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Publication Plan

THE TRANSACTIONS 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. It 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, It may
also be secured on request by other Founcil members. ’

For the benefit of many members who have found it advantageous
to distribute copies of these TRANSACTIONS to supervisors, fore-
men and others among their personnel, who may keep them for contin-
uous reference, the following quaf':tity 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 each.

THE PLAN OF PUBLICATION is the same as that followed for
the last three years. It 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 refercnce. 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.
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'v'ls“ msﬁlSS::’; The session devoted to a discussion of Dust in Industry was called to order by
s ) Dr. E. G. Meciter, Director, Industrial Hygicne Laboratory, Employers Mutual Lia- BRI
bility Insurance Co., Milwaukee, who presided. Dr. Meiter briefly welcomed the NEERXERT
At you are delegates and then introduced the first speaker.
program to’ ’
e
. . A
“ady taken Types of Dust That Cause Occupational Diseases Lo
«h, hecause . g
Y owith the By LEROY U. GARDNER, M.D. . i ;
« solution ' R . v ;2
citizens is Director, Saranac Laboratory for the Study of Tuberculosis, of the Edward L. L4 !
~ing toll of . Trudeau Foundation, Saranac Lake, N. Y. N
o !
grim that The speaker said in part:  Experience has demonstrated ihat the lung tssues i it
lway com- can (olqm'c_\'cr_\' ]argc amounts ort" most kinds of forcign dust particles \\'ighuut A%
way o I serious paterterence with function.  The Jung may be intensely pigmented by cotored - 128
*l(rl(llri;:(l:: dusts with no C\:iflcncc that respiration is impaired. But dusts cu‘mposc(_i. mn whqlc 37
i or i part, of silica have been shown to be dangerous because they stimulate the
-~ mend your growth of the comnective tissues of the lungs and bring about the formation of scar .3
-iion with : tissue.  This destroys the normal clasticity of the organ which is necessary inr L i?* i
upon our respiration and it thickens the delicate membranes so that a free interchanze of !
gasses is impeded.  Fortunately, these results only follow the prolonged inhaiation ;
of very large quantitics of silica. ' ) 3 =
LT, Iixperiments have demonstrated that the injection,of silici into the tissues ot :
animals Lills the celle where the substance lodges and excites an infia BN
When healing takes place a very dense and characteristic kind of sear tissue jorms. 1
Most non-siliceaus dusts produce no intlammation and very little scar. It has been 75
shown that such chanzes do not foliow the injection of silica unless the particles D R
! are very fine, three microns or less in diameter, and unless enough of them localize %
Hoffman, in one arca.  With larger particles the rate of reaction is so slow that little chiange |3 %
f""smlasrlcr. occurs within a year. As a general rule, the finer the particles. the more rapid the { 7
+is. of New cellular response.  The reaction to fine silica hegins within four or five hours and ’ “.'!
surpassed, it continues for a period of years. : P
. I the silica is combined with bases in the form of silicates. it rarely produces i J
America.’ such active and progressive changes. The silicate of magnesium, ashestos, does ! ¢ :
Har mono- cause the formation of scar tissue in experimental animals and in the human luag, < X
< oevening; i but most other silicates are not generally recognized as irritating. Recently it has }
e Council . been claimed that a hydrated silicate of aluminum and potassium, called sericite, A b
is responsible for most of the cases of silicosis. This silicate, a transformed feldspar, KX
is often associated with quartz and it has heen identified in the lungs of persons suf- Yo i
' 2 e
A :'.‘,._\‘
i
- 1 L
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fering from silicosis. However, at least two types of sericite have failed to excite
significant changes when injected into animals, Iixperiments with this <ubstance
are still in progress. Kaolin, an alumino-silicate of potash, has also produced quite
characteristic changes in the lungs of rabbits. Dut our present knowledge doces
not permit us to asswme that. silicates as a class will produce serious tissue damage.
Most observers now believe that uncombined silica, or quartz, is poisonous to
the tissues hecause it is slowly dissolved in the fluids of the body. Certainly the
majority of the experimental observations suggest a chemical injury, buz it is diffi-

insoluble substance as quartz could he
dissolved within eight hours to produce a well marked. acute inflammation, It

solubility were the only factor one should discover a more active response after
the injection of the more readily soluble silicates, hut such is not the case.  For-
merly it was held that silica produced its effect mechanically.,  The hard sharp
quartz particles were helieved to abraid the lung surfaces and excite the forma-
tion of scar tissuc as a manifestation of healing.  This theory is no longer tenable
tor when animals are injected with other hard, sharp particles like diamond, carho-
rundum or aluminum oxide, there is 10 inflammation and practically no {ormation
of scar tissue. Ultimately it may he shown that the irritation of silica i due to
some unrecognized property possibly related to its atomic structure.

When quartz particles are inhaled they produce three specific effects which are
not excited by any other type of dust ver studied.  They alter the hehaviar of the
pulmonary phagocytes; they stimulate tle formation of circumscribed nodules of scar
tissue: and they subsequently increase the susceptibility of the lung to infection, espe-
cially tuberculous infection.

Phagocytes that ingest too many quartz particles are killed by this
substance.  As the cells die they liberate their burden and several new phagocytes
come out to take it up again. By a refictition of this process cnough phagocytes
accumulate so- that many of them mgest only a few particles.  Under such circum-
stances the stimulus is not strong enough to kill hut merely accelerates the motility
ot the cells,  They naturaily tend to leave~the air spaces, enter the lymphatic ves-
scls and accumulate in the Iymph nodes. This process becomes more rapid under
the influence of the irritating silica and very considerable numbers o particles
are consequently localized in the nodes,

After six or eight vears the quartz m the nodes
growth of the fibrous elements in these structures,
to such an extent that the node s entirely replaced by a mass of coarse, glassy scar
tissue fibres, often several times as large as the original node, Such noduies en-
croach upon and compress the Iymphatic vessels. The drainage system of the lung
is choked and cffective removal of subscquently inhaled dust s gradually dinnnished.
Dust now accumulates around tie tymph vessels and sheets of scar tissue deveiop
in this location, ’

These preliminary changes do not constitute e discase, silicosis . nvolve
only the lymphatic system.  The respiratory issues are not appreciabiy wifected,
In goud stero N-ray tilms these preliminary changes may be visualized as a thick-
ening and beading of the shadows cast by the blood vessels togcther with a. widen-
ing of the shadow of the. root of the lung.  The Mood vessels arc thickened hecause
the most important Ivmphatic vessels course through their walls. The Leading s
due (o the minute nodules of silicotic scar tissue in the lymph nodes within the
lung, The root shadow s widened heeause of the silicotic reaction in the lymph
nades i this lacation,

If still more dust is inhaled it can no longer he effectively carried oif through
the lymph vessels.  The phagacytes now carry it into the walls of the air spaces.
Oiten the cells group themselves in nodules hut sometimes they are scattered. In
these locations the silica again stimulates the formation of scar tissuc.  The result
is a general thickening of the septa between the spaces and nodulation throuihout
the functional portion of the lnng.  This change seriously intericres with function
as interchange of gas cannot take place through the thickened walls of the air spaces
and the tissues lose their normal clasticity. Less involved air spaces dilate and their
walls streteh, procducing the eoudition known as emphysema, which is
patible with eficctive respiration.

With the formation of silicotic nadules

irritating

has caused a marked over-
Ultimately the reaction develops

also incom-
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disease, silicosis, is said to begnt.” On the Neray fitim -such nodules cast clear cut,
round shadows. As-they increase in nunher and size they blot out the Jormerly
accentuated linear shadows of the blood vessels.  Ina well marked case hoth lung
fields may he thickly seeded with hundreds of such sharply defined, vrounded. nodular
shadows.  Where there is cmphysema, olten at the bases, no markings are visible
and the film appears black.

The condition of silicosis is a progressive one and it continues to develop after
a man has left his dusty occupation. Serious results only Joltow, however. when he
leaves with many nodules in the lung tissue itsell.  As such nodules jnerease in size
they replace important functional clements. Obviously the continued growth ot
only a few nodules situated in the lymphatic system could have little effect other
than to increase the obstruction already present.

The serious part of silicosis is its frequent complication by tuberculosis.  This
may arise from reactivation of a pre-existant latent infection or it may result from
a4 new infection from without, The danger of infection increases with the amount
of silicosis present. The course of the infection in the silicotic is usually chronic
and it oiten fails to produce characteristic symptoms for months or years alter its
onset.  Many times it s accidentally discovered in routine X-ray examination ot
groups of active workmen, However, evidences of disability are much more marked
in silicotic individuals with infection than in those with uncomplicated discase. cca-
sionally tuberculosis My run a very acute course in the silicotic subject hut this is
also true in other persons. The cause of the susceptibility of the silicatic lung to
tuberculosis is not perfectly understood, but it wonld scem that- the action of the
silica on the tissues creates a medium favorable for the growth of the bacteria.
The tuhercle haciili multiply and a slowly progressive tissue reaction ensues, but
the usual clinical symptoms of tuberculosis are often held in abeyance for a long
time because the chances for absorption of poisonous products of infection are mini-
mized by the obstructoed lymphatic system. [t is also possible that some of these
poisons may be absorbed on the silica particles. as Cumunins has suggrested.  Clt-
mately the infection gains the upper hand, symptoms develop and death from tuber-
culosis ensues.

The only ather. type of dust which is generally recognized as a cause of severe
pulmonary injury is asbestos, a silicate of magnesium.  This substance is tbrous
in character and is more readily soluble than quartz. Apparently the jhotective
upper respiratory mechanisms scem imadequate to prevent the inhalation i many
such fibres and even quite long ones may petietrate into the finer hronchial tubes,
These structures have irregularities in their walls which scem to hold the fibrous
dusts. In this lacation the ashestos particles are surrounded and ingested by phago-
cvtes.  The cells do not scem 1o he particularly irritated for they are not espe-
cially numerous nor do they migrate rapidly into clumps as in the case of phago-
cvtes dealing with quartz. Apparently most of them carry their hurden of ashestos
fragments directly into the walls of the tubes in which they Lie. The mildly irri-
tating dust scts up a proliferation of the connective tissue cells in the walls result-
ing in collar-like thickening of the (uhes, Centraction of the new conteclive tissue
narrows or closes the tube and therehy shits off the ingress of air to the more
peripheral air spaces.  These spaces then collapse, a coudition known as atelectasis.,
This in itself is a cause of fibrosis or scarring of lung tissue. The result is a fibrosis
of numerous relatively small arcas in the lung due to the collar-like constricting
fibrosis about many small terminal hronchial tubes. The lyvmphatic system seems to
play little part in disposing of ashestos dust andZ 22 +~Tnsigniticant anmounts of this
dust are found in the lymph nodes.

Not a few cases of ashestosis die of tubereulosis or bronchopneumonia but the
prevalence of the former infection is probably much less commeon than in silicosis,
Surveys of large groups of ashestos workers fail to reveal such a high incidence of
tuberculosis as found in similar studies on silica workers.

The inhalation of unusual amounts of non-siliccous dusts apparcatly fails to pro-
duce significant alterations in the lung. It is of course possible that injurious ones
may ultimately he discovered, but none are recognized today.,  The non-siliccous
particles enter the lung and are ingested by phagocytes. as.in the case of quartz,
The cells are not stimulated to move very rapidly and as a consequence many of
them remain within the air spaces for a long time. Some, particularly those con-
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taining relatively few particles, make their way into the lymphatic system and accu-
mulate in the Iymph nodes.  In sutticient concentration, or perhaps hecause they are
mixed with small amounts of silica, they set up a tow grade, nou-progressive chronic
indammation.  But this reaction results oaly moa Dittle thickening in the lymph
nodes and about the lymphatic vessels. The lung tissue may be variously pigmented,
biack from coal or red from iron, but there is no formation of scar tissue that inter-
feres with function, The susceptibility to tuberculosis of the person with such pig-
mentation is not increased but it is apparently quite definite that pnewmonia is
unduly prevalent in coal miners and that chironic hronchitis results {rom the mhala-
tion of cement, The X-ray films of men working in non-siliceous dusts shows either
nothing at all or 2 more or less marked accentuation of the linear shadows cast by
thie blood vessels. This, of course. is due to the chronic inflammatory changes about
the lvmphatic trunks in walls of blood vessels.

The effects of mixtures of free silica and non-siliceous materials are less clearly
defined and should receive more serious attention. It would scem unwise to assume,
as has been done in the past, that the non-siliccous substances serve only as inert
diluents and that only the quartz component of a dust is of significance.  Experi-
miental and clinieal data are accumuiating which suggest that at least some other
dusts may materially modify the action nf quartz, hoth in its capacity to produce
nodular Hibrosis in the lungs and to increase the susceptibility to tuberculosis. For
example, animals inhaling heavy concentrations of a mixture of equal parts of pure
stfica and hematite dust for cight hours a day over a period of 14 months have
shown not ecven the slightest indication of nodule formation in the lung, whereas
pure quartz dust, inhaled for only two hours a day..produces dehnite nodulation. Tt
aisn scems to be true that animals inhaling such a mixture are much less susceptible
o tuhercuiosis than those exposed to pure quartz. I the case of the human iron
miner, some lungs show definite silicotic nodulation, others only a very few nodules
and many no nodules at all,  All exhilit heavy deposits of iron particles with a
ceilular connective tissne reaction. \When these nndings can he correlated with
temical analysis of the luny tissues and the approximate amount aof rock work
hichi these miners have periormied.  some refationship hetween the exposure to
suica and the nhibrous nodule formation may he established.  Tuberculosis in these
ireit miners s apparently less prevalent and much less severe than in men exposed
to prre sifica, What has been said of iron miners is also probahly truc of foundry
workers and coal miners. It is generaiiy accepted that men in the latter accupation
have less tuberculosis than the average for the age period; Cummins helieves that
they have the inicction but that it is so atvpical and benign in its manifestations
that it cscapes diagnosis.

Mention should also be made of mixed dusts like certain slates aad
crntaining large amounts of free silica in combination with silicates.
these substances hehave atypically and do not produce nodular fibrosis unless there
15 complicating infection. The same mav also be true in human beings. Unques-
tirnably such dusts are capable of producing typical silicotic nodules and they pre-
disuase to tuberenlosic.  From o thearetionl standpoint they should receive mueh
more intensive study to clariiv our views on the whole subject. At the present time
it appears that the action of their quartz component is modified and parually neu-
tralized by the other substances which they contain.

granite
Experimentally

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 our states have had refercices to dust
climination in their labor laws for a good many ycears, but no state has 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 of the states exempt from these provisions wheels on which water is uscd.
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aining relatively few particles, make their way into the lymphatic system and accu-
-ulate 1 the lymph nodes.  In suflicient concentration, or perhaps because they are
mixed with small amounts of silica, they set up a low grade, non-progressive chronic
mlannnation. Buat this reaction results only in o little thickening in the lymph
nodes and about the lymphatic vessels. The lung tissue may be variously pigimented,
Nlack from coal or red from iron, but there is no formation of scar tissue that inter-
feres with function, Fhe susceptibility to tuherculosis of the person with such pig-
mentation is not inereased but it is apparently quite definite that pneamonia is
unduly prevalent in coal miners and that chronic bronchitis results from the mhala-
tion of cement. The X-ray films of men working in non-siliccons dusts shows cither
nothing at all or a more or tess marked accentuation of the Hnear shadows cast by
the blood vessels. This, of course, 1s due to the chronie inflammatory changes about
the lymphatic tranks i walls of Llood Vesscls,

The ctfects of mixtures of free silica and non-siliccous materials are less clearly
defined and should receive more serinus attention, It would seem unwise to assume,
as has been done in the past, that the non-siliccous substances serve only as inert
difuents and that only the quartz component of a dust is of significance. Ixperi-
mental and chinical data are 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 increase the susceptibility to tuberculosis. For
example, animals inhaling heavy concentrations of a mixture of equal parts of pure
silica and hematite dust for cight hours a day over a period ot 14 months have
shown not even the shightest indication of nodule formation in the lung, whereas
pure quartz dust, imhaled for only two hours a day, produces definite nodulation. Tt
also scemis 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 nodulation, others only a very few nodules
and many 0o 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 mien exposed
to pure silica.  What has been satd of iron ainers is also probably true of foundry
workers and coal miners, [t is generally accepted that men in the latter oceupation
have less tuberculosis than the average for the age period; Cununins believes that
they have the wfection but that it is so atypical and benign in its manifestations
that it cscapes diagnosis,

Mention should also he 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 fbrosis unless there
is complicating infection.  The same may also he true in human beings.  Unques-
tionahly such dusts are capable of producing typical silicotic nodules and they pre-
dispose to tuberculosis.  TFFrom a theoretical standpoint they should receive much
more intensive study to clarily 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 our states have had references to dust
climination in their !abor laws for a good many years, but no state has 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 of the states exempt from these provisions wheels on which water is used.
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This scems ill-advised, since a study of wet aud dry grinding in Connecticut by
Winslow and CGreenburg has shown that the application of water does not by any
weans climinate the dust hazard.

It may be remarked that, with cverything 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 1s not a measure of the cffectiveness 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 be harmful.

These vartations and conflicting provisions in state codes merely reflect the gen-
eral lack of authoritative standards, Tt is accordingly fortunate that definite steps
arc now heing taken by the American Standards Association to develop the proper
basis for such codes. There are two committees working on this problem; the
Ventitation Code Committee, sponsored by the American Society of Heating & Ven-
tilating lingineers, and the Exhaust Code Commiittce, sponsored by the Tnter-
national Association of Industrial Accident Boards aud Commissions. It is also
arranged to appoint sub-commiittees to take up five specific subjects: Abrasive
cleaning, chromium plating, granite cutting, rock drilling, and spray coating. It
addition, a Sub-Committee on Fundamental Principles of Design and Operation and
Maintenance of Exhaust Systems will be 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, slnpc, cte.).

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 Theadore
I*. Hatch, Department of Industrial Hygiene, Harvard School of Public Iealth.
a machine used in dressing stone was employed, and it was noted that with an air
flow through the hood of 230 cubic feet per minute, there were over one hundred
miltion 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 droapped to forty
million, a marked improvement. As the air flow was further incrensed, the drap
in dust concentration was relatively slower. and it took a volume of about 380 cubic
fect per minute to bring the dust concentration down to ten or fifteen million particles
per cubic foot, which was considered reasonably safe for this type of dust.

It is accordingly possible Smnctlmtsj to take an installation that {s not satis-
factory and, if the remainder of the system is well designed, hy mercly specling
up the blower or adding a larger one, té 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 we get
further away from the inlet is really surprising to one who has not studied the prin-
ciples involved. It should be remembeted 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 be 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 (lcs1gmn" exhaust systems. It is not uncommon to sce an exhaust infet a few
inches in diameter with which the person makmg the installation hoped to draw

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 anather important consideration having to-do with the design of the infet.
is the addition of a flange. The effect of this flange is to cut Jdown 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 incrcased 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 are '1|<o other counsiderations of perhaps lesser importance.  For example.
air cannot he “pulled” from a dxstanu: by merely directing an exhaust pipe toward
the point in question, but it can be “pushed” or blown, (III’CCt]OILl”_\, for a consider-

ot
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whle distance.  This principle may be used advantageously in cdirecting  the dust
‘oward the opening of the exhaust inlet and thus getting the desired 1osults with
@ lower exhaust velocity and power consumption than would be required if suction
done were depended upon. This principle has been applicd ceffectively in drilling
material contaming ashestos, where the exhaust inlet is placed at oue side of the
drill and a small air jet at the opposite side of the drilf, blowing across the tahle
turns the particles that would Hy out {rom this side and directs them back into
the exhaust systenmn Tt s also being applicd o foundry shake-ont work,

Other considerations in designing exhanst svstems  nelude  the  elimination ot
mnnecessary bends or curves, the proviston of clean-out dooes, and the proper con-
struction of joints.  Where there is a general ventilating installation and one or more
exhaust systems, care n by taken to cee that they do not contlict with each other,

After an exhaust system has been Distalled it should be tested by taking actual
dust counts to sce that the dust is really being cut down to the desived point, and
such counts should be taken at intervals alter the mstallation 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 [0 microns or 1/72500th of an
meh i diameter) often makes it hard to convinee the practical plant manager that
there is any dust present: it also makes it impossible o tell, withont the use of spe-
cial instruments. whether the completed exhaust system is actoally removing  the
dust.

It might seem like an insult to one’s intelligence to say that after an exhaust
system has once béen installed it should be maintained in good operating condition.
However., the numerous cases one enconnters in the plants where this ohvious neces-
sity s 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 blower has in some manner become reversed so that the air s being cjected
and diffusing the dust, rather than drawing it in; other instances where the cth-
ciency of the system has been Towered or its value nullificd by cloguing up, dis-
connection or wearing out of the piping, ete, are all too conunon.

One concern, of which the writers have knowledge, hias & “U7 tube permanently
installed i one of its main exhaust svstems so that the foreman or safety man can
tel] at a glance whether there are any changzes that would indicate a break-down in
the system, Al such instalfations should have regular inspections by some compe-
tent person as a routine part of their upkecep.

It will be sufficient here to discuss respiratory  equipment  very hriefly. The
simplest form of this equipment is the filter respivator.  Such respirators have a
definite value for temporary use such as sweeping up, cleaning out bins, shoveling
materials, ete., but they require careful fitting and constant supervision to sce that
they are being ]nu\wll\ used,

[t is our opinion, after watching the sineere ('lTur(s in a number of plants to
enforce the use of these respivators, that it is rather impracticable to reguive them
to be used o full-time npu.uinn One notices the men, under these conditions,
\mnlmlmu\l\ pushing the respirator aside and gasping in free air like a0 fish ont
of water.  Certindy, i they are to be used any considerable length of time, fre-
quent rest periods should be allowed where the men can get out into the free air
for a few minutes refreshment,

There are also the large air-fed helmts, with which most of us are familiar,
used for sandblasting, ete.. which have been carried to a hich state of perfection
for the purposes to which they are adapted.

We believe, however, that much more use could be made advantageously of the
type of apparatus that lies midway between the fifter respirator and the air-fed
helmet, namcly, the Tight, air-fed respirator which covers the nose and mouth and
feaves 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 scem to be
practicable to use them over a considerable arca.  They afford the advantages of a
pure air supply without excessive weight and without the restriction to breathing
that » imposed by the flter respirator.

N
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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 harmiulness of dusts varies widely in accorid-
ance with the physical and chemical natures of cach individual substance.  Certain
dusts are soluble or stinhtly soluble in the body fluids and their harminl ceffects are
proportional to the toxicity of the compounds formed.  Lead, merenry, and arsenie
are examples of poisonous dust. Other duosts- exert their harmiul cftects locally
on the skin and mucous mendranes and through irritation to the respiratory pes ages,
Chronte acid and alkalies arc examples.  Attention recently has been called to the
probably harmful cffect of dusts arising from radio-active ores. A fourth group
of dusts which are insoluble or very difficultly soluble in the body fluids may initiate
harmiul pathological tung conditions.  These may be subdivided into non-fibrosis
and fibrosis producing dusts.  The organic dusts, mainly the vegetable fibers, such
as cotton, jute, hemp, etc, are non- fibrosis producing dusts. The fibrosis producing
dusts are limited, so far as we bave evidence, to a few of the inorzanic mineral
dusts, such as free silica, crystalline silicon, quartz, aud certain combined silicates.
Of the fbrosis producing dusts, those having a high percartage of free silica are
admittedly the most important because exposure over a period of years to such
dusts distinetly prcdl\poses the individual - to tuberculosis.

The eftectiveness of dust control measures in prcwntmn disenses produced
dusts can be determined only by carefnl physical examination of the workers so
exposed under the guidance of competent medical supervision.  The benelits which
accrue to the emplover and emplovee, 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 laler way claim disability
for a condition either not associated with ctiployment or contracted during a pre-
vious employment.  The applicant’s physical and mental condition s established
and by keeping record of his subsequent illnesses and accidents, the question of re-
sponsibility for injurics and sickness need never arise,

The applicant is protected from endaging in work for which he is physically
ill adapted which, if undertaken, mwht c;ml\' bring about scrious impainment of
his health. For example, an apphc'mt with™ an arrested tuberculosis who  sedd
work in a certain dusty occupation, if allowed to cngage in such work might res uhl\
convert an inactive (uberculosis into an active one: thereby endangering life or
at lenst seriously impairing the applicant’s future efficiency and carning capacity.
Whereas the same applicant i assigtled to a position that involves no such ex-
posure, might be expected to coutinue 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 discases such as tuberculosis
and various acute respiratory and other Iﬂf((lli)l\\ being introduced into their midst
by a new applicant.

Many of the younger individuals who scek employment have never hefore re-
ceived a thorough physical examination and consequently are maware of the de-
fects fram which they suffer. As a result of physical examinations, many defeets
are located which may be removed or corrected hefore they have cansed irreparabté
damage, therehy increasing the efficieney of the worker and often averting definite
and finally chronic discases.  Furthermore, incipient tubereulosts, wusaspected dis-
cases of the heart, kidneys, and a host of other discases of a similar nature, are
discovered and the applicant referred for properd medical care and treatment which
otherwise might have heen postprned until too late.

Of even more importance than the initial physical exammination of applicants is
the periodic examination and care of old employees by an 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
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large groups of workers by discovering early not only occupational diseases, but
many other conditions that go undiscovered until the worker is acutely il or be-
comes disabled. T the various contagious conditions go unrccognized others be-
come infeeted, therehy causing serious economic loss, as well as endangering the
health of a group of individuals.

The information obtained [rpm physical examinations affords the medical super-
visor the opportunity to make certain that cmployces are engaged in suitable work
out of which they are getting maxunum resulls, to correct the effects of undue ex-
posure to harmiul environmental conditions, and geneeally (o lessen all occupa-
tional hazards. As a public health measure, it is impossible to over-cstimate 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 . Fisher. appearing in current numbers of “Industrial Medicine,” gives a com-
prehensive account of the organization and operation of a medical department.

1. The cstablishment 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 st all possible health hazards and familiarize himself with their physio-
logical effects. T necessary, he should conduct rescarch studies to determine the
harmfut effects of new substances introduced into plant processes ahout 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
classificd under (a) discases of childhood, (h) general infectious discases, (¢)
respiratory discases, () venereal diseases, and (¢) accidents and resulting physical
defects. A detatled history of previous oc rup'mmm engaced in is very important.
A mere statement of the type of industry in which the applicant was engaged has
shicht value, 1f any.  The exact duties performed i cach occupation should he
noted and information ascertained as to the probable length of exposure ta hazard-
ons substances.  After the history has been taken and a photograph for identifica-
tion purposes (if part of rowtined is made, the applicant should he divected to the
examining room where he is instructed to remove his clothing ior physical exam-
ination.  This examination should he made as complete as is considered necessary
to determine the applicant’s physical condition.

1f the applicant has been or will he exposed to dusts which induce lung dis-

cases, an N-ray pl(tmc of the chest is an important part of the examination. This
part of the examination may he referred to an expericnced roentgeneiogist, as
the value of this mecthod of diagnosis depends upon the type of |m(1n«< taken and
the experience of the reader who interprets them.  The examining physidian alsn
may need additional formation ebtained by Taboratory analvee. of  the hlond,
soutum, and the urine. These aids o diagnosis shiould he provided or made avail-
able when desirable.
3. The rating and placement of applicants.  Tn conperation with the personnel
department, the applicant should he vated and placed. not only on His training and
past (\\puun(‘oc hut also on his physical and mental abilities to fill vacancies .occur-
ving from time to time.  The record af his physical- and miental examination should
he the confidential proverty of the medical (lcp.n'tlncnt

4. Perindical physical examinations.  The frequency of perindical examinations
neeessarily must depend  upon individual (ncunwtmn(‘\ according to the need for
such examinations as determined hv the supervising phvsician,  Where physical
C\'umnmnnq are made for the first time, the (‘mplmccc of long standing shonld he

given ample explanation of the henefits of such examinations and he SIVOIT assur-
ances that their jobs are secure.

5. Pravision for the disabled.  Fmployees who (I(\(IO]) disabilities durineg the
course of employment sheald be re-assiancd to occupations which will not interfere
with or aggravate the disability, or they should he provided for in ather ways.
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The Dust Hazards in Industry
By DR. R. R. SAYERS

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

“he speaker said in part:  Realizing the importance of the dust problem in
stry, the United States Public Health Service in couperation with the Durcau
fines began its first study of the health of workers in dusty trades in 1914,
he mnes of Jopling Missouri; and later, in 1923, the PPublic Hcalth Scrvice
curated a scries of dust studies.  These later studies were all conducted in the
¢ manner in order to permit as detatled a comparison as possible between the
rent mvestigations.,
driefly, these methods of study may be divided as follows: (1) examination to
rmine the general physical condition of the workers under ohservation; (2)
ial physical examination to determine the prevalence of specific diseases of the
Jratory system and the Jung pathology rcmltulq from exposure to the particular
]|a7'1rd (3) record of the nature and severity of the disabling illnesses; (4)
ysis and detailed  study of the occupational environment; (S) OCClI])dllUlldl
tality statistics relating to the spccmc dust; and (6) autopsies,
Ihe first six intensive investigations ctlrrlcd out by the Service dealt with the
th of workers exposed to dusts in a cement plant, granite cutting industry,
iracite and bituminous coal mining, sxl\u‘\\are manuiacturing plant, cotton cloth
mfauurmq and in municipal street sw chmn " Brief studies were later conducted
'crmm slate, granite, marble and tale quarrlc:, while more recently a rather
nsive study of the health of anthracite coal miners was completed.
Fhese six: dust studies showed that the workers in the granite cutting p].’mts
L were eaposed to the highest dust concentrations were found to suffer from an
;35 of pulmonary tuberculosis aiter 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.
vas 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 dvspnoca and other signs of pneumoconiosis and experienced a high
of respiratory sickness; in addition, an excessive mortality from influenza-
mionia 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 show ed some signs of early pneumoconiosis with
excess of discases of the upper respxratnrv tract. On the other hand, workers.
1e cotton cloth and silverware manufacturing plants and municipal street sweepers -
e negative for respiratory conditions and other illnesses when compared with
generdl industrial population.
Rock Drilling. For five vears. the United States Burcau of Mines studlcd lead
zine 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
mosed as having silicosis, not including those diagnosed as having tuberculosis,
the men dingnosed as having  firct-ctave silicasis had worked an average of
vears, but those men starting in the mines aiter 40 years of :lgc worked an
age of only 8 ycars.
The work of rock drilling in subway and funnel construction in New York
7 is in some respects similar to that of some of the activities in the hard rock
es, at lcast in so far as the manner in which dust is evolved, the type of
t and the resultant hazard. Recently the result of a study of rock drillers,
iters 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.
ceanosure of most of these men (75 per cent) had been for 20 years or more.
Sandbli-tiny. No study of the health of sandblasters has been reported i the
ted States; however, a study of the dust exposure of sandblasters was recently
pleted by the United States Public Iealth Service in cooperation with the
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National Safety Council. This investigation indicated that, judged Ly the nature
of the dust and degree of the exposure, a real hazard exists n this occupation.
This stady alse brought out the fact that it is possible to conduct sandblasting with
safety, provided propgrl_\ designed and well maitained equipment is usced.

Diatomaceons Silica Vorkers. Most of the data on silicosis have heen gathered
from studies made both in industry and experimentally on dusts containing irce
sitica in the form of guartz.  Such studies have heen made in the granite industry,
pottery trades, hard rock drilling, etc. There are other free silica minerals n
existence that are not eryvstalline s nature but of an amorphous composition,  In
Santa Barhara County, California, there exists the targest and purest diatomaceotis
silica depesit in the world,  This substance consists of about 83 per cent iree
silica.  Recently an exammation was made of 108 workers selected among those
employed less than 1 year, 1 to 2 vears, 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 but these were not reported. The outstanding
feature revealed by the examination was the splendid physical condition of the men.
Eighty-iour per cent of the workers were reported in exeellent physical condition.
It was found that 60 men showed signs of carly pncumaconiosis: 15 were in the
maoderately advanced stage and 6 in the advanced stage. This latter finding was
among workers with a history of exposure of mare than 3 yvears.

Dust Hazard in the Granite Quarry Industry. It is a common belief that
granite quarrying is not so dangerous an industry as granite cutting m enclosed
sheds; quarry work is done outdoors and hence may not be attended with very
much dust _exposure.  However, cerfain quarry operations require the use of
pheumatic tools, which are usually associated with the formation of considerable
guantitics of dust. It was thought that a study made In a representative granite
quarry might cast some light on our problent.  Accordingly, a study of a clinico-
radiographic nature of 63 quarriers was made aid occupatiomal dust expasures were
also abtained. The dust determinations show that nearly 38 per cont 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 3 to 19 vears had silicosis, and 4 of
the 5 men with more than 20 years of such trade life showed this condition.
This study sugeests that quarry drillers may experience as high a death rate
from pulmonary tuberculosis as do pnemmatic-tool workers in granite cutting sheds.

Lpect of Inhaled Marble Dust. The pulmanary fibrotic changes due ta the
inhalation of marble dust appear to be slight i comparison with those caused hy
stone dust containing a high percentage of silica in the form of quartz. A recent
study made by us among marble workers showed that although marble dust, when
inhaled i concentrations averaging about 25 million particles per cubic foot of air.
produced a mild bilateral, lnecar fibrosis in a certain number of the 80 men
examined, no serions Jung changes were noted and there was no disahility due to
Ahe dust, even after many vears of exposure (more than 40 vears in some cases).
The marble dust under consideration consisted of 98 per oent caleite and 2 per cent
dolennite. with no silica present.

Dust Hazard in Abrasice Industry,  Artificial abrasives are widely used in
industry and for this reason the effcct of the mhalution of dusts produced in the
thanutacture or preparation of these producte s of ereat importance.  In 1023,
1029 and avain i 1931, Dr. Clark of the Norton Company at Worcester, Mass.,
made investizations of workers exposed to alumininm oxide and silicon carbide dust
produced i the manufacture of grinding wheels, which showed that durine a period
of 13 wyears 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 1931 Kessler, of New Jersev, reported the
occurrence of over 100 cases of alleeed silicosis i the abrasive powder industry,
in which the dust consisted of 99 per cent free silica. ’

Lvposure to Nilicate Dust. Tt has been the helief that the inhakition of dusts
composed of silicates (combined sitica), in comparison with silica (free silica in
the torm of quartz). was inmocuous. O recent years many investizcators hive
hecome cognizant of the hazards of silicate dust exposure,  Ashestosis, @ fibrosis
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[ the lungs caused by the inhalation of ashestos dust, has already been described
th in its clinical and roentucnographic manifestations by imvestigators in other /
amtries, 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,
ireessen, of the United States Public Health Service, reported the results of a
udy conducted among tremolite tale and slate workers, The slate dust to which
lese workers were exposed consisted mainly of silicates, there Dbeing less than
per cent of quartz in the dust. The tale was a hydrous calcium-magnesium silicate,
ing 45 per cent tale and 45 per cent tremolite, with no quartz present. The
sulte of the study scemed to indicate a relationship between the amount of dust
haled and the effect of this dust on the hungs of workers.

JStatistical Studics. Recently, Lanza and Vane cstimated that there are some
0000 workers engaged in the mining, quarryving and manufacturing  industries

this country in which an exposure to silica dust to a harmful degree is on-
iled. Their analysis of mortality experience of twelve life insurance companies

r the period 19153-1926 showed that the actual mortality from respiratory tuber-
tlosis among  the silica exposed persons was about three times that of a non-
Jica dust group.  1f one considers their data for certain occupations in metal
mes and granite and sandstone quarries, occupations known to be exposed to
ch concentrations of hazardous dusts, then the comparison is more striking, since
¢ actual deaths among these workers was found to be ten times that of the ex-
ted deaths. More detatled statistics on occupational mortality as reported hy the
wistrar-General of England and Wales (1921-1923), and summarue(l by Dritten.
ow the high rate of 1.886 per 100,000 for tin and copper miners, while the rate
r “all mcuplcd and retired males” was unl) 150. Other occupations with silica
;posure showed an excess.

From the evidence ]LI:f prewntcd conccrmn“ the injurious effects produced by
¢ mhalation of certain dusts, it is apparent lhdt a knowledge of the pmpcrtu‘
a given dust which determine its capacity to produce pu]nmmr_\ pathology 1is
sential. Numerous ivestigations of the industrial . dust problem indicate that
cse properties are the chemical and mineralogical composttion of the dust, its
acentration in the industrial atmosphere, and its particle size,

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

the dust hazard in the granite cutting industry, it was definitely proved that
ere is a direet relation between the magnitude of the dust exposure and sickness
id death resutung from tuberculosis. Tt is quite evident, as a result of these
ndies, 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-
hied 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 he emploved. . o L
The protection of workers against certain dusts known to be toxic may at
nes be accomplished by the substitution of a non-toxic material for the toxic one.
ne 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
rich it 1s not essential 1o use sand, a substance high in quartz content.  Again,
¢ mechanical enclosure of the dust-creating process also serves to protect the
rker.  An excellent illustration of this type of proetection is afferded by the
wern sandblast harrel used in the cleaning of small objects.  Sometimes it is
ssible to protect the worker by the substitution of wet for dry processes, as wet
illing instead of dry. In onc instance, in the granite cutting study  previously
cntioned, an operator usin‘f a diamond woint tool worked the stone wet; the
sulting dust amounted to 22 million particles per cubic foot.  The same upuratnr
1s then requested to work the stone dry; as a result, the amount of dust reached

high figure of 45 million particles per cubic foot.  In the weaving of ashestos
th it has been possible to reduce the amount of dust in the air by wet weaving

onc-fourth of the amount present when the process 1s conducted by dry methods..

wiher example of this procedure in allaying dust is the use of a spray of water

j |
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in leyner and. juck-hammer drilling in hard rock, although the new type of Kelly'
dust trap is now hnuding much favor for this kind of work,

The Kelly trap consists of a metal chamber desipned to enclose the drill steel
at the rock surface. No attempt is made to securé 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 exhanst system connected s to the trap.  Iscape of
dust particles through openings between the uneven rock surfaces amd the trap
is prevented by the air seal produced by the inflowing air.  Tests made on thi
trap under actual working conditions show that the dust concentration at the
worker's breathing zone may be kept down to less than 10 million particles per
cubic foot with a 60 cubic fuot per minute rate of air flow through the hood.  This
trap is a step forward in the program of dust removal; however, in underground
work, such as in mines and subways, there is still the need to solve the problem
of compact dust disposal  cquipment.

In certain cases, such as in the sandblasting of large castings i sandblist 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, 1t was found that when from 3 to 6 cubic feet of practically dust-free air
per minute are supplied to the helinet, the worker receives ideal protection. ™ How-
ever, one must always bear in mind that the ultimate criterion of protection should
he the dust determimation of the air within the helmet during blasting and not the
quantity of the air supply itscélf.

In most dusty processes. however, the most effective means of dust elimination
are by the use of properly desiened exhaust ventilation systems.  Since in many
instances it is difficult, costly. and at times an unnecessary procedure to remove all
the 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 be made available by the type of studies carried out by the
Public Health Service. For exammple. in the granite study already referred to, it
dust at the breathing level of about 10 million particles per -cubic foot (33 per cent
free silica). . .

Studies of dust removal devices used ap eranite cutting plants at the time this
vork wias canducted showed that a dincar veloeity of 1300 feet per minute as
measured by an ancmometer at the face of the dust-removal hood, would keep the
dust at the breathing level to an amount less than 10 million particles per cubie foot

A word should be said concerning personal respiritory protection agamst dusts.
It has already been shown that i the use of positive pressare respiratory devices
in sundblasting, it is important to have a well-designed device supplicd with about
6 cubic feet of dust-iree air per minute 1o give full protection to the worker,
With reference to respirators of the filter type, there is stll much to:be accomyplished
in the design of an efficient and comiortable mask for continuous use.  Of great
value are standard methods for the testing of the cfficiency of respiratory pro-
tection  devices.  Dirinker advocates testing a device against the particular dust
which the respirator is to cncounter. these tests to he made hoth in the Taboratory
and under actual industrial conditions.  He further suggested that <ome impartal
azency Should condnet such tests and certify  the devices for mmaustrial use. the
work beitng done on a cost basis. The Ul S0 Durcau of Mines has prepared such
a schedule for testing and approving respirators.

1 wish to stress the importance of cood housekeeping in the effort to combii
the dust hazard, Good housekeeping should ot only imply the removal of accumu-
lated dust about a workroom but should also embrace efhicient nmantenance o
dust removal deviees and  respiratory protective equipment. Svstematic mspeetion.
of all dust suppression cquipment <honld be an axiomatic princinle in every dusty
industry rather than the casual attention which it now receives i many mstances,

Report of the Nominating Committee

The chairman called for the report of the Nominating Committee at this point.
and new oteers for the section to serve during the ensuing yvear were nonnnaterd
and  clected as fullows:



