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oreword

HI: Transactions of the Twony-sixth National Safety

Congress, 1937, are published by the National Safuiy
Council in two volumes. This, the first, contains the gencral,
the spécial subject, and the Industrial. Sectioni sessions. The
scceend volume contains the sessions of the Child Education,
Home Safety, Strect and Highway Traffic, Commercial Ve-
hicle and Transit Scctions, .

Allrindustrial members of the Council automatically reccive
Volune 1. Volume I is sent to niembers believed to be inter-

“ested chiefly in the sessions it covers. Other Council ment-

bers, however, may abtain it upon request.

Many members have found it worth while to distribute
copics of the Transactions to supervisors, foremen, and
others in an administrative or supervisory position who may
make practical use of them for reference purposes. The fol-
lowing quantity prices are quoted on extra copies: 1 to H)
copics of the large volume (Volume 1), $2 cach; 11 copies
or more, $1.75 cach; copies of the smaller volume (Volume
11), 75 cents cach, .

HY Transactions are published as a condensed record of

the proceedings at the National Congress. The papers of
cach session or division of the Congress have been edited
carciully to climinate extrancous matter and to abbreviate
the less essential portions because of space limitations. Thus
the material herein presented is not a verbatim report of all
the speeches presented at the Congress, but rather an
abridged version made as compact as possible, yet without
injury 1o the technical aspects of any address. The original
manuscripts are on file in the Counal’s Bureau of Informa-
tion, where they are available for additional reierence.
Where illustrations were sent by the speakers to the Council,
these also are on file.

The National Safety Council at its Congresses secks to
climinate from discussion matters which are not pertinent to
the aim of the Congress or which are contrary to Council
policies. It cannnt accept responsibility for the views ex-
pressed cither in the papers presented or in the discussions
based vpon the papers.
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Industrial Dusts

WEDNESDAY MORNING SESSION
October 13, 1937

The meeting was called to order by Chair-
man A, S. Regula, Executive Secretary, In-
dustrial Relations Counselors, Ine., New

York City, and Vice-President for Engi.uccr-
ing, National Safety Council, who intro-
duced the speakers.

. What Industrial Dusts Are Harmful? Why?
By SENIOR SURGEON R. R. SAYERS
; Chief, Division of Industrial Hygiene, U. S. Public Health Service

. Wkile dusts exist everywhere in the at-
mosphere, it has been recognized for cen-
i turies that workers in certain dusty
: occupations are less healthy than those not
so, cxpgsed. _The number of persons ex-
posed -f§n dusty occupations comprises one
of the laruest industrial groups. The occu-
i pational discases of workers in dusty at-
’ mospheres have been found to be due to
entrance of dust into the svstem by inhala-
tion, by ingestion, by direct absorption
throueh the skin, by irritation of the skin,
_or by a combination of the foregoing.

The suspensions of particulate matter in
air have bheen broadly termed dusts, fumes,
and sinokes. Such a classification is neccs-
sarily arbitrary, since-the line of demarea-
tion hetween them is not very slytrv. and
the chief differentiation is hased on the size
of the particles. Investigations by the Pub-

) lic Healtlh Service in dusty industries' re-
vealed that ahout 70 per cent of the dust
particles cxantined were between | and 3
microns in size, only about 20 per cent were

' less than 1 micron, and the median size was

: 1.3 microns. Industrial dusts are mainly less

. than 10 microns in.size. However, fibrous

: - dusts in the air, such as asbestos, have been

_ found to comain particles as large as 200-
400 mircons in the greatest diameter.

While, generally speaking, according to
Collis, dusts are more injurious as their
chemical compesition differs from that of
the human body, or from the elements of
which the hody is normally composcd,’ it
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is difficult to establish a comprehensive
definition for toxie dusts. Sollmann,’ after
analysis of various definitions for poison,
felt that it is very difficult to give a definition
which will not be ambiguous in some cases,
but believed that the following covers most
of the points which must be considered in
classing a substance as such:

“A poison is any substance which, act-
ing directly through its inherent chemic
properties, and by its ordinary action, is
capable ot destroying life, or of seriously
endangering licalth, when it is applied to
the hody, externally, or in moderate doses
(to 30 Gin.) internally.”

Some dusts are known to be poisonous,
while others, in the concentrations usuaily
cncountercd, are comparatively harmless.
However, it may be stated that breathing
dust in high concentration is nnt desirable.

According to Fairhall, the damaec arising
from the inhalation of toxic dust may be
cither local or remote, and depends upon
whether the material is a protoplasmic poi-
son, whether it is caustic in reaction, or
whether it is absorbed into the blood stream
and carricd to other centers which are in
turn affected.!

It is now well established that exposure
1o certain kinds of dusts, such as those con-
taining considcrable quantities of free silica,
has increascd the morbidity and mortality
rate from respiratory diseases; while me-
tallic dusts, such as lead and its compounds,
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have been associated with gencral systemic
poisoning.’ Dusts may be swallowal with
saliv, water, or food, and direct poisoning
has been traced to abcorption by thic
method; other dusts may act as ieritunts and
produce affections of the skin, irritatc mu-

cotts membranes of nose, eyves and throat,.

often  causing inflammatory  discases of

these organs.®

Some inorganic dusts arc able to penc-
trate  the deep lung  tissues and  are
sufficicntly insoluble to be retained there.
Some of these may be active in the human
tissues, causing dehuite and permanent in-
jury. while others are inert and may he
retained for years, apparcntly withont scri-
ous damage: some are gradually absorbed
without causing pathological changes.”

All inhaled particles are soluble. at lcast
to a small extent. Tf harmless, cell activity
is stimulated so that phagocytes remove the
dust. 1f the solute is toxic, the viability of
the phagocyte is affected and an incifective
accumulation results. At the same time,
further solute may diffuse into neighhoring
tissucs, sctting up an irntation and subse-
quent fibrosis. The nature as well as the
solubility of the solute is an important fac-
tor, but of two substances of approximately
cqual toxicity, the more soluble form
causes the greater damaze. However, sub-
stances of such low solubility as silica may
ultimately produce extensive injury.’

Kettle has stated that harmiul dusts, if
inhaled into the lungs, may activate a latent
tuberculous infection; they may exagyerale
an active tuberculous lesion or a coincident
infection. 1f sufMicient quantitics of & harm-
less dust are inhaled, some of it remains in
the lungs and causes a mild degree of fibro-
sis merely through mechanical irritation,
but such fibrosis is never sufficient to infer-
ferc with the function of the lung*

Some writers state that while the influ-
cnce of nonpoisonous du<ts on health is a
debatable subject, abnormudly high death
rites from bronchitis and pneumonia are
sometimes attributed to chronic exposure to
nontoxic dusts. Large amounts of dust arc
oceastonally  found in supposedly normal
tunygs, at autopsy.’

Acrording to Drinker, there are four dif-
ferent types of reaction produced in man by
the inhalation of dust. The first and mo«t
important are the pncumoconioscs, such as
silicosis and asbestosic, which cause speeific
lung pnholu 1y and often are followed by

‘e that the larger

pubnonary tubcerculosis. The sceond type
of reaction is causced by toxic dusts like tead.
cadmium, and radium. A third type of mal-
ady follows the inhalatiot of finely divided
metallic fume particles such as zine oxide,
and is known as metal fume fever. The
fourtli reaction, allergic i character, is
caused by breathing organic dusts such as
polien and certain types of pulverized weod
and flour. In all four cases the sole causc
of the disability may be dust inhalation, but
the reactions from toxic dusts reluit from
swallowing as well as from inhalation.™

For various reasons it is dilicnlt to sct
up an absolute classification for dusts.
Opinion is rapidly changing regarding so-
called inert or harmiless dusts and further
investigation may prove some of them to he
injurious. Somec dusts may have hoth a
toxic and an irritant action; while on the
other hand, the poisoning resulting from ex-
pusure to a dust may he the combined e¢flect
of more than one mode of entrance into the
hody. However, the following classification
of dusts, according to physical character-
istics and physiological cffect, is used for
convenience.

I. Organic‘ Dusts

Organic dusts are those which contain
carbon, and were originally sbpposed to
conte from organized substances derived
from animal or plant life. Living dusts
come under this classification, and are
thought to be of the same order of size as
industrial dusts, with which they are fre-
quently associated. Bacteria are usually be-
tween 0.5 and 3 microns, except jn a few
cases, such as the guthrax bacillus, which
ranges from 1 to E2b icron in hreadth
and 4.5 to 10 nticrons in feugth and 10 or 12
.microns in diameterng] lowever, it is possi-
hnd heavier varictics,
like the larger and:-heavier dust pacticles,
scttle duc to gravily,’ and do not remain
suspended in the air.

Aany thousinds of orzanic substances,
carbon-containing, are made  synthetically
by chemical processes, such as dyestufi,
explosives, cte.

L NONLIVING ORGANIC DUSTS. As
the name implics, these are comprised of
nonviable particles, which may o1 may not
he inherently toxic or irritant, hut which
nevertheless produce untoward effects in the
human organism. “Allergic” do.ts, or those
to which only certain persan iare o1 may

become  hypersensitive,  with  resulting
astluna, rhinitis, or other disturbances, are
tncluded in this classification,

a. Toxic and/or Irritant. Toxic ar irritant
dusts are all orpanic dusts which produce
mtoward  symptoms, cither sy<temic or
local. Those producing local symptoms are
usually described as irritant; those produc-
ing gencral or systemic symptoms are
termted toxic. A dust may bde both toxic and
irritant,

In reported cases of injury or death fol-
lowing inhalation of dust from organic com-
pounds, among the chicf offenders are
paranitraniline, the dinitrobenzenes, chloro-
dinitrobienzenes, trinitrophenol, and nitro-
naphthalene. Eye damage due to inflamima-
tion of the cornca has occurred among
workers exposed to methyl violet dust. The
dust from paraphenylene diamine derivatives
is particularly irritating and dangerous,
causing not only a scvere form of derma-
titis where the dust comes in contact with
the <kin, but also producing acute inflamma-
tion of the mucous membrane of * the
respiratory passages.® Toxic dusts may be
generated during the handling of powdered
dyes amd i preliminary dycing opcrations,
particularly the hydro-extractor process,
where particles are disseminated in all di-
rections.” Coal tar and indigo dyes are
substances most frequently used.

Cascs of amblyopia have been reported
from exposure to inhalation of tobacco
dust.” It has been found that inhaled to-
bacco dust exerts a nicotine action on the
organism  fiftcen times greater than that
produced by the same quanlity of smoked
tohacco with an equal nicotine content.”

Scevere dermatitis is experienced by many
workers handling powder containing T.N.T,,
which is uscd in making high cxplosives.
Picric acid, which is also used for this pur-
pose, requires drying, and in this latter state
has been found to produce a dermatitis.
Picric acid is aln the oldest synthctic or-
ganic dyestuff** Dermatitis occuirs among
handlers of silk with varying fthncnc‘

Salls determined that a rash occurring
among workers in a silk factory was duc to
dust « from  silk cocoons imported from
Airica”

Persons engaged in the manuiacture of
quinine and quinine preparations suffer from
skin phenomena, which occur for the most
part on exposed parts of the body, and
may be caused by ingestion or by quinine

dust, or powder form of tive preparatior
erting a direct irritating cffedt on the s
Dcrmatitis duc to other ubctal-'c ¢
such as vanilla. powdered arnica, |
thrum, ctc., have been reported.”

Dental lesions, of occupational or
have been reported among workets jn st
The gingivitis caused by sugar dust i< «
sified as purely mechanical, with I
devcloping  carics.  Digestive  disor:
respiratory conditions, and cutancous
ditions (cspecially of the face) were
found.”

Dock  workers, trausporters of g
workers in grain and flour mills, ete.
exposced to dusts during their work, D
from cereals may contain many impuri
which may causc an irritating action on
respiratory passages, as well as inflam
tion of the skin. Digestive disturbar
dental dcfects, diminution in hearing,
conjunctivitis have been obscerved an
millers, and have been attributed to the o
to which such workers arc exposed.”

b. Allcrgic. Many apparently innnct
substances may produce reactions in
sons of peculiar personal susceptibility,
term “allergy” is used to describe this ¢
dition of hypersensitiveness or susceptilsi'
and allergic phenomena most  {requer
maniicst themselves in skin reactions, He
cver, they mmay cause acute reactions o
where in the body, \When the respirat
tract is involved we have such well ki
discases as hay fever or asthma, Tl
discases may develop as a resylt of hyg
sensitiveness to such substancé . as poll
irom plants, horschair, rabbit’,, fur, 1
feathers, ete. 2

For instance, furrices, \\mkcn n clal
industrics who are exposed to weol -
cte., may <tifer from hay fever or astlire
It i unnccessary for the ofterding dust
reach the depths of the lungs—>iant poll
for example are reported to produrce th
effect after heing capzht in the upper ¢
piratory passagcs. Should sich ¢ a offend
substance he fincly ground it «uld re:
the alveoli and as a result prohably
physivlozic reactions wonkd he areelerate

In a survey of a plant where resin
mixed, ground, and malded, it was fon
that 80 per cent of the accupational derp
titis there was due to hversensitivigy
hexamethy lenetetramine aad  formablehy
contained in the dust to which the worke
were exposed.® During the first proces-



volion spinning, cotton-strippers are ex-
««d to dust arising from cotton husks and
wris, which produces a typical form of
iima.? !
irdinary wood dust has been of interest
¢ to its purely mechanical action, but
N greater care is required in handling
tain hinds, especially woods coming {from
:oad. because of the esseatial oils impreg-
singe them, which when freed in the dust
v affeet the health of the workers con-
ned. Some of the woods capable of
asing <kin lesions are Brazil wood, satin-
wd, teakwood, cumaru or tonka wood,
«k ehony wood, West Indian mahogany,
sanesc tagayasan, coccoloba, chicstnutwood,
vewood, Califurnia sequoia, cte. All per-
ns who handle these woods are not in-
red, only those particularly susceptible to
¢ substances  they contain  becoming
‘ected.® .

2, LIV'ING ORGANIC DUSTS. These
ntain particles capable of cxhibiting the
renomena of life* (especially the property
" reproduction or multiplication), such as
wcteria and fungi. They are usually found

low concentrations and are associated
-th nonliving dusts in the air.

a. Bacteria. One of the miost important
nong these is the anthrax bacillus, which
comtained in the dust from skins, furs,
nol, and animal hair, horns, hoofs, bones,
2. This discase may occur in two forms:
+tancous (in which the organism affects
‘¢ skin), and pudmonary (when it is inhaled,
< in the form of anthirax known as wool-
wters” disease).”
Cases of tetanus, reported in connectinn
ith jute mannfacture, were traced to the
w material, the bacillus having heen found
v the factary dust.®® Diphtheria, tubercu-
-sis, smallpox, typhoid, or other bacillus-
soduced discases, may result from exposure
+infected dusts,

Bacterial zcnsitization can be the cause of
2y of the allergic discases, namely, asthma,
crennial. hay fever, urticaria, angioneurntic
dema, eczema, or migraine headaches.”

L. Fungi. Dusts comtaining the mycclin
b spores of parasitic fungi pive rise to
nnoyvance and discomfort. “Maltster's™ itch
-om the dust aloue has been reported. In
rovence, reeds used for ceilings are stacked
hile still wet and undergo fermentation;
ey become covered with a white powder
;r'rlr_v fungus of the Mucor fanily : Sporo-

trichsn dermatodes), which is  scattered
when the bark is stripped off. This powder
is irritating to the skin and mncous mem-
brancs. Myechia and spores of anoulds are
commonly found 1o cause ra-hds: for in-
stance, the black powder coming from
macerated sugarcane stalks, Among basket-
makers, the mycelium and spores, in the
form ol a white mould (hy phomyeete) from
the rhattan canes nsed, get shaken out when
the canes are split, hanunered, and cut,
causing painful fissurcs to develnp on the
skin where they alight.™

A form of asthma or spasmodic cough,
sulfeyed by cotton weavers  and known as
aspergillosis, has been considered duc to in-
halation of spores of a mildew which some-
times occurs on the threads.® In a study
of silicosis among mincrs, made by the
Public Health Scrvice, a number of cascs
of typical miliary calcification were cn-
countered. Unstained smears of those cascs
cxamined were positive for fungus, two
types of Aspergillus fungi being identified.
All of the subjects but one were farmers,
teamsters, Teedmill workers, or residents of
small agricultural towns where grain is
marketed. Farmers are exposed to fungi in
threshing wheat, baling hay,” or handling
various small grains.™

Some other fungus discases such as actino-
mycosis and blastomycosis are associated
with occupational exposure to dust. The
former occurs among workers handling
straw, hay, grass, vegetable débris contami-
nated with mould, etc. Actinomycosis is
likely to affect people engaged in commercial
handling, storing, and cleansing of grain
(grain distilleries, Hour mills, grain crush-
ing, breweries,”and malting houses, ete.).®*

I1. Inorganic Dusts

Indrganic  compounds  are ot  mincral
origin, not requiring a living organism to
produce them® A number of dusts not
usually classed as toxic may, under some
conditions, produce untoward cffects on the
human organism. Classified under inorganic
are toxie and/or irritant, fibrosis-produc-
ing, and nonfibrosis-producing dusts,

a. Toxic and/or Irritont. Toxic dusts are
those which are inherently toxic when in-
hated, ingested, or  othawise  absorbed,
Amonyg those which produce systemic poi-
coning, some of which are also irritant, are
the duste from heavy metals and their salts,
such as lead, mercur®, arsenic, cadmiun.,

zine, cte. Irritant dusts are injurious by
reason of theie strong irritative or corro-
sive propertics.

As a rule, inhaled irritant substances im-
mediately cause a reaction in the upper
respiratory tract of such scverity that they
are prevented from reaching the lungs, al-
though they may cause Jung damage by
extension of inflammation if the mucous
membranc is corroded.! Lime, calcium oxide,
and the di-chromates are examples of irri-
tant dusts. An inorganic dust may pnsscss
both toxic and irritant propertics, and the
poisoning produced may be the combined
cffect of more than one mode of entrance
into the body.

