of characteristic nodules closely resembling the silicotic nod­
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 reaction in the 
particular set-up of our experiments furnishes an unusual opportunity to 
investigate the various possible accessory factor or factors which apparently 
must be added to the simple long-time presence in the tissue of silica gran­
ules, in order 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 been proposed. These in­
clude among others: (1) the possible slow dissolving of the silica with pro­
duction of colloidal silica which may have an effect upon the tissues; 
(2) some sort of slowly developed direct toxic 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 reaction to silica alone but to silica along with 
something else: living bacteria such as tubercle bacilli or their products, 
gaseous substances, or various other chemical substances. Each of these 
hypotheses is held by one or more active investigators 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 arrangement 
by which, in addition to having access to the living tissue for the insertion 
of granular substances, we might have a container, open to the tissues, we 
have developed a combination chamber which makes this possible. Without 
mechanical disturbance to the tissue, 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 fluid substances, which

• (Fallon and T5;intlnp describe Modules formed in the ear* of rabbits' six months 
after slnyle subcutaneous injections' of illicit, and 'antion niralnst th«- use of too 
laree a dose-in which case the sranuhvr masse* seem to act only as foreign bodies.)
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cannot be achieved satisfactorily by subcutaneous, intravenous or intrnperi* 
toncal injections.

With this new chamber we can, for example, subject to a now test the 
question of the reactions of living cells and tissues in the living animal to a 
combination of long-retained silica granules and freshly introduced colloidal 
or dissolved silica; we can study the reactions to phospho-Iipids; we can 
observe the effects, on the 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 installed is on demonstration at 
this meeting.

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 year’s 
meeting, we may be able to make further contributions toward an under­
standing of some of the puzzling problems presented by the reactions of 
living tissues to silica dust.

DR. LANZA: Is there any discussion now or any question on either of 
these two authors’ remarks?

DR. GARDNER: I show' this slide to illustrate different stages in the 
reaction to direct injection of larger quantities of 1 to 3 micron quartz 
particles. The early phase consists of a tubercle-like collection of macro­
phages or dust cells filled with quartz of the same size used by Dr. Clark. 
After about 2 or 3 weeks the center of this mass breaks down with the 
liberation of fatty material demonstrable by special stains. After C months 
the center of the area has become soft and semi-fluid so that it has fallen 
out in preparation of the section. Surrounding it, however, is a definite 
layer of more or less concentrically arranged fibroblasts (connective tissue 
cells). One year after exposure the whole area has been replaced by a mass 
of silicotic fibrosis, so dense that the tissue is torn in preparing the section.

I cannot remember the exact dosage in our experiments but they were 
of the older of 0.2 cc. of a 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 
reactions on injecting excessive amounts 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, i. e., that in silicosis the primary irri­
tant was silica. This substance acting within the phagocyte poisoned it, 
liberating non-specific phospho-lipids. Phagocytosed tubercle bacilli might 
have a similar effect and likewise liberate phospho-lipid. It was the latter 
substance, non-specific in character, which then acted upon the connective 
tissues to produce the nodular type of reaction which characterizes both 
silicosis and tuberculosis. -• —

We are testing this hypothesis at the present time. Dr. Chirk has an 
exceptional opportunity in the method that he has developed tostudy the 
further stages of the reaction to silica and to test the Fallon hypothesis. 
I shall watch with great interest the further developments of his work.

DR. HAYTHORX: I should like to produce at this time an unpremedi­
tated hypothesis.

Repair and reparative processes, and I think that the nodule of silica 
is a reparative process, depend on some injury or destruction of the circula­
tion. Dr. Gardner’s dosage, aside from considering the quantity of silica,
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was large enough to injure the local circulation. We can see from the doses 
used in the ear, in these motion pictures, that the circulation was still intact. 
It might not amount to anything, but I should think there was a chance 
that those, when introduced, should injure some of the vessels.

DR. GARDNER: I think, Dr. Hnythorn, that you are undoubtedly right. 
I think that there is an effect on the circulation, but I think it is a specific 
one, because the same dose of the same 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 surface 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 circulation, we will got a scar at that point.

DR. GARDNER: Surely.
DR. CLARK: I should like to say in connection with Dr. Gardner’s dis­

cussion that we have been very much disappointed that we didn’t have nice 
silicosis nodules 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 with substances that might prevent the .development of the 
nodules.

I think that we should go on and use more massive 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 fact that silica gran­
ules, in the doses that we used, can remain in this environment for months 
without producing any 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. 5IELLER: This is where we have planned to stop for the day. I 
want to call your attention to the.symposium on industrial health defense 
scheduled for tomorrow, which will be intensely practical. I am sure none 
of you will want to miss it.

The meeting is adjourned until tomorrow morning.
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WEDNESDAY SESSION 
NOVEMliER 13. 1940

The Wednesday meeting of Air Hygiene Foundation of America, Inc., 
was called to order at 10:00 A. 31. by Dr. II. B. Meller.

DR. MELLER: Mr. Water* is detained in court this morning so we will 
ask Mr. J. Dewey Dorsett to be kind enough to read Mr. Waters’ paper.

REVIEW OF RECENT OCCl'IMTIOXAL DISEASE LEGISLATION 

THEODORE C. WATERS*

The maintenance of the health of workers engaged in industry has 
become an essential part of the program for national defense and. during the 
past year, there ’'ten extensive activity on the x/art of Federal. State and 
private agencies to perfect the methods for health control. These programs 
have created new responsibilities for employers, and I have be»*n requested 
to submit, on behalf of the Foundation’s Legal Committee, a report dealing 
with current developments relating to the legal liability of employers for 
health injuries sustained by employees. For this purpose I have selected the 
following subjects for discussion:

I. State Legislation
1. Occupational Disease Compensation Acts introduced in State 

Legislatures in 1940.
2. Legislative Resolutions authorizing the appointment of Recess 

Committees to study the problems of occupational disease, and 
submit reports to the 1941 State Legislatures.

3. Activities of State Bureaus of Industrial Hygiene.

II. Important Court decisions construing compensation statutes.
I. STATE LEGISLATION 

1
Occupational Disease Compensation Acts 
Introduced in State Legislatures in 1940

No additional States, during 1940, enacted new occupational disease com­
pensation statutes and, therefore, there are now twenty-four1 States and the

* Member Lejral Committee: Chairman. Maryland Occupational Diseases Com­
mission.

1. ArkaTisns-1533 
Cnllfornia-1513 
Connecticut-1527 
Delaware-1537 
Jdaho-1339 
lUtnols-1536 
Imllnna-1537 
Kentucky-1534

2. District ot Columbia-1528

Maryland-1533 
Massachu'*tt*-I5S2 
MichIfran-153, 
Missouri-1531 
Minnesota-!!*?' 
Nebraska-1935 
New Jersey-1924 
New York-1320
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North Carc*lina-l?*S 
North Dakota-1525 
Ohio-1521 
Pennsylvania -1537 
Ithode Is)a«»l-J530 
Washington -1557 
West VU-Rlnla-lOSS 
WJsconsln-1515
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District of Columbia- where occupational diseases are specifically compen­
sable by statute. The State of Arkansas, included in this number, enacted 
its occupational disease law in 1939, but this law will not become effective 
until approved by referendum at the time of the general election this fall.*’

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

In Xew Jersey, several bills were offered to make the pneumoconioses 
compensable, but up to the present time none of those bills have been favor­
ably acted upon hv the Committees to which they were referred.

New York State enacted an important amendment to the section of the 
statute providing compensation for the dust diseases. Prior to the 19-10 
amendment, compensation for partial disability from these diseases was 
denied, and a limitation of monetary liability of an employer was established 
in the amount of $500.00, accounting from June 1, l93G,with progressive in­
creases at the rate of S50.00 per month until a maximum of $3,000 was 
reached. That maximum w-vld have been reached in Autrust of 1C 1C, but 
this amendment increased the maximum limitation of liability to S3,000. the 
progressive increases at the rate of S50.00 per month continuing until the 
maximum is reached in December, 1943. This amendment also provides for 
the appointment by the Industrial Commission of a board of export con­
sultants on dust diseases, consisting of three members, who are required to 
examine claimants in all controverted claims. The findings of this board of 
expert consultants are then filed with the Commission and become presump­
tive evidence 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, Mississippi and Vir­
ginia, and it is highly probable that bills will be offered to make occupational 
diseases compensable in some of the States where they are not at present 
compensable, while in other States efforts will be made to liberalize the laws 
and extend the benefits of compensation thereunder.

I would suggest, therefore, that the members of the Foundation follow 
carefully these legislative programs in the respective States in 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 Recess Committees for the purpose of studying the compensation 
laws and recommending revisions thereof have been passed in the follow­
ing States:

Louisiana Oregon
Michigan . Tennessee
New Hampshire Texas

Utah
In Louisiana, House Resolution No. 614 and Senate Resolution No. 387 

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

• This Jaw was approved In the November, 1940 election.
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sion does not seem to have been active nor to have prepared any report.
In Michigan, House Resolution No. 52 and Senate Resolution No. 3S 

provide for the appointment of a Committee to study the Workmen's Com­
pensation Raw. No personnel was appointed, and the Standing Committees 
terminated upon the adjournment of the Legislature. The State liar Associ­
ation of Michigan appointed a Committee upon Legislation and Law Reform 
to study the proposed revision of the Michigan Workmen’s Compensation 
Law. This Committee lias been active and, while its final report has not 
been submitted, it 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 final report: . .

"We 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 '“'eupatie: .tl disease clearly due to the 
of the employment. We recommend that the schedule of occupa- 

I 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 indicated above 
and occupational disease peculiar to and resulting 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.”

.1

In New Hampshire, Joint Resolution Xo. 64 provides for the appoint­
ment of a Commission of nine men to study occupational diseases. This 
Commission has been appointed by the Governor but to date has not pre­
pared its report.

In Oregon, House Joint Resolution Xo. 13 provides for the appointment 
of a Committee of five members to study the Workmen’s Compensation Law 

; and the advisability of including occupational diseases under the act. This
Committee is now actively engaged, but to date has not prepared its pro­
posed report.

In Tennessee, Joint Resolution Xo. 42 proviJos for the appointment of 
a Committee to study the Workmen’s Compensation Law and presumably 
to consider the recommendation for compensating occupational disease 
injuries. A Commission of three men has been appointed recently by the 
Governor.* —

In Texas, House and Senate Resolution Xo. 256 provides for the appoint­
ment of a Committee of five members to investigate the operation of the 
Workmen’s Compensation law. I am advised that this Committee has not 
been active and probably will not prepare or submit a report because of the 
lack of an appropriation to carry out its work.

In Utah, Senate Resolution Xo. 249 directed the State Board of Health, 
in cooperation with the United States Public Health Service and the Indus­
trial Commission to make a survey of industry in Utah, and to determine the 
nature and extent of the occupational disease problem in that State. It is

• The Governor's appointees are as follows:
J pr. Kov Garrison. President of TVnhorty College of Nashville.
2 Lev I.orinc. Labor Loader of Memphis,
jr W'. T. Kcnnerley, n Knoxville attorney.
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attuned that the State Board of Health will submit to the proper Legis­
lative Committee.® a report dealing with this problem at the 1941 session.

State Jr.du.®t:ia! Hygiene Units have been established and are now active 
in thirty-one States. To this report is appended a list of these units with 
the names and addresses of their directors.

During the past year there have been many instances where the services 
of these units have beer, made available to industry for the purpose of assist­
ing in the control of specific occupational disease problems. The utilization 
of these services should be of material assistance to small industries with­
out medical or engineering department.® Qualified to advise them in the 
methods of control of disease hazards.

The Divisions of Industrial Hygiene in several of the States, during 
1940, have promulgated Codes and Rules for the protection of employees 
from occupational disease injuries. In New York State the State Depart­
ment of Labor has submitted to the Board of Standards and Appeals for 
approval three proposed industrial codes relating to the following subjects:

1. Control of dust, fumes and gases in foundries.
2. Control of silica dust in the stone crushing industry.
3. Control of silica dust in the stone cutting and stone finishing

These Codes were prepared pursuant to Section 29 of the New York 
Labor Law and include standards of dust concentrations permissible in the 
given industries. Public hearings upon the Codes were held during the past 
summer and closed on August 1, 1940. The Codes are now before the Board 
of Standards and Appeal's for final action and, upon their approval, will have 
the force and effect of law. The New York State Department of Labor is 
now giving consideration to five additional Codes as follows:
. 1. A Code on temperature, humidity and ventilation. It is believed 

that this Cede will be very narrow in its scope and will apply 
solely to underground operations.

2. Revision of Cede No. 12 on dust, fumes and gases. This matter 
is being studied by the Department and additional data is being 
obtained to lay the groundwork for the new Code.

3. A Code to control dust in the Ceramics industry. The basic 
data is now being procured for the preparation of this Code.

4. Code or. respiratory protection. The reed for the approval of 
respiratory equipment has come to be recognised and the use of 
such equipment may be approved and recommended in certain 
types of industrial operations

5. Carbon Monoxide Code. The proposed study of this subject is 
being planned by the Department.

No Committee® have as yet been appointed to draft these Codes, and the 
present departmental activity is confined to accumulating information relat­
ing to these sur-fects for the purpose of submitting such information to the 
Code Committees when appointed.

In Maryland the State Department of Health and the Department of

3
Activities of State Bureaus 

of Industrial Hygiene

industry.
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Health of Baltimore City have recently promulgated rules relating to per­
missible concentrations of vapors, fumes and gases hazardous to the health 
of employees. The>c rule? have been advertised for public hearing on 
November 25th, after which they will he adopted or amended." The proposed 
rules are patterned upon the Connecticut Code for similar control.

H. IMPORTANT COURT DECISIONS CONSTRUING 
COMPENSATION STATUTES

During the past year there have been many interesting Court decisions 
relating to the legal liability of an employer for health injuries sustained 
by employees in the course of employment. Some of those decisions have 
construed the Workmen's Compensation Acts to cover what appear to bo 
occupational disease injuries under the theory that such injuries are acci­
dents; otliers construe general coverage occupational disease compensation 
statutes as purporting to provide compensation for many of the human ills 
to which we may all be subject, unrelated to our employment or the indus­
trial processes in which wc may be engaged; while others relate to the estab­
lishment of the date from winch the period of limitations runs for the fling 
of claims for oecupatLar.'; disease injuries under the comner.rniicr. statutes.

In the time given to mo it is impossible to discuss many of these decis­
ions or to discuss even a few of them in detail; however, I believe they are 
so indicative of judicial trends in construing an employer’s liability for such 
injuries, that T would like to call your attention to those that to me seem 
most important.

The case of Neill McRae v. Unemployment Compensation Commission 
of North Carolina. (1940). 9 S. K. (2d) 505, was a workmen’s compensation

• The rub-s ami regulations w-re approv.-fl at the hearing November 25
to apply t-r.s:i to the State ami City:

Regulation 1. General. N» person, firm, corporation or other employer rhall 
use or permit to he tts.-d in tin- conduct «'»f his business. mnmifm turitis 5- 
ment nr oilnr pine,-, of employment, any process. material or method of working 
known to an adverse effect on health, unless arrangements have been made to 
maintain the oc< upational environment in such a manner that injury to health 
shall not result.

Regulation 2. Threshold limits. Exposures to dusts, fumes, mists, vapors, 
gases. or any materials that may affect health shall kept helow the foil..win;: 
comen!tati"n limits, a« determined hy accepivd procedure:

Material Concentrations
Reim-ne 'Renzo!) ............... ?'• parts per million
Carlvn Tetrachloride ......... lf,l‘ parts per tnlllion
Carl.on Monoxide .................. l('i> parts per million
Chlorine ......  1 .part per million
Chromic Arid .................. 0.1 mg. Per cubic meter
Formaldehyde ......................... 2') t*arts per »»ti 1 ti<»n
Gasoline ........................-............. 10'•a parts per million
Hydrogen Cyanide .............. 21' parts per million
Hydrosteit Chloride ............ ]0 parts per million
Hydroyen Finorhle ............ 5 parts per million
Hydrogen Sulfide ...............  2*1 parts per million
Lead .................................... 0.L* ntirs. per cubic meter
Meth..................................... loo parts per million
Nitrogen Oxides ......  10 parts per million
Phosgene .................................... 1 part per million
Sulfur T»ir.xide ....................... 10 parts per million

This i < r tilat i"U. as it n kites to Chromie Arid, shall ho construed to apply only 
to that branch of industry «-«umern**i1 with Ch« ••tnilnn plating:.

♦ F.xposv.te jo ..-h*r materials jmt included in th»- above shall he kept below 
injurious concentrations.

llusts of mineral.»;i. al eomr>osi»ioji jm-l organic dusts shall not exceed concen­
tration limits winch shall be stipulated, depending op the nature of the dust.

*50

4G



I

claim for tuberculosis alleged to have been contracted as the result of work­
ing with a fellow employee sullYriug from this disease. The claimant was 
employed hy the Stale Unemployment Compensation Commission, and evi­
dence was offered to shoe.- that its offices were crowded and that, during 
February, limit, the claimant, with a fellow employee named Tyson, were 
placed across frum each other at a very narrow table to do their work; that 
on or about February 15, 1939, Tyst.n, who was suilcring from active pulmon­
ary tuberculosis, coughed into the face of the claimant on several occasions; 
that, thereafter, the claimant, who had previously been strong and healthy, 
commenced to suffer bodily fatigue and general debility; and that, on Juno 
5, 1039, upon physical examination, his case was diagnosed as being pulmon­
ary tuberculosis. An award in favor of the claimant was made hy the Com­
mission on the theory that the injury so sustained was an accident within the 
moaning of the North Carolina Workmen’s Compensation Act.

Upon appeal, the Court sustained the award, holding that the tubercu­
losis suffered by the claimant was directly attributable to his infection when 
his follow employee involuntarily and unexpectedly coughed into the claim­
ant’s face, such coughing being “untoward, unfortunate and unusual in its 
proximity to and IU offi-ct upon the pUdnlitl,’’ thus constituting an accident 
within the meaning of the compensation statute.

The case of Vogt v. Ford Motor Co., St. Louis Ct. of App., (April 2,1940), 
133 S. \V. (2d) 031, was an appeal from a decision of the lower court, affirming 
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 asthma, allegedly due to cold air, dust and paint 
fumes, to which he was exposed during the course of his employment, was 
an accident compensable under the Missouri Compensation Law.

The evidence showed that the plaintiff worked in the “trim room” 
where lie assembled 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 spraying fumes through the 
door. Medical testimony was offered that the claimant had allergic bron­
chial asthma; that the working conditions to which he was subjected had 
caused this asthma.

The Court affirmed the opinion, finding that there was sufficient evidence 
to justify the Commission's finding that the claimant’s condition was the 
result of his employment. It was further held that, since the claimant’s 
condition was due to an allergy, it was not an occupational disease, since 
“asthma is not a disease, which from the common experience of humanity, 
is known to recult to others engaged 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 a disease known to be incidental to that particular em­
ployment. However, the Court found that the injury sustained was an acci­
dent because it was “an unexpected and unforeseen event happening sud­
denly and violently with or without human fault and producing at the same 
time objective symptoms of an injury" found in the act. It was further 
found that the claimant could not have expected or foreseen that in his phys­
ical make-up there was a dormant allergy to the particular dust and fumes 
of his employment.

The case of Wolfe v. Rrokmun (Sept. IS, 3940), Supr. Ct. App. Div., 
22 X. Y. S. (2d) 403, was an appeal from an award of disability compensa­
tion and death, benefits in favor of the widow and minor child of the deceased
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employee, made by the State Industrial Board under the Workmen’s Com­
pensation Law.

The deceased employee was engaged as a butcher and meat cutter, 
which occupation* required him to go in and out of a refrigerator cooler, 
thereby subjecting himself to sharp variations in temperature. On March 
20, 1937, ho was compelled to remain in the cooler longer than usual and 
longer than he had ever remained on any previous occasion. While in the 
cooler he suffered a seven; chill and was sent home and a doctor called. 
Pneumonia developed, from which he died. The State Industrial Board 
found that tins pneumonia was the result of an accident and was also an 
occupational disease, which opinion was affirmed by the Court.

There are several cases wherein appellate courts construe occupational 
disease acts, which are of particular interest.

The case of I’htssingame v. Southern Asbestos Co., et ah, X. C. Supreme 
Court (March 0, 1940), 7 S. K. (2d> 47S, was an appeal to the North Carolina 
Supreme Court from an opinion of the Superior Court, «nirmsng an award 
by the Workmen's Compensation Commission in a claim for death from 
lobar pneumonia, allegedly due to ashostosis. The claimant’s decedent had 
worked for the defendant for a period of seven years, and died on April 1, 
1937, a few days after having driven to the State of Georgia for a vacation, 
and suffering with a heavy cold at the time of his trip. An autopsy was 
performed on May 10, 1937, and medical evidence was offered showing he was 
affected with the early stages of asbestosis. Notice and claim were made 
out July 19 and filed on July 20, 1937. The claim was referred to the mem­
bers of the Advisory Medical Committee under the North Carolina Compen­
sation statute, whose testimony established that nsbestosis was not a factor 
in causing the decedent’s death. The case was first heard before one mem­
ber of the Commission, who denied compensation. The full Commission then 
reversed tiro decision of the individual Commissioner, finding, as a fact, that 
decedent's asbestosis lowered his resistance to the pneumonia. This decision 
was affirmed by the Superior Court and later affirmed by a four-three deci­
sion of the Supreme Court of North Carolina.

The two phases of this case that are of particular interest to this dis­
cussion are as follows:

1. The findings of the full Commission reversed the decision of the 
individual Commissioner to the effect that the decedent's asbos- 
tosis was a contributing cause of death, because of his lowered 
resistance to pneumonia, even though the Advisory Medical 
Committee had testified that the decedent’s asbestosis had 
played no part in his death. Therefore, the majority members 
of the Compensation Commission, in fact, overruled the medi­
cal findings of the Advisor;-' Medical Committee.

2. The North Carolina Occupational Disease Act, Sec. SO-li (o), 
provides:

“Unless written notice of the first distinct manifestation 
of an occupational disease shall be giver, to the employer .... 
or to the industrial Commission with,in thirty (30) days after 
such manifestation, nr.d, in case of death, unless also written 
notice of such'death shall be given to the beneficiary hereunder 
to the employer or the Industrial Commission within ninety
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(90) days after occurrence. . . the right to compcuMition 
for disability or death shall be barred.

In this case it will be noted that death occurred on April 1; 
that the autopsy was performed on May 30th. and that notice 
and. claim were not made until July 30th. The Court found 
that the notice given was timely, on the theory that notice of 
death had been given within ninety days after the widow dis­
covered her husband wa> suffering from as\>o>u>sis. even though 
the statute established that such notice fhnuld be given within 
ninety days after death.. The majority opinion based its con­
clusion on the ground that the want of notice did not prejudice 
the employer.

The ease of Moffett v. Jlarbison-Walker Refractories Co., 14 Atl. (2d) 
111, decided June 14, 1940, by the Supreme Court of Pennsylvania, was an 
appeal from an order sustaining a statutory demurrer to plaintiff's state­
ment of claim in a common law action against his employer for alleged par­
tial disability from silicosis. The Pennsylvania Occupational Disease Com­
pensation statute denies compensation for partial disability, and r’-- ’ thT’s 
declaration alleged such partial disability sustained while in the defendant’s 
employ. The plaintiff contended that, since the injuries sustained by him 
were not compensable under the occupational disease compensation act, ho 
retained Ids right of action for such injuries at common law. In denying 
the right to the plaintiff' to maintain his action, the Court said:

“It is common knowledge that in the early stages silicosis 
js difficult to detect. A Commission on Compensation for Occu­
pational Diseases which reported to the Governor in 1930 recog­
nized that silicosis and minor’s asthma, because of their slow 
development, presented the ‘greatest difficulties as administra­
tive problems.’ The Legislature recognized the difficulty of 
the subject and provided, in relief of the possible burdens 
on the employer, that the Commonwealth would contribute 
$100,000 for the purposes specified in Section 7. It also 
provided, in the circumstances stated in Section 10. for the 
appointment of a Medical Advisory Board to report to the com­
pensation authorities 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 arising under this act.’ We think it is clear, 
therefore, that the legislature intended to bring all silicosis 
sufferers, whether partially or totally disalded. under the Act 
and that by accepting the provisions of the compensation acts, 
an employee agreed to look solely to the Act for compensation 
and to give up any remedy he might otherwise have had.”

In the case of Peter Tomsic v. II. C. Frick Coke Co., decided by the 
Workmen’s Compensation Board of Pennsylvania on September G, 1940, 
the claimant nlod a petition on January 17, 1939, alleging total disability 
resulting from silicosis or nmhraco-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.

The Act of July 2, 1937 (P. L. 2714, Sec. 2), which was the Occupational 
Disease Compensation Act effective during the time of the claimant’s em-

49

01 . o

r ^rr-



ployment, did not provide compensation for miner's asthma. That act was 
amended by the Act of June 21. 1939, the amendment .denning compensable 
occupational diseases to include 'Silicosis or nnthvnvo-silicosis (commonly 
known as minor’s asthma and hereinafter referred to as anthraco-yilieosis).” 
The Board held that since tins act die! not take effect until October 1. 19'pj, 
it was not retroactive and that, tlu-i cfore, the employer was not liable for 
the compensation sought in thi* ca>e.

I would like nLo to call to your attention two decisions of the Missouri 
Appellate Courts, establishing the time from which limitations run for the 
filing of occupational disease claims under the Compensation Statute.

In the case of Cleveland v. Laclede Christy Clay Products Company, 
129 S. \V. (2d) 12, claim for silicosis injuries was made. The claimant 
operated a truing machine for the purpose of grinding and finishing tile. 
He was first employed in 1925 and in 191)3 began to develop symptoms of 
chest pathology. He was attended by a physician on January 30, 193*3. and 
advised to discontinue work. He laid off for .a period of five wVvks during 
which time rocr.tgen examinations were made of his chest. At the end of 
five weeks lie returned to work, but his condition became r—--m-.’ly worse 
and he discontinued work on June 22. 1936. He was again examined on 
January 7, 1907, and advised by his doctor on that date that lie had silicosis, 
this being the first time that he was told the name of the disease from which 
he was suffering. Claim was filed on January 2S, 1937.

The Compensation Commission awarded compensation, which award was 
reversed by the lower Court, the reversal being sustained by the Court on 
appeal, because the claim had not been filed within the six months period 
required by the statute. In passing upon this point, the Court said:

"According to his own testimony, claimant knew more than 
six months prior to the filing of his claim, that he had this 
trouble in his chest, and that he had been treated for it. He 
knew that the chest trouble was the cause of his inability to do 
his full work and that the nature of the work aggravated 
this condition.”

The Court further said:
"This section (Section 3337) has been construed as a limita­

tion on, and an extinguishment of the right itself to maintain 
the action wb.cn not exercised before the six-months period of 
limitation has run against it. It seems to be the well settled 
rule in respect to latent injuries that-the six-months limitation 
for filing claim for compensation commences to run from the 
time it becomes reasonably apparent and discoverable that 
the employee has sustained a compensable injury.”

The case of Renfro v. Pittsburgh Plate Glass Company, 130 S. W. (2d) 
1C5, indicates the attitude of the courts with respect to a construction of the 
six-months limitation period in a manner as favorable to the claimant as 
possible in order to protect his claim. That case involved a claim for sili­
cosis, the claim having been filed September 1, 1937, alleging that disability 
began January 4, 1937. The Commission found, as a matter of fact, that 
disability began January 4, 1937. On March 11, 3937, the employer and 
employee had entered into an agreement providing for voluntary payments 
to the employee, such payments, however, not to be construed as an admis-
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sinn of liability on tho part of tho employer fur compensation. Payments 
wore made to the employee under this agreement until December 12, 1937. 
In passing upon tho question of limitations, the Court said:

“If we wore to adopt the employee’s view in tlio case at bar, 
that tho Commii'ion’s award as for an injury in December,
1935, is correct, although there was no disability or loss of earn*
Ing power until January. 3M7, then a proper regard for the Jaw 
would require us to hold that the employee’s claim herein is 
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 adopt a rule which would result 
in claims of employee? being barred by the Statute of Limita­
tions under such circumstances as appear in this ease. We are 
of the opinion that the statute of limitations is not involved at 
all under the evidence herein because we are holding that the* 
Commission’s award of compensation, based on an injury as of 
December, 1935, is incorrect. Such, award as for permanent 
total disability contradicts the Commission's own findings of 
fact that there no disability until January 4, 1937, and ;- 
not supported bv the evidence. Furthermore, the evidence shows 
that the employee's claim was filed ‘well within six months 
from the date of last pavmc-nt' as provided by Section 3337 
R. S. aro. 3929.”

CONCLUSION
It is apparent that the trend of judicial opinion is toward a liberal 

interpretation of our compensation statutes, in providing compensation for 
those injuries to health that are peculiar to the employment, and may be 
aggravated by conditions of the employment. It is also apparent that in 
those States having general coverage occupational disease compensation 
laws, compensation will be awarded for health impairment that is common 
to every-day life, provided there is medical testimony in the case expressing 
the opinion that the injuries so sustained may have been caused or aggra­
vated by the condition? of employment. If this tendency continue? substan­
tial unanticipated expense will be imposed upon employers and their insur­
ance carriers because* of awards for tuberculosis, pneumonia, asthma, and 
other similar respiratory diseases.

During the State legislative sessions of 1941, we will find, undoubtedly, 
that many bills relating to this subject will be introduced and pressed for 
enactment, proposing to liberalize benefits and .broaden the scope of com­
pensation coverage.

These development? emphasize the fact that it has become and will 
continue to be good business for industry to concern itself with the protec­
tion of the health of industrial workers and. in giving consideration to the 
legal responsibility that arises from injuries to that health, we come to the 
full appreciation of the importance of comprehensive programs for industrial 
hygiene.

a • — r
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STATE INDUSTRIAL HYGIENE UNITS

STATE AND EXECUTIVE

ALABAMA
Dr. John R. Cain, Director,
Division of Industrial Hygiene,
Department of Public Health,
Montgomery. Alabama.'

CALIFORNIA
Dr. J. I’. Russell. Chief,
Industrial Hygiene Service,
Department of Public Health,
2002 Acton St.,
Berkeley, California.
Dr. V. A. Xasatir,
City Health Department,
Los Angeles, California.

COLORADO
Robert J. Owens, Industrial Hygienist,
Division of Industrial Hygiene,
Colorado State Board of Health,
State Office Building,
Denver, Colorado.

CONNECTICUT
Dr. A. S. Gray, Dh-cctor,
Bureau of Occupational Diseases,
Connecticut Department of Health,
Hartford, Connecticut.

IDAHO
Dr. E. L. Berry, Director,
Division of Public Health,
Boise, Idaho.

ILLINOIS
I)r. M. H. Kronenberg. Chief,
Division of Industrial Hygiene,
Department of Public Health,
1800 Fillmore St.,
Chicago, Illinois. —

INDIANA
Dr. Louis NY, Spolyar. Director,
Bureau Industrial Hygiene,
Indiana State Board of Health,
Ind;anapo!is, Indiana.

IOWA
P. J. Houser. Industrial Hygiene Engineer,
C. L. Campbell. Chemical Engineer,
Department of Health,
Division of Public Health Engineering and 

Industrial Hygiene,
Des Moines, Iowa.

REMARKS
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REMARKSSTATE AND EXECUTIVE

KANSAS
Dr. Krnc-sl Boyce, Engineer & Director, 
Division of Sanitation,
State Board of Health, 

i Marvin Jlaii, University of Kansas, 
Lawrence, Kansas.

MARYLAND
Dr. John M. McDonald (Medical Department), 

Director,
Bureau of Occupational Diseases.
Dr, Wilnter I!. Schulze, Director, Sanitary 

Section,
Baltimore City Health Department,
Baltimore, Maryland.

City of
Baltimore only

MASSACHUSETTS
Manfred Bow-ditch, Director,
Bureau of Occupational Hygiene, 
Department of Labor and Industry, 
Boston, Massachusetts.

MICHIGAN
Dr. Kenneth E. Morkuson, Director, 

' Bureau of Industrial Hygiene, 
Department of Health,
1151 Taylor Avenue,
Detroit, Michigan.

Conducted in a cooper­
ative, joint approach to 
problem by labor ar.d 
health departments

MINNESOTA
Dr. A. J. Chesley, Executive Officer, Service available after
Department of Health. January 2, 2942
469 State Office Building,
St. Tau!, Minnesota

MISSISSIPPI
Dr. J. AY. Dugger, Director, Date service will be
Industrial Hygiene & Factory Inspection, available not yet an- 
Statc Board of Iloahh, nounced

.Jackson, Mississippi.
MISSOURI

Dr. Harry F. 1’aTker, State Health 
Commissioner,

State Board of Health,
Division of Engineering,
Jefferson, Missouri.

MONTANA
Dr. Lloyd M. Earner, Director, 
Division of Industrial Hygiene, 
State Board of Health,
Helena, Montana.

NEW HAMPSHIRE
Frederick J. Vinfitiner. Industrial Hygienist, 
Industrial Hygiene Unit,
State Board of Health,
Concord, New Hampshire.
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REMARKS
NEW YORK

Dr. Leonard Gr«.-enl>ur*:, Kxeeutivy Director, 
Division of Industrial Hygiene,
Department of Labor,
SO Centre Street,
New York, New York.

NORTH CAROLINA
Industrial Commissioner.
North Carolina Industrial Commission, 
Raleigh, North Carolina.

STATE AND EXECUTIVE

OHIO
Dr. J. B. Kistler, Chief,
Adult Hygiene Division,
Ohio Department of Public Health, 
Columbus, Ohio.

OKLAHOMA
Dr. G. K. Mathews, Commissioner of 

Health,
H. J. Dareey, Chief Engineer, Director, 
Bureau of Sanitation, State Health 

Department,
Oklahoma City, Oklahoma. 

PENNSYLVANIA
Dr. John J. Shaw, Secretary of Health, 
Department of Health,
Commonwealth of Pennsylvania, 
Harrisburg. Pennsylvania.

RHODE ISLAND
Charles L. Pool, Chief of Division, 
Division of Sanitary Engineering, 

'Department of Health,
State Office Building,
Providc-ru-c. Rhode Island.

SOUTH CAROLINA
Dr. Harry F. Wilson, Director,
Division of Industrial Hygiene.
State Board of Health,
Columbia, South Carolina. 

TENNESSEE
W. C. Williams. Commissioner. 
Department of Public Health,
State of Tennessee,
Nashville, Tennessee.

TEXAS
Dr. C. A. Nau, Director,
Division of Industrial Hv.ciene,
State Department of Health,
Austin, Texas.

Even though the Divi- 
sion of Industrie' Hy­
giene is a department 
of state health depart­
ment, Industrial Com­
mission allocates cer­
tain funds to it.



STATE AND EXECUTIVE REMARKS

UTAH
J. L. Joms. M. !)., 1). I*. H.f Director,
Industrial Hygiene,
State Board of Health,
Salt Lake City, Utah.

VERMONT
Harold W. Slocum, Director,
Tuberculosis Divi.-jon of Industrial Hygiene,
Department of Health,
31S College Street,
Burlington, Vermont.

VIRGINIA
R. T. Homewood, Kngineer,
Bureau of Industrial Hygiene,
Department of Health,
Richmond, Virginia.- 

WEST VIRGINIA
Dr. Arthur E. McClure.
State Health Commissioner,
Department of Health,
Charleston, West Virginia.

WISCONSIN
Dr. P. A. Brehm, Supervisor,
Division of Industrial Hygiene,
State Board of Health,
Madison, Wisconsin.

The following City Health Departments also have industrial hygiene 
divisions;

Flint, Grand Rapids. Newark, Saginaw and St. Louis County.

DR. MELLER: Thank you very much, Mr. Dorsetc. Is there any dis­
cussion ?

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

PROFESSOR PRINKF.P,: Regardless of our jobs or our political affili­
ations, the general topic of this symposium is one of enormous interest to us. 
We have the advantage of having with us, as participants in this sympos­
ium, several men whom we have never had the pleasure of hearing at these 
meetings and some of whom have not attended the meetings at all before.

The first speaker, Dr. Neal, who is no longer acting chief but is chief 
of the division of industrial hygiene, is the successor of our very good friend 
and ardent supporter, Dr. Sayers. It is especially pleasant for us to have 
him here with us today. His subject and the activities of the Public 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 especially pleasant for 
us to have the chief of the division with us today.

yv. g;.
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ACTIVITIES OF Till' I’lT.MC HEALTH SERVICE 
IX TffE DEFENSE PROGRAM
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One of the outstanding developments of the present national defense pro­
gram has been the recognition on the pan of the lenders of our Nation that 
health is an essential element of picparedness. On September 10, tf'-to, the 
President approved an order establishing a Health ar.d Medical Committee 
to advise the Council on National Defense, and to coordinate medical and 
health activities affecting national defense. This Committee consists of the 
following members: Dr. Irvin Abell, Chairman; the Surgeon General of the 
Army; the Surgeon General of the Navy; the Surgeon General 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 National Defense regard­
ing the health and medical aspects of national defense, and of coordinating 
health and medical activities affecting national defense. One of t’..^ import­
ant subcommittees set up by' the Health and Medical Committee of the 
Council on National Defense is the one on industrial medicine.

Inasmuch as the program for national defense has already served to 
emphasize many problems pertaining to the public health, the Surgeon 
General of the Public Health Service, Dr. Thomas Parran. called a special 
conference of the SUte-and Territorial Officers on September 1C and 17, for 
the purpose of reviewing plans ar.d agreeing on a program of action. Dr. 
Parran enunciated the keynote of the conference in the introductory para­
graph of hts address. He said:

“The most impelling problem which we face today is that of 
maintaining the safety of this country ar.d its institution?. For 
their aggressive defense, we are gearing up governmental methods, 
mobilizing resources and manpower. For tire first time it; all his­
tory, world events have thrust upon us the concept of a total war.
In preparing a total defense, all factors ultimately rest up;n the 
one fundamental resource cf the country, manpower. Medicine and 
public health, through the centuries, have been devoted to the con­
servation of manpower and its socially constructive use.”
In any discussion of methods planned for effectively carrying out a pro- 

grant it is essential that the problem to be solved be definitely outlined. The 
various health problem? confronting the Xat:o:v*as n result of the present 
emergency were clearly defined at the Conference of State and Territorial 
Health Officers meeting with the Surgeon General last September in Wash­
ington. These may be briefly summarized as follows:

EMERGENCY HEALTH PROBLEMS
Rehabilitation

One of the pressing problems we are faced with is the physical rehabili­
tation of registrants disqualified for duty with the armed forces. Based on 
the experience of the last World War, wo may expect approximately 25 per 
cent of those examined to he refected, with about 55 per cent examined hav­
ing one or move defects. Of the 17,000,000 registrants, probably 0,000,000

• Chief. Division of Industrial Hygiene, National Institute of Health.
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will ]>c examined. Hence, we may expect approximately 1,KOODOO persons to 
l>o rejected, cr placed on limited-: ervice, because of physical disability. We 
may also c-xpcct that GO per cent of the disabilities will be duo to such fac­
tors as eye ami car defects, mechanical defects, and heart and kidney condi­
tions. For example, it is estimated that 1-10,000 men will be rejected becaiuo 
of tuberculosis. It is evident that the problem vl rehabilitating such 
large numbers is of paramount importance at this tinm, especially when we 
realize the fact that many of these individuals not tit for military service 
will find their wav into industry. • A plan for the correction of those defects 
which arc remediable wit* serve to improve the health of our manpower, 
thereby also increasing the efiiciency and productive capacity of this man­
power.

Civil Defense
The health aspects of civilian defense are primarily a responsibility of the 

communities and their respective local governments. Among some of the 
problems which need to be dealt with by civil authorities are emergency 
police measures, fire protection, safeguards for public utilities, transporta­
tion, and provisions of rrhealth and medical services in th* “•*>«♦ of 
disaster. There is also the problem of protection of local residents against 
gas attacks, air raids, and the evacuation of refugees. The effectiveness of 
the entire effort of civilian defense will depend upon the thoroughness of 
organization, training, and discipline of the local residents.
Coni in unicable Diseases

Another topic which was thoroughly discussed at the Surgeon General’s 
conference was the control of selected communicable diseases. Army and 
Navy personnel attending the meeting disclosed their plans for immunizing 
the newly inducted men against smallpox, typhoid and tetanus. It was 
shown that not a single case of tetanus was reported among men of the 
French army who received the liquid tetanus toxoid. The problem of meas­
les and mumps among young men in the Army was discussed, and plans for 
the control of malaria in some of the southern training centers were pre­
sented. Assurance was given that there is at present a sufficient supply of 

-serunis and drugs for meeting our requirements.
Health Administration

One of the most important problems confronting public health and mili­
tary authorities arises from the mobilization of armed forces and industry. 
Some of these problems will be due to rapidly expanding industrial centers 
as well as in zones surrounding cantonments and maneuver areas. Thc.se 
rapid increases in population are already taxing tin? milk supply, the water 
supply, and the sewage disposal systems of the communities involved. Hous­
ing has already become a serious problem in such communities. It is a well- 
known fact that the health of civilians in a community surrounding a can­
tonment will have an influence on the health of those in the camps. This is 

* particularly true of such diseases a? syphilis. All of these problems will bo
a responsibility of official local health agencies, but funds and personnel 
from the States and the Federal Government will be needed.

In this connection the Conference of State and Territorial Health Officers 
at its last meeting included among its various recommendations the follow­
ing: “That the U. S. Public Health Service be urged to secure the necessary 
funds to reinforce existing State and local facilities for the efficient and 
expeditious inauguration and operation of those emergency health activities
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! in military and industrial mobilization areas." The Conference further urged
! the coordination of activities pertaining to industrial hygiene and strcs>ed

the necessity for supplementing the efforts of the States,

Industrial Iiy^iene
It is now a well established fact that military mobilization and expan­

sion is impossible without industrial mobilization and expansion. The 
present industrial expansion has already brought in its wake many new 
problems in employee health. To insure maximum physical fitness, the 

i industrial worker needs to develop a high sense of personal responsibility.
' Industry must continue and accelerate its efforts to protect and promote

physical welfare among workers, and tiie various health agencies, both gov­
ernmental and private, must give- every possible assistance through scientific 

I research, through Die expansion of community sanitation measures, and
through the application 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-
1; dents every year; 75.000 permanent disabilities; and 1,400,000 temper-” , dis­

abilities. Recent surveys, conducted in industry show that the working en­
vironment of about 1,000.000 persons requires investigation by trained indus­
trial hygienists to determine whether or not the presence of silica dust in the 
air constitutes a health hazard. The conditions of work of SOO.OOO persons 
handling lead and its compounds also need study. Similar information is 
available on many other potentially hazardous exposures. For example, it 
is well known that many millions of workers are exposed to materials which, 
if improperly used, are capable of causing skin diseases. Furthermore, it is 
well known that industrial workers have higher rate? of physical defects 
than non-industrial worker? and that the death rate from all causes among 
unskilled workers is 100 per cent or more in excess of the death rate among 
agricultural employees. The many studies of illness among worker? recently 
completed show that the average worker in this country loses 10 days a year 
on account of sickness. In fact, general illnesses have been found to account 
for 15 times as much time lost a? that due to both accidents and occupational 
diseases. This problem of lost time from disability among- workers is of vital 
importance now that cur industrial machine is playing such a prominent vole 
in the defense effort.

Our recent studies have also shown clearly that although industry is 
cognizant of the problem and is making progress, much still remains to be 
done. For example, only 25 per cent of our workers have full time safety 
direction services, only 15 per cent have full time medical services, and only 

■ 33 per cent have nursmg services. Engineering studies have also brought
out the fact that protection against exposures to hazardous materials and 
conditions is still far from adequate.

The present industrial activity on defense order? ha? already augmented 
these problems in industrial hygiene. Able-bodied men are being mobilized 
into our armed forces .and these will 'nave to be replaced in industry by older 
men, by young adults and, in some cases, by women. Many of these newly 
inducted industrial workers will no: be as physically fit for arduous tasks, 
nor will they be as skilled. The problem of fatigue, so important in the first 
World ‘War. will amin reappear a? the result of the rapid tempo of indus­
trial production. Many hazardous chemicals, both old and now, will be intro­
duced into industry. We may expect crowding in factories and we must 
fight tlie tendency to relax in the vigilance so necessary to prevent accident?
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and diseases among workers. Dr. Parran has stated that our industrial 
machines arc rated to be the most eftiriont in the world, and he rightfully 
insists that the men and women who operate these machines should have a 
comparable efficiency.

These, in brief, are some of the problems facing us today in our health 
preparcdne?s program. The CommiUee on Hcaltli and Medical Preparedness 
recently established by the President, and its many subcommittees, are 
already coping with the*e various problems confrontin': us. The work of 
coordinating; existing machinery both as to public health and medical facili­
ties is under way. Insofar as industrial hygiene is concerned, the ground­
work laid by research (inring the past quarter century and the machinery 
developed during the past several years for the application of this research 
by the States and by industry finds us better prepared to cope with indus­
trial health problems than at any time in our industrial history. We know 
that every job can be done safely if wo only apply our present knowledge.

THE PROGRAM
With reference to those activities on health am! medical preparedness 

concerned with the civilian population and our armed forces while m uwin­
ing, the Public Health Service is working very closely with the Army, the 
Navy, and the State and local liealth departments. The Surgeon General of 
the Public Health, Service lias already appointed medical and engineering 
liaison officers to each, of the Army corps areas, for the purpose of expediting 
the solution of the various problems discussed herein. Reconnaissance sur­
veys ai*e even now being made by the Public Health Service and State health 
department personnel in the various areas to determine the exact needs in 
each locality.

Fortunately, the industrial hygiene program could bo launched immedi­
ately, in view of the fact that the various States in organising their indus­
trial hygiene services had already made detailed surveys of the problems in 
each locality. The States are therefore in a position to know where these 
services are needed. Furthermore, many of the research activities of the Divi­
sion of Industrial Hygiene, which arc carried out during peace time, furnish 
us with the key to the solution of problems of a military nature and some 
of our findings can also be- applied to emergency problems in industry. For 
example, the study this Division recently completed on the fatigue status of 
truck drivers has furnished us with a great deal of information applicable 
to fatigue problems which may arise in industry as a result of increased 
activities.

The industrial medicine subcommittee established by the Health and 
Medical Committee of the Council on National Defense has already been 
assured the fullest cooperation of the Industrial Hygiene Division of the 
National Institute of Hcaltli. All of the faeilitic-s of this Division will 1 ■? put 
at the disposal of the committee, and a greatly expanded employee health 
program is being developed in close collaboration with, the 31 State indus­
trial hygiene units, with industry, labor, and numerous official ana unofficial 
agencies. In other words, a program has been developed for coordinating 
the work of all the Federal and local agencies, of industry, of labor, of the 
medical and engineering professions, and of all organizations vitally con­
cerned with industrial health.

Insofar as the Division of Industrial Hygiene of the National Institute 
of Health is concerned, its functions may be considered as partly adminis-
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trative, concerned with coordinating all activities )>oth at the J-Vdcral and 
Suite level, and mostly concerned with the promotion of industrial hygiene 
services in .State and local health departments, and with scientific investiga­
tions conducted both at its laboratories and in the field. The Division of 
Industrial Hygiene is already carrying cut urgent research directly related 
with defense and it is working very closely with hoik the Army and the 
Navy, In addition to fundamental laboratory research on toxic materials 
of direct importance to national defense, some of the Division personnel arc 
being employed to supplement the work of those States which have been con­
fronted with emergency problems too great for successful handling l.y their 
own efforts. If the necessary funds for this phase of the work are obtained, 
it is planned to have at least 15 units in the field, each consisting of a trained 
physician, an engineer and technical support, for the purpose of assisting 
the State industrial hygiene units on emergency problem*. Several such 
units are already doing work with the States.

In brief, the work which the Industrial Hygiene Division is already per­
forming, and which it hopes to expand, may be summarized as follows:

1. Industrial hygiene services to Government arsenals and other 
Federal project.

2. Assistance to the States on industrial hygiene problems in 
defense industries.

3. Toxicological research on defense materials.
4. An appraisal of the fatigue status in relationship to the national 

defense program.
5. The determination of methods for the absorption of handi­

capped persons into vital industries tor national defense.
6. The preparation and dissemination of information on various 

toxic material* and processes, including approved designs of 
exhaust systems for the control and elimination of atmospheric 
contaminants.

Practically all of the States having industrial hygiene divisions have 
already submitted programs to the Public Health Service for assisting indus­
try in maintaining healthful working conditions and healthy workers. These 
programs differ ir, no way from those already practiced by the Siaies in the 
past, except that emphasis will be given to directing their efforts to indus­
tries engaged on defense contracts. In other words, the work in the States 
will embrace the following activities:

1. The evaluation and control of the various health hazards aris­
ing from exposure to dusts, fumes, goses.ximi vapors.

2. Advice to industry in the construction of new plants and ir. the 
renovation of old plants in the interest of safety and heal:!:.

3. The promotion of physical examinations and medical services 
to workers by industry.

4. The promotion of measures for the control of communicable 
disease, such as syphilis, pneumonia, tuberculosis, r.r.d others.

5. The preparation and dissemination of information on various 
toxic materials and processes, including approved designs of 
exhaust systems for the control and elimination of atmospheric 
contaminants.

Industry is thoroughly convinced of the fact that it pays to control acci­
dents. In reducing the frequency, severity and monetary losses involved in



industrial accident.? industry attacked the problem from two viewpoints: 
First, hy tlu* provision of \vi-U ‘♦warded equipment, and second, by the educa­
tion oX workers in safety measures and practices. We are thoroughly con­
vinced that the* same tactics will materially aid in reducing lost time from 
occupational diseases and other illnesses. In other words, first, we must pro­
vide a safe and healthful environment, and second, we must educate the 
worker in safe practices and healthful living.

Jt is quite evident that insofar as public health and medical prepared­
ness are.concerned, plans have been created which arc not emergency impro­
visations, but arc designed to be an integral part of our national life in 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. he we public health workers, private medical practi­
tioners, engineers, chemists, industrial managers, or factory workers, must 
assume leadership and responsibility and coordinate all ol our efforts, so that 
the men and women in our industries will attain a high level of efficiency 
and health.

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

MR. CONNOR: I should like to ask the speaker whether or not he can 
tell me this. I have about sixty young men of draft age who arc receiving 
regular routine treatments for syphilis. They are continually asking me if 
when they are called the government will continue their treatments in active 
service or whether they will be rejected. I can’t tell them. I'd like to have 
some help.

DR. NEAL: I can’t speak for the Army, naturally, on that. My opinion 
would be, and I think it is the present thought, that each individual case is 
decided on its own merits in connection with this communicable disease, as 
others. If the men are not disabled, and we assume those are not—in other 
words, they don’t have cardiovascular disease—they will receive the same 
treatment they are getting :mw after they are inducted into the service. 
Whether they will be inducted into the service or not I don’t know. I think 
it .will be decided on each individual case.

PROFESSOR DRINKER: Dr. Sayers, I think we should all be glad to 
hear a word from you.

DR. SAYERS: I am very much* interested, as you know, in the program 
that lias been outlined by Dr. Neal for you and to you. It is one that has 
been developing for a matter of years. There are many of you sitting 
around here who have been associated with us in the development of that 
program. Most of you in the room have had something to do with if.

The program m no: new ar.d it is not a program that is just for defense 
alone. As in all industry, as in a!! the work that we arc going to do, it must 
be speeded up if it is going to accomplish the purpose we are to have.

In answer to the question, if I may expand a little on Dr. Xoai’s state­
ment, I think that whether any individual who comes up is inducted or not 
will be determined by your local draft board to a groat extent. I don’t 
think we need to worry very much about those people with syphilis. They 
will receive treatment. They will no longer be communicable from one to 
another in the army. I don': think we need worry too much about it.

I do think that we all have a real problem in regard to industrial
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hygiene. I think wo all must got behind it and push it. We cannot succeed 
in this war unless we have our workers in good health. Whenever a man 
is away, it doesn't make any difference whether it is occupational disease, 
accident, or just illne.is that causes him to be away, it interferes with pro­
duction, and production is important to us today. It is a very serious thing.

Again, wc arc not here to scare anybody. Wo just want to work along 
efficiently, and scared people are not efficient. We have a job i:i front of us, 
and it is a big job. We must all work. I hope we can support all the group.

There are several hero on tins medical defense who belong to the Advis­
ory Committee, I believe, of the .Medical Defense Commission—or is it the 
Defense Council? You know the Defense Council is made up of secretaries 
in our cabinet. There is an Advisory Commission to the Defense Council. 
Then they have special committees .in the Research Council that advise them, 
and the Medical Committee is one of that organization, as I understand the 
present group. Then there is a sub-committee on industrial hygicr.v. The 
program is being worked out, I believe, expeditiously.

We cannot work U: fast. The groundwork has hoen laid I., the period 
of years that has gone by and part of that groundwork i« within this organi­
zation here. Dr. Xeal has emphasized to you the importance of cooperation 
and coordination. That must be had if it is to be-efficient.

It is a great pleasure for me to be here with you today. I thank you all.

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

Onr role as a nation in this present emergency, whether wc are helping 
the Allies or whether-we are simply helping ourselves, is distinctly up to the 
present time one of production—production of armaments. It has been said 
by those in position to know that there is probably no single operation that 
is more important to the production program than welding, both, electric 
welding and gas welding. Dr. McCord, with his colleagues, for some time 
has been engaged in the study of the health aspects of arc welding. The 
first paper that they have published on this subject appeared recently in the 
Journal of Industrial Hygiene. Perhaps some of you have had the oppor­
tunity to read tire paper.

It is particularly pleasant for us, therefore, in the Foundation, to have 
had Dr. McCord accede to our request that he come and talk to us today or. 
his own work. I have much pleasure in introducing to you Dr. Carey P. 
McCord, Director of the Industrial Health Conservancy Laboratories.
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Till-: HEALTH OK EI.KCTKIC WELDERS IN THE
NATIONAL DEFENSE PKOCK.UJ
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Introduction
Arc welding in ii.svlf cannot defciid a countiy or win a war, Inst neither 

of those national enterprises weli may be prt>.-ccuted without reliance upon 
arc welding for many essential inbncntuuK. The extent of arc welding in 
this corns try may be gauged by the fact that in ItKjp Io2,$d2,-I0'; pounds o: 
welding electrodes were utilised, with a c»rrc-ponding figure for the first 
six months of U'-IO of bd.G-U.iUO pounds. From another source has come the 
statement that the total production of welding rods, including automatic 
welding rods, was, for the year 19:10, 157,■!:><),20G pounds, of which 120.050,211 
represented heavily coated ca:bon steel rods, with only 10,15-1.le;G pounds of 
bare washed or dust coated rods. These figures indicate that le-- **•••>' S' i 
of the country’# arc welding is carried out with bare rods. However, this 
marked shifting to heavily coated rods is not true for all industries. In one 
automobile plant, where the greater portion of welding is accomplished in- 
spot or pressure welding, thus calling for no electrodes, 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 0.3'.V was represented by coated 
rods of all varieties. Every modern standard automobile possesses more 
than 5,100 welded points with, however, only some 140 arc wolds, but several 
of these arc welds are many incites long.

This year of 19-10 sav; the first aH-wolded ocean-going steamer, the 
17,000 ton Exchequer, launched, in Mississippi in June. Commercial naval 
construction technology of this war period in some measure may become 
symbolized by this first ali-veidvd freighter. The extent of welding, with­
out at this time specific reference to arc welding, again is reflected by thv 
fact that about 200,000 welders are now employed in the United States. To 
express this in military terms, these welders represent an army c*f approxi­
mately 23 stream-lined divisions or seven army corps.

As welding applications increase, more and more the need is for a 
better understanding of the hygienic exposures that may arise. The world 
of industrial hygiene is not in a happy position in its knowledge of the 
nature and extent of exposures for arc welders. Apparently many of us 
are hampered by loo much reliance upon tradition}?! standards, particularly 
with regard to nitrous gases. Examination of the original publications 
upon which some of these much advocated standards are based reveals a 
scantiness of evidence far in disproportion to the significance long attached 
to them.

In facing the actuality of industrial hygienic shortcomings with regard 
to the exposures connected with arc welding, several things contribute to the 
obvious complexity of the situation. First, the quantitative determination 
of some welding gases, such as the several nitrogen oxides and or.ene is far 
more difficult than for many other substances. Second, the coating materials 
applied to welding rocs are so diversified and so rapidly changed as to baffle 
almost any attempt to keep abreast of developments. Third, alloyed steels,

• Chrysler Industrial Hygiene laboratories, 
t Industrial Health Conservancy Laboratories.
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such as nickel-chrome* steel, or metals that have been coated, such as in gal­
vanizing, are introducing now difficulties in connoctiuu with welding opera­
tions. As a result, the attending industrial hygienic situations arc far 
from simple.

In general, the potential sources of injury front arc welding oth'-r than 
from trauma and thermal effects, seemingly may he grouped in the following 
categories:

Oxygen deficiency.
Carbon monoxide.
Nitrous rases.
Ozone.
Metal fume from alloyed steel.
Metal fume from the metal electrodes.
Silica from welding rod coatings.
Harmful substances other than silica in rod coatings.
Injurious substances coated on to the metal being welded
Radiations.
Possibly other gases such as cyanides theoretically produced 

in the electric arc.

From fairly extensive first hand experimental work and medical depart­
ment experience with several hundred welders, we hav<: reached a number 
of conclusions soon to be presented, but unfortunately space does not permit 
adequate presentation ef the evidences upon which these conclusions are 
based. Before entering upon nnv further discussion of some arc welding 
exposures, it is here emphasized that arc welding does not preempt the 
field of possible injuries related to welding and that gas welding in particular 
may provide dangers under fortuitous circumstances.

Brief Review of Our Recent Experimental Work with Bare Iron Electrodes1
In our welding experiments, welding was carried out for six hour-- a 

day, five days a week, in a metal gassing chamber 10x10x10’. In 
experiments, the welder was located on the outside of the chamber perform­
ing welding with arms inserted through portholes. Animals in cages protected 
against ultraviolet light from welding were exposed for six and one-half lu-urs 
daily. The exhaust system of this exposure chamber was dampened to less 
than two changes per hour. The rate of-welding was represented by the 
maximum number of rods that might be burned ir. a unit of time. In one 
experiment with a .voltage of -1-1 and an amperage of 300-330, -53 to 50 bare 
rods wen- burned in 2-5 minutes of every hour, which aggregated approxi­
mately 10 pounds per welding day. In four major experiments, limited to 
uncoatcd welding rods, 250 animals (rabbits and albino rats), including $7 
controls, v.-ero observed over a period of 20 months with the longest experi­
ment continuing 9 weeks (45 exposure days).

These experiments established that nitrous gases (reported as nitrogen 
dioxide [NO..]), increased with every increase in voltage across the arc as 
utilized. At 27 volts (150-200 amp.) the average ppm. were 29; at 31 volts 
(200-225 amp.), 33 ppm.; at 33 volts (250-273 amp.), 40 ppm.; and 44 volts 
(S00-350 amp.), 70 ppm. While the average concentrations found were as 
just indicated, concentrations at times ranged much higher, averaging 97

C4

p A g 3



» ppm. under some conditions with an extreme maximum of a single sample
. of 135 ppm. with a duplicate of 127.
* While suitable tests were marie for carbon monoxide, excess carbon

dioxide, oxygen deficiency, excessive temperatures, chlorine, etc., chief deter- 
i urinations marie were the quantities of nitrogen dioxide, ozone and metallic.
: fume. Nitrogen dioxide was determined through the nitrate method ar.d

samples collected throughout the day, immediately at the cessation of every 
welding cycle, 4", 10" anti 1C" thereafter, that is, in every hour there were 
two Melding cycles, each with welding continuing for 12-14" and sample 
taking from 10-1S". Thus, in a single hour, as many as $ samples for nitro­
gen dioxide alone at times were collected. In -the aggregate, approximately 
2,400 determinations were made for welding gases and fumes.

The quantity of particulate iron present as a fume and arising from 
the arc ranged from 35-395 mgms. per cubic meter of air. The quantity 
of iron fume constituted no measure of the quantity of nitrous gases present. 
Likewise, the quantity of fume stands in no fixed relation to the voltage 
across the arc.

Ozone (Os) both hr.; t.,:v affirmed and denied as existing m the atmos­
phere about the electric arc. In our experience, from 10-32 ppm. were found 
within )” of the arc, 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 being taken during the nam­
ing of the are. Unlike nitrous gases, increase in voltage apparently did not 
create increased quantities of ozone.

No product of this experimental welding, regardless of voltage or of the 
prolonged duration of exposure produced any obvious changes characteristic 
of the action of nitrous gases. With a vosiage of 44, the experimental ani­
mals were exposed for 125 hours to a concentration of 70 ppm. of nitrogen 
dioxide, including S3 hours in the aggregate at S4 ppm. of nitrogen dioxide 
and with the exception of a portion of the first hour of every welding day. no 
exposure to nitrous gases during the 40 days of elapsed time was lower than 
46 ppm.

Jn all experiments, the survivors exceeded 90'< of the animals at the 
beginning oi the exposures, not including those deliberately sacrificed at 
various intervals. Death rates did not exceed those for control groups.

In general, we sought to produce as high quantities of nitrous gases as 
were possible under any conditions resembling practical arc welding. We 
utilized voltages well above those commonly utilized in practical welding. 
We burned rods at a much higher rate than any weldor is likely to do. We 
carried out such experimental welding in a confined "area as represented by 
a thousand cubic feet with only about one change of air per hour. Notwith­
standing, we were unable to produce any gases or fume from bare welding 
rods that brought about any readily observable injurious action on exposed 
animals except for the formation of mc-themoglobir., the significance of 
which is discus-id in a later section.

In view of the significant absence of pathology after several weeks of 
exposure to nitrous gases in excess of those quantities regarded as harmful 
for even brief exposures, \vc are disposed to question the standard* that are 
now widely accepted and promulgated. While a few hours have been spent 
by humans of our own group in the gassing chamber with concentrations of 
nitrous gases at 84 ppm. for 3 hours, 93 ppm. for 40 minutes and 100 ppm. 
for 5 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 action of nitrous {rases originating in arc welding is limited to ani­
mals. Within those- limitations, we are disposed to regard arc welding in 
open areas carried cut with hare mild steel reds on ur.cunted common types 
of steel as little associated with practical dangers from nitrous gases.

Coated Welding Hods
Thus far wc have had opportunity to expose animals to the gases and 

fumes of but one coated welding rod. Tins rod presented the following 
approximate analysis:

Moisture and volatile matter ... 
SiOs ..................................................

CaCd; .............................................
Mgs(PO.,).. (theoretical) ..........

8.14
20.20
43.32
11.00
4.37

13.30

100.13

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 
difficult to establish. The mild steel on which this coating has been applied 
has not been analysed, but it believed to conform, to the common type of 
steel rod with approximately 03^ of iron and the remainder being- made up 
of the following:

Carbon .............
Manganese .....
Silicon ..............
Sulfur ..............
Phosphorus ....

0.18-0.1SC7
0.40-0.G0'f
0.06 f.r
0.01 f,r

0.04 '/<

maximunj
maximum
maximum

This coated rod was burned in simulated welding at a voltage of 45 at 
the rale of 46 rods per welding hour or 23 pounds per day (ignoring rod 
stubs). Forty animals (rabbits and aibino rats) were exposed for 6.5 hours 
daily, 5 days per week, for 45 days. The chief atmospheric determinations 
were for nitrous gases and ozone. At this voltage the bare rods burned at 
the same rate yielded an average concentration of. 70 part* of nitrogen 
dioxide* per million. The arc shielded by the gases from tins particular 
rod led to the formation of considerably less nitrogen dioxide, the average 
quantity being 33 ppm. It appears to be generally true that the shielded arc 
is associated wit)) the formation of smaller quantities of nitrous gases. 
Insofar as nitrous gases are the offending agents in arc welding, a prefer­
ence may hr- expressed for the coated welding rod. * .

At this time, unusual interest exists in the nature of the coating mater­
ials for welding rod?. Many partial analyses have been published, but some 
of these are highly confusing since the finding? on addition may tctal from 
40 to l-JO'h. The chemical nature of many rod? 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, asbestos, 
other inorganic silicate?, organic silicates, titanium, calcium, magnesium, 
manganese, fluorine, aluminum, cnlmnbimn, nickel, iron, barium, chromium.



constituent? enter into the rod, it is generally conceived that they serve some 
of the following purpose?-.

3. To provide a slag coating of the metal weld during the period 
of freezing.

2. To furnish alloy material not present in the metal core in the 
rod in order that the we'd itself may conform to the original 
metal.

y. To confine or stabilize the arc itself so that the size of the arc 
is within reason constant and the flow of electric power essen­
tially uniform.

4. It is usually stated that the shielded arc excludes atmospheric 
nitrogen and oxygen. This possibly may be doubted and in­
stead, possibly the shielded arc alters the action of ultraviolet 
rays upon the atmospheric gases.

To meet these various purposes served by the rod coating, highly differ­
ent substances enter into the coating mixture. Thus, t<> produce visible cloud 
about the arc, there may be present such ingredients as cotton lint, paper, 
powdered coke, etc. For the protecting slag layer immediately over t~A ••• 
ing point, inorganic substances chiefly are used including borates, barium, 
calcium, aluminum and manganese compounds along with many others. In 
order to make up the deficiencies <•: the welding rod itself in relation to the 
metal to be welded, manganese. chromium, lead may enter into the coating 
itself. Lastly, it is necessary to bind these ingredients on to the rod. which 
calls for another class of mater?::!?, some of which in addition to being 
binders are gas generators. The number includes asphalt, resin, casein, 
ethyl silicate, sodium silicate, etc.

By way of practical objections to the u?e of heavily coated rods, welders 
have indicated that it i< difficult to (1) observe tbe weld being made because 
of the overlying slag: (2) the cleaning of welds made with heavy coated 
rods is mere difficult than, the t are rod; (3) the increased visible clouds 
from the coated rods are disturbing and unwanted.

A somewhat representative analysis of the coating for rustless steel 
rods is the following:

Organic materia!' ................................. 19.2 75
Silica (SiO..) .........................................  22.02'1
Fluorine..................................................... 14.4 %
Calcium oxide and carbonate ............ 30.1 %
Iron oxide ...........  1.7 %
Manganese oxide ................................. 2.46Ct-
Aluminum ox id.? ...........................'•.......- 11.1 %

100.9371

An analysis of a similar coating material for high chromium nickel rods 
as furnished by Captain Brown, the next speaker, is as follows:

Lime ................................................ .......... 30-3575’
Sodium fluoride ......................... .......... 30-35%
Ferromanganese ......................... .......... 6- 7%
Silica ................................................ ......... 6- 7%
Sodium silicate ............................ .......... 11%
Cellulose ........................................ .......... 4%

C7
± 100 %

ru>
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From the same source were obtained analyses of coatings for carbon 
steel rods:

Cellulose ........................ ............................. SO'k
Asbestos ...................................................... !5'A
Ferromanganese ......... .............................. 12(V
Titanium dioxide ......... ............................ 12','
Sodium silicate ............. ............................ 30 r<

99r/(

Lime ................................ ...................... 5- 6'.;
Iron oxide ..................... ....................... 20-25(1
Ferromanganese .......... ...................... lo-20'A
Asbestos ........................ ....................... S*A
Feldspar (silicate) ............................. 30fr
Sodium silicate .................................... Wr
Pyrolusite (MnO..) .......................... B'A

rh 3005!

While many of the varied substances that enter into the coating of 
welding rods well may be looked upon with suspicion as sources of injury to 
welders, our personal observations and conclusions arc restricted to sour 
items related to only one typo of coated welding rod, namely:

1. The shielded arc apparently diminishes the quantity of nitrous 
gases.

2. Significant weight and growth deviations 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 ir.traperi- 
tonea! injections.

4. Methemoglohin is produced in the blood of animals exposed to 
the products of welding with coated rods. (This statement does 
not imply that methemoglohin 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.

Methemoglohin
Methemoglohin and methemoglobinemia long have been associated 

with nitrous gases ar.d at least casually with welding.
In our early experiments, no opportunity arose for any blood counts 

or methemoglohin determinations. In the sixth of the series of exper­
iments already mentioned, mvtkemoglobin determinations were made with 
the Pulfrich-Zeiss photometer, standardized respectively for male and 
female rats and rabbits, at the end of 45 days of exposure when the con­
centration of nitrous gases averaged 25 ppm. and when the voltage utilized 
was 45 (300-350 amp.) Table I presents the quantities of methemogbbirt 
found in 10 mate rats, together with results one week after the cessation of 
exposure. However, on other occasions, subsequent to exposure, the per­
centages of methemoglohin were in some instances higher, hut always within 
the limits of experimental error. At the time the experimental animals wore
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TABLE I

METilEMOGI.OBIN IN MALE BATS

Percentage Methemoglobm

Rat

Identification

£.13-40

After 45 Exposure
Days (63 Elapsed Days) 

to 25 ppm. NO., 
from Coated Rods

8-20-40

Seven Days After
Last Exposure Date

1955 21.7 2.7

1953 17.5 1.5

1950 10.4 2.5

197S 14.7 4.2

1957 11.5 3.8

1969 10.0 4.2

1936 16.3 0.0

1992 10.4 0.7

loss. 13.0 3.1

1963 1S.7 2.3

Controls —

Rat
Identification Percentage Methemcglobin

1945 0.0 (S-13-40) 4.2 (8-27-40)

19S5 0.0 (S-13-40) 3.5 (8-20-40)
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tested (8-13-10) two control male rats presented no measurable trace of 
methemogbjbin, but on other occasions methemoglobin has boon delected sit 
control rats up t<* a maximum of 4.2. However, this figure embraces the 
probable error circa g:2'/e.

The assumption was that the occurrence »>f methemoglobin was in nowise 
peculiarly associated with coated welding: rods, which caused us to repeat 
for a few davs an earlier experiment with bare rods usin': a vokage of -lo. 
Table II presents methemoglobin percentages just prior to exposure, at the 
end of one day of exposure, and three days niter the cessation of a throe day 
welding period. Although the results shown ure sometimes within the 
limits of experimental error, the uniformity of results suggests that one day 
of exposure may increase the blood content of methemoglobin, which quickly 
disappears by the end of the third day after exposure. During this period 
the average quantity of nitrous gases was 70 ppm.

In the case of four welders, samples of blood collected during the period 
of welding work revealed respectively 2.5, 2.3, 2.3 and 2.C per cent of moth- 
emoglobin. One human control yielded no motkemoglobin at thi< time. 0: 
13 determinations for nitrous gases made in connection with the possible 
exposure of these welders, the highest was 13.3 ppm. of nitrogen dioxide ir. 
a sample collected from an automobile* body ir. the course of construction.

The inference is that some mothemoglobin formation is a common result 
from mild exposures to welding gases. This statement scarcely applies to 
experimental rabbits, which animal appears to be more resistant to nc-tho- 
jnoglobin formation.-' Should the need arise, it may prove possible to utilize 
the occurrence of methemoglobinemia as qualitative proof of exposure to 
welding gases. In the aljser.ee of other sources of methemoglobin causation, 
the presence of any considerable quantity of this substance in an arc or gas 
welder suggests exposure.

The nature and physiologic significance of methemoglobin in the blood 
is far from clear. In congenital or familial methemoglobinemia, as much .as 
•lOOf3-1* has been reported as continuous and little associated with any evi­
dences of ill effects. However, in many publications dealing with clinical 
methemoglobinemia, the method of demonstrating the quantity present may 
be open to question. It has been stated that methemoglobinemia up to 
60f,(9c of saturation is compatible with life. Other publications indicate 
that the behavior cf the body in the presence of methemoglobinemia con­
forms in general to the pattern that governs carbon monoxide hemoglobin.7- 
8.0,10.11.12.ia.ll.15

It is frequently asserted that methemoglobin is a precise antagonist to 
cyanide action and that its presence in the blood in cases cf cyanide poison­
ing is a fortunate occurrence. It has been claimed that methylene blue as 
a treatment for cyanide poisoning is efficacious from its consort.-.-; of methe­
moglobinemia, which substance in turn combines with the cyanides with 
resulting body protection through, the prevention of internal asphyxiation. 
Thus if it be true that some cyanides may be produced in connection with 
arc welding, the presence of some methemoglobin may serve, a beneficent 
rather than detrimental purpose. Granting some possibility of an anti-toxic 
action of methemoglobin under some circumstances, it may not be inferred 
that the oxygen requirements of the tissues of the body may bo met in the 
presence of any high percentage of methemoglobin, since the combination of 
methemoglobin and oxygen provides little or no available oxygen for tissue 
use. It is hero emphasized that the present state of evidence is far from 
conclusive.10-17-1*
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TABLE II

METIlEMOGLOllIN IN' MALE HATS

Percentage Methemojio^in

Rat

Identification
S>4.<0

Prior to 
Exposure

9-4-40

(3 o’clock) 
After 1 Day of 

Exposure 
to 70 ppm. NO; 
from Dare Rods

9-0-40

(3 o’clock) 
After 3 Days 

Exposure 
to 70 ppm. NO. 
front Bare Rods

3 Days After 
Cessation of 

Exposure

2078 0.5 2.4 2.3 0.0

2069 2.0 3.8 2.4 0.0

2032 0.6 3.0 3.5 0.0

2065 0.0 2.1 3.1 0.0

2034 0.0 1.0 3.6 0.1

2071 0.4 0.0 3.1 0.2

Controls

Rat
Identification ]

I

Percentage f«< thenicglobin

1
1961 0.5

2069 0.0

2053 1.5

1981 1.8
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Intraporiloin-al Injection with Welding Oust after Welding with Silica-
Containing Coated Km!.-:.
Large numbers of coated tods contain silica or silicates. The prime use 

of silicate.' is as a binder for other coating materials. Organic silicates arc- 
used for this same purpose, but tin's use is limited. The high temperatures 
(circa 0,500* F.) of the electric arc may convert the greater portion of 
combined silicon to silica. In the analysis of rod coating materials used in 
one of our series of experiments, the SKh. ranged between 17 and 20'.}. It 
has been continued that from the burning of a single 11", 5.02*' coated vc-d 
more than 150 mgms. of fine particulate matter is introduced into the atmos­
phere. While this figure 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 2iV; of free silica of the total weight 
of the electrode of the one rod utilized by us, we collected with the electrical 
precipitator sufficient quantities of this dust for intraperitonea! injections. 
On analysis, this dust proved to have a content of only $'< silica, a larger 
percentage consisting of iron dust from the mild steel rod on which, the coat­
ing was implanted. This materia! in 0.2 gram amounts su-; ....ltd In s^ir.e 
solution was introduced intraperitoneally into six rats, using the technique 
described by Miller and Sayers,r‘ and extensively used by us in other experi­
ments.-0--1 For comparative purposes, injections were made of similar 
quantities of free silica, iron oxide and sa'iino solution. Between the Gi'th 
and 70th day, these animals were sacrificed and examined. The silica used 
for control purposes created the expectable typical proliferative noduiation, 
the iron oxide induced only an inert reaction with deposits on the anterior 
peritoneal surface in the omentum, on the genitalia, c-tc.; the collected weld­
ing dust proved to exert only an inert reaction closely resembling that from 
the iron oxide. There was no suggestion of proliferation. It was tcndY.de-.! 
that dusts from coated rods containing silica cr silicates, r.f the type used 
in our experiment*, arc- unlikely to constitute any practical threat o; silicosis.

Welding on Steel Alloys and Welding Rods of Other than Mild Steel
In arc welding, it is frequently but not nccer-sarily desirable that the 

constituents of the welding rod conform to that of the materials being 
welded, that is, both the metal being welded and the rods themselves may 
give rise to greater opportunity for injury to welders than in the vase of 
essentially pure steel welded with mild steel rods. In addition to alloyed 
stcc-1, the same type of problem may arise if the metal to be welded pre­
viously has been coated, such as in galvanizing. The outstanding example 
of the adjustment of welding rods to an "alloyed steel is to be tVurd in. the 
relatively high percentage of chromium and nickel in welding rods for use 
on rust-proof steel. Such a rod may present the following approximate 
analysis;

Carbon .......................... 0.05 r.<
Manganese ................... 1.1 Cr
Phosphorus ................. 0.031
Sulfur ........................... 0.09 ?r
Silicon ........................... 0.43 ck
Nickel ........................... 9.1 ?e
Chromium ..................... 39.7 Vt
Copper .......................... 0.0G 9c
Vanadium ..................... 0.03 To
Remainder Iron 
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A type of welding rod widely used in welds on cast iron is represented
},v the following;

Carbon .......................... 0.11 '/<
Manganese .................. 1.70 'i
Phosphorus ................. 0.03 'i
Sulfur ........................... O.OlS'i
Nickel ........................... 5.s..vj
Cobalt ........................... 8S.5 f/r
*r°n ............................... 1.2 Vr

ioo.s

An analysis of another rod designed for use on chrome-nickel steed has
been borrowed from the work of Captain Brown:

Carbon ......................... 0.00 rt
.............. 3.64

Sulfur ........................... o.oosr<
Silicon ........................... 0.32 */<
Nickel ........................... 2i.i4
Chromium .................... 26.01 rt
Remainder Iron

In view of the high temperature of the welding arc, almost any con­
stituent of the metal heir.® welded or the welding rod, to say nothing of its 
coating, may he introduced into the atmosphere to some degree. Among 
other possibilities are zinc, cadmium, manganese, chromium, nickel, cupper, 
molybdenum, iron, arsenic, aluminum, phosphorus, selenium, silicon, titan­
ium, vanadium and tungsten. Without intending to culpalc any of these 
metals or in the case of coatings, non-metal material, it is pointed out as 
obvious that many of these substances are dangerous and that some of them 
are yj’cscnt in the atmosphere about welding operations in quantities suffi­
cient to induce harm.-- Thus when welding is carried out upon galvanized 
steel more than 75'r of the fume may consist of zinc oxide. In general it 
is believed that in {ids domain may be found the truly disturbing situations 
connected-with arc welding. Already some complaints are arising over the 
possibilities of chromium from chrome-nickel steel; load may be measured 
in the atmosphere near to welding on leaded steels.However, ns yc-t there 
is no reliable case record clearly associating injury with either of these 
metals in welding. A few deaths have been connected with welding on gal­
vanized steel, but to associate these deaths directly with the galvanizing or 
any other individual aspect of wedding certainly is not warranted at this 
time.

Practical Applications and Implications

1. In our experience and from our appraisal of the literature, it does 
not appear that the health of are welders as a class may be set apart as 
especially ditl'erent to metal workers in general. Although occasional 
records of deaths appear associated with some aspect of welding as the 
cause, wo have no evidence of any prevailing diseases characteristic of the 
work of the arc welder (radiation c.Teets excepted).

2. In our experimental studies, with the rate of rod burning much 
higher than in practical welding, and with welding confined to a compara­
tively small chamber of 1,000 cubic feet, with sit times only one air change
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per hour, we have not been able to find any suggestion of oxygen deficiency.

3. The much discussed point of ozone formation in the welding arc 
has in our experience resolved itself as follows:

Much ozor.e {50-32 ppm.) is produced immediately in the are, but 
Quickly is diminished (1-9 ppm.) a few inches (•!") away from the arc and in 
the center of the chamber the residual is not more than 1 ppm. of ozone. 
Although this exceeds the somewhat accepted threshold of injury of 0.-1 
ppm., no injury front this gas has been determined by us.

4. Nun/ reus tests for carbon-monoxide have been made under various 
conditions—aiways without any significant results.

5. Other things being equal, low voltage and amperage are desirable 
in arc welding, since it appears to be true that low voltage is conducive to 
the low formation of nitrous gases.

6. Our best efforts to produce from arc welding sufficiently high con­
centrations of nitrous gases to induce injury to animal? after long exposure 
were not successful. Practical arc welding in open areas seldom '*->./<£ to 
higher concentrations of -..luous gn*os than 20 ppm,

7. It is cur observation that concentrations of nitrous gases near the 
widely accepted threshold of 30 ppm. are Quite harmless to laboratory ani­
mals after prolonged exposure and furtimr that double this Quantity 
prolonged exposures and treble this quantity for limiud exposures like-vise 
are without discernible ill c-fic-cts nn animals. Human beings exposed to such 
quantities as 8-1 to 103 ppm. of nitrous oxides for a few hours (three) suf­
fered no ill consequences.

S. We possess some evidence that methomoglohin is formed both in 
laboratory animals and human beings exposed to welding gases, but the 
quantity of this methomoglor.in appears to be without injurious propensities 
and further there is theoretical evidence that comparatively low percentages 
of methcmoglobin in the blood may under some circumstances serve benef­
icently.

9. Limited experimental observation is unfavorable to any belief that 
silicosis may be brought about from silica dust exposures incident to arc 
welding.

10. The heavy iron content of the air incident to animal exposure in 
welding has not been shown, from clinical, x-ray and autopsy observations, 
to produce any injury beyond pigmentation..

31. Apparently coated rods are to be favored over bare rods insofar 
as the production of nitrous gases is concerned.

12. Finally, in appraising arc welding as an industrial procedure 
essential to national defense and with particular reference to hygienic prob­
lems we at least are convinced that some over-emphasis in the past may 
have been placed on the significance of nitrous gases, carbon monoxide, ozone 
and iron fume. To the contrary, if there be practical hygienic problems 
related to are welding (in addition to the obvious ultra-violet emanations) 
these may be expected in the little explored field o: the constituents of coat­
ings on rods, coalings on metals, and special constituents of the metal weld­
ing rod or the metals being wvkled.
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PROFESSOR DRINKER: Wc welcome any discussion on this paper or 

questions to I)r. McCord.

DR. SANDER: I should like to ask Dr. McCord what he meant hy the 
possible protective action of mcthcmnglnhiu formation.

DR. McOOKD: 1 am very glad to go into that, hut I do want to confess 
that nobody can he sure of that situation and instead of relying upon my own 
offhand comment here I wish to refer to my notes in that connection.

In the first place, methemoglobin may not be highly dangerous in itself. 
There are several eases on record of familial met hemoglobin anemia which, 
according to methods that were used for testing, .and some cf those may be 
doubted, yielded u;» 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 methemnglobln contin­
ually present has been on the order of twenty or thirty per cent.

From the work on methylene blue in the treatment of cyanide poisoning 
and that type of pul.-w.uny, it apparently ha* been established or may be 
established that the only good or the chief good that the methylene blue 
does is to form mothemoglobin, and the methemoglobin in turn acts as a 
direct antagonist to the cyanides.

We have no proof yet that cyanides or nitriles, which are about the 
same, are produced in connection with welding, but wc have some vague 
belief that such is the case. On the assumption that these cyanides or 
nitriles may arise we believe that they might be overcome or destroyed 
because of their combination with or because of an antagonistic action of 
mcthcmoglobiu, which apparently readily combines with cyanides and that 
type of chemical in the body.

PROFESSOR DRINICKP.: One of the largest, if not the largest, em­
ployers in the country today, in the- factory sense, is the United States Navy. 
The Army will shortly he, if it is not already, in just about the same cate­
gory. In the production program and the accomplishment of our dosiiv to 
have a two ocean navy, our navy yard* have necessarily become enormous 
producers and enormous employers of labor. Their industrial hygiene prob­
lems are therefore just those that would be created by such a huge expan­
sion necessarily made without as much time and preparation as we would like.

I personally have had the pleasure of knowing the next speaker. Cap­
tain Brown, for a number of years. In industrial hygiene matters I first 
met him in connection with the dismantling of ships and the industrial 
hygiene problem that that created. Now he-is in charge of the medical 
aspects of one of the largest yards in the world.

It is a great pleasure to us to have here today Captain Ernest W. Brown, 
of the Medical Corps of the'United States Navy.
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INDUSTRIAL HYGIENE AND THU NAVY 

IN NA'HOXAL DEFENSE

CAPTAIN ERNEST W. BROWN <MC), U. S. NT.

j. Introduction
Oiu- of the most important concerns of the Medical Department of the 

Navy today is Indus-trial hygiene and especially in Navy Yard practice. This 
is ft situation of ever increasing moment in view of the present era of enor­
mous expansion in naval construction, unparalleled in the history of this 
country. Tins is bringing about a vast increase in the industrial force of 
our Navy Yards and, in all probability, new problems in industrial hygiene 
will emerge, 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 basis to govern­
ment and commercial >•!»>•/?« t* follows that the commercial establishments 
arc also undergoing rapid development with an enormous rise in industrial 
personnel. They will therefore he confronted with the problems of industrial 
hygiene similar to many of those arising in Navy Yards.

Industrial hygiene is a field which is now undergoing rapid development. 
This appears to be due to certain significant trends, the most important of 
which has been the recent setting up of many Industrial Hygiene Units 
in state or city Departments of Health through funds released by the pas­
sage of the Social Security Act. These trends, in fact, particularly that 
just mentioned, reflect a definite renaissance of industrial hygiene as a phase 
of public health in the United States.

This movement is receiving increasing recognition in naval industrial 
circles, and industrial hygiene is now listed as a specially of the naval medi­
cal officer along with other specialties outside of the purely clinical fields, 
such as aviation medicine, submarine medicine, chemical warfare medi­
cine, etc.

Those just mentioned, however, arc concerned primarily with naval 
personnel. Industrial hygiene, on the other hand, is largely occupied with, 
fedora! industrial personnel. It therefore follows that the status of the 
Senior Medical Officer ox a major Navy Yard ir. relation to the Industrial 
Department is analogous in many respects to that of the Medical Director 
of a large commercial industrial plant. The object of this paper is to pre­
sent an outline of the administration of industrial hygiene in Navy Yards 
which are the chief industrial units of the Navy.

Mention should be made in this connection of the Sub-committee on 
Industrial Hygiene of the Health and Medical Committee of the Xntiorsl 
Defense Council which has recently been established. The Surgeon General 
of the Navy is represented by liaison officers in conjunction with this Sub­
committee. Important recommendations pertinent to the Navy and indus­
trial health will result and many of them will undoubtedly be put in effect.

The term, industrial hygiene, as applied in the present discussion, is used 
in the specific sense of the prevention and comro! of occupational disease. 
The fact may be of interest that the first compensation law for occupational' 
diseases in this country was or.e passc-d in 1905 by Congress for U. S. Civil 
Service employees. Compensation laws for industrial diseases have lagged 
far behind legislation covering accidents. Only 16 states of the Union pro-
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vidcri compensation for one or more occupational diseases up to the year 1937, 
although all but two provided legislation for accidental injuries;

2. The Industrial Organization of Navy Yards

The mission of n Navy Yard is primarily the construction, maintenance 
and repairof naval vessel--. Tlie central administration of Navy Yards, and 
in fact, of all industrial shore stations of the Navy, is vested in the Assistant 
Secretary of the Navy, in whose oiiice is the Shoru Establishments Division 
of the Navy Department.

There are eleven Navy Yards located as follows: Portsmouth, N. H.; 
Boston; New York City; Philadelphia; Washington, D. C.; Norfolk, Yn.; 
Charleston, S. C.; Mare Island. Calif.; Puget Sound, Wash..; Pearl Harbor, 
Hawaii; and Cavite in the Philippines.

In addition, mention should also be made of the following specialized in­
dustrial plants: for the building of submarines at Portsmouth, N. II. and Mare 
Island, Calif.; the Naval Gun Factory at the Navy Yard, Washington, D. C., 
for the production of !.!*.• caliber naval guns, torpedo tubes and uu«s,u'ios; 
the torpedo factories at Newport, It. I., and Alexandria, Yu., for the manu­
facture of torpedoes; the powder plant at Indian Head, Md., for the produc­
tion of Navy smokeless powder; the aircraft factory at Philadelphia for 
experimental air craft construction and repair; the naval armor plant at 
Charleston, W. Ya.; 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 ns typical of a major yard. It falls 
under two departments, 5. <*., the Industrial Department headed by a naval 
captain of the engiu-.-iri:.-..* branch and an Operations or Military Depart­
ment under the dkv.'tion of a naval line captain. As a conservative esti­
mate it may be slated that SO1".- of the activities of a Navy Yard are 
industrial.

Under tlie Industrial Manager there are at present twenty-three shops 
of different types with a force per shop varying from DO 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 20,000 in 3 9-11.

3. Extent of the Civilian Industrial Force of the Navy

The combined industrial force of all Navy Yards is now approximately 
100,000. In view of the pending program of naval construction it is esti­
mated that this will reach 130,000 in 1041. If inclusive of all shore stations 
this would probably be close to 160,000.

In addition to the industrial force of Navy Yards we should also con­
sider the employee volume in the* commercial naval shin building plants such 
as the Newport News and Dry Dock Co., the New York Shipbuilding Corpor­
ation at Camden, N. <3.. ar.d the Bethlehem concern at Quincy, Mass., which 
now employ from 12.000 to 15,000 men each. It is a conservative estimate 
that the combined industrial personnel of all such plants on both east and 
west coasts will reach a peak of over 100,000.

4. Organization of the Medical Department of a Navy Yard
The medical staff of the New York Yard consists of 10 medical officers, 

5 dental officers, 1 nurse, 45 enlisted men and 2 civilian clerks. The chief 
activities with reference to industrial pet sound may be summarized as fol-
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lows: (a) Pre-employment physical examinations: all applicants for federal 
jobs ore examined physically, although the standards for acceptance vary 
to some extent for different occupations, (b) Periodic physical examina­
tions: these, of course, are conducted with the object of medical supervision 
of certain groupsof employees exposed to definite potential health hazards, 
as foundrymen and spray painters, (c) Physical examination of federal 
employees for retirement: this is. for evaluation of decree of disability and 
opinion as to disposition when total disability is alleged, (d) Diagnosis, 
treatment and disposition of indu>tml injuries and occupational diseases, 
(c) Administration of compensation cases, (f) Industrial hygiene and plant 
sanitation.

5. The Industrial Medical Oflicer
An oflicer of the medical staff of the Navy Yard is specifically detailed 

for industrial hygiene administration subject to the direction of the Senior 
Medical Officer. The accompanying slide outlines the scope of his activities.

(a) Advisor ?» the £Ufv..« Engineer: The adequate practice of industrial 
hygiene in Navy Yards, as in civil industry, is dependent 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.

(bj Inspections: The industrial medical officer is responsible for the 
general supervision of plant sanitation, i. e., ventilation., illumination, water 
supply, general cleanliness, adequacy and condition of sanitary facilities, etc. 
He also conducts shop inspections for occupational health hazards and their 
measures of control.

He cannot expect to evaluate working conditions and thereby detect 
occupational health hazards early unless he makes periodic inspections 
through the plant. In this way he can observe the adequacy of existing 
measures against specific hazard? and whether such methods arc 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 employees.

(c) Supervision of Special Physical Examinations: pre-employment cares
when the applicant reports previous exposure to potential industrial health 
hazards such as lead fumes or foundry dust; periodic examinations of groups 
exposed to such, potential occupational hazards, as spray painters and sand­
blasters; examination of cases referred for transfer to other simps where 
there is a question of occupational disability; clinical studies for a decision 
as to industrial origin in obscure cases. **•

(d) Medical surveys of occupational groups; this will be discussed later.
. (e) Administration of the medical aspects of compensation claimed for

occupational disease pending before the U. S. Employees Compensation Com­
mission.

<f) Supervision of preparation of accident and occupational disease 
reports for the Navy Department.

6. The Safety Engineer
A civilian Safety Engineer is stationed at the Navy Department as the 

advisor to the head of the Shore Establishments Division. A naval officer 
is assigned to each Navy Yard as the safety engineer.

(1) Accident and unsafe practice control: Safety engineering is one of
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the divisions of the Navy Yard organization.-. The Safety Engineer conducts 
an investigation of all lost-time accidents -with a view to fixing the cause 
and advisime a> to measures to prevent their recurrence. The basic features 
of approach to the safety problem in Xavy Yards are provision of safety 
devices, such as mechanical guarding, and the safety education of workmen 
and their supervisors.

Another important aspect is the competitive approach which lias proved 
very effective in stimulating interest in accident prevention. The Navy 
Department publishes the comparative safety scores of all Navy Yards 
monthly.

The accompanying slide emphasizes the advance made by the Navy 
Department in accident reduction beginning with an intensive safety cam­
paign in Navy Yards in 102i>. We find the frequency accident rate lowered 
from 20 to practically 10 per year in a 32 year period; the severity rate 
reduced from 2.2 per year to 0.f>. On the other hand it will be noted that the 
total man hours worked during the period increased to 115 million from 65 
million per year, the average number of emplovees rising iron; approxi­
mately 30,000 to 06,000.

(2) Occupational iieaitn Control: The control of occupational disease in 
Navy Yards naturally lies within the sphere of both the safety engineer 
and the industrial medical officer. Although the safety engineer is adminis­
tratively charged with this task, the medical officer is actually coordinate 
with him in this phase.

As a matter of fact, the medical officer is the key man in the prevention 
of industrial disease in Navy Yards, in that lie usually discovers its exis­
tence. The diagnosis having been made, the occupational history and the 
pre-employrnent examination record are carefully reviewed in order to reach 
a decision, if possible, whether the hazard can be traced to present or past 
employment. If a*cribed to, or aggravated by environmental condition®, the 
medical officer confers with the Safety Engineer and an industrial hygiene 
survey is usually recommended to the Commandant.

7. The Industrial Hygiene Survey

Such a survey is of course a combined medical and engineering task.

(a) The Medical Survey.
This consists of a complete clinical study with detailed occupational 

histories of .all exposed personnel as a case finding procedure under the 
supervision of the industrial medical officer. Although not directly responsi­
ble beyond the matter of the medical survey, it is important that the medical 
officer have a reasonable grasp of the entire problem so that he will be in a 
position to utilise all data that have any bearing on the interpretation of his 
medical finding-. In addition, ho may act in an advisory capacity to the 
safety engineer with respect to certain technical phase’s in the planning and 
conduct ox the engineering aspects of the surrey.

(b) The Engineering Survey.
The engineering phases of an industrial hygiene survey in a Navy Yard 

fall, naturally, under the direction of the safety engineer. As ir. a commer­
cial industry, this embraces essentially a complete story of the occupational 
duties, physical condition? of work, and the matviinis, processes, and equip­
ment of the individual shop, in other words, the environmental conditions.

Laboratory facilities: There arc no facilities provided for technical
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.studies the Navy Yard organization and there is no central laboratory 
imit in Washington which could supply industrial hygienists for hold studio, 
•jjjis is an urgent m-cd arid recommendations have recently been made to the 
end of setting up such an agency.

The Department has been most fortunate in the past in securing the 
services of the Division of Industrial Hygiene of the Public Health Service 
to conduct such technical studies much in the same way that industries in the 
-slates utilize tlu* facilities of State bureaus of Industrial Hygiene.

The safety engineer formulates the control program of the health ha?., 
aid on the basis of the data of the survey. After all. once the etiology ij 
disclosed prevention of occupational disease is largely an engineering 
problem,

8. The Reporting of Industrial Accidents and Illnesses

An important advance in accident prevention by the Navy was initiated 
on July 1st of this year when the Secretary directed that a report of each, 
accident and illness, be4'-' ‘'lost-time'’ and ‘T.o lost-time,” occurring among 
civil personnel of Navy Shore Establishments be made to the Bureau of 
Medicine and Surgery. The report of each accident is submitted on a form, 
known as F-C, shown in the accompanying slide. This presents the diag­
nosis of the injury and the essential detail.-; as to the cause. Punch cards arc- 
made up from these records for mechanical tabulating and indexing through 
a sorting machine. This provides facilities for the statistical analysis c: 
these accidents and diseases, and the data obtained promise to bo a far- 
reaching contribution to the subject of accident control. Prior to this system 
a crude form of accident reporting to the Department was in effect but it 
was not adapted to statistical analysis.

9. Occupational Health Hazards in Navy Yards

The chief potential occupational health hazards in Navy Yhu-ds will now 
be considered, the data being based chiefly on reports to the U. S. Employ, 
ecs Compensation Commission over a series of years. It hardly requir-s 
emphasis that industrial medical officers must he constantly on the alert tor 
new hazards.

(1) Dust Diseases.
(a) Silicosis: Important units of all Navy Yards are iron, steel 

and brass foundries.
The dust control problem is a major concern,;n these plants as in civil 

industry.
One of the difr.culties met with in combating the foundry dust problem 

in navy yards is the fact that silicosis dust is not particularly irritating or 
obnoxious in concentrations which may ultimately lead to pulmonary dam­
age. As a result we find a tendency to an indifference on the part of the 
workers and even supervisors and executives, which must be overcome in 
order to accomplish ofToctive and permanent dust control. Another reason 
for this attitude is the long period of time necessary for those foundry work­
ers exposed to only moderate concentrations of dust, such as molders, to 
develop silicosis.

A medical survey of the foundries of the Navy Yard, Washington, D. C., 
was conducted by the sneaker in 1039: of 525 men x-rayed, approximately 
Q07t had a record of 10 years or over; and Soft a record of 20 years or over
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of total foundry employment. Twelve eases of silicosis were found or 2.4'£ 
of the total--all in Stage I or Hr these data Lading to recommendations for 
improved dust control methods.

Industrial hygiene surveys in foundries other than the Washington Navy 
Yard have not as yet been carried out but would, in all probability, disclose 
a certain incidence of silicosis, even if not of di*abli;ig type.

The medical control of silicosis in the naval establishment consists of an 
x-ray of the chest before employment and an annual radiograph of all men 
exposed to the higher silica dust concentrations such as sandblasters and 
shake-out men. It is believed that medical surveys of foundries in all Navy 
Yards will soon be required.

(b) Asbestosis.
This is a potential occupational disease hazard from the inhalation of 

asbestos dust among workers engaged in the manufacture of asbestos insu­
lating covers for flanges, valves and high temperature steam turbines.

The speaker recently conducted a medical survey of the workers of the 
Pipe Insulating Shop cf the New York Yard inclusive of x-ray . ♦ho
maximum working period of exposure being 1“ years. No asbestosis cases 
were found. Similar findings have been reported from two other yards but 
the study should be extended to all men in this trade.

Medical control consists of an x-ray of the lungs annually. The asbestos 
is moistened and localized exhaust ventilation is installed over the work area. 
A respirator is worn during the dustiest aspect of the process.

(2) Lead and Lead Compounds.
Lead poisoning lias become comparatively infrequent in recent years 

both among industrial and service naval personnel; apparently due in part 
to changes in materials and methods, and partly to improved measures 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 
exteriors hut the finishing coals contain either no lead or a greatly reduced 
proportion. All painters regularly handling lead-containing paint are exam­
ined semi-annually for evidences of lead absorption.

(3) Volatile Organic Solvents.
Lacquer spray painting occurs .on an extensive scale in Navy Yards and 

therefore demands rigid medical supervision. Another important applica­
tion is in degreasing measure.'. A)! spray lacquer personnel are subject to 
semi-annual physical examination.

(4) X-ray and P.adium Hazards.
The x-ray and radium are continually utilized for the detection of flaws 

in castings a ml pipe welded joints for high pressure steam installations. 
Radium has an advantage in the small size cf the equipment in that it is 
adapted to tests ir. the confined machinery space? of ships.

The question of protection from irradiation of the operating and other 
personnel working in the vicinity of the apparatus has received thorough 
study, the practice of the Bureau of Standard* being generally followed. 
Complete blood counts of ail technicians are conducted quarterly and special 
pre-employment examinations are prescribed.

Another potential hazard of radium is that of ingestion incident to 
radium painting of luminous dials, more especially for fire control instru-



mcnU and aircraft. The control measures advised by the Public Health 
Service are generally in force, plus certain local regulations.

(5) Welding.
The hygienic supervision of welders is another outstanding feature of 

medical responsibility. Approximately 2,50u welders were on the rolls of 
tho combined shore establishments as of January 1, 1040, including C53 at 
Mew York. This number has progressively increased and will continue 
to rise.

The immense volume of work in confined spaces is characteristic of 
naval welding. A battleship of 35,000 tons displacement under construction 
contains approximately 500 compartments in which electric welding is 
mandatory, certain of these spaces being extremely small and forcing the 
welder to work in very cramped positions. These conditions complicate the 
question of effective preventive control of the hazards.

• The chief hazards which have to be considered at present are “nitrous 
fume” poisoning, zinc fume fever, as it is popularly termed, and actinic 
ophthalmia from ultraviolet radiation of the welding arc. “Nitrous fume” 
poisoning, while comparative!., *a«v, is a serious condition.

No accent need be placed on the fact that those injuries would be still 
further reduced in number if the control measures provided were properly 
utilized. It may be of interest to note that of SIT cases of actinic ophthalmia 
reported at the New York Yard in 0 months of the current y«.-ar, only 2Cf.t 
occurred among welders; the remaining SO'! among men exposed in spaces 
adjacent to the welding arc hut not utilizing available protective guggles.

Chronic poisoning among naval welders front manganese, fiuc-rides or 
silicon, which might be ascribed to inhalation of these metallic or mineral 
oxides in the welding fumes originating in the rod coatings, has not been 
reported. Such a possibility, of course, canned be denied. The limitation 
of time prevents mention of additional hazards.

10. Annual Examination of Crane Operators, Er.ginemcn (Hoisting and
Portable) and Locomotive Engineers
These classes of workers are physically examined annually with special 

emphasis on Wvod 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 in addition, damage to material. If 
corrective measures are impracticable the worker is retired or transferred 
to some other type of employment for which he may be suitable. A crane 
operator, for instance, presenting a marked hypertension.' would be referred 
to his private physician and transferred to other duties.

11. Time Loss from Industrial versus Non-industrial Disabilities
In a limited study of J 1C industrial companies in various parts of the 

United States conducted by the Amerienn College o: Surgeons a few years 
age, it was found that the time loss from r.on-industria! types of illness was 
approximately 15 times that industrially connected. The-speaker in his 
capacity as Senior Medical Officer of the Washington Nr.vv Yard made the 
following observations for the calendar year 1?.?.^: Total industrial force, 
7,000; number of days lost from industrial accidents. 0.14; number c-f days 
lost from non-industrial illness or accident, 5.20. The number of days loss 
from non-industrial disability was therefore 37 times that from industrial
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causes. A similar study by the speaker at the New York Yard for l'i:10 
.revealed that the* non-industrial loss was roughly four times the industrial 
figure. The po.-sible factors in the ditl’cieniw be tween the two yards have 
not been analyzed.

Disparities of the same general order have been reported in recent sta- 
•tislii'fd studies by certain large commercial industries and reflect an enor­
mous economic less. Much of this, non-industrial illness is preventable. It 
is believed that in the naval establishments this wastage of preventable 
illness can be greatly reduced, if the problem is attacked by an annual physi­
cal examination of all employees, referring eases requiring corrective treat­
ment to their private physicians or other agencies. This would require a 
heavy increase in medical staffs but it would 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 r.ow in the mining business and is confronted with

the conventional mining hazards as well. Thiiefore we can sa\ that tr.eir 
hazards are about all those we meet in all of our industries.

} am sure that Captain Brown will be glad to answer question?.

JtfR. WEIL: I should like to ask Captain Brown what his eye* test con­
sists of for his men in so-called key positions. We arc using a keystone 
and wc are a little at a loss as to how to interpret some of the findings.

CAPTAIN BROWN: I didn’t get the drift of that.

;MR. WEIL: I want to know what the eyu examination consists of and 
•what is your experience in interpreting the keystone test, if you use ir.

CAPTAIN BROWN: I don’t think we have had any contact with that 
particular test. We simply use the ordinary southern test, with definite 
standards.

' PROFESSOR DRINKER: A teacher always judges the value of a book, 
first, by his ability to keep it in his own library or in his own laboratory. 
They have a way of disappearing, particularly if your students are eager 
for it. One also judges the value of a book by the general appearance of the 
cover, whether it begins to fall apart after a month or two.

Haggard's "Noxious Gases” is the standard book throughout the Eng­
lish-speaking 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 has been rebound onee. The University also has a 
number of them at the Medical School and at the Engineering School Libra­
ries. I state this to show you how eager we are to use it and how much 
we do use it.

It is pleasant to welcome to our group—at least it is for me as a pro­
fessor at Harvard—a professor in a sister university and one with whom 
we have friendly rivalry of all sorts. In this case I have to admit, with a 
good deal of professional jealousy and very sincere admiration, that there 
isn’t any rivalry. The lead is entirely with Yale.

It is to me, therefore, a great personal privilege to be able to introduce 
to you Dr.' Howard V.*. Haggard, of Yale University, who will speak or. the 
"Absorption and Excretion of Volatile Solvent?..”

8 4

■4**7T



AHSonrnox and excretion or volatile solvents

HOWARD W. HAGGARD, M. IX-

As I look over the* program for this symposium, I am struck with the 
j«ct that the title assigned to me seem» a little incongruous, among the 
other titles, which are definite, practical, am! immediate in their hearing on 
the problems of Industrial Health Defame. Air contamination with volatile 
solvents and kindred substances is a potential and real hazard in many 
industrial occupations. It is a practical problem of growing importance. 
Hut here I deal with no occupation, with no particular solvent, and with no 
particular situation. And for very definite reasons. There lias been in this 
field far too ranch empirical, tabular information, and far too littie concep­
tion of fundamental principles. The general problems of these hazards— 
ntid the specific problems—cannot he dealt with intelligently by treating each 
volatile product as an entity with as many individual and separate problems 
as there are individual volatile products. Rather, I believe, the problem 
should be approached by way of general principles applicable to all volatile 
solvents. These principles deal mainly with the uevuliarhiv.s of respiratory 
physiology—with the peculiarities of the process by which volatile solvents 
get into the body and by which they leave the body. It is only in the light 
of these principles that such features as concentration in the air and dura­
tion of exposure take on significar.ee. These, then, arc the reasons for my 
topic. But I offer no similar defence for the fact that in dealing with it I 
shall at moments descend to some very elementary physiology and to some 
very obvious situations.

Toxic substances, aside from surface irritation, with which I shall deal 
separately, exercise their detrimental action or.ly after they are absorbed 
into the body. And, so far as ultimate effects are concerned, the body makes 
little distinction as to mode of entry. Thus ethyl alcohol, to deal with a fairly 
familiar volatile solvent and the cue with perhaps the lowest toxicity of any— 
when absorbed into the body causes certain physiological effects, the severity 
of which arc roughly proportional to the amour.: of alcohol absorbed. Thi« 
action—again barring local irritation—is not exercised at the point of entry. 
When alcohol is taken hy stomach it passes through the walls of this organ 
and of the intestines and dissolves in the bbiod. By the blood it is carried 
to every part of the body. If it remained exclusive'" in the blood, no intox­
ication would occur. But the blood exchanges with the tissues ali sokib’o 
substances. Consequently, part of the alcohol leaves the blood and dissolves 
in every tissue of the body to an amount proportional to that in the blood in 
the relations of the solubilities of alcohol in blood and tissue. The body is 
thus permeated with, alcohol and a tension of alcohol built up in the tissue?. 
This tension, and correspondingly the amount of alcohol in the tissues, are 
proportional :o the amount absorbed.

The alcohol causes little or no disturbance ir. the functions of most of 
the tissues of the body, but mi one in particular it has an especial effect— 
the brain. Brain function is altered; the various symptoms of drunkenness 
develop. Those functions which have been acquired last in evolutionary 
development appear to be affected by the lowest tension; thus judgment and 
reason are impaired early, then temperament, then coordination, then con­
sciousness, and finally, if the tension increases sufficiently, the r.ervcus center

• Director. Laboratory of Applied T'Pysiolory. YnV- t’niversity.
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of respiration i< paralyzed and breathing: stups. Many other solvents are 
likewise anesthetic and exercise their action in this manner; and some have 
additional toxic actions.

The point I have tried to make here is that what I call the ultimate 
effects—the distribution of the solvent throughout the body by wav of the 
blood and its particular action on some tissue or function of the body—arc 
independent of the manner in winch the solvent enters the body. To con­
tinue with the solvent which I have chosen for illustration—it may, and often 
is—taker, by stomach; but it can just as well be absorbed into the blood, and 
the man will be just as drunk if, instead of being swallowed, it is injected 
hypodermically, intravenously, intraperitor.eaUy. or taken as an enema. Hut 
there is one important point in regard to these forms of absorption. A man 
can choose what he swallows and when ho will swallow it; he is rarely 
insulted with the other forms of absorption that I have mentioned. Hut 
there is one mode over which he does not have this discretion—that is, 
absorption from the respiratory tract. A man cannot select ar.d choose that 
part of the air which he wisnes to breathe or rvfi.se entirely to breathe; he 
must breathe the air under the conditions in which it is present. Conse­
quently any volatile solvent in the air enters the lungs and from the lungs it 

f is absorbed into the blood and by the blood it is distributed to every tissue
£ in the body.
\ It does no: follow in consequence that the at an so exposed will he ren-
s dared ill or poisoned. That will depend upon hc-w much of the solvent he
'* absorbs. And that in turn depends upon the principles of absorption and
1 their concomitants: concentration, length of exposure, volume of breathing,

and solubility of trie solvent.
' In dealing with these' principles^, consider with me first the general

arrangement of the respiratory system. This system, is first and foremost 
adapted for the instantaneous absorption of gases and vapors; that is tiie 
normal function to which it is specialized. The absorbing surface, which is 
that of the minute air sac? of the lungs, has an area approximated at bO 
square yards; it has an ir.dmteshnat thickness. On one side of it is an in­
credibly fine network of capillaries through which at every round of tiie 

, circulation all of the blood passes from the rig!:: to the left side of the hear:.
On the other side is the air of the lungs. To all practical purposes the blood 

• and air are in contact; they are in gaseous equilibrium. In breathing, a
i stream of atmospheric air passes into the lungs but not continuously; instead,
; intermittently with the reciprocal movements of breathing. On expiration
i the lungs are not emptied of air; only a small part of the total amount
; present is displaced and renewed with air drawn from the outside.
i The membrane of the air sacs is extremely delicate and would be injured
• by contact with, air at the e:;trer.\c-s of temperature and moisture which exist
> in the atmosphere. The remainder of the respiratory tract—the nose, tra-
.1 che?, and bronchial tubes—arc much less delicate and they serve as a highly
t effective air conditioning device to warm the incoming air to a temperature
;j nearly that of the body and to moisten it to nearly ICO'c relative humidity
8 at this temperature. I shall not pause to dilate upon the marvelous efficiency
•| of this system; I bring it up here because I want to deal with it in a digres-

( sion on local irritation from volatile solvents present in the air.
1 The air passing through the upper respiratory tract is buffeted against
• the walls of this tr.«ct so that all of the air comes in contact with them.

• 1 These walls are nuust with a. clear mucous secretion. This mucus dissolves
(• some of the solvent; the amount thus dissolved, the concentration developed
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in the fluid bathing the surface, depends upi»n the cunccittrath'n of the sol­
vent in the air and its solubility in fluid. And as I continue here, I shrill 
emphasize and re-emphasize the important part that .solubility of the solvent 
plays, not only here but also in the process of absorption, to which I return 
j*i a moment. As I said, some of the solvent in the air dissolves in the film 
ef fluid in the nasal passages, the trachea and the bronchi. If it is very 
soluble, a considerable amount will di>solvc. It may he absorbed from the 
surface, but it may also irritate it if the solvent is of a s-wt that or. contact 
will injure tissue. And I have only one remark on irritation. The initial 
injury to the surface may bo too slight to be perceived; the ill ejects result 
from the inflammation that foliows. Inflammation is a vital response; it 
does not occur in the dead body. The situation here is precisely as it is with 
sunburn; the initial injury from the actinic light may not be particularly 
evident; the “burn" develops sometime later whc-n the body responds to the 
injury with inflammation.

In respect to solvents—if they are irritating—the irritation is greatest 
ir. the upper part of the respiratory tract if they are highly soluble in water, 
and in the deeper part of this tract if they are only slightly soluble. Tins dis­
tinction, which depends upon site of major accumulation on.the- s-’-'nce and 
upon the sensitivity of the deeper surfaces, is far more evident with some 
noxious gases than with the volatile solvents. Thus ammonia gas, with its 
high solubility, causes immediate and intense irritation of the nose and throat,, 
while phosgene, with its comparatively slight solubility, is not so completely 
absorbed in the moisture on the surface of the upper respiratory tract and 
consequently exercises its major, and far more serious, damage on the lungs.

And here I ask you to visualize with mo the essentials of the respiratory 
system in a little more detail than in my discussion of a few moments ago.

First: an enormously large membrane—the air cells of the lungs-—with 
blood on one side and air on the other; and with free and immediate diffu­
sion of any gas or vapor across the membrane into or from the blood.

Second: a regulated volume of blood—which. I shall henceforth call the 
rate of the circulation—flowing through th« lungs and exposed to the air for 
the exchange of volatile substances. This volume varies somewhat as be­
tween different men and it varies in the individual as between rest and exer­
cise. But for practical purposes here it may be assumed that the volume of 
blood ana the volume of air brought to the lungs in one minute arc approxi­
mately .equal. The blood, as I have stated before, not only-comes into gas­
eous equilibrium, with the air in the lungs but, as it continues its round, it 
comes into gaseous equilibrium with the tissues o: the body. The stream of 
blood thus acts as a medium of transportation of volatile substances from the 
lungs to the tissues and from the tissues to the'lungs. Volatile substances 
can reach the tissues or leave the tissues no faster than they can be carried 
in the blood.

Third: in this system which I describe, is a regulated volume of air 
reaching the lungs. This volume—which I shall henceforth call the volume 
of breathing—varies with the activities of the man; when he walks slowly 
the volume is approximately double that at rest and when he walks vigor­
ously, approximately triple. We do not here need to put much emphasis on 
the fact that because breathing is reciprocal, only about two-thirds of the 
air breathed actually reaches the lungs. The last third of inspiration nr.d 
the f.rst third of expiration represent air that has been only in the upper 
respiratory passages and bronchial tubes.

Next, with these three fundamental facts of respiratory physiology in
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wind, I turn to those specific features which concern the absorption of 
volatile solvents which contaminate the air. The first of those is solubility--- 
how soluble is the solvent in blood V This is a highly important feature in 
determining the rate at which it will bo absorbed ami eliminated, and also 
a determining factor in tome of the peculiarities of absorption and elimina­
tion and of allowable concentrations.

Now what I have in mind by solubility is Ibis—and this is the way we 
determine it: some of the solvent is evaporated into aiv just as it would be 
evaporated if it were exposed in an industrial occupation; a measured quan­
tity of air containing: u known amount of volatilized solvent is brought in 
contact in a suitable apparatus with blood held at body temperature. The sol­
vent dissolves in the blood just as it would if this contaminated air were 
breathed into the lungs. ICventually an equilibrium is reached between the 
blood and air; the amount of solvent in each unit volume of air and blood 
is then determined. The ratio between these amounts is what ] call its solu­
bility; the solubility tells what proportion of the solvent in the air will pass 
into the blood when the contaminated air is breathed. The solubility of sol­
vents varies enortnou^v; thus /or alcohol, a highly soluble solvent, the rela­
tion is 1 ir> the air to 1,300 in the biood—the Mood will take uy 1,000 times 
as much as that in an equal volume of air. Sucli a high solubility means 
that virtually all the solvent will be absorbed into the blood as rapidly as it. 
is brought to the lungs. Toward the other extreme in solvents is ether; the 
ratio here is 1:15—the Mood will take up only 15 times 2S much as that in 
an equal volume of air. With this low solubility the solvent will be absorbed 
into the blood comparatively slowly.

Using thc-se two substances with their different solubilities I come to the 
next two features in absorption—the concentration in the air and volume 
of air breathed. Concentration in the air—aiv contamination by the solvent 
-—can be expressed by many convenient terms, the values of which can be 
converted one to the other: per cent, parts per thousand: per ten thousand, 
and per million, and also by wc-ight, as milligrams per liter. This last is 
not much used but I shall employ it here simply because it is more conven­
ient for my purposes.

Purely for purposes of exposition we shall assume that we deal with 
two men and two atmospheric contaminations. The air in one instance 
contains 2 mg. per liter of alcohol vapor; and in the other, 2 mg. per liter 
of ether vapor. These are the concentrations—the expression of the extent 
to which the air is contaminated by these solvents. tVe shall assume next 
that the men exposed to those contaminated atmospheres each breathes 10 
liters of air per minute. 7'en liters of air with the concentrations given will 
hold 20 mg. of alcohol or 20 mg. of ether. These are the amounts of the 
solvents brought to the longs in 1 minute at these concentrations. Now 
notice, if you will, the influence of change in concentration and in breathing 
on the amounts brought for absorption. If the same volume is maintained 
but the concentration is doubled or halved, the amounts brought to the lungs 
are correspondingly doubled or halved; likewise, if breathing is doubled the 
amounts brought to the lungs at any concentration are doubled. And notice 
further, if you wj)l, that it is the volume of breathing which at any concen­
tration is the limiting factor to the amount brought for absorption—no more 
can be brought than is carried in the air breathed.

Now I return to my original situation—10 liters of air breathed per min­
ute and 2 mg. per liter of the solvent in the air. Twenty milligrams of alcohol 
or 20 mg. of ether will be brought to the lungs in 1 mir.utc. But how much
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will be Absorbed? There is where solubility conus Inly play. With alcohol, 
tlic 20 mg. brought to lhe lungs in 1 minute will be distributed between 
approximately the same volume of blood ami air in the ratio of 1:1,200. A 
Jiltle mathematics will show that under there- conditions PU.od per cent of 
the alcohol brought to the* lungs will be absorbed. For etlwr, with its lower 
solubility of 1:13, only CO per cc-nt will be absorbed. Thus if these condit ions 
remained unchanged—which they do not, as 1 shall point out in a moment-- 
at the end of 1 hour the man breathing (Ik- air contaminated with a!,-<Jud 
would have absorbed into his body 1.19 gnu: and the man breathing ether 
only 0.72. Solubility, as well as the volume of breathing and eoncca'.rnthm 
of solvent in the air, is a primary factor in determining the rate at win m 
a volatile solvent will be absorbed. With substances that are very insoluble 
— far less so than the volatile solvents—such as nitrogen or Indium, the 
volume of the blood flow is a more important feature than the volume of 
breathing in determining the rate of absorption.

A moment ago. in comparing rates of absorption over a full hour, I made 
one reservation: I said that the rate of absorption would not continue at 
that established for the first minute of absorption. What I had in mind was 
the approach toward an equilibrium. Ar.d it is in this rospc-ct that al^ra­
tion through the lungs is markedly different from absorption through any 
other channel. It has important practical corollaries. I return to my some­
what crude illustration, used in the first part of my talk, or the man drinking 
alcohol as compared to the man inhaling alcohol vapor. If he drinks the 
alcohol he continues to absorb it with no upper limit except that of such 
complete intoxication that he can no longer drink. Such is not the situation 
when the vapor is inhaled; absorption stops here when an equilibrium is 
veacbed between the amount in the body and in the air. Let me illustrate 
this: the man who is breathing air containing alcohol vapor absorbs a certain 
amount during the first minute—the amount is determined by the concentra­
tion and the volume of breathing. The blood leaving tlie* lungs parses 
through the tissues and shaves with them its burden of alcohol. The blood 
returning to the Jungs in the next round o: the circulation, carries h.-.ck s-une 
alcohol: it can then consequently take up less alcohol from the air in the 
lungs. As alcohol accumulates in the body, absorption becomes slower ar.d 
slower ar.d finally, after many hours, it ceases since a:i equilibrium is 
readied. The body is then saturated throughout with, alcohol to an amour.-, 
corresponding to the concentration inhaled. If you wish a figure for this, 
a little calculation supplies it. For a man weighing Kbl pound* (TO kg.), 
equilibrium would be readied at the concentration which I have given for 
the air of 2 nig. per liter, when his body had absorbed 121 gm. of alcohol, 
lie would then be fairly drunk. It would have taken him some 299 hours 
of exposure to reach this equilibrium with this highly soluble substance. In 
contrast, for other, with its lower solubility, the total amount accumulated 
in bis body at equilibrium would not be 12* gm. as for alcohol, but only 2.1 
gm., and the equilibrium would be reached, mw in 299 hours, but in 92 or less. 
Two and or.e-ter.ih grams of other in the body wynlci can*? no appreciable 
ill effects. The man could thus breathe tin- concentration of ether given here 
for the air indefinitely without ill effects. Xo matter bow long the expo.-ure. 
no matter what hi* volume of breathing, he could never accumulate more than 
this amount if the concentration in the air rose no higher. These equilibrium 
values are the ba.-ds of permissible concentrations ir. industrial occupations 
for indefinite exposures. They vary with the solubility of the solvent and with 
the amount of the solvent that can bo tolerated in the body without harm.

For all concentrations in the air higher than those which can be inhaled
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indefinitely, a t.i».y limit of exposure must be pieced. This time limit is 
established so th-:: at the higher concentrations no more than the allowable 
amount will be ivv-orhed into the body. If we assume—and it is merely an 
assumption—that for ether, 2.1 gm., the tcjuilibrium value for a concentra­
tion of 2 mg..per liter of air, is the highest allowable amount and then wu 
doubled the concentration with indefinite exposure, twice this amount would 
accumulate in the body—an undesirable condition, For the higher concentra­
tion we should then shorten the time—and it would necessarily be consider­
ably less than half the equilibrium time—for the permissible length of 
exposure.

Following these principles it becomes possible to formulate practical re­
lations between concentration and time of exposure so that safe rules for 
industrial procedures may be established.

There is just one final point to be covered. So far I have dealt only 
with the absorption of the solvents; I deal next briefly with their elimina­
tion. A few solvents—of winch ethyl alcohol is or.e of the rare examples— 
are burned or otherwise altered chemically in the body. The •vmni'v’ev arc 
eliminated in the same lorm as that in which they arc absorbed. A small 
portion passes out in the urine, but by far the greater portion passes out 
through the lungs in the expired air when the man ceases to breathe- the 
contaminated atmosphere. The principles of elimination through the lungs 
are essentially the reverse of those of absorption through the lungs. There 
is, however, one marked difference. A great many different concentrations 
in the air breathed ar.d a great many different lengths of time could lvsult 
in the absorption and accumulation of the* same amount of solvent in the 
body. Thus a man might breathe ether vapor in the concentration that I 
have dealt with here. 2 tug. per liter, for 30 hours and accumulate some 2.1 
gm. But he could also accumulate this amount in 1 hour if, instead of 2 mg., 
there were about 7 mg. of ether vapor, in the air.

On the other hand, during elimination, barring variation ir. volume of 
breathing, ii is the amount accumulated in the body which—quite indepen­
dent of any condition of absorption—determines the length of time It ‘the 
particular solvent to leave the body. It would take just as long, and r.o 
longer, for the 2.1 gm. accumulated curing 30 hours to leave the body a? that 
accumulated during 1 hour. It is occasionally a point of some importance 
that the length cf time the solvent remains in the body, and therefore acts 
on the tissues, may bo far greater during the period of elimination than dur­
ing the period of absorption.

And now a very few words on the principle#-of elimination. The hypo­
thetical man whom we have been discussing has absorbed a solvent and 
accumulated a certain amount in his body. He then goes into v.neontnm- 
inated air. The solvent diffuses from his blood into the air of his lungs and. 
with exhalation, a portion is eliminated into the surrounding air. The blood 
leaving the lungs, having !&■* some of the dissolved solvent, contains less 
than the tissues: the solvent accumulated in the tissues then diffuses from 
the tissues to the blood. As the blood return? to the lungs, part of this sol­
vent passes tv the air and :s eliminated. This process continues at a pro­
gressively slower rate until all of the solvent is removed from the body.

If the solvent is highly soluble it is eliminated very slowly. There are 
few’ substances that leave the body more slowly than methyl alcohol, which 
has the high solubility of ethyl alcohol, but is net oxidized in the body. On 
the other hard, substances which are only slightly soluble leave the body in 
a very short time. Tiius ether leaves much more rapidly than alcohol.
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For a soluble- volatile solvent the volume of breathing is :t determining 
factor in rate of elimination; lor one with only plight solubility, fur less 
than that of ether, the volume of breathing lias little influence* but volume 
of circulation a marked inffuencc on rate of elimination. The explanation of 
this difference is in these facts: the volatile solvent widen is highly soluble 
diffuses from the blood slowly and only in proportion, to the amount o: air 
in which it can diffuse. Only a smali portion loaves the blood during any 
round of the circulation and therefore the rate of circulation makes little 
difference. For the substances of low solubility nearly all that is in the 
blood reaching lh<* lungs diffuses at once into the air of the lungs—the 
limiting factor to rale of loss is the rate at which the blood brings the sol­
vent from the tissues to the lungs.

.1 have given certain approximate values for rate of absorption of alco­
hol and ether, which I choose as typical solvents. Let me supply similar 
and equally approximate figures for the* rates of elimination but substituting 
methyl for ethyl alcohol. I shall as.'Uim* as before that 2.1 gm. of each sol­
vent has accunuilatcd in the body. Nearly all of this amount of ether would 
leave the body in less than a half hour; but more than G hours would be 
required to get rid c,f rt^. a.,llie .i.nount of methyl alcohol. It is because of 
this slow elimination o: highly soluble substances that they are spoken of 
as accumulative. If the man had absorbed sufhci-.-r.t methyl alcolml to pro­
duce any evident efiVcts, he would not have got rid of it over night; with 
exposure the next day the concentration in his blood would rise and it would 
rise day by day with an accumulation up to the point of final equilibrium 
or serious injury to the man.

In this resume I have tried to illustrate some of the basic principles 
involved in absorption and elimination of volatile soivents. And the point? 
I have tried to stress particularly are those which have in their application 
some practical importance; the influence o: solubility and of volume of 
breathing and the significance of equilibrium values and of concentrations.

PROFESSOR DRINMER: Practically every firm today is interested 
directly or indirectly in contracts for materials for the government to be 
used in some phase of the re-armament program. Some of us do not under­
stand as fully as we should like the possible ramifications of the Wa-sh- 
Healey Act, nor are we aware of the extent of the control winch is possible 
for the government to apply in industrial hygiene directions.

The government can be of the utmost assistance to us in this work, 
whose interest is in the maintenance of industrial health.

I suggested the next speaker, Mr. Walling, as a mar. who Is perhaps best 
posted to talk to us on this subject. I happen to have known him for some 
time myself and it is a special privilege* ami pleasure to me to be aide to 
present him to yon today. Mr. Walling.
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THE IMPORTANCE OR THE WALSH-HEALEY Pl'HLlC CONTRACTS 
ACT AN)) ITS HEALTH REQUIREMENTS IN NATIONAL DEFENSE

L. METCALFE WALLING

n

{

I have not iced in the program c»’f alnwst every convention which i-> meet­
ing this Fall that the contra! theme of discussion revolves around the 
national defense program. In the threat of danger from abroad, of which 
all Americans arc- n>>\v aware, our entire thinking is colored by the problem 
of how to make ourselves impregnable before any attack comes.

Industry, of course, as the source of supply for the physic::! materials 
necessary for total defense. against the now technique of total attack, has 
been in the midst, of the new whirl of activity. The Air Hygiene Founda­
tion. which has played such an important part in the stimulation of better 
health condition- in the physical equipment of factories, will have nr. oppor­
tunity to play an increasingly jmpoiLr.nt role, not only in its usual Meld of 
encouraging health work ,,:;t in the even more important field of sw-edir.g 
up the whole defense program.

I need not emphasize to this audience the importance of good physical 
conditions in plants as a means of keeping production up to the level 
required. As a matter of fact, I suppose we all agree that the present level 
of production will prove inadequate in the months to come to meet the neces­
sities of the situation and, if the additional strain on our present resources 
and industrial output is not going to cause an actual decrease in efficiency 
and in total output, we must lake the steps which you and I know are so 
necessary to cut down occupational illness and the appalling tM! of accidents 
which cause wastage-, damage to machinery and a general slowing down of 
production.

During normal tia.es. if the times we have been having in the las: ten 
years can he designated by so polite a term, the nation can perhaps afford 
the luxury of 10,000 industrial deaths and a million and a half disabling 
accidents a year as we had in 1939. but certainly under the stress of a pre­
paredness economy we can not petmit the loss of efiiciency and the slowing 
up of potential production which these figures indicate.

The impetus of the defense program has cr.ce more focused attention 
forcibly or. the standards which are required of industry by the Government 
in supplying ii with its ncce.:$;'.ry material. .Mary people have become so 
accustomed t<» the YYalsh-II-.v.U v Public Contracts Act after its four years 
of operation that they have almost forgotten, about its provision*. Most of 
American industry is now operating on a 40-hov.r week with lime and or.e- 
half for overtime beyond that point as now required o: interstate industries 
under the Fair Labor Standards Act. This, of course, has beer, the provision 
of the IValsh-Hcaley Act for more than four years and lias affected a large 
part of American industry which has been contracting with the Government 
in amounts of over SlO.tlf-O. and I suspect that this is one of the reasons why 
the general adoption by industry of the 40-hm:r w-.ek caused so little flurry 
and necessitated so little readjustment.

In this period of time over 30.00:1 contracts valued at about S3.HOC1.000.000 
have beer, awarded subject to the labor stipulations required by the Act. 
These include the S-hour -day ar.d 40-hour week with unlimited overtime at

• Adinfnisti a Division of Put •lie Contracts, C. S. Department "f l-ali-w.
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time and one-half; the payment of minimum wages determined industry by 
industry by the department of Labor in accordance with the prevailing 
genius—about 2,000,0<>0 workers in o-J industries have ft'It the benefit of the 
minimum wage* required in cot.tracts; the prohibition of child labor and of 
convict labor—incidentally so far no convict labor has been employed on a 
government contract and very lew children; nnd finally the peiformanco of 
the contract under sale and sanitary working conditions.

This last is the requirement which most interests you as it is the only 
requirement in Federal law which atVects the actual physical conditions of 
work. The Wage and Hour law deals only with hours, wage.; and child 
labor, and no matter how high :t company's standards may be j» this held 
it can have the worst health ami safety record in the country and still l>e in 
compliance with the Fair Labor Standards Act.

As yon know, a great many, perhaps most of the States have very little 
legislation wills regard to health and safety matters in industry. Although 
under the. terms of the Public Contracts Act the standard of the Stare whore 
the government contractor is operating is prima facie the standard of com­
pliance by the contractor with the health and safety provisions of the Act, 
only one-third of all the are in a position to advise us about the phys­
ical condition.? of work in plants receiving government contracts.

If private industry 25 years ago, under the stimulus of the workmen’s 
compensation acts, which opened its eyes to the wastage of production 
through indm-trial deaths and accidents, had not taken step? to make its 
workers safety conscious and to provide good physical working conditions, 
the safety record of the country would not be what St is today. Some of tine 
Slates have the power to adopt safety codes along' recognized standards 
which have been worked out by industrial safety experts but many of them 
have no such power, and the number of Stau-s which have no jurisdiction 
whatsoever over the physical plant conditions is far too large. For these 
reasons, among others, the health and safety requirements mvh-r the Vfalsh- 
Ifcalcy Act assume tremendous importance at the present time.

Although few people were thinking in terms of an industrial pr;-pn? 
ness program four years ago when the Act became law, it was a happy 
foresight which Jed to the bwln>ior. of the requirement, that articles sup­
plied th.e Government will not bo “manufactured or fabricated in any plants, 
factories, buildings, or surroundings or under working conditions which are 
unsanitary or hazardous or dangerous to the health and safety of employee?.”

As I have indicated, contractors arc required at least to comply with 
the standards of the .State in which thc-y operate but naturally where these 
standards were inadequate or non-existent we have had to adopt ihe standards 
which are generally recognized by industry as -reasonable requirements. 
Frankly, until rather recently health and safety conditions have not been 
important problem? in tho administration of ti-.e Act. Many of the com­
panies dealing with the Federal Government are leaders in their field, not 
merely in the product which they soil but also in the maintenance of good 
working condition* in making it.

Our typical factory inspector who visit* the contractor's place of busi­
ness is not a trained professional safety expert nor an industrial hygienist. 
He must bo somewhat a Jaok-oi-all-trades. as he ha? in the fir«i place to be 
an ambassador of good will capable of discussing with the employer his 
pvoblems under the Act and making him realize that it is for his own pro­
tection against tho destructive competitive practice of other employer? as 
well as for that of the worker. He must be familiar with payroll procedure
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and be able to determine whether the minimum wage's required or the neces­
sary overtime are being paid. If lie suspect*, as unfortunately we have 
found reason tu do in a small number of eases, that the records have been 
falsilied to cover up violations, or if he finds the records so inadequately 
kept that it is impossible to determine whether the Act has been violated, 
he must be able to talk with employees a;;;) gain their confuleive so they 
will tell him frankly without fear of the loss of their jobs whether their 
employer has been complying with the requirement* of llm Act.

We have had several safety schools a.> a part of the in-training program 
of our Jich! men, but obviously the training which can be given in thU wav 
is cursory compared with the wealth of information and experience which 
the professional industrial and safety man in the best establishments is able 
to accumulate over a period of years. Wo base had, therefore, to limit cur- 
selves to the correction of the most obvious hazardous conditions, such as: 
fire hazards; unguarded moving parts of machinery; hick of remote controls 
to enable shutting off machinery at a spot away from the s.cene c-f the acci­
dent; lack o: guards on exposed electrical equipment or lack of proper insu­
lation; lack of safety rl-^i'.ir.g and equipment; poor ventilation allowing 
dust, fumes, gases and vapors to collect; poor house!-:* cuing with blocked 
exits, improper lighting, accumulation of waste materials ar.d moistmv; 
disrepair of buildings, with holes in the Hoars and lack o: guards on ele­
vators and elevator openings; disorderly stacking of material in stockrooms; 
lack of first aid facilities; and so forth.

Of cotirse in four years' time—and it must be remembered that many 
of our field men have had considerable'industrial experience before becoming 
investigators under the Public Contracts Act—considerable experience is 
acquired from the more doing of the job; and our men., therefore, can make 
intelligent suggestions to management for eliminating route of the more 
obvious hazards. In some cases whore the problem was complicated and 
technical, management ha* asked for suggestion* and in such cases wo have 
been glad to refer the problem to recognized health or safety experts in the 
Division, of Labor Standards of this Department, which ha? been able to 
offer practical advice.

If there is a State standard applicable, we, of course, require in. the 
first in.stan.ee that it be complied with and ascertain from the State Depart­
ment of Labor what it? record of the company in question, is or. if possible, 
find out directly by observing ;!;•„• certificate of inspection left by the State- 
Department of Labor representative. In any ca-e wo advise the State of 
unsanitary or hazardous conditions v.’hicl; are found so that whatever action 
is appropriate and just can he taker, by the State.T.iid in every case an order 
is issued to the company that the changes rec'uv.mcn.dod be made as soon as 
practicable. I am glad to be able to say to von that in no case so far has an 
industrial establishment raised a question as to the reasonableness of the 
order issued suggesting corrective measures.

In view of the importance which you and I know good working condi­
tions bear on efficiency of production every effort must he mad? from now 
on to encourage better phy.-icnl working conditio*'.?. I need hardly remind 
you of the situation during the last war. which, threatened to become ser­
ious, where production slowed down because of the long hour? of work which, 
wore required in certain indu<tries under pjor working condition?, although 
in many cases wo did rot have enough knowledge thc-n to realize that the 
condition? were not only bad from the star.up*>int of health and safety of the 
worker but also were inefficient from the productive standpoint. T.'e did not
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realize then u.< we do now how pour lighting and bail ventilation produce 
fatigue which s!ov. s down produvu-m. it wa< not until we were well una<-r 
way in the war in 1P17 that we realized that long hours actually dvircusvd 
production instead of increasing it, as wc hu ! aiways supposed. Tne situa­
tion assutr.td such proportion* that ui 1017 the Chief of Ordnance of the 
Army issued a statement urging industry to keep its hours of work a< short 
as possible in order to pet the utmost otiiciency from the available manpower.

As many of you know perhaps, only recently the Jlritish Factory Acts, 
which correspond to our hour and wage legislation, had to be reiin.tatou 
after a temporary abandonment of them, as it was found that production 
decreased »o seriously. There was no ituestion of sabotage involved nut a 
sheer inability to turn out as much work durir.tr the longer work ve-. k as 
was possible under the old standards. It is of the utmost sipuificanc" that 
n nation like britain, which has been backed into a corner and i* fighting 
a desperate battle for survival, has found as a result of sheer necessity that 
the World War experience is being repeated and that short hours, decent 
wages, and good working conditions are the first line of defense in industry.

Fortunately, recognition of the importance of the>e tilings !.u* <dieudy 
been giver, in this country and the Secretary of Labor lias appointed a 
National Committee on the Conservation of Manpower in Defense Indus­
tries, composed of 2-1 members who are concerned in the problem of good 
physical working conditions. The country has boon divided into b regions 
under the general direction of volunteer safety experts from private indus­
try who have* generously donated their services it: an .attempt to make the 
defense industries more health and safety conscious. They have assembled 
local committees of volunteer experts whose services are available on a free 
basis to assist particular companies which have no: yet done very much in 
the safety field in setting up programs.

Although the Wclsh-IIealey Act has plenty cf teeth in it, if it is neces­
sary to use them, w« are not using coercion to bring about the desired, result. 
I am Sending a letter to every company which has a defense contract advis­
ing it of the free and expert service which is available to it in giving ambi­
ance in a program to lessen its accident and death: rates. We must remem­
ber that the Government is now dealing with, many new and small companies 
•which have not b-ven in the government market before but who are being 
consciously drawn in by the Government through its policy of negotiating 
contracts directly ?.$ well as by competitive bidding to provide as many 
sources c-f supply as possible.

Largo appropriations have been made to the War Department for edu­
cational orders, which, arc placed for the very purpose of enabling companies 
which have hitherto not dealt with the Governm-.at to become experienced 
in making the Vd.v/i vf supplies which the Government is now buying and 
which it desperated;.- may need in the event c-f an eve?’.more serious emer­
gency than the one in the midst of which we now are. Many of these com­
panies are rat safety conscious. Many of them have no health and safety 
program and, of course, no safety expert whose job is to watch like a hawk 
the industrial accident and death, figures.

It is earnestly to be hoped that this opportunity of receiving free assist­
ance from men who arc experienced and recognised exports in the safety 
field will cut down hazardous working conditions in many establishments 
which are now giving little thought to them. It i« essential that this be 
done if production is to be continued at the level which the nation has a right 
to expect from the superb industrial equipment which it lias.
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We arc dealing wit], Ml kind* .<f companies, from tlic mill which one of 
our inve.-ligators recently reported to me where the drinking water supply 
was purposely kept so tepid that the employees would no! drink it and were 
induced to purchase Coca Co!;.* *o!d by the c-unpany for a small profit, to 
large companies with all the most mod--rn safety equipment with a personnel 
avoused to the importance of keening accidents to a minimum and with 

j almost perfect safety records.
It is fortunate that wo have the machinery already functioning to handle 

the many industrial problems involved in tine- sudden incidence of govern­
ment buying on all industry.

You might he interested to know that in Juiy. August and September of 
this year contracts valued at almost the amount involved- in the first two 
years of operation of the Act were reported to ouv office and in one week wc 
had contracts valued at almost half what we had the entire first year of our 
activities. This is growing by leaps and hounds.

It is estimated that of the SlO.OOO.UU'XuOO already appropriated for 
defense purpose*, about fivm and a half million manhour.- of labor van oe 
created, of which nearly two-third* will be skilled or semiskilled workers 
and only one-third unskilled. Four hundred thousand men leceived employ­
ment in manufacturing industry alone in August of this year, which is the 
largest employment increase for any August or. record. Apprentices arc- 
being trained on all fide# to fill the skilled jobs that are opening up. Many 
skilled workers who had become “lusty” during the thirties by having run 
hot dog stands or clerked in drug stores are finding their way back to their 
old jobs as tool makers. Hordes of young people \vlu» have never worked 

[• in industry before are finding their way to profitable employment.
£ All of this raises.new problems to be faced. The influx of this large
f body of new workers who have not had previous experience in industry, who
r are rot familiar with machim-vy, and who haven't yet dew-h-ped the ‘‘feel’'

I
of the factory i* going inevitably t<. raise the accident rate as it did but in;: 
the last war. We know from the accident figure* that the incidence is 
higher in this group because of their immaturity and care lossless.

V. • Certain other problems which arose suddenly ir. lb IT and had to bo dealt
f with by setting up temporary machinery fortunately will not plague us now.
i There will not he the disastrous competition between industries and between
[ the industries and the Government which was characteristic in the last war,
i as there will be uniform labor standards which, will tcr.fi to iron out the
i advantages to be gained by shopping around from ph'Ue to place to get the
: best job. The Government wiii thus be assured of continuous sources of sup­

ply in vita! industries and will In- able to buy for fair prices kept in lino by 
the stability and continuity of the labor supply.

No machinery was in existence to handle such matt-.-rs or to (Ioal with 
industrial dispute* during rite las: war. I thin*: we are fortunate in boxing 
such machinery which has bee:; smoothly operating for four years, and to 
which both industry and lalor have become accustomed.

We now have a nationwide free public Kmploymcr.t Service where the 
job seeker and the job giver can get together. We had to set up such an 
employment exchange hastily during the last World War in an attempt to 
fill the sudden needs for workers that developed.

I think I can snfolv predict that the move general recognition of the 
wage earner's fundamental rights vpl minimize industrial disputes and that 
we will not have the record o; strikes which wc- had in the last war. At any 
rate the record to date certamly justifies this optimism.
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In the final analysis, however, all these things depend not on the sanc­
tion of law hut mi the inherent tie.*ire of the American people to pall together 
jn tins national objective. In the particular field of health and safety, wo can 
legislate until the cuws come home hat until we really arouse industry and 
labor to a consciousness of the importance of being awahe 2-1 hours a clay to 
the need of constant improvement <>f the physical conditions of work we 
shall have accomplished only a small part of the task before us. I know 
only too well how frequently employees arc reluctant to u.-o the safety 
devices which are supplied them. Goggles and respirators are nuisances 
and safety devices sometimes slow up production ,%o that earnings «>u piece 
rates are lower. One of your main problems is not only to install the best 
safety devices hut to see that they are used and to make your men health 
and safety conscious. After all. the largest number of accidents are still 
of the slip-stmv.ble-fa!! variety. Even if there is not grease on the floor the 
worker who is careless may fall and injure himself.

I think wo have a real opportunity out of this emergency to make the 
nation health and safe tv conscious and to improve the physical conditions 
of work in a way which will have lasting benefits and pay dividends to 
industry as well as labor. In any event, in this emergency production, must 
not be curtailed by the inefficiency of lost time through sickness, accident, 
occupational disease and death.. We must have less than 1C,000 deaths and 
a million and a half disablements during the coming year. It will be difficult 
not to exceed this figure because of the greater pressure under which we will 
be operating and the untrained personnel with whom we will he dealing, but 
Ibis should only be a challenge to us to increase our efforts.

I hope ami expect that it will no; be necessary to use the teeth in the 
provisions of the Walsk-Hoaley Act requiring good physical conditions in 
the coming year any more than it has been in the last four, but the tooth 
are there if they have to be used ar.d the results must bo achieved. The 
Government must get its supplies on time and that is why we are doing 
everything that we can to promote the factors which we know will make 
efficient and speedy production possible.

The Air Hygiene Foundation can make no more helpful contribution to 
the national welfare and the defense program them by continuing its intelli­
gent and vigorous efforts to encourage better health, conditions in American 
industry.

PROFESSOR DRINKER: Mr. Walling told me that he will welcome 
discussion of his paper and holds himself in readiness to answer questions.

I should like to ask if the government has any position with respect to 
the Walsh-Healey Act with regard to physical examination of new employ­
ees, or are you just watching that? 1: is dynamite, isn't it?

MR. WARDING: Wo haven't taken ar.y position. As a matter of fact, 
I doubt very much if we will. That is a matter somewhat remotely con­
nected with the obligations of the employer under the Act and it is so defi­
nitely tied tip with workmen's compensation matters, for instance, which are 
of course the subject of stale legislation and not federal, that I think we 
would not make ar.y requirement ore way or the other about physical condi­
tions of workers. I read you the very general provisions of the Act pur­
posely to show you ’now genera! they were and the fact that it is necessary 
in every case to implement them. I think in this case it is better to make 
haste slowly and not attempt to lay Jour, too precise rules until we are more
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sure of the legitimacy and reasonableness of the requirements that can ns a 
practical matter be carried out.

There is hound to he n tendency to '.use this legislation tr. achieve the 
rmllenium overnight, and while I am in favor of miHenium.s--I suppose we 
all are—1 think we have to recognise that it takes i.-nuo than one night to 
achieve it. I don’t think we should try too much. I don't thin!: \vu should 
bite of? more than we can chow. I think we should recognise our own limita­
tions in the held. Wo have thousand.? and thousands of factories all over the 
country, so that, wo cannot cut the brushes too fine to make the sweeping.

For those reasons and many others I think wo will not attempt to lay 
down any standards about physical examinations, one way or the other— 
aside from the fact, as you suggested, that it is dynamite.

MR. AHEAi’X: Mr. Walling referred to the fact that only a few states, 
comparatively speaking, have satisfactory safety and health standards. 
What is the government going u> do with respect to those states where there 
are no satisfactory standards’.' Will you write those standards? Will you 
make them familiar to th- contracting companies as well as tnc sub-con- 
tractir.g compare* prior to the inauguration of the contract?

MR. WALI.IXG: That is something to which we are giving .-rone con­
sideration now. Our system is this. In the case of about sixteen states wo 
have regular and periodic reports of the office records which they have about 
factories within their jurisdiction, so that we know something about what 
the physical cor.dition.s are. In other states the state factory inspector may 
stamp the inspector's card indicating that he has b*v» there and has approved 
the standard. Cut even in those cases we don't alwny? accept that standard.

I am thinking of one state when* we found extremely hazardous condi­
tions from every standpoint—from the standpoint of occupational disease, 
from the standpoint of had housekeeping. from the standpoint of a fire-trap— 
from the standpoint of aimo-l every one of the ciac-im! things not to do that 
you can imagine. Wc politely cubed the matter to the attention of the state, 
and they equally politely replied that they had sent an investigator there 
nr.d as far as they could see everything was lovely. Conditions were in com­
plete compliance. In that case we had to go ahead and say, “Even though 
you have beer, cvrtiiic-d by your state as meeting trie state standard, we 
don’t, cornier it svadiciently high meet the standards of the Wa’sh-Henlcy 
Act." In that ease we issued specific instructions in detail of the measures 
winch should be taken to correct those hazards.

As 1 have indicated, we have beer, doing this somewhat on a hit or miss 
basis. We merely have been trying to correct the most obvioim and most 
dangerous things. How much farther we can go is a question, with the limi­
tations of personnel and the increased load of work which all this program 
mean*. Certainly I think we should give seriou5 consideration to the adop­
tion of standards which are pretty generally recognizvd by industry. After 
all, we have z considerable body of industrial Jaw on the subject. There are 
standards which everybody would recognize to be reasonable, which we can 
use and adopt and perhaps even specifically make a part of the contract 
form which is signed, so that the company that makes the contract will 
know that A. B and C. by way of physical conditions, must he complied with 
if they are to perform the contract satisfactorily.

That is somewhat in the future, Mr. Abeam.
MR. BAILEY: What is the attitude of labor in general on the applica­

tion of this act ?
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MR. WALLING: Of the Walsh-Healey -Act?

MU. BAILEY: Yes. Are you getting a good response from labor?

MR. WALI.IN'G: Wc have had a surprisingly small number of com­
plaints from labor about its violation, if that is what you mean.

MR. BAILEY: Yes.

MR. WALLING: I think that is partly due to the fact that very fre­
quently the employees in a factory do not know that they arc working on a 
government contract and do not know what the requirements are, in spite of 
the fact that by one of the provisions in the contract a labor poster setting 
forth the labor provisions is required to be posted. Wc have made a drive to 
get those posted during the time performance of the contract is being car­
ried out, but frequently the period is rather short and the contract may 
actually be over with before the poster arrives. The employee doesn’t 
always know that he is working on a contract and what his rights are.

Tite small number of complaints is no indication, however, of the number 
of violations, which, have greatly exceeded the number of complaints.

In general I tnir.k that labor believes that the standards of the Act arc 
reasonable standards, standards which ought to be retained. Certainly I am 
very conscious of the fact that labor is watching that these standards bo 
preserved, particularly in the defense program, where there is of course 
great pressure in some places to skip over them. We have had a decided in­
crease in-complaints which have been filed with us, which I think stems 
directly from the large number of new companies which have come into the 
government market, which I referred to earlier. I don’t know that the num­
ber of complaints which are valid, that is, which actually point out violations, 
has increased, but the volv.me of those filed certainly has increased in the 
last few months.

I might say also that wc have only begun to feel the increase in the 
program. To be sure, we had in the first three months of this fiscal year, 
that is, July, August and September, contracts valued at about the same 
amount that we had in the first two years of operation of the Act. That is 
as many hundreds of millions of dollars in three months as we had in the 
first two years. As a matter of fact, in one week we had about half as much 
as we had during that same period. In spite of that very largo figure, I am 
sure we are not getting the full impact of the reports, because the Army 
and Navy clerical offices are so swamped with the inquiries that they have 
had that they are r.ot able to report the contract? to us promptly.

I assume that you all know that we have nothing to do with the making 
of the contracts, except to require that those stipulations be included as a 
part of them. The particular contracting officer of the government, whether 
it be the Army. Navy, or the Department of the Interior or what r.ot, 
actually makes the contract ami then sends the report to us in the Depart­
ment of Labor, so that it car. be enforced and administered from that time on.

MR. JOHNSON: I should like to ask Mr. Walling if in the case of states 
which have no labor standards now he would dare estimate that the regula­
tions to bo impo*ed by the Department of Labor would not exceed the stand­
ards embodied in the American Standard Safety Codes now in more or less 
general use.

MR. WALLING: I think we would go very slowly in exceeding those 
standards, if that is what you mean. Those standards, I should say, were



pretty generally recognized ns what it is possible for industry to reach 
toward at the present time. Wc must remember that any standards which 
we adopt of a general, nation-wide nature must take into consideration no: 
only the most progressive state? with the highest standards but they mi:.-1, 
not he too impossible of attainment by industrial cstabli-hmonts in states 
which have had practically nu standard or absolutely no standard at all. 
That is one of the difficulties of nation-wide regulation.

MR. JOJIX?OX: By the same token, might it not be likely that your 
requirements would not come up anywhere near to the standards of the 
A. S. S. code ?

MR. WALLING: 1 think if they were nation-wide only, that would prob­
ably bo true. However, on the basis upon which we have been operating up 
to the present time we have, of course, taken into consideration in the states 
where the standard is best what that standard is and we have required 
that without any question. Wo feel that all industrial establishments within 
the same state, whether they are competitors in tlv* same line of ir.d,.*-.y or 
not, should be held to the same physical standards. It may not be possible 
or fair to hold industrial establishments, even though they are competitors 
perhaps, in a state which has not had any standards at all to that high 
standard.

That is one of the difficulties with a nation-wide code at the present time, 
where there is such divergence of establishment of it and following of it. 
That is one of the reasons we think perhaps the absence of too specific 
regulations, as far as safety is concerned, may be a more satisfactory 
approach to the problem, unless we can go into it in a very thorough way 
and attempt to bring about the- millenium.

MR. BAILEY: I intended to go a little further on my question than I 
implied. V>'e have heard repeatedly of the greater amount of lost time due 
to non-industrial cause? than industrial causes. I wonder if this may not 
be a means of bringing that forcibly to the attention of labor itsc-If. The 
non-industrial, rather than the industrial, loss of time is a contributing and 
really a major problem. Has anything been done on that?

MR. WAI.LIXG: Just what do you mean by “non-industrial’'?

MR. BAILEY: Sickness and non-industrial accidents and ail of that kind 
of thing, which causes loss of working time. We have heard a: our meetings 
repeatedly that that less is so much greater. One. speaker said it was fifteen 
times as great, another four times as great, and so on. We all know that 
non-industrial causes result in much greater loss of working time than in­
dustrial causes.

I am wondering if that matter, through this organization, car. not be 
brought to the attention of labor, so that you will get better cooperation ir. 
that regard.

MR. WALLING: Another division in the Department of Labor, of 
course, has the matter of industrial standards as one of its main functions, 
and it is doing what you might call propaganda or educational work in that 
whole field. I timi't think it would be practicable or desirable, as a matter 
of putting into effect a standard of law under the Walsh-IIealoy Act, to 
attempt to engage in a health program and a safety program to cut down 
sickness and disease outside industry, as a part of the obligation of a con­
tractor in the performance of his contract with the government. After all,
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our jurisdiction in the administration of the- Public Contracts Act begins 
nnd ends with the performance and completion of the contract, and we cer­
tainly haven’t the time, nor do I think it would he wise for us, to extend oar 
activities beyond these point:' and attempt to engage in a nation-wide health 
campaign. There are other agencies of the gnvurnmviit and other agencies o: 
industry itself'which are concerning themseives with, that proi.lem. I think 
certainly we wouldn't put ourselves into the midst of that situation.

.MR. HAILEY: I wasn’t suggesting that i* could be done by lav.-, of 
course, hut I was wondering it' there couldn’t lie, it: connection with this, 
some educational or instructive work to cr.il attention of labor to it or to 
stimulate the activity of the other departments that have that in charge.

MR. WALLING: I see Dr. Sayers of the Public Health Service here and 
I know he will be able to give you a very stimulating lecture on what the 
United States Public Health Service is doing along those lines for the gen­
eral health of the workers and people of the nation.

PROFESSOR DRINKER: Wc are all concerned with the protection of 
civilians in wartime. .Many of us have seen the recent movie vl London 
Can Take It." If you have not, I urge you strongly to do so. We don’t like 
to visualise such things for ourselves, but it will be folly not to prepare 
for them.

We have asked Mr. Ynnt if he would accept an assignment along those 
directions ox describing civilian protection. Since he has been interested 
in gas masks and the like since the previous war and has done much on it 
himself, it is fortunate for us to have him ns a member of cur own Founda­
tion family to talk to us.
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PROTECTION 01- CIVILIANS IN WAR

W. P. VANT

When tho Air Hygiene Foundation of America invited me to-talk on the 
subject of Protection of Civilians in War, I accepted with some hesitancy 
because it is the policy of our company to take no part in creating any 
hysteria relating to war. We know how to make war gas masks and 
other protective equipment, and if the time comes when our facilities arc 
needed, our company will meet its responsibilities. However, through our 
industrial work and our contacts in this country and abroad we have gained 
some information on the subject which I am pleased to discuss briefly in 
an informal manner and largely from a personal viev.point, because it is a 
matter in which every person that is here today should be concerned. The 
course of international events might easily indicate that we arc already late 
in becoming informed and in making plans and preparations.

There are two ways in which we may protect our civilians and civilian 
interests, which broadly i ;*uuurj the lives, homes and industries v2 
country: one is to keep out of war, and the other is to keep our civilian 
interests away from injxtrious contact with the implements of warfare either 
through impenetrable military defense or by movement to raft* locations. 
The first way is almost passed. The second way is very difficult to attain, 
because today it is possible to f’\ from England to Italy, drop bombs and 
return. There are rumors that airships will soon be available that can 
stay in the air long enough to fly to Japan and return. It is apparent today 
that all persons whose nations are at war are subject to the implements of 
war. Times have passed when a person is safe if he is away from the range 
of bullets or guns. Now it is a matter of hundreds of miles—in fact the 
entire earth becomes the battlefield.

Accordingly, if a nation is at war, the protection of its home interests 
must be considered not from the viewpoint of complete defense, but from 
the viewpoint of minimizing and controlling injury and damage. The suc­
ceeding discussion will dor.i briefly with some of the common implements of 
warfare to which civilians may be exposed, and with some of the things 
that have been done abroad to protect civilians and property.

The implement of warfare that is usually thought of first in connec­
tion with civilian protection, is gas. Gas has not been used in the present 
war but it can and undoubtedly will be used any time that it will give mili­
tary advantage, whether this be for offense, for defense, or for harassing 
anci destroying civilians. War gases are classified generally according to 
their predominating effects, as lung irritants, nose irritants, eye irritants, 
ar.d vesicants or blister gases. Some are gases or vapors, others are smokes. 
They may also be classified on the basis of their persistency in remaining 
in tiie area gassed. Chlorine or phosgene, for example, are non-persistent 
because they disperse in ihe air and are carried by the air currents. When 
the contaminated air becomes diluted or is carried away by the wind, the 
area is immediately habitable. Mustard gas is a persistent type. It is a 
liquid material that evaporates slowly and will persist for days or weeks 
in the area and or. objects with which persons come into direct contact, 
thereby making the area uninhabitable unless decontamination procedures 
are effected.

• Director of Research and Development. Mine Safety Appliances Company.
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The implements to which civilian* have been exposed the most i:t the 
present war are high explosive and iiuvadiaiv bombs. A high explosive 
bomb may range in size from 50 pounds to a ton or perhaps larger. From 
these there are hazards from percussion waves or shock, from splinters 
and fragments of the bombs themselves, from flying debris. stones and 
bricks, and from falling walls, chtmni-ys. and other structures. The incen­
diary bomb is designed to start tires. They are in general similar in d.--ign 
to high explosive bombs but are filled with substances such as phosphoi \i 
thermite or other common pyrotechnic material which on ignition will burn 
rapidly to produce an intensely hot mass. Incendiary bombs are usually 
much smaller in size than high explosive bombs, ranging in weight from 
two to oO pounds so that an aeroplane- can carry many of them at one time. 
Some ignite immediately on impact, others are of it penetrating typ;-.- with 
a delay in ignition so that they can be used to penetrate roofs, for example, 
and then ignite the interior of buildings.

It is apparent that gas bombs, high explosive bombs, or incendiary 
bombs might be used alone or might be used together. For example, blister 
gas (mustard gas) bcrr.Lu may be used with high explosive and uliarics, 
in order to make rescue and fires more ditllcuU to deal with or decontamina­
tion more difficult to carry on.

In addition to hazards from gas, high explosive and incendiary bombs 
carried hv aeroplanes or shells from long range guns, there is strafing and 
machine gunning of civilians by aeroplanes together with many other direct 
and indirect hazards and discomforts. Very important among these is the 
disruption of essential commodity and community services such as water, 
gas, electricity, and food supplies. Other influences arc the loss of sleep, 
fatigue, noise, exposure to cold, snnitnti-m, crowding, and contagious diseases.

The foregoing di»cus*ion is too brief to be complete but will serve to 
indicate the many problems to be dealt with in civilian protection. Fortu­
nately, some cf the problems have already been given consideration, and 
much experience is being acquired abroad in others.

Gas masks for protection from war gases are in general similar to 
industrial gas masks, with which many of you are familiar. The card-:ter 
must contain sorbents that will take out acid gases, such ns phosgene and 
chlorine, and vapors such, as mustard gases and blister gases, and also a 
very efficient filter for removing the Irritating smokes. As the concentra­
tions of war gases and smokes encountered are in general very much lower 
than the concentration of industrial gases that are frequently found in 
industry, it is not difficult to make a mask for protection of civilians. Every 
country at war today ha? considered the noed'*of such protection and the 
principal countries have issued masks to their civilians. In addition to 
needing mask? for respiratory protection from gases, special clothing Is 
needed by special service pov-onnel such as firemen and others who may be 
required to remain in area* infested with, blister gas or similar gases, for 
duties such as decontamination work, fire righting, and making utility 
repair?. These person? must be completely protected, in other words, no 
skin pan can be exposed. Fabrics that are either impervious to the gas 
or are impregnated with substances that will take out the gas are available 
for clothing of this nature.

Shelters of various kinds are u«od widely for civilian protection. Many 
of these shelters are essentially barricades made from boxes or bags filled 
with sand, or trenches and dug-out*, for protection from bombs or machine 
gunfire. If ga* protection is required, either thv civilian gas mask is used
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or sonic means of pis protection is incorporated in tile design of the shelter. 
The simplest form of gas shelter used is merely a room of the home that 
has been made practically pis tight hy sealin': cracks and openings with 
tape. A more elaborate design consists of an underground bonih-pr.*of 
space of concrete or masonry with either pis light doors or with ventilation 
facilities that will remove war pises and smokes. This type is either con­
structed according to plans suggested by the Government or is available 
commercially in sixes ranging from family to largo groups. Use lias also 
been made of existing underground structures such as subways and tunnels.

Considerable work has been done on ventilation requiiements and 
equipment. It is apparent that the factors of consideration are the oxygen 
consumed and the carbon dioxide liberated by respiration, ar.d the heat and 
water vapor given off hv the person to his surrounding environment. Tim 
simplest form of a shelter is an air tight space without ventilation or puri­
fiers of any kind. Obviously a room of this nature would have to be largo 
enough so that livable conditions are maintained for a reasonable period 
of occupancy, say six hours. By building tho skelter underground advan­
tage is taken of the cooling effect of the earth, the temperature being 
approximately Go degrees Fahrenheit. Under these conditions, it lias been 
established that 75 square feet of wall space per person is saiisfac^'-y <o** 
six hours; while 100 square feet per person is satisfactory for 12 hour.'. 
When effective ventilation and air purification is employed, the size of the 
space can be reduced to the minimum required for a person to occupy, 
approximately C square feet of floor space. It would appear, however, 
that a person would bo a little cramped in the designated minimum space 
if ho had to stay very long. In constructing an underground sheber, con­
sideration should always be given to materials with poor beat insulation 
values—in other words, good conductivity, like masonry or concrete blocks.

Itoom equipment seems to be a very important thing ami is stressed 
everywhere. - The necessities of life must be provided; food and water, pro­
vision for sanitation and hygiene, protective devices, first aid materials, fire 
extinguishing equipment, repair materials for the loom, ai.d finally amuse­
ment ar.d rest. Upkeep of morale is an important factor.

Aside from the material aspects of civilian, protection, a very important 
part is the organization. They began to form these organizations in Ger­
many as early as 1002 and U<23. ami in England in JP05 arid lf-06. In their 
plans they considered what they should do at the present time flf'3o ar.d 
1036), what they should do as opportunity affords, what they should do 
when emergency is imminent, when warning of danger 5s sounded, what 
they should do during the raid and after the raid m past. England has 
passed through all of these stages now. It is .a fair question to ask, "in 
what stage are we?”

It is apparent that we are in the stage, at least, where we should be 
doing some thinking, where we should be making definite plans, and wry re 
the public should be better informed. This is not a matter for technologists 
alone. It is not a matter for a few people. It is a matter that affect* every 
civilian who might come within the scone of warfare and it is a matter that 
must be handled largely by civilians. Why should we be any more immune 
than the civilians of our neighbor country north, whore they arc already 
making some plans? We perhaps have some, but they are not as generally 
known as I personally think they should be known.

The organization in England for dealing with air redds and attacks on 
civilians is about the same set-tip as that required for military operations.
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In oilier word', they have facilities for the treatment of casualties, movable 
first aid units, first aid posts, casualty stations, base hospitals, ambulance 
service, laundry and decontamination services, and clerical and record ser­
vice. It is very important to keep records in situations where there is panic, 
demoralization, people chased out of homes, and funeral scattering of 
women and children.

After taking care of immediate casualties, there is the matter of rescue 
service, demolition service, decontamination service, fire fighting. gu.s detec­
tion, emergency communication, protection of civilians and employees, 
lighting resuicticus, air raid warnings, and other things. This gives ywu 
an idea of the magnitude of the problem. As a hey organization, used in ■>r>> 
country, they have a well organized home defense and home security branch. 
In a community the first important agent is the local warden, lie is the n.nr. 
who knows all about his particular community assignment. He is supr-.-.-ed 
to know all about the police department facilities, fire fighting facilities, 
hospitals and where the doctors live, who the people atv am! which or.es 
are aged, infirm and can’t be moved; where the gas lines are and how thc-y

* can bo shut. olT; whether there is anything particularly vulnerable in that
• district; and c!- suck Idlings of importance. In other words, ’'A : *1’.; key 

man that paid-. - all of the work for that particular region.
The warden is a selected man of pood responsibility and trained for his 

work. He has equipment for dealing with putting out fires, decontamina­
tion work and other necessary duties. He has at his command and cab a 
number of other services. He has a rescue service. That includes a motor­
ized sound equipped with jacks, torches, crowbars, and tools for recovering 
persons from debris, for demolishing buildings, and for tearing down walls 
that are hanging and creating additional hazards.

There is a decontamination service. This consists of another squad 
which the warden calls on to go out and decontaminate an area that is. 
infested with gas. The personnel have special training in anti-gas w,«rk. 
There is a gas detection squad tiiat gives service and advice regarding 
whether gas has been used, what kind of gas, and what is to be done rd v.;t 
it. This is a trained technical service. In addition, there are other spcvial- 
ized services available on call.

Protection of industrial workers and property is apparently handled 
to a large extent by the industries themseivc-s, but through tiie general 
regulations that have been put out for civilians. That is, industry organ­
izes its protection on the basis of the individual industry, somewhat the 
same as they organize in American industry for safety work or fire pro­
tection.

Any work of this kind that leaches so broadly into the civilian popu­
lation require? much time and e:;c.rt of an educational and training nature 
to make an effective, functioning organization. Many publications and 
information sheets have been issued abroad and in language that civilian? 
can read and understand. There are books on civilian gas detection, kinds 
of gases, kinds of shells, kinds of bombs and what they do, how deep a bomb 
will penetrate, how to construct shelters, first aid, lighting, protection of 
children, care of animals, food contamination, and practically every phase 
of civilian protection work.

In this discussion I have endeavored merely to indicate some of the 
problems and answers relating to civilian protection. In this country there 
ore many available facilities that can be utilized. In Xew York and many 
other cities we have tunnels and subways. Here in Pittsburgh we have the
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Liberty Tunnels, tbe Armstrong Tunnel, and the ole! Wabash Railroad tunnel. 
Under Herjon Hill and other places we have old mines that could he opened 
up. In Pittsburgh wo are also fortunate in that the land is hilly. It is much 
easier to build a bomb shelter on the sub.- of a steep hill or cli;T than on 
level around. It is easier to get further underground and construct a pro­
tection rojf and it is more difficult to attack with bomb:- and shell*. It is 
hoped that we will never have to use luwv and other required facilities or 
to function as a nation in the capacity of actually protecting our civilian 
population and industry from the implements of vanniv. However, it has 
become necessary for us to at least Login to think and plan.

DR. SAYERS: What proportion of civilian masks do you think should 
be provided?

MU. YAXT: Of course in a country like England and more densely 
populated places it is pretty high. I think England made something on the 
order of thirty million, or r.cr.rl.. enough for every person over the;e. .Now, “ 
I am not so much afraid of that. In fact, if I were out in the good open 
spaces around Iowa ar.d Nebraska 1 think I would trust to my legs about 
as soon as a gas mask in a case of that kind. But where you don’t have 
open spaces and where shells or bombs might be used to more advantage I 
think you should have masks. In densely populated districts, in cities ar.d 
in places that might be in the path of mva-don I think they should be sup­
plied. But out in the country I wouldn't w rvry much about it. I don’t think 
they would waste any shells there to begin with. You could dodge them and 
get out of the gas cloud very easily if they did.

I am not so sure that you can cause any widespread gassing even in a 
city. The main thing, of course, that can happen is to cause a panic among 
the people. One important thing the civilian, gas mask d..*cs is to preserve 
morale and give a sense of security. In other words, they have-a psycho­
logical effect as well as a practical effect.

If there are no other questions I will turn the meeting back to Dr. Mellcr.

DR. MELLER: I want to thank all of those who have taken part in the 
two-dav program, which I run sure the listeners have found most interesting 
and instructive. The- meeting is adjourned and will be followed by a short 
business session.
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