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Publication Plan
T H E  T R A N S A C T IO N S  of the Twenty-third Annual Safety Con­

gress, National Safety Council, 1934, are published in two volumes. 
The first, containing the General Sessions, the Special Subject Sessions, 
and the industrial Section Sessions, is presented herewith. I t  is sup­
plemented by a smaller volume containing the sessions of the Street 
and Highway Traffic Section, the Child Education Section, and Home 
Safety.

The large volume is being sent automatically to the Industrial mem­
bers of the Council; the smaller volume is sent automatically to mem­
bers who are believed to be chiefly interested in those sessions. I t  may 
also be secured on request by other |CounciI members.

For the benefit of many members who have found it advantageous 
to distribute copies of these T R A N SA C T IO N S  to supervisors, fore­
men and others among their personnel, who may keep them for contin­
uous reference, the following quantity prices are quoted: 1 to 10 
copies of the large volume, $1.50 each; 11 copies and over, $1.25 each. 
Copies of the smaller volume, $.50 kach.

T H E  P L A N  O F P U B L IC A T IO N  is the same as that followed for 
the last three years. I t  is a condensed record. The papers of each 
session or division of the Congress have been assembled, edited with 
care and discernment to eliminate extraneous matter and abbreviate 
the less essential portions, and the concise remainder is presented for 
study and reference. Although not “complete” in the sense that every 
word is reproduced, it is an interesting and valuable record which em­
phasizes the memorable parts of each paper or address. The original 
manuscripts are on file in the Council Library, available for additional 
reference as desired.

Although the National Safety Council endeavors to eliminate from 
discussion at its conventions matters which are not pertinent to its 
purposes or which are contrary to its policies, the Council cannot ac­
cept responsibility for the views expressed either in the papers pre­
sented or the discussions thereon.

NATIONAL SAFETY COUNCIL, INC.
20 North Wacker Drive, Chicago
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Dust in Industry

. FRIDAY AFTERNOON SESSION
. October 5, 1934

The session devoted to a discussion of Dust in Industry was called to order by 
Dr. E. G. Alciter, Director, Industrial Hygiene Laboratory, Employers Mutual Lia­
bility Insurance Co., Milwaukee, who presided. Dr. Meiter bricHv welcomed the 
delegates and then introduced the first speaker. ’

Types of Dust That Cause Occupational Diseases
By LEROY U. GARDNER, M.D.

Director, Saranac Laboratory for the Study of Tuberculosis, of the Edward L.
Trudeau Foundation, Saranac Lake, N. Y.

Hie speaker said in part: Experience has demonstrated that the lung pssucs 
can tolern'e very large amounts of most kinds of foreign dust particles without 
serious interference with function. The lung may be intensely pigmented by colored 
dusts with no evidence that respiration is impaired. But dusts composed, in whole 
or in part, of silica have been shown to be dangerous because they stimulate the 
growth of the connective tissues of the lungs and bring about the formation of scar 
tissue. This destroys the normal elasticity of the organ which is necessary for 
respiration ami it thickens the delicate membranes so that a free interchange ot 
gasses is impeded. Fortunately, these results only follow the prolonged inhalation 
of very large quantities of silica.

Experiments have demonstrated that the injection,of silica into the tissues ot 
annuals kills the cell" where the substance lodges and excites an infiamm -1>■ -n 
M hen healing takes place a very dense and characteristic kind of scar tissue forms. 
Most non-siliccous dusts produce no inflammation and very little scar. It lias been 
shown that such changes do not follow the injection of silica unless the particles 
are very fine, three microns or less in diameter, and unless enough of them localize 
in one area. With larger particles the rate of reaction is so slow that little change 
occurs within a year. As a general rule, the finer the particles, the more rapid the 
cellular response. T he reaction to fine silica begins within four or five hours and 
it continues for a period of years.

If the silica is combined with bases in the form of silicates, it rarely produces 
such active and _ progressive changes. Tile silicate of magnesium, asbestos, does 
cause the formation of scar tissue in experimental animals and in the human lung, 
but most other silicates are not generally recognized as Irritating. Recentlv it has 
been claimed that a hydrated silicate of aluminum and potassium, called sericite, 
is responsible for most of the cases of silicosis. This silicate, a transformed feldspar.' 
is often associated with tpiartz and it has been identified in the lungs of persons suf-
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S«nlficinT”«-hn!i^iS' , H ° WCVcr’ a t .lcast ‘VO ‘n>cs of soheito have failed to excite 
' i p 1 '’LS wll.c,” '"Jectod into animals. Experiments with this substance 

, sh l progiess. Kaolin, an alunnno-silicate of potash, lias also produced quite 
characteristic changes in the lungs of rabbits lint our > resent l- t i 
not permit us to assume that, s i l i c a s  as a c i^ i  wii’̂ produc u^ ^  d L ^ T  

Most observers now behevc that uncombined silica, or f |uart/ is poiso o s to 
he tissues because it is slowly dissolved in the fluids of the body Ccrn v the

soluhih ty were. t l^ <  V ^ n ^ r t - p l d

n ^ r l T T Z V S  f t  mLhanically'^The ” ?Ci
quartz particles were believed lo abraid the 1 ng ^  * » 1  excite t l  forma1’rnimsmmmmmsmne imrecocimccl property possibly relateil to its atomic structure ' '