Of the dircctly poiconous dusts, the most
widely prevalent are those of certain lead
compounds, particularly the oxide, carbon-
ate and the cliromate, The dust is readily
ahsorbed by the mucous membrane; some
dust passes into the stomach and is dissolved
by the gastric juice.*

According to Fairhall, perforated nasal
septunt is a common occurrence among
workers with bi-chromate dusts, In a
study made by the U. S. Public Hcalth
Service it was foynd that continuous daily
exposurc to concentrations of chromic acid
mist greater than 1 milligram in 10 cubic
meters is likely to cause definite injury to
the nasal tissues.® It is believed that a
similar concentration of the dust would be
equally toxic.

.In the casc of poisoning from some heavy
metals, exposurc may be to both dust and
vapor. For ijnstance, investigations have
shown the safe limit of folal exposure to
lead oxide dust and fumes to be less than
L5 mg. per 10 cubic meters of air, except
for prolonged exposure™ In exposure to
mercury dust and vapor, it was shown that
the incidence of chironic mercurialism in-
creases rapidly  with increasing mercury
concentration, after such concentration ex-
cecds 2.0 ing. per 10 cubic meters.”

Alkalis and inctallic oxides are common
causes of dermatoses. Lye, potash and
lime arc known to cause irritation to plas-
terers, cement-makers, bricklayers, masons,
stonccuntters, modellers, and metal platers.'
Ulceration and perforation of the nacal sep-
tuin occur among workers exposed to the
dust of soda ash; systemic poisoning al<o
occurs from inhalation of calcium cyanimide
dust.™

Cases of dermatitis, scleroderma and can-

cer are reported to have. bedn ¢ wl by’
exposure to dust of arscnic con ponnds.
Certain aluminum salts are skin : ritants
anel abiminum dusts may contribuge 1o the
infeetion of skin and mucous men, rncs,
through mechanical action.”

h. Fibrosis-Producing Dusts. The mo-t
important uf these are the inorganic, siizhtly
soluble dusts which cause fibrous chanzes
in the lung tissucs, some of which are seri-
ouns, and some of which cause little or no
disabilitv.' So far as is known, no inorzanic
substances other than silicon derivatives
cansc morc than a very moderate degree of
fibrosis of the lung. Morcover, there scems
to be no cvidence that any ot.2r constituent
of ordinary dusts can influcnce so unfavora-
blv a pulmonary infection.’

Although other dusts, when inhaled in
sufficient concentrations over a long period
of time, have been shown capable of pro-
ducing a pulmonary fibrosis, nevertheless,
the pncumoconiosis characterized by nodu-
lar fibrosis has to date been shown clini-
cally and experimentally to be assnciated
only with the inhalation of dusts containing.
free silica.

Since this dust, to exert its harmful action,
must enter the finer divisions of the lung,
the particle size of the atmospheriec dust
may bear a definite relationship to the in-
jurious effect produced. The silica mast Le
present in the air in particles small enough
to cuter the fner air spaces and of suh
dimensions that the phagocytic cells max
engulf them. The greater majority oi par-
ticles found upon mnicroscopic examinatio:
of the lung fall within the limits of from
1 to 3 microns.” Examnples of siliceou: dusts
are granite, quartz, sand, pumice, slate, clc.

In a recent study among anthracite miners,
the correlations between expocure to dust”
(which contained silica) and the evidene
of constitutional changes left little douls
as to the ctiological significance of the dust
in the air breathed. Like correlations were
found between the silica exposure amd the
extent of pulinonary changes.™ When ths
inhaled dust consists of silica combmne!
with bases, silicates, some degree of chani
in the pulmonary tissue may result, In thie
respect ashestos dust secems to he unique
among silicates in the prevalence and se.
verity of the disease it canses.”

The chief distinction hetween silicesis an!
conditions duc to simple reactions e
by other dusts is the active prolifeiatis:



~caction in the tissues which results in
~togressive nodulation, Silicnsis, when once
cstablished, steougly predisposes the lungs
‘o infection, especially with the tubercle
hacillus.  Chronic  interstitial - pueumonia
“ironic broachitis, and emphysema are frc-'
went complications of advanced degrevs of
<licosis, .

The relation of the acule respiratory in-
‘ections to the reaction due 1o dusts other
"han free silica has never been establishied
“houzh a heightened incidence bas Ofl(‘l;
ven shown statistically in workers in dusty
radese It is fairly cortain that a dust dum.-
azed ltfng, whatever the cause, farces much
~orie if an acute infection does supervene
TITIRIA . :

e study conducted by the U, S, I'nlilie
Health Scf\'icc amoug marhle finishers in
Vermont, 3t was found that marble dust
when inhaled in the concentrations found in
the examined plnts praduced a wmikl, §i-
’.uc_ml, linear fibrosis in some cases, hut na
<ertous lung changes were noted and there
was no disability due to the dust, even
aster years of exposure™

C.:\'ouﬁbrosix—l"rodut('ug Dusts.  These
are inert, that is, they do not cause filirous
iissue to be produced, but may becone
eacapsulated or lie free in the tissues; or
they are_absorbed without preduction of
fibrous tissue. Included among thein are
nlundurp, coal, corundum, cmery, limestone,
magnesite. marble, plaster of paris (gyp-
~um), and polisher's rouge, o

Dust Control

l'.n_';nurri‘ng and medical contrad are the
Ino mait important facters i combating
the industrial dust hazard, and are to a larse
oxtent complementary. '

I','n_rp'n.(rn'my Coutrol.  As  Lanza®™ fhas
~!:§tu'| m a recemt paper, “It is a hasic
rrinciple in dealing with a dust hazard that
i|!$ flust shoudd be attacked at its point of
snem and thus prevented from being dis-
seminated into the atmosphcee.” After the
flu.&t‘ has been spread thronghemt the aic it
is ditficult to deal with i1, and rebiance et
be placed on individual protection, which is
mever wholly satisfactory.,
~ Laona fquhcr cites various methods used
“t cantrolling dust. These will he reviewed
'»ut.bncﬂy, since a paper dealing with the
~:1|uc5:t of dust control in detail, will foliow
90 this progran.

D}Jst may be entrapped at jits source by
stiction devices and thus remnved and col-
!cctc@. lfnmiliar examples are exhaust hooils
in grinding operations, and the devices used
i rock drilling. -

. Generally speaking, the exhaust veutila
tion method, where applicable, is to be pre-
ferred in controfling a dust hazard. \Water
may be used to entrap dust and prevent its
flzs(u:rs:d, and under certain eircumstances
it may be of advantage to cambing the nee
of water and the use of suction. Sometimes
a dusty process can be completely caclosed
in a scaled room or compartment. 1t mast
be remembered, however, that any mechani-
eal device of this kind offers adequate pro-
tection only i it is properly designed,
stalled, and maintaioed,

A mreat deat of attention has heen ziven
the subject of imdividual protection from
dust, amf there are numy types nf respira-
tory protective devices now available. These
are generally of two types: those swhich
provide fresh air from an ‘uncontaminated
source and those which rely wpon a filering
nedimm {or removing: dust from the air
!:rcathcd. \Where the use of <uch a device
is indicated, only one of the 1y pes approved
by the U. S. Burcau of Mincs should be
uscd_. As a rule, it may he <aid that smasks,
tespirators, or other such protective device
should he used only where cxposure to the
dust is intermittent and brief, or where
some unusual condition makes a more ade-
quate dust control impracticable.®

Wlfcrc bacteria or other living dusts in
the air are associated with a process, steri-
lization methods such as increased tempera-
ture, ultraviolet radiation, and chemicals
like chiorine or othicr bactericidal substances,
may he of use. Pasteurization temperature
(about 140° F.) will kil most oryanisms
except those hearing spores. Steam disin-
fection is used for horselair, and proves tn
be practicable if the temperature docs not
exceed 230° F. Wanl fibres, however, lose
their chasticity by steam disinfection, and
the “Duckering” process now nsed in Fog-
land includes soaking of the wool in a furm-
alideliyde sohrtion, and deying in a current
of air at a tewmperature of 160° F.¥ There
are few occupations in which there would
he a sufficient concenteation of dead bac-
terin to canse untoward effects in man.

. !n the case of dusts producing external
!rrclalmu. auxiliary protective measures may
include the use of ! protective clothing,

sloves, goggles and aprons; as well as pro-
tective salves, ointments, or other com-
pouls 1o defay or diminish the irritant
action. Guneral rules for hygicne and good
housckeeping should also be observed.

Medical Control. Equally important, and
clo~cly interrclated with the engincering
phase, is medical control af occupational
tinzards. Tn addition to directing the proper
placement of new workers, and guarding the
ficalth of all employees, medical control is
a check on the cfficacy of the engincering
control methads already snstitoted, or a
weasure of the need for new protective de-
vices.