,,A!Sc3V l , C S of" *S s i r  SE s f t  i f  »«•. T
^  S T  i“ E ; :: S

lhagocjtes that ingest too manv quartz particles a re  Hlleel In- tic • %< i^ ~ 'S £ S ,J!rj£sz
accumulate so that many of'lheni mgest^onlvT few ‘¡nrticlc?*’ *’,llilcr.oc>-tcs

s i  ^  *r..«f S W s
are consequently localized in die norlcs. ‘ cf,nsK,l‘ral,lc m,mbcrs particles

gr(, w ^ M Si L (hhn;ustelen"n,st in l l l e ^ 's t ru c n ^  "‘’' n t T T '  a martel ° ' CI"
to such an extent that the nodeV eihreK replaced  , w o f '  
ti.s>ue fibres, niton several times as lar^e as the ori-nml t1fIri„ c* ^  scar
croacli upon and compress the lymphatic vessels Thf lV ’ - ucn nodules on­

, fhesc preliminary changes do not constitute the disease silicosis- d - ■ llr„i,., 
only the ymphatic system.. The respiratory tissues a r e no, a p p ^ h .K ! ' a iVmoH 
xu ^nud styio A-ia\ iiims these preliminary chanties mav hr visinli/ .,i • u ■ V." 
enmg and heading of the shadows cast bv the blood vcss’el ■ toeetli 1 • i1'' a 
ing of the shadow of the. root of the lung. Hie h i l l “ o iel ire tl id'e! ' r , " “™' 
the most important lymphatic vessels course through their wills Tbe I r CaUS-e

hose locations the .silica again stimulates the formation of scar tissue T V  L

r i s a ' s a r / ^ r f *  i i T T ' r l ¿ * - 8 2

With the tormat.on of silicotic nodules in the functioning parts of the lung the
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tauiing relatively lew particles, make their way into the lymphatic system and accu­
mulate m the lymph nodes. In sullieicnt concentration, or perhaps because they are 
mixed with small amounts of silica, they set up a low grade, uou-progres.sive chronic 
mt animation. But this reaction results only in a little thickening in the lymph 
j.odes and about the lymphatic vessels. 1 lie lung tissue may he variously pigmented, 
y.ack from coal or red from iron, hut there is no formation of scar tissue that inter- 
leres with junction. I he susceptibility to tuberculosis of the person with such pig­
mentation is not increased but it is apparently quite definite that pneumonia is 
unduly prevalent in coal miners and that chronic bronchitis results from the inliala- 
t'OU ot cement. 1 he X-ray films of men working in nun-siliceous dusts siiows either 
notnmg at all or a more or less marked accentuation ot the linear shadows cast by 
t.,e Ulood vessels, this, of course, is due to the chronic inflammatory changes about 
the jympnatic trunks m walls of blood vessels.
• 7 ' ?  efl!:ct,s mixtures of free silica and lion-siliceous materials are less clearly 

uctmed and should receive more serious attention. It would seem unwise to assume, 
la* Jetm. , e tllc, l’ast’ t'lat tl'e non-siliceous substances serve only as inert 

diluents and that only the quartz component of a dust is of significance. Experi­
mental and clinical data are accumulating which suggest that at least some other 
." ' , matcnally n!0(hl-v the action of quartz, both in its capacity to produce
' , fibrosis m the lungs and to increase the susceptibilitv to tuberculosis For

example, animals inhaling heavy concentrations of a mixture of equal parts of pure
s W n 'o n i  ma“ !f tllr 7 ° r Cigl!t h0UrS a (la-v over a P^iod of1 14 inontlis have mown not even the slightest indication of nodule formation in the lung, whereas
I ure quartz dust, inhaled tor only two hours a day..produces definite undulation. It 
aiso sceins to be true tli.-it animals inhaling such a mixture are much less susceptible 
to timercuiosis than those exposed to pure quartz. In the case of the human iron 
miner, some lungs show definite silicotic nodulation, others onlv a verv few' nodules 
r e ' 'n h r lly "° '10tUl f  at al1' AU exhibit heavy deposits of iron particles with a 
v‘.‘l a connective tissue reaction. When these imdings can be correlated with 

,.'qmpCafi analys.,s 01 .,he lung tissues and the approximate amount of rock work 
...ncn t.icse miners have performed, some relationship between the exposure to 
smea and the librous nodule formation may be established. Tul.crculos.s in these 
ir,Si miners is apparently less prevalent and much less severe than in men exposed
wri’i-ers •! ! ? '  V 'aS f 1'1-' Sa,(1 irr,n In,uors ls als,) probablv true of foun.lrr 
n v ^ le  i / ' ' ' ' ’' o '  h | ,s "cneraiiy accepted that ,„c„ in the latter occupation 
.are css t merculosis than the average lor the age period; Cummins believes that 
,.e have the injection but that it ,s so atypical and benign in its manifestations 

tnat it escapes diagnosis.
Mention should also be made of mixed dusts like certain slates and granite 

cr.naming large amounts of tree silica m combination with silicates. Experimemallv 
mese su ¡stances _ behave atypically and do not produce nodular fibrosis „„less there 
is complicating infection. The same may also be true in human beings Unques­
tionably such dusts arc capable of producing typical silicotic nodules and ti ev nre-

• . •' '-s.c.s.i . ' ia in 1 1 u m ti. m i i  M iu u u i  r r i ' r i v o  n m e n
iimre intensive study to clarity our views on the whole subject. At the present time 
it .appears that the action of their quartz component is modified and paniailv neu­
tralized by the other substances which they contain. '

Using Exhaust Systems and Respiratory Equipment 
To Protect Workers Exposed to Dust

By STUART W. GURNEY and DAVID S. BEYER 
Liberty Mutual Insurance Company, Boston

The speaker said m p ar t : A number of our states have had references to dust 
elimination m their ,abor laws for a good many years, but no state lias as yet 
thoroughly enforced these laws. The codes of five states which we investigated 
provide that grinding, buffing and polishing wheels should be exhausted, although 
two ot the states exempt Irom these provisions wheels on which water is used.
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’..lining relatively few particles, make their way into the lymphatic system and accu­
mulate in the lymph nodes. In Mit'ficient cunrentrati'm, or perhaps because they are 
mixed with small amounts of silica, they set up a low grade, non-progressive chronic 
mtlammation. Hut this reaction result-' only in a little thickening in the lymph 
nodes and about the lymphatic vessels. The lung tissue may he variously pigmented, 
’'lack from coal or reel from iron, hut there is no formation of scar tissue that inter­
feres with function. The susceptibility to tuberculosis of the person with such pig­
mentation is nut increased but it is apparently quite definite that pneumonia is 
unduly prevalent in coal miners and that chronic bronchitis results from the inhala­
tion of cement. The X-ray films of men working in non-siliceoiis dusts shows cither 
imiliing at all or a more or less marked accentuation of the linear shadows cast by 
the Mood vessels. This, of course, is flue to the chronic inlkimniatory changes about 
the lymphatic trunks in nails of Mo</d Vĉ .-cJs.

The effects of mixtures of free silica and imn-siliccous materials are less clearly 
defined and should receive more serious attention. It would seem unwise to assume, 
as has been done in the past, that the non-siliceous substances serve only as inert 
diluents and that only the quartz component of a dust is of significance. Experi­
mental and clinical data arc accumulating which suggest that at least some other 
dusts may materially modify the action of quartz, both in its capacity to produce 
nodular fibrosis in the lungs and to increa>e the susceptibility to tuberculosis. For 
example, animals inhaling heavy concentrations of a mixture of equal parts of pure 
silica and hematite dust for eight hour.-» a day over a period of 14 months have 
>hown not even the slightest indication of nodule formation in the lung, whereas 
pure quartz dust, inhaled for only two hours a day. produces definite nodulatmu. it 
also seems to be true that animals inhaling such a mixture are much less susceptible 
to tuberculosis than those exposed to pure quartz. In the case of the human iron 
miner, some lungs show definite silicotic undulation, others only a very few nodules 
and many no nodules at all. All exhibit heavy deposits of iron particles with a 
cellular connective tissue reaction. When these findings can be correlated with 
chemical analysis of the lung tissues and the approximate amount of rock work 
which these miners have performed, some relationship between the exposure to 
silica and -the fibrous nodule formation may be established. Tuberculosis in these 
iron miners is apparently less prevalent and much less severe than in men exposed 
to pure silica. W hat has been said of iron miners is also probably true of foundry 
workers and coal miners. It is generally accepted that men in the latter occupation 
have less tuberculosis than the average for the age period; Cummins believes that 
they have the infection but that it is so atypical and benign in its manifestations 
that it escapes diagnosis.

Mention should also be made of mixed dusts like certain slates and granite 
containing large amounts of free silica in combination with silicates. Experimentally 
these substances behave atypically and do not produce nodular fibrosis unless there 
is complicating infection. The same may also be true in human beings. Unques­
tionably such dusts are capable* of producing typical silicotic nodules and they pre­
dispose to tuberculosis. From a theoretical standpoint they should receive much 
more intensive study to clarify our views on the whole subject. At the present time 
it appears that the action of their quartz component is modified and partially neu­
tralized by the other substances which they contain.

Using Exhaust Systems and Respiratory Equipment 
To Protect Workers Exposed to Dust

By STUART W. GURNEY and DAVID S. BEYER 
Liberty Mutual Insurance Company, Boston

The speaker said in part: A number of bur slates have bad references to dust 
elimination in their labor laws for a Rood many years, but no state lias as yet 
thoroughly enforced these laws. The codes of live slates which we invesliRated 
provide that grinding, buffing and polishing wheels should be exhausted, although 
two of the states exempt from these provisions wheels on which water is used.



Dust  in 1 industry

This seems ill-advised, since a study of wet and dry grinding; in Connecticut by 
Winslow and (irecnlnirg has shown that the application of water docs not by any 
means eliminate the dust hazard.

It may be remarked that, with everything else equal, a high static suction will 
give a higher velocity at the point of origin of the dust, fume or gas than a low
one; but this alone is not a measure of the effectiveness of any exhaust system.
Wisconsin has adopted the principle of specifying a limit to the number of dust
particles of respirable size per cubic foot of air. After all, this is what we are
primarily interested in, to keep the dust contamination down to a point where it 
will not he harmful.

Thes' variations and conflicting provisions in state codes-merely reflect the gen­
eral lack of authoritative standards. It is accordingly fortunate that definite steps 
arc now being taken hv the American Standards Association to develop the proper 
basis for such codes. There are two committees working on this problem; the 
Ventilation Code Committee, sponsored by the American Society of Heating & Ven­
tilating Engineers, and the Exhaust Code Committee, sponsored by the Inter­
national Association of Industrial Accident Boards and Commissions. It is also
arranged to appoint sub-committees to take up five specific subjects; Abrasive 
cleaning, chromium plating, granite cutting, rock drilling, and spray coating. lit 
addition, a Sub-Committee on Fundamental Principles of Design and Operation and 
Maintenance of Exhaust Systems will he appointed.

The two most important considerations in an effective exhaust system are; 
1. Velocity of air flow; 2. Arrangement of the inlets (from the standpoint of near­
ness to the dust source, shape, etc.).

Many an installation that is otherwise all right fails to remove the dust success­
fully merely because there is not enough air being drawn through the system. In 
a scries of tests that were conducted under actual working conditions by Theodore
F. Hatch, Department of Industrial Hygiene, Harvard School of Public Ilcnllh. 
a machine used in dressing stone was employed, and it was noted that with an air 
How through the hood of 230 cubic feet per minute, there were over one hundred 
million dust particles in the surrounding air. When the air flow was increased to 
a little over 250 cubic feet per minute, the dust concentration had dropped to forty  
million, a marked improvement. As the air flow was further increased, the dreg; 
in dust concentration was relatively slower, and it took a volume of about 580 cubic 
feet per minute to bring the dust concentration clown to ten or fifteen million particles 
per cubic foot, which was considered reasonably safe for this type of dust.

It is accordingly possible sometimes/ to take an installation that is not satis­
factory and, if the remainder of the system is well designed, bv merely speeding 
up the blower or adding a larger one, td bring about the desired results.

Another very important consideration is to get the inlets of the exhaust system 
as close as possible to the source of the dust. The drop in efficiency as wc get 
further away from the inlet is really surprising to one who has not studied the prin­
ciples involved. It should be remembered that if we have the open end of an ex­
haust pipe or air duct in operation, the air tends to flow in from all sides, even 
from behind the opening. As we move away from the end of the pipe, the velocity 
drops very rapidly, so that even at a distance of five inches from the hood the 
velocity may he less than 10 per cent of that right at the hood inlet. This is the 
most important consideration to keep in mind and one which is frequently lost sight 
of in designing exhaust systems. It is not uncommon to see an exhaust inlet a few 
inches in diameter with which the person making the installation hoped to dr.aw 
dust from a distance of several feet, but the air flow -even a foot or two away from 
the entrance to the inlet may be negligible. *

Still another important consideration having to-do with the design of the inlet, 
is the addition of a flange. The effect of this flange is to cut down the air that 
would flow in from behind the opening, thus drawing it nearly all from the front. 
Thus the efficiency of the system is substantially increased and the scope of the ex­
haust extended appreciably, without increasing the power consumption or otherwise 
adding to the expense of keeping up the system.

There arc also other considerations of perhaps lesser importance. For example 
air cannot be “pulled” from a distance by merely directing an exhaust pipe toward 
the point in question, but it can be “pushed” or blown, directionally, for a consider-
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lblc distance. This principle may lie used advantageously in directin'-; the dust 
‘•■ward tile opening* of the exhaust inlet and thus getting the desired ivsiilts with 

lower exhaust velocity and power consumption than would he reipiired if suction 
done were depended upon. This principle has been applied offecthcly in drillin'-; 
material containing asbestos, where the exhaust inlet is placed at one side of the ; 
drill and a small air jet at the opposite side of the drill, blowing across the table !
turns the particles that would IIy out from this side and directs them hack into / 
the exhaust system. It is also being applied to foundry shake-out work. /

Other considerations in designing exhaust systems include the elimination nl 
unnecessary bend' or curves, the p r o v i s io n  o f  ele.iu-out doors, and the proper con- 
structioii of joints. Where there is a general ventilating installation and one or more 
exhaust systems, care must he taken t" srr thal time do not cnnlliet with each other.

After an exhaust system has been installed it should be tested by taking actual 
dust counts to see that the dust is really being cut down to the desired point, and 
such counts should lie taken at intervals after the installation has been made, to 
see that it is still functioning properly.

The fact that the dust particles that cause the trouble are so small that they 
are invisible under ordinary conditions (less than 10 microns or i/25(K)th ot all 
inch in diameter) often makes it hard to convince the 'practical plant manager that 
there is any dust present: it also makes it impossible to tell, without the use of spe­
cial instruments, whether the completed exhaust system is actually removing the 
dust.

It might seem like an insult to one's intelligence to say that after an exhaust 
system has once been installed it should lie maintained in good operating condition. 
However, the numerous cases one encounters in the plants where this obvious neces­
sity is not carried out. indicates that it is really one of the major considerations in 
Connection with the elimination of dust or fumes. Cases are not unknown where 
the Idower has in some manner become reversed so that the air is being ejected 
and diffusing the dust, rather than drawing it in; other instances where the effi­
ciency of the system has been lowered or its value nullified by clogging up. dis­
connection or wearing out of the piping, etc., arc all too common.

One concern, of which the writers have knowledge, has a “U" tube permanently 
installed in one of its main exhaust systems so that the foreman or safety man can 
tell at a glance whether there are any changes that would indicate a break-down in 
the svstem. All such installations should have regular inspections by some compe­
tent person as a routine part of their upkeep.

It will he sufficient here to discuss respiratory equipment very briefly. The 
simplest form of this equipment is the filter respirator. Such respirators have a 
definite value for temporary use such as sweeping up. cleaning out bins, shoveling 
materials, etc., hut they require careful fitting and constant supervision to see that 
they are being properly used.

It is our opinion, alter watching the sincere elTorts in a number of plants to 
! enforce the use of these respirators, that it is rather impracticable to require them 
! to he used on full-time operation. One notices the men. under these conditions, 
i siirrcptitioudy pushing the respirator aside and gasping in free air like a fish out 
j of water, (.'crtainly, if they are to he used any considerable length of time, fre- 
t qneiit rest periods should he allowed where the men can get out into the free air 

for a few minutes refreshment.
There are also the large air-fed helm ts. with which most of us are familiar, 

used for sandblasting, etc., which have been carried to a high stale of perfection 
for the purposes to which they are adapted.

We believe, however, that much more use could he made advantageously of the 
type of apparatus that lies midway between the filter respirator and the air-fed 
helmet, namely, the light, air-fed respirator which covers the nose and mouth and 
leaves the rest of the face exposed. With a light hose attachment, this device 
offers considerable freedom of movement, and if air outlets were supplied so the 
hose could be quickly transferred from one outlet to another it would seem to be 
practicable to use them over a considerable area. They afford the advantages of a 
pure air supply without excessive weight and without the restriction to breathing 

- that k; imposed by the filter respirator.
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The Medical Supervision of Workers Exposed to Dust
By W. J. McCONNELL, M.D.