[t has been stated that “fadustry has
found that the best way ta treat industrial
injucies amd Hiness is 1o prevent them,"™
and musdical control, through preemploy-
ment ainl periodic physical examinations, is
e of the most imporiant factors in snch
prevention,

The preemployment exanination is male
to determine the employee’s physical and
mentat fitness for wark, It serves to dis.
close the preseuce of any contagious dis-
ease. reveals any minor physical defects

which might later become serious, or whether.

the examhice’s condition preclndes his em-
ploymunt in certain or in all types of work.
It should be remcmbered that such preem-
plosment examinations are not to he made
for the purpose of eliminating an cmployee,
but rather for allocating him to the type of
work for which he is physically suited. A

‘worker should be given employment uanless

totalfy unfit, or unless his disability, even
thouzh slight, would cause him to be a haz-
ard to himself or his associates. Further-
morce, the practice of preemployment
examinations_should be extended to include
cxecutives and officials of industrial organi-
zations,

“The purpose of periodic  physical
exnminations is to sccure and maintain
physical fitness and thereby fengthen work
spans.”” Reexamination of employees some-
times resulte in the discovery of defects and
disabilitics which were not ohserved at the
time of employment. In such caces, an oc-
kupational adjustment should be made to
provide continued cmployment, hut remove
the rick of permancnt injury.

Reexamination of emplnyees is reqnired
by law in certain occupations in which 1he
hawdling of poisonous or otherwise deleteri-
ous suhstances may result in the contraction

of discase.” Since sone o'ccu;'v:uiuu.;
cases tend to clear up and recur, recor
previous occupations should be inclnd
the phasical examinations. The frop
of examinatious should be defermine
the medical director, unless otherwise s
fied by law. Those exposcd ta knawn ¢
pational discase hazards may have we
or manthly examinations.”

“It should always he kept in mind thai
bacic principle of physical examination
indfusiry is to keep men on the job and
allow the physical examination to be e
a weeding out process,”
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The Engineer’s Part in Eliminating Dust Hazards
By ARTHUR S. JOHNSON '

Assistant to Manager, Engineering Department,’ American Mutual Liability
Insurance Co., Boston, Mass.

\\ hien one realizes that control of the dust
zard depends upon the combined contribu-
.ons of the physician and the engineer, he ap-
reciates that the solution requires scientific
rcatment. By scientific treatment I mcan the
cchnical analysis of the hazard to discover

he causes which contribute to injury or ill-

:calth, and the development of control meth-
«ds which obey physical law and physiology,
ad which will be dirccted at causes that
=lmit of most immediate and “econamical
reatment. ’

That gocs for handling the dust hazard in
: given plant, It goes double for acquiring
mowledge to the end that the whole problem
‘ty reach ultimate solution. Right now our
wwledge of the prablem is in big chunks,
amsely put together and largely empirical,

There are estimates only ta judge the mag-
ritude of the dust health problem, and it is so
‘Iosely associated with other health problems
that a clean-cut estimate of it alone is im-
mskible. We do know that it is great in the
wgrrerate, and for the individual plant it may
e very bothersome and expensive.

What actually makes quartz dust causc
-licosis is not known. It docs, so the air
“reathed by workmen must not contain harm-
'|:I quantitics of respirable quartz dust. Inex-

pensive methods for making tlie air clean are
still in the realm of dreams. Much work must
be done to know more about silicosis and
more how to make atmospherces safc finerpen-
sively, As an accident prevention job, dust
control lies almost entircly within the admin-
istrative responsibility. The control measures
are capital expenditurces of considerable size.

A plant with a dust hazard is sick, it needs
an expert diagnosis and scientific treatment,
which may include expensive major opera-
tions. Home remedics are geldom much good,
and supervision and emplogee safety con-
sciousness alone cannot accomplish anything,
There may be obscrved ingweountless shops
installations for exhausting' dust which are
derisively called “tin knocker™ jobs in which
the horscpower dissipated is’ out of all pro-
portion to the air-borne dust moved. Tonnage
clliciency of material moved may be the propee
vardstick for pneumatic conveyors but if the
material to be moved is air, contaminated with
nearly weightless particles of dust, the entire
health hazard can lic in the hali of one per
cent of material not moved.

I do not mcan that unless a dust supression
job was enginecred it can be no good. There
arc many good installations that were never
figured at all but erew like Topsy. Tho re-

sulting frccdom from dustiness was o satis.
factory that cfliciency held little interest to
the onner. This is exceptional, however, il
1 otTer the opinion that dust suppresaion johs
shiould be engincered.

A\ dustsuppression installation is a safery
device, designed and operated to provide pro-
tection azainst possible discase and provide a
sense of security which must be absolute. Its
saicty is not rushing air and rattling chips but
a minimal residual dustiness, There is no
mors: pathetic defeat for a dust control job
than to find faith in its effectiveness so low
that workers must wear respirators to fund
the reasonalile safety that was expected from
the honds, ducts and fans,

Diagnosi§ and Control

Let us examine some of the features by
which we recognize this dust hazard problem,
leaving out the sociu-legal aspects.

In order to develop wore fully the engi-
neer’s place in this dust control program, it
secins desirable to separate as sharply as we
can the dingnostie considerations from those
which deal, with control. [n the first com-
partient we can place all the analytical com-
ponents which describe the hazard and its
expniure, e probability of its producing ill
health and all the rest of the medical and
indistrial hygiene facts which make out a
case against the existing dust. In the second
compartmient place the knowledge of physics
and engincering necessary to plan the dust
control program and so design it that when
.nstalled its performance follows prediction
that the probability of industrial discase is
reduced to insignificance.

The Industrial Hygienist

Qur first feature of interest would naturally
Le the specific and relative toxicity of silica,
silica-bearing and other dusts which make up
the dust health hazard, Much might be <aid
to advautage about the quality and quantity
of hazard in many dusts, The acquiring of
this knowledge has heen, and must remain a
medical problem. It involves gross and icro-
scopic pathology and x-rays, and experimental
animals, Engincers do not talk that language,

Andustrial hygienists do; they are a happy

_combination, half doctor and half enginece,

Many of them are quite capable of handling
the dust health hazard in all its phases of
investigation and control. For the purpose of
this discussion I throw their interest in with
the doctors.

. .

, S

I want to gn so far in ey opinion’ as
state thiat the engineer shoule ot attempt
define the quality of health hazard in a giv
plant or industry, nor should he establi
threshold limits of safe or permissibl2 dus
ness. This may he debatable, but T shall ¢
tend that the engincer who writes the spe
fications of hazard and dust tolerance is real
an industrial hygicnist, and is using a ¢
much broader knowledge than engineeri
alane.

In the first case the quality of the heal
hazard is an opinion arrived at afcr studyn
all the environmental conditions indluding t
generid sanitation, occupational a, alysis a
a scientific analysis of the dust exposur
In the exploration of dust exposures, 1
nature of dusty operations st he view
from  physical,  chemical  and meehanic
aspects, the determinations of dustiness mv
he net enly counted anild elassified by partic
late sizes, but chemically and mineralogical
analyzed. The plant Linout must be stadi
with respeet to dust production and distels
tion, and the houscheepimg and existing oy
control equipment evaluated. The presence
specific hazards, such as toxic gases, abno
mal temperature and humidity conditions, cte
must he explored for their ¢ mplicating e
upon the whole picture, This is distinctly
industrial hygicne job, and some of the o
critical data requires only medical viewpoin
This is absolute in the case of tuberculo-
stivly and the qualifving of men for enplon
ment.

So far, nut ouc atom of cumineering 1t
suppress dust is involved. [t is entirely ana’
ysis of hazard. The diagnosis must be th
the dustiness is hazardous to health or that -
is safe. If it is hazardous, it must be broug!
down to a specified residue, If it isn't, lean
it alone. On the secorud point, if the hygicnist
can not specify threshold limits graduat.-
upward for relatively less hazardous dunt
lct the cngincer not worry about it. Th
diagnosis is dust which is harmful and te
much of it. The remedy is coutrol of the dus
The engineer designs controls  which we
produce the lowest practieal residual dus
ness. He should not attempt 1o write his ow
specifications of threshold limits or permi:
sible dustiness. This may be an inportas
goal in the study of dust health hazards,

Safe Limits

At the present time the aedical men as
hygicnists belicve that quartz dust is «as



below Ave million particles. They seem will-
ing to graduate wpward to 20 millivn for
medium silica and 50 niillion for low silica
iereentages. Five million particles is victually
dust free, and is very difticult and expensive
too achieve amd maimtain, The declaration of
~afety of the installations must remain in the
hands of the medical and hygicne groups in
whose hands now lies the responsibility for,
deteemining the hazard.

\We now enter the chapter of our discussion
intended tu demonstrate that dust countrol is
an cngineering  job, that it must be given
scentific treatment, not guess work, applying
engineering mcthods which are based upon a
R ledge of physical law, the behavior of
dust, the perivpmance of air-moving machin-
ery, ctc.

Prerequisite Knowledge

Let me recite brielly, a few of the things
which, in iy opinioss, the eagineer should
knuw to do this job correctly, He must know
how to make a survey. Surveys depend upon
sampling, and sampling is not a catch-as-
catch-can proposition. It involves the place,
the time, the frequency, the amount in a sam-
ple. and the number of samples so that maxi-
mum, minimum and average data mean some-
thing, s that credibility can be given them.

For the type of sample imvolved he st
know how to weigh or count respirable dust,
as distingnished from large masses of non-
respirable dust which complicate the picture.
He must know how to observe the sources of
dust ods as distinguished from conditions
of normal dustiness.  He must know  the
sources of dust and the principles involved
in the dispersion of dust. He must determine
how much dust enters the problem because it
is part of the material, and what dust is
creatud in the process by the fracturing of the
waterial,

Any less survey cinnot tell the engineer
what bis task of dust control is. To visualize
that task intelligently he shoukd know the
physics of Rrownian motion, laws of resist-
ance to the motion of particles moving in air,
hoth when the air is in turbulence and fur
streami-line motion. He should know terminal
velocities, movements due to centrifugal mo-
tion; flocculation and the effects of air motion
and the effects of humidification on it e
must know all about the difficultics of wetting
and what is known ahout overcoming these
difticulties, e shounld know the several clec-

trical phenomena which bear upon’ dust be-
Jhavior,

Those are all principles of physics whilh
caplain the behavior of dust'pid upon which
enginvering practice must be based, They
must be understood and be taken into account.

. Dust control is not a matter only of general

ventilation ; the engineer must study the pro-
duction as well as the dispersion. The problem
should be analyzed to determine the applica-
bility of scyrecation, enclosure, wetting, local
exhaust and general ventilation.

In some instances, substitution of non-haz-
ardous material, or non-dust-producing oper-
Ations may have specifie application, and they
should be explored first. This implies plant
engineering. [ am convinced that muany bad
instaltations are bad because plant engincering
wis not used, In the designing of exhaust
systems installed to capture the dust at he
puints of gencration, the physical behavior of
air moving toward hoods and in ducts must
he known, and that knowledge wsed. Fach
system must consist of collection houds, pip-
ng, ai{-clcnning plant and a source of suction,
Refore selecting a hood for a job the engincer
must know dust dispersion by dynamic pro-
jection as well as dust dispersion by air cur-
rents, and design the hood accordingly.

Knowledge Needed

The acro-dynamic characteristics of suction
hauds appear to be little known hecause litthe
thought was given to them in designing
thousinuds of hoods which can be found every-
where in industey. Al the possibility for
entrapping dust and much of the efliciency oi
the system hies in this factor,  Air velocity,
static suction, and rate of air flow arc all
related, and they mwst be known. It is essen-
tial to use high velocity of air in certain types
of exhaust systems to entrap dust projected
at high velocities as in the case of a granite
surfacing machine, and low velocities must be
used in others, as in the case of cleaning
ashestos fibre of dust to prevent wasting
malcrial.

Quantity of air and its velocity nust be
determined, then the piping should be e
signed to take into account the hehavior of
air-flow through pipes at low and high veloc-
ities. Where the problom is complicated by
the large sized particles which go along with
the Oine dust, how these behave must be taken
into actount. Pressure losses are very impor-
tant elements in the design of an exhaust

system. Loss at the hoods, loss at the bends,
and loss in the ducts must not be gucssed at.
Pipe design must take into account the gage
of the metal and reinforcing to withstand
pressures and erosion.

The selection of a fan and its motive power
is a matter of calculation, not gucss work.
Power consumption in the system is calcula-
ble. fans follow certain laws, so the engincer
must know the behavior of axial flow, pro-
peller type, radial flow, paddle wheel and
other fan performance.

More physics and enginecring calculation
goes into the air-cleaning apparatus. The
selection of gravitation, inertial or filtration
mcthod depends upon what the dust is, the
calculation for any methods requires knowl-
edge of discharge through stacks, the deter-
mination of sizes of scttling chambers; the
behavior of cyclones. The use or non-use of
a filter. and if so, what type. how it should
perform, how big it should he, what kind of
resistance and how much each kind offers, to
say nothing of their proper location with
rclation to cleaning, accessibility, ete., are all
items fur accurate engincering determination.

Apparatus to check the behavior of installa-

\

tions it be known and useil. Periipna
canniut be left to guess work. Supplying su
cient air to be exhausted is part of the pr
lem. The same may be said of heating

Do [ mive the problomt too severe a b
up? I think not. Remember hese two thin:

I. You are dealing with aazardous mu
rial so small in size and so little of it
weight that it is as invisible as the air U
hears it. .

2. Physical laws involved s the behav
of dust and air do not permit inexpenss
methods of control. I am acquainted w
hudgets set up for this purpose which amm
to more than a quarter of a mitlion dolla
and [ know of many where 60 tc 80 thausa
dollars is involved.

The nced for this much enginee -ing is 1o
vgnized by men who know, Abl aly mu
has been done toward getting the know el
into handbook shape. Perhaps the best )
of this sort to date is “Fundamenals Relaty
to the Design and Operation i Fala
Systems” developed under Amer.can Stan
ards Association proccdure.

The Doctor’s Part in Controlling Dust Hazards
By A. D. LAZENBY, M.D., F.A.C.S.
Chief Surgeon, Maryland Casualty Co., Baltimore, Maryland

Considerable confusion has cxisted in the
past as to just what is the physician’s func-
tion in the prevention of dust discascs, and
just what is Yhe cngincer's, It is very ob-
vious upon even casual thought that the
two scicnces must work hand in hand in
their efforts to solve the problem.

The physician through his special training
must be able to tell the engincer what dusts
are dangerous and what are not. He must
know how those dusts enter the body and
the manner in which they do their harm, He
must be traived in the examination of per-
sons who are to be employed to work in
dust, and to discover those who are already
discased, or are peculiarly susceptible to
dust discase. He must be able to detect the
first signs of disease in workers who arc
expused to dust, and must be prepared to

recopnize the disciase when it is fully b
veloped. .

It is not neces<arily the piysician’s fun
tion to analyze dust. That is a task for b
chemist and the petrographer. It is not 1l
physician’s function to coun: the particles ¢
dust in a given industrial atmosphere. Tha
in reality, is the function of the engincer. |
is not the physician’s function to devi-
ventilating cquipment for the removal «
dust, nor even to be more than an advis
as to the means that must be adopted
render the atmosphere safe.

The physician nevertheless must correlan
with his medical knowledze and with I
studies of the industrial worker the findin
of the engincer. A diagnosis of silicusis, [
example, requires not merely characterist:
occupational history and characteristic phy -



cal indings, but the knowledge as well that
the patient has been expascd to hazardous
du-ts in dangerous concentrationg,

Al dusts when inhaled in excessive
quantitics may be considered as harmful, but
ouly a few can be regarded as dangerous,
From the standpoint of their dangerous
propertics, they may be dividaed into three
general groups.

-

1. Those which are dangeruns heciune of
their poisonouns action, such as lead, arvsenie,
mercy, and similar substances,

2. Those which causce only irritation in the
respiratory teact, resulting in such condi-
tions as bronchitis or local influnmation;
such substances as vegetable fibre, cork dust,
flour, starch, and other relatively innocuous
orgunic or inorganic materials, ’

3. Those which tend 1o produce fibrosis
of the lungs, thereby predisposing to respira-
tory infcctions, especially tuberculosts, such
dusts as asbestos, silica dioxide or mag-
nesium silicate.

[ shall confine my remarks chicfly to
dusts occurring in the latter category.

It has bcen generally believed that the
harmful effects of dusts inhaled into the
lungs depended more upon their physical
structute than upon their chemical. It was
believed, for example, that silica dioxide, or
quartz, was particularly harmful because of
its crystalline structure, and the hardness
and sharpness of its particles. This concep-
tion is now known to be faulty, The dusts
which cause their damage by miechanical in-
terference with function are the dusts which
arc relatively innocuous, whose symptoms
are transitory, and which subside upon re-
moval from exposure to the dust.

Chemical Effect Is Harmful

The discase of particular interest to us

tuday, silicosis, owes its harmful efects very
largely to a harmful chemical reaction oc~
curring between silica dioxide and the body
tissucs. It so happens that silica dioxide is
decidedly a tissue irritant to the body, re-
zardless of the part of the body it invades,
it causes local irritation, local destruction
of tissue, and the replacement of that tissue
by scars,
. Thus, given a dust containing silica dJiox-
ide in sufficient concentration, in sizes small
cnough 1o permit its entrance to the ultimate
air spaces in the lungs, we have a situation
which offere danger tn the worker.

We have no real knowledge as o true
figures, but as a simple rule, we can adopt
for practical purposcs the thought that the
human body can withstand suceessfully a
concentration of dust containing 100 per cent
silica_dioxide in a particulate size less than
10 microns, in a concentration not in excess
of 5000000 pasticles per cubic {oot, If we
decrease the percentage of silica dioxide
present in the dust, we can correspondingly
increase the concentration with comparative
safety. We must, of comise, tihe into ac
count the portion of the wogker's time spent
in the dusty atmosphere,

To arrive at a rough conception of a sale
atmosphere, we multiply the percentage of
free silica in a given dust by the total num-
ber of particles per cubic foot. If the result
is under 5,000,000 the condition may be con-
sidered relatively safe. If the result is over
5,000,000 the condition mu<t he regarded as
unsafe.

Bear in mind too that silicosis is essentially
a discase of great chironicity, Lxcept in a
few exceptional instances it will require
from seven to thirty years for a worker to
develop advanced silicosis. It is evident too
that coincident dusts may cither retard the
development of silicnsis or hasten it. Recent
research seems to indicate that the admix-
ture of aluminum dust to a silicions dust
will greatly inhibit the reaction of the latter;
whereas a silicious dust combined with some
alkaline coincident dusts may hasten the de-
velopment of silicosis.

Much rescarch is now under way in prob-
lems such as this. \Ve have never learned how
to curc silicosis, but we are learning rapidly
how to prevent it. Our knowledge in this
respect seems 1o he limited to the removal of
dust from the breathing zone of the worker.
l.ater discoveries may show us how to
:modify existing dusts with contaminant
dusts that will render silica dioxide innocu-
ous. :

Owing to its very great chronicily, it is
only the rare case who actually develops
disabling silicosis during his industrial life-
time. It is realizcd, of comse, that excep-
tional instances take place, but the coincident
ravages of age usually keep pace with the
effccts of dust, so that much ~¢ the dis-
ability usually attributed to silicoss is often.
in fact, actually attributable to other dis-
cases or jncapacitics which advancing years
bring in their wake. To me the great peril of
silicosis, the peril not only to the industrial

worker himsclf, but his family, co-nworkers
and the public generally, is the accompany-
ing susceptibility to tuberculosis.

Complicated by Tuberculosis

Silicosis per se does not kill. Tuberculosis
as a complicating factor of silicnsis rarcly
recovers despite treatment, and the indi-
vidual so afflictesd is not only totally dis-
abled himself, but a definite menace to all
with whom he comes in contact, paticularly
the fellow worker who may have silicasis,
La pethaps the most important places in
which the services of the physician in a dusty
teade are necessary are—fiest, along lines of
discovering and barring from exposure to
a silicious dust those persons who may al-
ready have arrested tubereunlosis; and sec-
ondly, discovering those persons already ex-
pored to dust, possibly already silicotic, in
whom tuberculous infections may have de-
veloped,

It is well recoanized that no individueal
should be exposed to dust containing silica
dioxide until he has undergone a thorouch
physical , examination, including carcfully
made and interpreted x-ray fAlms of his
chest, It is likewise obvious to anyone fa-
miliar Yith silicosis that no person who is
cxposed to silicious dust should be denied
the privilege of {requent physical examina-
tions and x-rays of the chest, not entircly
to discover the existence of possible silicosis,
but to discover a coincident tuberculosis if
such cxists,

A man so diseased should, in protection to
himself and to all with whom he comes
in contact, be removed from industry. Let
me cmphasize the uselessncss of a physical
cxamination, unless it be accompanicd by
properly taken x-ray films, except in cases
of zross tuberculosis.

It is the function of the physician, there-
fore, to conduct in a thorough and an intelli-
gent manner the pre-emplovinent examina-
tion of all persons who are to be cngaged
in a dusty trade. The purpose of this ex-
amination should be threefold. First, to
discover and bar from employment in dust,
any persog who is suffering from tuber-
culosis in an active, a quicscent or an ar-
rested state,

A possible exception might be made in
individuals suflfering from a so called healed
primary complex, or a healed childhood in-
fection. It is well known that exposure to

stlica dioxide s very Lkghy 1o esoilg
activity a turberculous leaon which ma
quic-cent or arrested, and  pee sueha e
is roactivated, the chance- af recovern
remole. . ° .

The <econd problem which confront.
physician at the pre-cmployment phy <ica
amination is whether a given individi,
by reason of sceondary physical ded
more susceptible to the development of
cocis than a normal, Bs he sulfering §
diveases of the nose or upper respiri
tract, such as chironic sinusitis, discase o
lunes or air passages, or obstructions w
produce mouth breathing?

We mint remember that silic dioxic
not dangerous until it reaches the Jungs,
that the normal individaal retaing in
nose and the upper air passages a |
quantity of the dust inhaled from the at
phere. In instances where this nasal .
tion is disturbed, exposure to silica dic
dust may be dangerous to that indivi
where it would not he to another.,

It is believed that certain discases ot
heart and circulation, of the kidneys, p
bly syphilis, chronic coincident discase
the lungs, all may render a nian more
ceptible to silicosis than normal. The pl
ctan at his pre-employment examination 1
follow certain establizhad eriteria m
respect, and bar from exposure to dange:
dusts thpse persons who through exis
discase may be more ready prey to silic
or tuberculosis.

Re-Examination Needed

After the applicant for cmployment
successiully passed his physical examina
and is engaged in a dusty trade, the «
of the physician is not yet ended. This w.
man must be periodically re-examined,
to discover the early appearances of
manary fibrosis, but what is even more
portant, to detect the carly evidences
cowmplicating tuberculous infection.

A man should not be dismisced from
ployment in a dusty trade mercly beeans
has cvidences of non-disalling  silic
Warkers in dusty trades, especially s
cutters, moulders, potlery  -vorkers,
similar craftsmen, are vsually cighly ski
and it scems unfortunate frore a social
cconomic point of view to dony them
ploymeut so long as they are physically
to carry on, cspecially since the actual
abling qualitics of silicosis are in doutn
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They should be denied employment in a
Jdusty trade if that comdition is found at
pre-employment  examination, hut  they
<hould not be barred from continuing an
employment in which they are already en-
gaged. Of course, in such instances you, as
engineers, must realize that yvou have failed,
because if you had kept the breathing zone
of the worker free from dangerous dusts,
silicosis would not be present on physical
cxanunatson.

In this work of preventing dust diseases in
industry, it should be evident that the closest
and most intelligent cooperation between the
physician and the engineer is necessary. The
physician must, through his knowledge and
research, tell the engincer what dusts, or,
for that matter, what other substances used
in industry are harintul. He must tell the
engineer how such dusts or other materials
enter the body, how they leave the body and
what they do in their passages through or
their residence in the body.

Must Make Analyses

The envincer must in turn tell the physi-
vian of the harmiul 4Austs and other sub-
stances surrounding his .workers, He must
make chemical and petrographic analvses of
the dustz. and other indicated analyses of the
atmosphere in the workshop, He must makr
dust counte and check his counts at regular

intervals, conferring with the physician in an
cifort -to discover whether, in the light of
their joint knowledge, working conditions
are dangernus. He must develop and install
caretully designed venulating ecquipment. He
must arrange jor modification of chemieal
and ather industrial processes, where such
muodification is possible, and must bend his
cfforts toward removing from the danger
zome of the worker the ottending substance,
whatever it may be.

Too many engincers construe this tunction
lovsely., They pass on to the physician as
his ruponubxht\ certain functions which es-
semtially are theirs; such functions as dust
analyses, dust counts, and similar technical
duties. All too often it is considered ade-
quate mercly to install a fan.

Ventilating devices in dusty work rooms
must be constructed only after carcful en-
zincering study has given a knowledge of
the physical propertics of the air and of
substances polluting it. It is possible to
calculate to a very fine point the volumne of
air that must be removed from a given spot
torremove the dust originating at that piace.
and the engincer must approach his task

“from just as scientific an angle as the physi-

cian approaches his. y L

There is no room in industey for hap-
hazard methods on the part of cither the
phy~ivian or the engineer,

ADJIOURNMENT
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ane, and we will give it
vation, fv addition, { suxe-
arit a man irom cach de-
1z limoin to eur satety
<%, rotating these men so
waally have them all meet
. these men a closer in-
ety work and permit us to
\Iso, 1 will, until iurther
<y meetings with all the
we can make clear the ad-
-t you men must assume,
¢ to see that your men are
our safety rules and the
~mplovees. We can also
lividuals who do not scem
ane hundred per cent.

~fety Work?*

icphone Co., Chicago

v difficult problems facing
e to the foreman his re-
ae safe duing of the jub
measures, we have taken
tle must feel that the safe
. liis responsibility and feel
. 10 do something about it.

s there an accident on a
widererd particularly haz-

wiue that the foreman or
i to conduct the work
e surc that he does aned
y a proper training pro-

.me that a majority of all
accidents are directly or
e to the failure of super-
el tn function properly.
that supervisory tramning
ing accidents is necessary.

of 2 supervisery training
atare diflicult procedure
it of a technical or voca-
we. Apart from the tech-
wedd, there does not scem

formula. There is, of

—n
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course, some similarity of pracedure in (i-
recting the work of any man on any joh': but
ditferent indnstries employ sueh difierent
types of people, under such a wide variety
of circumstanees, and  place snch a diver-

~mence ol requirenents upon them that the

problem of supervisory training i its more
comprehensive aspects is peculiar to cach
tvpe of ndustry,

The general treatises on leadership give
the groundwork, but the subject matter for

ANy SUPCTVIsGrY tEHNING Colrse {6f any pars
ticular industey lies within that indastey, We
ninst go oout and e how our ob is heing
supervised now ; amalyze the procedure ol
every fureman amld supervisor: compare them
and seleet the best: look upon supervision as
a process initself, and see how hest tn direct
the work of the people. It is a long, tedinus,
avd costly process, hut one which, carried
througlt to completion, will pay dividends in
the end.

WEDNESDAY LUNCHEON SESSION
" October 13, 1937 -

The Wednesday Limcheon session of the
Cement and Quarry Scetions was addressed
by Tsaiali Hale, Superintemdent of Safcty,
Atchizon, Topeka amd Santa Fe Railroad,
who spoke on “The Common Sense of

Safety.,” The address was substantially the ¥
same as anothier address by Mr, Hale before
the Steam Railread Mecting. The complete
paper will be found in the Steam Railroad
section ol this velume.
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WEDNESDAY AFTERNOON SESSION

Qctober 13, 1937

Work of the National Silicosis Conference
By R. CAMPBELL STARR

Assistant Safety Engineer, U. S, Department of Labor, Division of Labor Standards,
: Washington, D. C.

Silicasis is strictly an occupational disease.
Medieal science has nat reported siliea dust
as allecting auy individuals except those who,
over relatively long periods of time, have
worked in an atmesphere where the air
which they breathe contained excessive con-
centrations of free silica.

The interest of the U. S. Department of
Labor in a broad social and ceonomic proh-
lemt <uch as this has its origin in the Organie
Act, cliective March 4, 1913, which created

.
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the Department. This act, amony other
things, wives the Department of lLabor the
duty “te foster, promote, and develop the
weltare of the wage carners of the United
States, to improve their working conditions,
and to advance their opportunitics for proft-
able employment.”

With this in mind, and helicving that
throuxh joint effort of all concerned, much
could he done to eliminate the hazard, the
Secrctary of Lahor called together in Wash.
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ington on February 20, 1936 a0 group of

about 73 men representing leaders in indns- \

trics having a silica problem, labor lewders,
and outstanding representatives of the wedi-
cal. legal, and engincering professions, as
well as insurance carriers and State adminis-
trators,

After considering various phases of the
silicusis problem, this group gencrally agreed
that through a pooling of knowledee sunl 2
frank  diseussion  through  the  conference
method important advances could he made
toward, first, overcoming the hysterical at-
titude on the part of cmployers, libor, and
othurs; sccoml, after carcivl investigation,
to consolidate in one place all known data
with regard to the preventive engincering
methods: third, analysis and reconmonlba-
tions in conncetion with adequate standards
of compenzation for those workers (|l~.||)|ul
as a result of the disease.

As an outgrowth of this initial mecting,
another group, similar in compasition to the
first comference, but expanded to include
soanre 200 individuals, was invited o come ta
Woashingtonw on April 14, 1936 to outling ways
and meins of attacking the problem. After

hearing silicosis discussed from the stand-

point of the employer, Libor, and the medical
profession, by outstanding experts in the
ficld, this large group endorsed the confer-
ence method as proposed, and as a result
four main working committees were ap-
pointed by the Sceeretary of Labor with the
advice and con<ent of the group to investi-
zate and report upon the out~tanding phases
of the silicosis problem. These committees
were:

(1) Committee on the Prevention of
Silicosis through Medical Control,

(2) Committee on the Prevention of
Silicosis through Engincering Coutrol,

(3) Committee on the Economic, Legal
and Insurance Phases of the Silicosis
Pralblem,

(4) Commitice ou the Regulatory and
Administrative Phases of the Silicosis
Problem. :

A flth committee, known as the Correlat-
ing Committee, was named. It was under the
chairmanship of W, H, Cameron, Managing
Dircctor of the National Safety Council, and
consisted of the chairman of the four tech-
nical conunittees just mentioned and two ad-

’

visors, ance on labor problems and one on
mining matters,

These committee members served without

compensation amd gave Trgely of their time
and effort in studying the problem from theie

- respective view points, After nine months of

carcful and searching study§ Jhese commit-
teex advised the Seeretary of Labor that
they were ready to report. Consequently,
on February 3, 1937 the Second National
Silicosis Conference was ealled in Washing-
ton, AL this time stnmary scommittee re-
ports were presented 1o the Sceretary and
considerable discussion was given them,

Shortly after this second national confer-
ence the Department published, as Bulletin
No. 13 of the Division of Labor Standards,
the summary reports of the four commiltees
referred to above, togcether with an ah<tract
version containing the principal findings and
recommendations  written in non-technical
language.

The full reports of the committers, com-
prising several thousand typewritten pazes,
are abw being cllited and will go to the
printer very shortlv, B is expected  that
they will be issoed in fong separate volumes
sometime during the fall or carly winter,

Nature and Extent of Silicosis

Physicians generally agree that silicosis,
in the layman’s lanzuage, is a discase of the
lungs, causcd by breathing air containing
silica dust, in which the normal lunge tissue
is replaced by fibrous or scar tissue.

Silica dust is found in many industrial
operations, but the hazard is acute only in
such industrics as metal mining; anthracite
mining; quarrving, drilling, and tunncling in
granite, ganister, and sandstone; smelting
and refining; foundrics: potterics; glass
works; stone-products industrics ; grinding;
hutling ; and sandblasting.

Of the 49,000,000 workers in the United
States, only 1,000,000, or 2 per cenl, it s es-
timated, are in any way exposed to the haz-
ard of silicosis. About hali of this number,
or 1 per cent of the total number of workers
in the country, are exposed to a serious haz-
ard, and approximately 110,000 of these have
silicosis in some degree. Medical examina-
tion ‘'of men actually at work indicates that
Lietween 4,000 and 5,000 workers are seri-
ously affected by the diseace, in addition tn

those already  permanently detached from
their cmplayment by reason of disabling sili-
cosis.

The status of the 1,000,000 workers ex-
poscd to the hazard of silicosis was analyzed
thus by the committees making the survey:

A percentage of the 4,000 to 5,000
workers having silicosis are completely or
pastially disabled because of this discase
and have their duticultics further com-
plicated with tuberculosis,

The remainder of the 4,000 to 5,000 have
silicosis and disability in some degree, but
no tubereulosis,

Approximately 105000 have silicosis,
but no disability and no tuberculosis,

Approximately 900,000 are exposed to
silica dust, but have not contracted the dis-
case.

Contrary to popular belicl, silicosis is slow
to develop, Usually it takes seven years or
more of exposure to silica dust for a worker
to contract the disease. A few cases that
have been known to develop in as short a
period as one and one-half years oceurred
under extreme and unusual conditions= On
the other hand, many workers have labored
wder ordinary exposures to silica for more
than 30 years without demonstrating any
trouhlc whatever that could be diagnused as
silicosis.

Silicosis Prevention

+ Silicasis can be prevented in three general
ways: First, by preventing the creation of
silica dust; sccond, by preventing the dis-
persion of dust into the atmosphere of a
working arca; and third, if it is impossible
to apply the first two methods, by the use
of personal protective cquipment such as
respirators, o prevent the inhalation of the
dust.

In carrying out a prevention program,
many agencies must cooperate. In the view
of the committees studying the problem, the
cmployer is called on to do most of the wairk
ad to spend most of the money. But his
work and money will never accomplish the
maximum results unless the worker is will-
ing to cooperate and carry his share of the
responsihility  for helpink to control dust
and for using the personal protective cquip-
ment,

In addition, physicians can play a definite
part in preventingsilicosis, as can also en-
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gincers, insurance companies, legislators, a
ministrators, and others.

The reports of the conference comiuitte
on cngincering control and medical omtr
recommcnd specific procedures for attac
ing the problem through those two avenn
of prevention, A partial list of these recon
mendations follows :

survey the working conditions to dele
mine the severity of the hazard and ind
cate what needs to he done to lecrease |

Sceure information on hest p veednre.
Design plant for dust control
I'rovide building ventilation. ™

Store dusty matcerials in dusttii "t bins,
Enclose material-handling cqunpmcn(
Teolate dusty processes.

I'rovide wet methods of opcralmn-

Water, oil, and other liquids may be usc
elfectively—

1. To <uppress dust at the point of oigj,
in such operations as rock-drilling; han
dling, pulverizing, and milling rock an
ore;  grinding  mctal on grindsones
abrasive-w heel eutting of granite and <l
stonge,

.2 To prevent the redispersion of du-
that has scttled on the Hoors, walls, ane
other surfaces such as in the granite in
dustry angl in foundrics.

Design cquipment to control dust.

Establish good maintenance and house
keeping procedure.

Provide respirators,

In<truct the workers.

. Responsibility of Workers

The cooperation of the workers is neces
sary if the hazard of silicosis is to be re
duced to the minimum, The worker ~houk
realize that the safe practices recommende
and the cquipment provided are ¢ esigned t
prevent injury to himself and ta his fcllow
cmployecs. The cquipment should e used a
directed and every effort should h' made b
maintain it in good working order.” iurther
more, the worker is {requently in a posi
tion to obscrve faulty equipment and unsafe
practices, and he should make it a point te
report all cuch conditions to his supcrvisor.

Statutory Regulation

\While the primary approach to the prah
lem must be the prevention and diminntion

>
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of the hazard, the fact must be recoenized
that until silicosis has heen wiped  out,
workers who now have the disease, as well
as those who may contract it, must receive
workmen's compensation just as do those
workers who are injured in accidents,
Acrordingly, the committees of the silico-
sty confercnce were uianimous in presenting
the following recommendations :
Coverage for silicosis in the compensa-
tion acts of all States.
This coverage should be compulsory.
Decause of competition between the
same or similar industries in  various
States, the laws, rules, and regulations of
the several States should be as uniform as
practicable,

Should Be Insured

The employer ‘should insure his obliga-
tion {or compensation cither through scli-
insurance subject to the posting of ade-

- quate funds, or with an authorized mn-
surance institution.

Insurance should not he denicd any em-
ployer. provided the State authoritics certi-
fy that he complies with the State require-
ments as to proper safe working condi-
tions, and payvs the premiums involved.

Waorkers having aciive pulmonary tuber-
culosis and silicosis <hiould he removed
from employment. Such workers should

hie granted suitahle compensation paynients
and medical eare.

"workmen’'s compcensation for

Tienty-sicth National Safcty Congress

{or the conversion of knnwn facts in the
medical  and engineering ficlds  wacking
toward prevention, and i the leaal, insurance
and rezulatory phases looking toward ade-
(quate workmen's compensation, into a pracs
tical, readily understood program which will
adequately take care of the silicosis prob-
femn. :

[n it program of cooperation with the
8 States, the Department of Labor has in-
cluded a section covering silicosis and simi-
lar dust discases. This hreaks down into
three main sub-headings: (1) Assistance in
the preparation of reasonable and adequate
codes, rules, and rcgulations preseribing
methodz of prevention; (2) assistance in the
establishment of equitable standacds of
those em-
ployees disabled as a result of the disease;
(3) a weneral cducational program among
State orncials, factorv inspectors, ctc. so
that they will he equipped with adcquate
knowledze concerning  the disease, its
methoud of prevention, and its proper treat-
ment under the workmen's compensation Jaw.

Follows Two Lines

This application prozram, which is just
new getting under way has been commenced
alony two principal lines: (1) The compiling
of practical information copcerning actual
dust control installations in typical silica
hazardous plants, toscther with approxima-
tions as to cos<t, not only of installation, but
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i alin of maintenance of dust eontrol cnquip-
BAN l. Workers disabled {rom silicosis (Init ment in such plants; (2) a program of visual .
- IHE with no tuberculosis) should ultimately  edocation supplementing the summary and ’
Ty e ,};5‘.:‘ ’ Lie gramted the same amount of compensa-  {ull committee reports of the National Sili- .
o .{3 4 i tion as those disabled by accidental in-  casis Conference. [t is contemlated that in :
3 s‘_'ég_'. i jury, ths held such media as film strips, lantern 3
R “}égl ! Two years iv a reasonable minimum  Shides, posters, illustrated bulleting, cte. wili .
Cat Ty Timitation period for filing claims subse-  De utilized. Farther, in comection with the
faff f!,a; i quent 10 the date of the last exposure. various exhibits of the department, sh(-.wn. at
: __ a “ variotts large cxpositions, trade assoctation

meetings, labor and tecimical orvanization
meetings, ete, it is contemplated that much
facinal information will be used, pointing
toward wavs and means of correeting the
hazard and of establishing adeguate stand-
ards o) workmen's compensation,

Further Activities of the Department
of Labor

In carrying-out its duty as stated in the

hasie law, the U S. Department of Labor
has conceived that there is immediate necd
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bazards in quarry operation teok place. This
conclided the Wednesday program,

Following the address hy
table  discussion  of
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The session was called to order by WAV, more, Md., who presided, introducing the -
Wood, Lallimore and Ohio Railroad, Balti-  speakers and directing the discussion, N

. o 0

¢ '

. The Past, Present and Future of Railroad Safety . 1!

: By J. M. SYMES 1

: Vice President, Operations and Maintenance Department, Association of Y

American Railroads, Washington, D. C. 1

: No industry in the world requires more  pendability; grades and curves have been £
diversified study and more exacting applica-  climinated or reduced; signal svstems have 4
tion of safety principles than the stcam rail-  been modernized and extended ; other safety i ;
road industry. Picture a quarter of a million  devices have heen installied ; new and more - L
miles of rulroad line covering in a virtual  powertul locumotives, emhracing all modern '
network the vast expanse of the United  safety devices, have heen purchascd; new ! :
States. Over this network are operated a  cars, both freight and passenger, have been |

. billion train smiles annually. Vast vard and  installed. ‘This capital improvement program ‘ :

- terminal operations are necessary to make up  has cost the railroads about cight billion dol- -

: the heginning of the journey of passengers  lars since Y23, and a large part, if not all, "

, and goods, and to brealz up at the end of that  of that huge sum had a benenicial effect, di- !

; journey the 12 million trains that accumulate  rectly or indirectly, on the safety of opera- '
that billion miles. These trains carry 500 tions. .
million passengers and one hillion tons of But the engincer's job is never done. As
freight annually, It requires more than one  saon as new cquipment, new rail, or otler '
million railroad emplovees to run the trains,  (eyices wie iuslaiied the engtneers go ta
-make them ready for road movement, su-  work tu develop more efficient and safer

U P
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pervise and safeguard ‘their movement il
maiutain the equipment and roadbed, as well
as perform the many other duties incidental
to the production ol railroad transportation.

- Safety has in the past, is today, and always
will he the first principle in railroad opera-
tions. Dut it is within the past fiftcen years
that greatest advances have been made in
railroad safcety. During that period we have
scen a complete remodeling and moderniza-
tion of railroad physical propertics. Road-
beds have Deen  strengthened;  bridges,
trestles and culyerts rehuilt; tracks have

units. “Uhie railroads spend millions of dollars
anmally in research and laboratory work
experimenting  with  engineenmyg  improve-
ments. In all this work safcty is of primary
importance. An invention which might mean
great cconomies to the railroads would not
find its way to a single locumotive or car
if its use in any way lessened the opportunity
for safe nperation. Converscely, any improve-
ment, mechanical or otherwise, promoting
safety of operation immediately commends
itself to railroad officers and emplovees. The
search for greater safety will continue so

heen laid with heavier rail and with long as railread transportation is used.
treated tics of greater service lile and de- About a quarter of a century ago, the
) ‘ 387
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Safety, An Executive Operating Problem

By R. C. WHITE
Assistant General Manager, Missouri Pacific R. R., St. Louis, Mo.

Safety is an olliyation of management.
Without the constructive leadership and day-
to-day urge from the executive and operat-
ing heads, the movement would lapse into a
periuntory actitity.

The safcty movement is recognized by
executive and operating othcers as a medium
for building up and maintaining that rela-
tionship, that fellowship, which broadens our
views, enriches character. and brings the
Gulden Rule into practical application.

Management recognizes that our econamic
system nust enable mgn to live on an.in-
creasingly hizli Fhne. it must enable them
tu fulfll their desires and satisfy their rea-
<onable wants, andyive them that fceling of
security which is essential to lippiness and
etliciency.

Having made the ducision that safety is an
excentive problem and  responsibitity—that
accidents must stop—it is then essential that
management  promulzate, and  follow
through, a plan that will definitely fx this
decision in the minds of all the individuals
who collectively comprise the industry, The
fallow throuch must be such that department
heads, surerintendents and every miember of
the supervisory furce will appreciate the
need for a constant, active interest in safety;
will understand that passive interest will no
more produce results than would the same
interest in production, Supervisors must be
made to fecl that the prevention of accidents
demands the same type oi heads-up super-
vision that is given to the other problems
affecting cost and service.

The exccutive must find 2 way to indicate
directly that it is the responsibility of the
department heads (o carry nut management’s
program, that autbority is placed in each
superintendent’s hands to put accident pre-
vention on the same hasis as production.

A complete. factual aml descriptive report
of each accident must be made. This must be

followed by a therough analysis to find the
dircet and underlying causes and the pro-
Ccdurc necessary to prevent a recurrcince.

Proof of its sincerity will depend pri-
marily on whether management will make
the first essential move in the program—
that is, authorize the expenditure of moncy
necessary to make the maintenance and op-
erating plant a safe place to work.

Safety and Efficiency

Amnalysis of the underlying causes of in-
dustrial accidents and preventive measures
to be applied has made it increasingly appar-
cnt that those factors which are producing
accidents are very largely the same factors
which tend to lower the quantity and qualuy
of production. Expressed in another way,
safety and etliciency are as inscparable as
though onc word. "

In coupling safety with cfficiency [ have
not minimized it as an cexecutive problem,
but have endeavored to indicate that its colu-
tion is an exccutive responsihility, both to
his individual industry and to the empluyecs
that malke it a guing concern,

~Rail transportation is a scientific business
tn which laboratory rescarch, expert cnpi-
neering, trained huilders, and skilled workers
share a part.

One of the main factors is a gronp oi
emplovees who are loyal—wlio appreciate
that their railroad must give the kind of
scrvice that will stimulate and accelerate the
developmaent of the territory traversed.

The successful solution of our problem de-
maids the type of aggressive individualism
in exccutive leadership that will attract and
command loyal, collective , cooperative effort
on the part of all who produce rail trans<por-
tation,

Qur major concern is leadership—Ilcades-
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