Assistant Medical Director, Metropolitan Life Insurance Co., New York City
.The speaker said in part: The hanntulncss of dusts varies widely in accord­

ance with the physical and chemical natures of each individual substance. Certain 
dusts are soluble or slightly soluble in the body fluids anil their harmful eftccts are 
proportional to the toxicit} of the compounds formed. Lead, mercury, and arsenic 
are examples of poisonous dust. Other dusts- exert their harmful eftccts local!} 
on the skin and mucous membranes anil through irritation to the respiratory pa- aces. 
Chronic acid and alkalies are examples. Attention recently has been called to tile 
probably harmful effect of dusts arising from radio-active ores. A fourth «roup 
of dusts which are insoluble or very difficultly soluble in the- body fluids may initiate 
harmful pathological lung conditions. These may he subdivided into uon-fihrosis 
and fibrosis producing dusts. The organic dusts, mainly tlie vegetable fibers, such 
as cotton, jute, hemp, etc., are non-fibrosis producing dusts. The fibrosis producing 
dusts are limited, so far as we have evidence, to a few of the inorganic mineral 
dusts, such as free silica, crystalline silicon, quartz, and certain combined silicates. 
Of the fibrosis producing dusts, those having a high percentage of free silica arc 
admittedly the most important because exposure over a period of years to such 
dusts distinctly predisposes the individual to tuberculosis.

The effectiveness of dust control measures in preventing diseases produced by 
dusts can he determined only by careful physical examination of flu- worker.-, so 
exposed under the guidance of competent medical supervision. The benefits which 
accrue to the employer and employee, alike, as a result of the physical examination 
of all applicants for employment, as well as periodical examination of those already 
engaged, would indicate very careful consideration by industry of a program for 
control of sickness. Such a procedure protects the employer from engaging an 
applicant already physically or mentally impaired who later may claim disability 
for a condition either not associated with employment or contracted during a pre­
vious employment. The applicant's physical and mental condition is established 
and by keeping' record of his subsequent illnesses and accidents, the question of re­
sponsibility for injuries and sickness need never arise.

The applicant is protected from engaging in work for which he is physical!} 
ill adapted which, if undertaken, might easily bring about serious impairment ot 
his health. For example, an applicant with an arrested tuberculosis who seu ■ 
work in a certain dusty occupation, if allowed to engage in such work might readily 
convert an inactive tuberculosis into an active one: thereby endangering life or 
at least seriously impairing the applicant's future efficiency and earning capacity. 
Whereas the same applicant if assigded to a position tint involves no stic-h ex­
posure, might be expected to continue for years as a useful and productive work­
man. The examination of applicants for employment likewise protects those that 
are already employed from the risks of communicable diseases such as tuberculosis 
and various acute respiratory and other infections being introduced into (heir midst 
by a new applicant.

Many of the younger individuals who seek employment have never before re­
ceived a thorough physical examination and consequently are unaware of the de­
fects front which they suffer. As a result of physical examinations, man}- defects 
are located which may he removed or corrected before they have caused irrepat ahlf 
damage, thereby increasing the efficiency of the worker and often averting definite 
and finally chronic diseases. Furthermore, incipient tuberculosis, misuspcclcd dis­
eases of the heart, kidneys, and a host of other diseases of a similar nature, are 
discovered and the applicant referred for proper medical tare and treatment which 
otherwise might have been postponed until too late.

Of even more importance than the initial physical examination of applicants is 
the periodic examination and care of old employees by ail industry. Such a pro­
cedure serves to check the efficiency of preventive measures designed to prevent 
occupational diseases. It offers the most effective way of controlling the health of



large groups of workers by discovering early not only occupational diseases, but 
many other conditions that go undiscovered until the worker is acutely ill or be­
comes disabled, if the various contagious conditions go unrecognized others be­
come infected, thereby causing serious economic loss, as well as endangering the 
health of a group of individuals.

The information obtained from physical examinations affords the medical super­
visor the opportunity to make certain that employees are engaged in suitable work 
out of which they are getting maximum results, to correct the effects of undue ex­
posure to harmful environmental conditions, and generally to lessen all occupa­
tional hazards. As a public health measure, it is impossible to over-estimate the 
value of periodic examinations in establishing interest in sickness prevention.

The set-up of a proper program for medical control of workers exposed to dust 
depends upon the number of employees involved and individual plant conditions. 
A series of articles under the title of “The Medical Department Manual” by Dr. 
Hart Is. Fisher, appearing in current numbers of “Industrial Medicine,” gives a com­
prehensive account of the organization and operation of a medical department.

1. The establishment of a medical department with adequate facilities and med­
ical personnel who have qualified in the field of industrial medicine. A process 
analysis of all operations in the plant should be made and the medical supervisor 
should list all possible health hazards and familiarize himself with their physio­
logical effects. If necessary, he should conduct research studies to determine the 
harmful effects of new' substances introduced into plant processes about which little 
is known. In cooperation with other departments, he should investigate the extent 
of the hazards and devise measures of control.

2. The routine examination of all applicants for employment. The procedure 
should include a detailed history of the applicant's previous illnesses and accidents 
classified under fa) diseases of childhood, fb) general infectious diseases, to) 
respiratory diseases. (<D venereal diseases, and fe) accidents and resulting physical 
defects. A detailed history of previous occupations engaged in is verv important. 
A mere statement of the type of industry in which the applicant was engaged has 
slight value, if any. The exact duties performed in each occupation should be 
noted and information ascertained as to the probable length of exposure to hazard­
ous substances. After the history has been taken and a photograph for identifica­
tion purposes (if part of routine) is made, the applicant should be directed to the 
examining room where he is instructed to remove his clothing for physical exam­
ination. This examination should be made as complete as is considered necessary 
to determine the applicant’s physical condition.

If the applicant has been or will be exposed to dusts which induce lung dis­
eases, an X-ray picture of the chest is an important part of the examination. This 
part of the examination may be referred to an experienced roentgenologist, as 
the value of this method of diagnosis depends upon the type of pictures taken and 
the experience of the reader who interprets them. The examining physician also 
may need additional information obtained by laboratory analv-, ■ of the blood, 
sputum, and the urine. These aids to diagnosis should be provided or made avail­
able when desirable.

3. The rating and placement of applicants. Tn cooperation with the personnel 
department, the applicant should be rated and placed, not only on in's (raining and 
past experiences, but also on bis physical and mental abilities tn fill vacancies occur­
ring from lime to time. The record of his physical-and mental examination should 
be the confidential property of the medical department.

4. Periodical physical examinations. The frequency of periodical examinations 
necessarily must depend upon individual circumstances according to the need for 
such examinations as determined hv the supervising physician. Where physical 
examinations are made for the first time, the employees of long standing should be 
given ample explanation ot the benefits of such examinations and lie given assur­
ances that their jobs are secure.

5. Provision for the disabled. Kmplnyees who develop disabilities during the 
course of employment should be re-assigned to occupations which will not interfere 
with or aggravate the disability, or they should be provided for in other ways.
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The Dust Hazards in Industry
By DR. R. R. SAYERS

Medical Officer in Charge, Office of Industrial Hygiene and Sanitation, 
United States Public Health Service, Washington, D. C.

The speaker said in part: Realizing the importance of the dust problem in 
strv. tlie United States Public Health Service in cooperation with the Jlureau 
times began its first study of the health of workers in dusty trades in 1914, 
he mines of Joplin, Missouri; and later, in 1923, the Public Health Service 
.unrated a series of dust studies. These later studies were all conducted in the 
e manner in order to permit as detailed a comparison as possible between the 
■rent investigations.
friefly, tbe.se methods of study may be divided as follows: (1) examination to 
rmine the general physical condition of the workers under observation; (2) 
ial physical examination to determine the prevalence of specific diseases of the 
iratory system and the lung pathology resultiijg from exposure to the particular 

hazard; (3) record of the nature and seventy of the disabling illnesses; (4) 
ysis and detailed study of the occupational environment; (5) occupational 
tality statistics relating to the specific • dust; and (6) autopsies, 
l'he first six intensive investigations carried put by the Service dealt with the 
lb of workers exposed to dusts in a cement plant, granite cutting industry, 
iracite and bituminous coal mining, silverware manufacturing plant, cotton cloth 
nifacturing. and in municipal street sweeping..1 Brief studies were later conducted 
certain slate, granite, marble and talc fjuarrics, while more recently a rather 
■nsivc study of the health of anthracite coal miners was completed.
These six: dust studies showed that the workers in the granite cutting plants 
i were exposed to the highest dust concentrations were found to suffer from an 
:ss of pulmonary tuberculosis alter 15 years or more of exposure and developed 
osis from 2 to 10 years. In the group exposed to a lesser amount of dust, 
osis developed only after prolonged exposure, with no excess of tuberculosis, 
eas found that a close relationship existed between the degree of dust exposure.

the extent and severity of the pulmonary damage. Anthracite coal miners 
ered from dyspnoea and other signs of pneumoconiosis and experienced a high 

of respiratory sickness ; in addition, an excessive mortality from influcnza- 
mtonia and possibly tuberculosis was found. Bituminous coal miners experi- 
:d a generalized fibrosis of the lungs and an excess mortality from influenza 
pneumonia. Cement workers showed some signs of early pneumoconiosis with 

excess of diseases of the upper respiratory tract. On the other hand, workers. 
ic cotton cloth and silverware manufacturing plants and municipal street sweepers ■ 
e negative for respiratory conditions and other illnesses when compared with 
general industrial population. ,
riock DtiUini/. For five years, the United States Bureau of Mines studied lead 
zinc miners in the Tri-State District, Oklahoma. The ore here is high in free 

a. Of the 7.722 men examined, a group of 1,647, or 21.3 per cent, was definitely 
rnosed as having silicosis, not including those diagnosed as having tuberculosis, 
the men diagnosed as having first-stage silicosis had worked an average of 

rears, but those men starting in the mines after 40 years of age worked an 
■age of only 8 years.
The work of rock drilling in subway and tunnel construction in New York
■ is in some respects similar to that of some of the activities in the bard rock 
es, at least in so far as the manner in which dust i.s evolved, the type of 
t and the resultant hazard. Recently the result of a study of rock drillers, 
;ters and excavators was reported by the New York Tuberculosis and Health 
ociation. An examination of 208 rock drillers, blasters and excavators showed

118, or 57 per’cent of the men had silicosis in various stages of progression.
■ exposure of most of these men (75 per cent) had been for 20 years or more. 
Sandbh~/iinf. No study of the health of sandblasters has been reported in the 
ted States; however, a study of the dust exposure of sandblasters was recently 
ipleled by the United States Public Health Service in cooperation with the
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National Safety Council. This investigation indicated that, judged by the nature 
of the dust and degree of the exposure, a real hazard exists in this occupation. 
This stud}' also brought out the fact that it is possible to conduct sandblasting with 
safety, provided properly designed and well maintained equipment is used.

Dialowaceatis Silica IVorkers. Most of the data on silicosis have been gathered 
from studies made both in industry and experimentally on dusts containing irce 
silica in the form of quartz. Such studies have been made in the granite industry, 
pottery trades, hard rock drilling, etc. There arc other free silica minerals in 
existence that are not crystalline in nature hut of an amorphous composition. In 
Santa Harliara County, California, there exists the largest and purest dialnmaceotrs 
silica deposit in the world. This substance consists of about Sa per cent free 
silica. Kcccntly an examination was made of 108 workers selected among those 
employed less than 1 year. 1 to 2 years, 2 to 5 years, and more than 5 years.
All of the workers were Mexican laborers and the examinations consisted of x-ray
determinations, social and medical histories, and clinical examinations of the chests. 
Dust determinations were also made hut these were not reported. The outstanding 
feature revealed by the examination was the splendid physical condition of the men. 
Eighty-four per cent of the workers were reported in excellent physical condition. 
It was found that 0(1 men showed signs of early pneumoconiosis: 15 were in the 
moderately advanced stage and 6 in the advanced stage. This latter finding was 
among workers with a history of exposure of more than 5 years.

Dust Hazard in the Granite Quarry industry. It is a common belief that
granite quarrying is not so dangerous an industry as granite cutting in enclosed 
sheds; quarry work is done outdoors and hence may not he attended with very 
much dust . exposure. However, certain quarry operations require the use of 
pneumatic tools, which are usually associated with the formation of considerable 
quantities of dust. It was thought that a study made in a representative granite 
quarry might cast some light on our problem. Accordingly, a study of a clinico- 
radiographic nature of 65 quarriers was made and occupational dust exposures were 
also obtained. The dust determinations show that nearly 58 per cent, of the workers 
(drillers) were exposed to many times the amount of dust considered safe at the 
present time. Drillers were the only persons showing pathologic lung changes. 
Half of these workers with an exposure of 5 to 19 years had silicosis, and 4 of 
the 5 men with more than 20 years of such trade life showed this condition. 
This study suggests that quarry drillers may experience as high a death rate 
from pulmonary tuberculosis as do pneumatic-tool workers in granite cutting sheds.

llliect of Inhaled Marble Dust. The pulmonary fibrotic changes due to the 
inhalation of marble dust appear to be slight in comparison with those caused hy 
stone dust containing a high percentage of silica in the form of quartz. A recent 
stud} made by us among marble workers showed that although marble dust, when 
inhaled in concentrations averaging about 25 million particles per cubic loot of air. 
produced a mild bilateral, linear fibrosis in a certain number of the 80 men 
examined, no serious lung changes were noted and there was no disability due to 

.the dint, even after many years of exposure (’more than 40 years in some cases). 
The marble dust under consideration consisted of 98 per cent calcitc and 2 per cent 
dolemitc. with no silica present.

Dust Hazard in Abrasive Industry. Artificial abrasives arc widely used in 
industry and for this reason the effect of the inhalation of dusts produced in the 
manufacture or preparation of these products is m great importance. In 1925. 
1<129 and again in 1951. Dr. Clark of the Norton Company at Worcester. Mass., 
made investigations of workers exposed to aluminium oxide and silicon carbide dust 
produced ill the manufacture of grinding wheels, which showed that during a period 
of 15 years there were proportionately twice .as many cases of pulmonary tuber­
culosis among those working in the abrasive dust departments as in departments 
where no abrasive dust occurred. In 1951. Kessler, of New Jersey, reported the 
occurrence of over 100 cases of alleged silicosis in the abrasive powder industry, 
in which the dust consisted of 99 per cent tree silica.

/fr/'i’.viov hi Silicate Dust. It has been the belief that the inhalation of dusts 
ciimposed of silicates (combined silica), in comparison with silica (free silica in 
tin- form of quartz), teas innocuous. Of i cccnt years many investigators have 
become cognizant of the hazards of silicate dust exposure. Ashcstosis, a fibrosis
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f the lungs caused by the inhalation of asbestos dust, has already been described ] 
it It in its clinical and roentuenogranhic manifestations by imestigators in other /
.untries, but to date no studies have been reported in the United States. Cement 
ust. which contains about 22 per cent combined silica, has been studied, and the 
Tects of the inhalation by workers has been discussed here. In March, 1933,
irecssen, of the United States Public Health Service, reported the results of a
udy conducted among tremolite talc and slate workers. The slate dust to which 
lese workers were exposed consisted mainly of silicates, there being less than
per cent of quartz in the dust. The talc was a hydrous calcium-magnesium silicate, 
•ing 43 per cent talc and 45 per cent tremolite, with no quartz present. The 
suits of the study seemed to indicate a relationship between the amount of dust 
haled and the effect of this dust on the lungs of workers.
„StulIslii'iit Studies. Recently, T.anza and Vane estimated that there are some 
>0.0(10 workers engaged in the mining, quarrying and manufacturing industries 

this country in which an exposure to silica dust to a harmful degree is en­
ded. Their analysis of mortality experience of twelve life insurance companies 
r the period 1915-1926 showed that the actual mortality from respiratory tliher- 
ilosis among the silica exposed persons was about three times that of a non-
lica dust group. If one considers their data for certain occupations in metal 
ines and granite and sandstone quarries, occupations known to be exposed to 
gh concentrations of hazardous dusts, then the comparison is more striking, since 
c actual deaths among these workers was fobnd to be ten times that of the cx- 
■cted deaths. More detailed statistics on occupational mortality as reported hv the 
egistrar-General of England and Wales f 1921-1923). and summarized by Ijritten. 
ow the high rate of 1.886 per 100,000 for tin and copper miners, while the rate 
r "all occupied and retired males” was only 150. Other occupations with silica 
iposure showed an excess. j

From the evidence just presented concerning the injurious effects produced by 
e inhalation of certain dusts, it is apparent that a knowledge of the properties 

a given dust which determine its capacity to produce pulmonary pathology is • 
scntial. Numerous investigations of the industrial dust problem indicate that 
esc properties tire the chemical and mineralogical composition of the dust, its 
ucentration in the industrial atmosphere, and its particle size.

Ill an earlier portion of this discussion evidence was presented which indicated 
at a close relation existed between morbidity and mortality rates from various 
spiratory diseases and the exposure to Certain dusts in industry, In the study 

the (hist hazard in the granite cutting industry, it was definitely proved that 
ere is a direct relation between the magnitude of the dust exposure and sickness 
id death resulting from tuberculosis. It is quite evident, as a result of these 
udies. that the remedy of the dust evil lies in the effective removal or suppression 

the dust to concentration considered safe. However, no set rules may be estab- 
bed for the mechanical protection to be instituted in an attempt to control indus- 
ial dust. Specific conditions encountered in a plant will determine the type of 
otection to be employed. '
The protection of workers against certain dusts known to be toxic may at 

lies lie accomplished by the substitution of a non-toxic material for the toxic one. 
lie example of such a procedure is the possible use of a metallic or other type 

artificial abrasive for sand in the sandblasting process in those operations in 
lich it is not essential to use sand, a substance high in quartz content. Again, 
e mechanical enclosure of the dust-creating process also serves to protect the 
irker. An excellent illustration of this type of protection is afforded by the 
idem sandblast barrel used in the cleaning of small objects. Sometimes it is
ssilde to protect the worker by the substitution of wet for dry processes, as wet
illing instead of dry. In one instance, in the granite cutting study previously
entioned, an operator using a diamond point tool worked the stone wet; the 
suiting dust amounted to 22 million particles per cubic foot. The same operator 
is then requested to work the stone dry; as a result, the amount of dust reached 
e high figure of 45 million particles per cubic foot. In tbe weaving of asbestos 1 
.th it has been possible to redttee the amount of dust in the air by wet weaving I 
i.ne-fourth of the amount present when the process is conducted by dry methods.,| 
lother example of this procedure in allaying dust is the use of a spray of water



in Icyner and jack-hammer drillini  ̂ in hard rock, although the new type of Kelly 
dust trap is now finding much favor for this kind of work.

The Kelly trap consists of a metal chamber designed to enclose the drill steel 
at the rock surface. No attempt is made to secure a mechanical seal with the 
rock or between the trap and the drill steel. The dust is removed by an air 
stream and is carried into an exhaust system connected ! to the trap. Kscapc of 
dust particles through openings between the uneven rock surfaces and the trap 
is prevented by the air seal produced by the inflowing air. 'Jests made on thi> 
trap under actual working conditions show that the dust concentration at the 
worker's breathing zone may he kept down to less than 10 million particles per 
cubic foot with a 60 cubic foot per minute rate of air flow through the hood. This 
trap is a step forward in the program <>f dust remov'd ; however, in underground 
work', such as in mines and suhwavs. there is >till the need to solve the problem 
of compact dust disposal equipment.

Jn certain cases, such as in the sandblasting of large castings in sandblast rooms, 
the practical safeguard to the worker is to provide him with a mask or helmet 
of the positive air pressure type. In the sandblast investigation previously men­
tioned. it was found that when from 5 to 6 cubic feet of practically dust-free air 
per minute are supplied to the helmet, the worker receives ideal protection.’ How­
ever, one must always bear in mind that the ultimate criterion of protection should 
he the dust determination of the air within the helmet during Masting and not the 
quantity of the air supply itself.

In must dusty processes, however, the most effective means of dust elimination 
are by the use of properly designed exhaust ventilation systems. Since in many 
instances it is difficult, costly, and at times an unnecessary procedure to remove all 
tlie dust in the vicinity of a worker, we need first to determine the minimum 
amount of a certain-dust which the worker can apparently tolerate with impunity. 
Such information can he made available by the type of studies carried out by the 
Public Health Service. For example, in the granite study alreadv referred to. it 
dust at the breathing level of about 10 million particles per‘cubic fo o t  (35 per cent 
free silica).
Studies of (lust removal devices used in granite cutting plants at the tunc ibis 
work was conducted showed that a linear velocity of 1.500 feet per minute a<
measured by an anemometer at the face of the diisl-removal hood, would keep the 
dust at the breathing level to an amount less than 10 million particles per cubic loot

A word should be said concerning personal respiratory protection against dusts. 
Jt lias already been shown that in the use of positive pressure respiratory devices 
in sandblasting, it is important to have a well-designed device supplied with about 
6 cubic feet of dust-free air per minute to give full protection to the worker. 
With reference to respirators of the filter type, there is still much to-be accomplished 
in the design of an efficient and comfortable mask' for continuous use. Of great 
value are standard methods for tile testing of the efficiency ot respiratory pro­
tection devices. Drinker advocates testing a device against the particular dust
which the respirator is to encounter, these tests to he made both in the laboratorv 
and under actual industrial conditions. He further suggested that some impartial
agency should conduct' Mich tests and certify the devices for industrial use. the 
work being done on a cost basis. The U. S. Jhireau of Mines has prepared Mich 
a schedule for testing and approving respirators.

I wish to stress the importance ot good housekeeping in the effort t<> combat 
the dust hazard. Good housekeeping should not only imply the removal of accumu­
lated dust about a workroom but should also embrace efficient maintenance <>' 
dust removal devices and respiratory protective equipment. Systematic inspecte-i. 
of all dust suppression equipment should he an axiomatic principle in every dusty 
industry rather than the casual attention which it now receives in many instances.

Uimny .udi tm  • .k">j

Report of the Nominating Committee
The chairman called for the report oi the Nominating Committee at this point, 

and new officers lor the section to serve during the ensuing year were nominated 
and eheted as follows:


