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Industrial Dusts

WEDNESDAY MORNING SESSION
Qctober 13, 1937

The mecting was called to order by Chair-
man A, S, Regwmiz, Excomtive Secretary, In-
dustrial Relstions (Couucelars, Ince., New

York City, and Vice-President for Engineer-
wag, National Safety Councif, who tatro-
cucec] the speakers.

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

While dusts exist everywhere in the at-
wasphere, it has been revognized for cen-
torics  that workers i certin  dusty
occupations arc iets healthy than thosc not
» exposed. The number of perewons ex-
posed in dusty occupalions comprices one
of the largest indestrial groups, The occu-
@tional diceases of workers in dusty =-
mospheret have been fourd o be due to
atrance of dust into the system by mhala-
tea, by ingestion, by dircct absorption
tirongh the skin, by irritation of the skin,
¢ by 2 combdination of the foregoing.

The suspensions of particulate matter in
ir have heen broadly termed dusts, fumes,
ed smokes. Suck 3 dassifcation is neces-
ardly arlstrary, since the L.ne of demarca-
o hetween ftem 13 not wery sharp, and
& chief differentiation 1< based on the size
of the particles  Investizgauons by the Dub.
5 Health Service in dusty irdustries' re-
mled that abont 70 per cent of the dust
prticles examined were hetween 1 oand 3
wrens 11 size, only about 20 per cent were
{us than | micron, and the median cize was
13 micront. Indusirl dosts are mainly lese
dun 18 pucrane in <ize Howewer, Gbrous
& In e 21r, wach 2¢ ashestos, have been
foed t0 contzin partcies as lasge ac 200-
 mavcons in the greates: diamcter.

While, generally speaking, according to
folls, dusis are more injurious as their
demica! composition differs frem that of
te human body, ar from the elements of
vikh the bndy is narmally composed,! 1t

b

i« dificult to cstablish a2 comprehensive
tefinition for {omc dusts. Softamarm after
atalysis of varicus defimitions for poison,
{eit that it is very dificult to give a definition
which will not be ambiguous in some Gases,
but believed that the following covers most
of the points which must be conddered in
classing a substance as sach -

“A poison s any substance which, act-
g directly thryough its inherent <hemc
properties, and by ts ordimary action, is
capable of destroying life, or of seriocusly
endangering health, when it is apohed to
the body. exterrally, or in moderate doses
(10 SO Gim.) intermally "

Same dusts are known to be porsonous,
winle otliers, i the concentrations vsvally
encountersd, are comparatively harmiess.
However, 3t may be stated that breathing
dust in high concentration is not desirable.

According to Fairhall, the damage 2rising
fram the ivhalation of toxic dest may be
either local or remote, and depends upon
whether the material 15 3 protoplasmic poi-
son, whether it 3% caustic int feaction, of
whether it is absorbed into the blood stream
and carried 10 other centers which are in
wrn affected.t

it is now well established that exposure
ta certain kinds of dusts, such 35 those <on-
taining considerable guantities of free silica,
has ncreascd the morbidity and mortality
rate from respiratory disezses; while me-
tallic direre, such 2¢ lead z27d it compounds,
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have been acwmated with goncral systemic
poitoning * Dumte may he swallowed with
caliva, water, or {oed, and direct pocoming
has Ixen traced to nbcorpitenn by thee
method ) other dusts may act as wetants and
produce afiectsons of the sk 1rriate ma-
couts membranes of nose, eves and throat,
often canuang inflanenatory  dicenwes  of
these argans®

Sonte morgamc dusts are able to pene-
trate  the deep fJung  tieswes  and  are
<fficientiy mcoluble to be retzined there.
Qpme af these miny be active in the human
tresics, rausing definite and permancnt me
jury. wiule otherx are mwert awd may Ix
retained {or years, arparently withont scri-
ous damage: some are gradually abeorbed
without causing nathologica! changes?

All inhaled particles are soluble, at least
to a <rrall extent J{ harmlesq cell activity
is stimulated <o that phagocytes remove the
dust. If the soiute i3 toxic, the wability of
the phagocyte ic affected and aa ineflective
accumplation reauitcs, At the same Gime,
further wolute may difuse mito neighdoriag
ticcues, settng up an irritation and <ubse-
quent fiyrosis Thie nature as well as the
solubility of the solute i an impartant {ac-
tor, hut of twn saubstances of approximately
caual  loxiesty, the more <oluble form
causes the greater damage, llowever, sub.
stances of snch low solubility as silica may
vitimately produce cxtensive injory

Kettle Iae <iated that harmful doests, i
ialzaled mto the banges, may activate a tatent
tubercnious nlection; they may exaggerate
an active fuberruloys ledion ar a3 coincident
miection. I «aflicient quantitics of a harm-
fess duct 2re inhaled, <onse of it remnams in
the lungs and causes a mild degeee of fibro-
<ix merely through mechanical jeritation,
but suck fibross 18 never sufficient to tuter-
fere with the ‘uncticn of the luag?

Same writers state that while the infla.
ence of ronpoisonous dusts on health is 3
debatahie subject, abnorrally high death
extes from hronchitk and pneumonia ace
somctimes attributed to chiranic expoture to
nontaxic dusts, large amonnic af dust are
occasionaliy found in suppoccdiv  sormal
tungs, at autopsy”

According e Drinke, there are fnur (i
ferent 1ypes of reaction prodyced i man by
the inhalalier of Auxt The fred and moct
Pmpartant are the pnretmocomuntes, such as
whiegeis acd ashestoxis, whicl caue spociRe
tung patl ology and aften are Toltowed by
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puimonary tuberculosis, The <ccand typc
of reaction is caused by toxic dusts like lead,
cadmivm, and radium. A third type of mal-
ady follows the inhalation of finely dwided
metallic fume particles such as runc axide,
and i known as metal {ume fever, The
fourth reaction, allecgic in chararter, <
caused by breathing organic dusie wnch as
pollen and certain types of pulverized wood
aud Rour. In all {our cases the <ole cause
of the disability may be duct inhalation, hut
the reactions {rom toxic dusis result {rosn
swatlowing 2s well a¢ from inhalanan ™

For varigus reacons it 5 didficnit to set
up Aan abrolute classification fr duats
Chpivion s rapidly chamging regarding so-
called inert or larmlesc dusts and {urthes
mvestigation may firave some of them to be
mistrrons. Some ducts may have both 2
toxic and au irritant action; whilc on the
otlier hand, the poisoning resulting from ex-
posuce to 2 dust may be the combiaed effec?
of more than one made of entrance into the
hody. However, the folfowing clacufication
of dusts, according 10 phy<ica!l character-

3«tics and physiologdcal offect, v used for
€OnVenience,

1. Organic Dusts

Qrganic dusts are thase which contair
carbor, and were orfiginally supposed o
come from organized <uhstances derived
from animal or plant Kie living dustc
come  under thic ctassification, and  are
thoeght to de of the same order of <ize a¢
mdustrial dusts, with which they are fre-
quently associated Bacteria are usually be
tween 05 and 3 micreme except tn 2 {ew
cases, such as the anthrax bacflus, whaeh
ranges from 1 to 3125 micron in hreadth
and 435 to 10 microns in length and 18 or i2
microm< in diamcter. Hawever it is posu-
ble that the larger and heavier varietisg
hike the larger ard heavicer dust particles
<ettie due to gravity, and do uwet reman
nspended i the ais,

Many thomeands of orgamic subctances
carhon-tootaining, are made s<vntheticlly
hy chemical processi-, «uch as dyeetufiy
explosives, i

1 NONIIVENG QRECANIC iINISTS A
the name implics, these are comprised of
ponviable particles, whuch may or may
be inherently toxic or iredant, hwt whitk
nevertheless prarduce ymoward effects in te
Luman argamem  “Allergic” dusie or thow
o which only certain persone are or may
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hecome  hypersemtive,  with  resulting
astiima, rhinrtiq or other disturhances, are
mcluded 10 this clacsification

4. Texic andfor {rritant Toxic or irritant
dusts are all organic duste whieh praduce
woward symptoms, either <ystemiic or
tocal. Those prodducing focal omptoms are
wvanally described as irritant; those produes
ing general or =syslemic symproms are
trmed toxic. A dust may be both toxic and
irritant. )

In reported cases of injury or death fol-
lewing inhalztion of dust from arganic com
wunds, among the chief offenders are
pranttraniline, the dinstrobenrenes, ehioro-
dmitrobenzenes, irinstropbenol, and nitvo-
raphthajene Eye damage due to mflamama.
von of the comea has occurred among
sorkers expoced to methyl violet dust. The
dust from paraphenylene diatine derivatives
= particolarly irritating and dangeroue,
susing ot anly a severe form of derma-
titis where the dust comes in contact with
the skin, but alo producing acute inflamma.
ton of the wmucout memhbrsane of the
respiratory passages ¢ Toxic dusts may be
senerated during the handhing of powderad
dyes and in prefiminary dyeing operations,
mrucudarly the hydro-extractor process,
where particles are disseminated in ail di-
cections.”  Coal tar and indigo dyes are
«hbstances most frequently used.

(ases of amblyopia have been reporicd
itam expusure to inhalation of tebacco
Sast™ It has been found that inhzled in-
tacco dust exerts a nicotine action on the
orgarism Bfteen times greatee than that
treduced by the same quantity of <wmoked
nheeco with an equal uicotine contert,”™

Severe dermatitis is experienced by many
sarkers handling powder containing T.N.T,
xhich is u<ed in making high explosives,
Peerie acid, which is aleo ured for this pur-
fose, requires deying, and in this latter siate
ks heen found to produce a dermatitic
Prric acid is alo the oldest synthetic ar-
e dyestnfl ¥ Dermatitis accurs among
handler< of sk with varying frequency.
Ssllc determined that 2 rash occarriag
2moug workers in a sifk factory was due to
dwst from <k cocoons imporied  from
Xerea ™

Persons engaged in the manufacture of
samine and quininge proparations stuficr from
o phenomena, which accur for the mowt
st st cxpcred patre of the bady, and
s b caused by ngestion or by cgrutine
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dust, or powder form of the preparation, ex-
erting a direct irritafing effect on the skin™
Permatitis duc to other vegetable dusts
such ac vanilla, powdered arnica, pyce-
thrum, ote., lrave been reported ™

Dlental lessons, of occupational origmn,
have ieen reported among workers in sugar,
‘The singivitis caused by sugar dust is clase
<ified as purely mechanical, with later-
developing  caries, Digestive  disorders,
sespiratory conditions, and cutaneouys con-
chitions fespecially of the face) were alko
found.”

Dack workers, transporters of geain,
workers (n grain and fiour mills. etc are
cxpased 1o duste during their work, Pusts
irom ceccals may coatin maay imperities,
which may cause an grritating action on the
respiralory passages, as well as inflammma-
tion of the skin. Digestive disturbances,
dental defects, diminution in hearing, and
conjunctivitis have been observed among
millers, and have been attributed to the dusts
to watch such workers are exposed.™

b, Ailergic Many apparently innocuous
substances may produce reactions in per-
wans of peeuliar personal susceptibility. The
term “allergy” s used to describe this coa-
dstion of Lypersensitiveness or susceptibility,
ad  allergic phenomena most  {requently
manifest themelves in skin reactions. Bow-
ever, they may cause acute reactions else-
where in the body. When the respiratory
tract s mvolved we have such well known
dixcases as lay fever or asthma. These
diseases may develop ax a result of hyper-
sensitiveness to such suhstances as polices
from piante, borechair, eabbit’s fur, furs,
feathers, ete,

FFor wustanece, furriers, workert in clothing
industrics who ate exposed (0 wool dust,
etc., may wifer fram hiay {ever or asthma™
1t 1< unnecessary for the offending dust to
reach the depthic of the lungs—giant poliens
for example are reported to praduce their
cffect afier heng caught in the upper res-
piratory paseages. Should such an ofending
xuhstance he finely ground it could reach
the alveoli and as 2 result probadly 2l
phiysiolngic reactions would be accelerated,®

In & survey of a plant where resin is
anxed, ground, and netded, it was foond
shat B3 per cont of the accupational derma-
titie there was duc to hypersensitivity to
hexamethvicastctramine 2ud formaldehyde
woatamed u the dust to which the wackers
were oxpoced™ Durmg thie Rrst procesces
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of cotion spinning, CAINRWLTIPPCTS ATE ox~
posed to dust acisng Erem cotton lesks and
déhris, which produces 2 typical form of
asthry *

Ordinaey wood dust tas been of interest
due to sme puredy mechanical action, but
il greater care is reqmired in handiing
cetain kinde, especially xoods coming from
abroad, becauce of the ewential oifs imoreg-
aaling ‘hem, shich when freed in the dust
may afert the health of the workers con-
cernad. Same of the woods capable of
causing ckin lew:ons are Yrazl woed, safine
wood  teakwond, cumart nr torka wood,
hlack chony wood, West Indian malogany,
Japancse agayasan, cocooloda, chestnutwood,
ahivenood, California sequoia, ote. All per-
wnt who handle thest wopds are not in-
yured, oniv thote padicularly sueceptihlie to
the substances they cemtain  hecaming
affeced ™

2. LIVING QRGANIC DUSTS. Thece
contzin particles capable of exhibiting the
shenomens of Jife' (ewpecrally the property
of rrproduction or multiplieation), <uch as
bacterra and fupngi They are usually found
m low concentranans and are assaciated
with nonliving duats in the e,

% Bacteria, Oue ol the moxt important
amanyg these & the anthrax baciliue, which
15 coctarned m the dnet from <Kine, furs,
wogl, &nd anima) hair, orns, hoofs, bonex,
etc. This diceate mav ocrtur in two forms-
cutoneons (in which the organism aiffect<
the skin), and prlisgostare {(when 11 it inkaled,
z¢ in the form of aathrax known 3¢ wool-
carters’ diccane)®

Cased of etanus reported in connection
w ity jute mapufaclure, were traced to the
taw traterial, the hactilue having been found
in the factory sdist™ Diphthera, tubercu-
fos.s, smalipax, tvplio'd, or other baciilas-
produced disezces, may resuit from expo<ure
to nfecied ducts

Bacterial sensitization can be the cause of
any of the aliergic diseases, namely, astliima,
perennial, lay fever, wrticaria, angioneerotic
‘edema, eczema. or migraine beacdachos™

b, Fungi Dusts comaining the mycelia
and spores of paracilic fung give rise o
znnoyance and diwoemiart “Mazitaer's™ itch
from the dust alone has been coported. In
Provence. reeds used for ceilings are stacked
while stit wet and undergn frritentation
tiey berome covered with a white powder
(= dry funges of the Mucar family . Sporo-
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trichum dermatodes), which it scattered
when the bark 1 stripped of. This powder
i< irritating to the skin and mucous mem-
hranes. Mycelia and spores of moulds are
commonly fornd to cause rashes: for in-
<tance, the hlack powder comwmg irom
macerated sugarcane stalks. Among bac<ke!.
makers, the mycelium and «pores, in the
form of a white mould (hyphomiveete} from
the rhattan canes used, get shaken out when
the canes are split, hamemered, and cut,
causing Painful hssures to develop on the
skin where they akight™

A form of asthma or spasmodic cougls,
suffered by conton weavers and known as
aspergillociz, laas beent considered due to in-
halation of spores of a mildew which same-
times pecurs ope the threads™ In a siudy
of silicosis among miners, made by the
Public Heslth Service, 2 nomber of cases
of typiczl miliary lcibation were en-
courtered. Unstaivred smears of those cases
cxamined were positive for fungus, two
wypes of Aspergillus fangi being identified.
All of the subjecis but one were farmers,
teamsters, feedmill workers, or residents of
wmall agticoltural towns where grain i
marketed Farmers are exposed o fungt in
threshing wheat, baling hay. or handling
various small grains.™

Some other fungus diseaxes sucks ac acting-
riyeosic and blactomycanus are associated
with occupational exposure to dost The
former otcurs amang workers handling
straw, hay, grass, vegetahle débric contami-
nated with moukl, ete. Achinomycosic s
likely 10 2ffect people engaged in commeraal
handling, storing, and cleansing of grain
{gramn distilleries, four millc, gram crusde
ng, breweries, and maliing hou~c~ etc )™

I1. Inorganic Dusta

fnorganic  compounds  are of minera)
angin, not requiring a lwing oramism #®
produce them™ A number of dusts ag
usaally classed as toxic may, under some
conditions, produce untoward cilects on the
bineman organism Clacsifed under jstorganic
are toxic and/or irmtant, fhrouceprodus-
ing. and nonRhrasis-producing dusix,

a Toeic andfor lrritant Taxic duste are
those which are inherently toxic wien e
haled, Ongesied, of otherwise abeorbed.
Among those which produce systemic pot-
toning, some of whick are alw frritant, are
the duste from heavy metals and their <abs,
such as lead, mercury, acsenic. cadein
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zine, et lrritat dusts arc wjurions by
reason of their strong irrirative or corra-
dive properties

As_ ® tule, inhaled irritant sulstances im-
medgazeiy cause a reaction in thet upper
respiratory tract of such <everity that they
ase prevensed from reaching the lunge, =i-
though they mway cavse lang damage by
extension of nflammation if the mucous
smembrane s corroded’ Lime, calcivm oxide,
and the di-chcamatey are examplee of i~
! dusix, An inorganic dust may possess
both toxic and irritant properties, and the
poisoning procdueed may be the combined
effect of more than one mode of enteace
inta the body.

OfF the directly poisangns dusts, the most
widely prevalent are thote of certzin Jead
ompaunds, particularly the oxide, carbon-
ate and e chramite. The dust is ceadily
ibsotbed hy the mucous membrane; somc
dust passes into the stomack and is dissahved
by the gastric juice”

According to Fairhalf, perforated nasal
septum is 2 common occurramce mong
workers  with  bi<hromate dusts* In 2
stedy smade by the U. S. Public Health
Service it was found that continsous daily
exposure o conceitrations of chromic acid
mist greater than 1 milligram in 30 cubic
meters is likely 10 cauee definte injury to
the nasal tisssec™ It is belicved that 2
similar concentration of the dust would be
wquafly toxic.

In the case of poisoning from <ome heavy
netals, exposure may be to hoth dust and
npor.  For instance, wmvestigations have
ssown the szie limit of tafal exposure to
kad oxide dust and fumes 10 He less than
15 mg. per 10 cubic meters of air, except
for prolonged exposure™ In exposure to
mercury dust and vapot, it was <hown that
the incidence of chronic mercumaiism in«
oeaases  rapudly wath ucreasing merctry
wcentration, after such conceatration exo
teeds 20 mg per 30 cubic meters ™

ARlalis and metailic oxides are commaon
auses of dermatoses. Lye, potash and
fme ave known 10 cause irritation to plag-
kerery, cemeni-makers, brickfaycrs, masons,
sorecutters, maodeliers, and metal piatera™
Uleeration andd perioration of the na<al sap-
fum occtyr among warkers exposesd (o the
dist of soda ach; <ystemic paisoning alko
;:c:.: from mialation of calcium cyanimide

t,

Cases of dermatitis, <cleroderma atul can-
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cer ate reported ta have been cansced by
exposure to dust of arsenic compounds.
Certain aluminnm <alts are shkin rritzots
znd sluminum dusts may contribute to the
infection of <kin and mucous mentbranes,
through mechanicaf action,”

b Fibrasic-Draducing Duats. The mont
spaertant af the<e are the morganic, shightly
«woble doste wiich cauwe fbrous changes
in the bing tiesues, some of which are weri-
eus, and some of which causve tittie or no
disability,! So far a< s known, no irorganic
substances other than silicon derivatives
cause more than 3 very moferate degree of
ahrosis of the long, Morecover, there seems
1 be no evideoce that any other cosnstituent
nf ordinary duste can mfluence so unfavora-~
bly & pulmonary infection.!

Although other duste, when inhaled in
suffitient concentrations over & long period
of time, have been shown capable of pro-
ducing s pulmonary fbrosis, neverthiciess,
the pneumoconionsis characterized by nodu-
far fibrosis has to date beem shown dlini-
cally and experimentally to be as<ocwmated
only with tlie mhalation of dusts rontaming
free sifica.

Since this duse, to exert its harm{uf action,
must enter thie finer divisiony of the long,
the parlice size of the atmospheric dJust
niay bear n definite relationship to the in-
jurioas cflect produced. The zilica must be
presemt im the air in particles small enough
o enter the Huer air epaces and of such
dimenaons that the phagocytic cclis may
cagulf them. The greater majority of par-
tictes found npon microscopic cxaminalion
of the lung fall within the limit< of {rom
i 1o 3 microns.” Examples of silicecus dusts
ace granite, Quariz, sand, pumice, shate, etc.

In a recent wndy among anthracite miners,
the correianions hefween exposure to dust
{which contained silita) and the evidence
af constitutional changes left little doubt
as ta the etiological signtfcance of the dusct
n the air breathed, Like corrsiations were
found betweers the <slica expastcre and the
extent of pulmonary changes.™ When the
naded du comists of Ghes combied
with bases, wilicates, sorie degree of change
m e pulmonary lissne may cousll, o Uns
rexscet achestere dust teermt (¢ he unince
among ulieates w the prevalence xme se-
verty of the diccasc @ cacses”

The cloel distinctron between siluosds and
conditians due ta «mple reactions caused
In other dustc s the acine prohferative
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reaction in the tiscues which rewnftc
prograsyve nodufatinn Kilicaxis, when apec
e3tabl hed, strongly predispaces the Juags
to infection, csporially  with tlie tuhercle
acdiyge  Chronie  fnterstitial  pucumonia,
chroad bronchitie, andd emphy<emz are fre-
quent complicetions of advanced degrees of
nilicosis,

The relrtion of the acule respiratory in-
fections to the reactian due to dusts other
than free silica has never been e<tanlished,
though 2 heightented incidence has oiten
been shown statistically ia workers in dusty
trzdes, It i fairly certain that 3 dust dam-
aged lung. whatever thie cause, fzaree mmuch
norse if an zcute mfcction does supetvene
vpon it

In a stody conducied by the U 5. Public
fiealth Service among marble fansbers
Vermont, 1t was found that marvhle dust
witen inhaled in the concentrations found in
e examined plant« produced 2 midd, bee
fateral, inear fibrosis i somre cases, ot no
<erious jong changes were noted aud there
was no disability due to the dnst, even
after years of exposure™

t. Nonfbrosie-Producmg Dusts.  Theee
are inert. that i, they do not cause fibrone
tasye to he produced, bt mav hecome
enczpiulated or he free in the tissues; or
they are abearbed without production of
fibrous tisspe. Inchuled among themn are
alundum, coal, carundum, emery, linuestone,
magneddte, marhle, placier of parnes (wyp-
<tin ), and palicher's range,

Dust Controt

Fagrcering and medical conirat are the
tno must ynportant [actors n comlating
the mndustrial dost hazard, and arce to z large
extent complementary

Fagincering Cprtrod A<} anza™ lhas
~tated ia a recent paper, “lr i< a basic
principle m dealing with a dust basard 1has
the dist <hnuld be atizcked a1 ite point of
origen xd thus prevented froms g ks
sernnated mtn the aunosphere ™ After the
dust has been spread throughniet the adr <2
1< difivcnht to deal wuh it aud reliznce et
te placed on individual protection, whkh 1<
never wholly <atisiactory.

T.am>a further cites various methads used
i controlling dust These witl e reviewed
but briefly, <ince 2 paper dealtug with the

sabijeet of dust ¢contral in detart, wilt fallow
ou thic program.

. {avenev-sivth National Safeiy Congrees

{luxt gy Le entrapped at its source by
suction devices and thus removed and col-
lected. Famuliar examples are exhaust boods
in grinding operztiony, and the devices uded
in rock drijling

Generally spexking, the exhaust ventila-
tion method, where applicable, it ta be pre-
ferred in contrelling 8 dust hasard, Water
may be uced to eatrap dust and prevent s
dispersal, and under cerizin cCircnmstances
it may be of advautage to enmbine thic use
of water and the use of suction Somctimes
a dusty process can be completely enclosed
in a sealed room or compariment, It mus<t
be remetnbered, however, that any mechani-
cal device of this kind offcre 2deguate pro-
tection cnly if 1t & properly designed,
in<tatied, and mainta'med,

A grest deal of attention has been given
the <ubject of individual protection from
duet, and there are many types of respira.
tary protective devices now avaiighle These
ave genctally of two types: those which
provide fresh air from 2n uncontaminated
source and those which rely aupon a Alrering
medium for removing dust {rom the air
hreathed, Where the use of such » device
1< intlicated, only ane of the types appsoved
by the U, 8 Barcau of Mines <hould he
used. Az culs, it may be <aitd that masks,
respirators, or ot such proteclive ilevue
ehrouid e u<ed only where expowire 1o the
dust 1 isteemetient and Lned ar where
<nme wausual cord.tion miakes R nxre Rbe
qazte dust control imprachicabie ™

Where hacleria or other fiving duste i
the aic are aswoiated with a process, stesi-
Hization methods auch a¢ ingreaved tempera-
ture, uitraviclet cadiation, and chomicals
fike chlorine or other bactericids) sylistances,
may be of use. Pacteurization temperalure
{about §40° F) will kill moxt orgaawm
except those beanag <pores. Steam dicin-
fection: is used for horsehair, and proves to
he practicabic if the temperamire dorg not
exceett 230° ¥ Wool fibrec, however, lose
their cladticuy hy steam dismfection, and
the “Duckering”™ process now veed in Foge
fand includes <oakink of the waal in a farm-
aldehyde <oltton, and deying in a corrent
af aiv 2t a temperatore of 160° F.* There
are few occupations i which there would
he z sufficient concentration of dead bac
tetia to cause untoward effects in man

In the caze of dnst< producing externsd
irritation, 2uxiliary Nrotective measiires may
taclude the mnse af bpratedtive clathing.



gloves, gogrgles and aprons: as well 28 pru-
tecrive  salves, onuments, ar other com-
pounds to defay or diminish the irgitant
actumt General rules for hygiene aud good
hrucckeeping should ziso be obcerved

Mrdital Conirel. Equally important, and
casely interrelated with the ongincern.g
ghase, 1< medical control of ocoupatiaual
imrards. In addition to directing the proper
placement of new workers, and guard.ng the
beafth of 23 employecs, medical contral
a check on the efficacy of the cnginecring
rontral  methods already inciiuvted, ar 2
measafe nf the necd for new protechve de-
TICES.

It bac< beem ctated that “Industry has
found that the best way lo treafl industral
yunes and iiness is 10 prevoal tem™
wmd medical control, through preemploy-
et and periodic physical sxammations, s
ene of the most important factors in =uch
grevention.

The precmployment exammaiion 35 made
fa determunie the employee’s physical zindd
mountal fitness for work, 1t serves to dis-
dote the presence of any contagious div-
ace, reveals any minor physical defects
which mught laler beeome seriows, or whether
the examinee’s condition prectudes his em-
floyment in certain or in 2l types of woark.
{t shouid be remembered that arch procm-
foyment examtnations are not {o be made
for the purpose of diminating an emplayee,
bt rather for allocating him to the type of
vork for which he ix phiysically <uiteel. A
wotker should be giver employment unless
sially unfit, or unlest hiv disability, even
hough stight, would camse him ta be a haz-
zd to himscli or his assaciatee Twurther-
mice, the practice of presmployment
aaminations should B¢ extended lo include
aradives and officials of Industrial organi-
rions

*The purpoce of perioche  ghysical
rarumations iy 1o <ecare and  maind2in
Fusical fitness and therehy Iengilsen work
pans ™ Reexamination of emplovecs some-
e rosuite in the diccovery af defects and
Faiilines which were not sheerved at the
tme 5 enployment. {1 <ucl cases, an o~
walional adjudment shonld o mnade to
wovide continued employmicnl, hut retnove
te 15k of permanent injury.

Recxammination of employees < required
b aw in certain occupations n which the
undlirg ¢! poircnous or otherwite deleters-
ax< < phefances may result in the coutraciion
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af discace,” Since some occupationzl dis.
eaces tend to clear up and recur, records of
previons occupatiens should be mcluded in
e pliymical examinations. The {requency
of exammationt should be determined by
the medical director, unlecs otharwise speci-
Acd by law Thosw expoced to known occu-
pattonal diccase haxards may lase weekly
ot monthly examications ™

“It <houtd atways be kept in mind that the
Lac<ic primcipie of physiral exammations in
industey is to keep men on the job 2ad¢ not
allow tlie phy«ical examination to be merely
a weeding out process”™
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The Engineer’s Part in Eliminating Dust Hazards
By ARTHUR S.

Assistant to Manager, Engineering Department, Americzn Mutual Liability
Insurance Co,, Boston, Macs.

When one realizes that control of the dust
hazard depends upon the combined contoiby-
tions of the physician and the engineer, he ap-
preciates that the snlution regnires scientific
treatment. By scientific treatment 1 mean the
technical anziysis of the hazard to discover
the causes which contmbute 30 injury or il
heaith, and the development of control meth-
ods which obey physical law and physiology.
and which will be directed at cauees that
admit of most immediate and cconomical
treatment.
That goes for handling the dust hazard in
2 given plant. Tt gocs double for acquinnag
Lknowledge ta the erd that the whole problem
may reach uitimale solutionn Right now our
xnowledge of the prohlam ic i lug chunks,
loosely put together and largely empirical.

There are ostimates only to judge the mag-
nitude of the duxt health probiew, and it s <o
clotely atsociated with ather health prohlems
that 2 clean-cut estimate af it alone s im-
posuble, We do know that 32 i great in the
aggregate, and for the inddividual plant it may
be very bothersome 3rdd expensive

What actually makes quartz dust causc
eilicoais 18 not known. It dnee, w the alr
breathed by workamen mut not contain baem-
a1 quantities of respirable pimrez dewt, foex-

Diagnosis and Control

Let us cxamine tome of the features hy
winch we recognize this dust hazard prodblem
laving out the socio-lega! aspects.

in order to develop more {ully the ener.
neer's place an this dast control program, it
wems dewnirable to «eparate 2« sharply as ne
an the diagnoctic considetrations from those
which deaf with control. tn the Gret com-
mrtmicnt we can place all the amlytical com-
pouents which describe the harard amd ate
ecposure, the probability of its producing it
vealth and all the rest of the medicat aud
aductrial hygiene facty which wiake out a
ase against the existing dust. Iu the second
compartment place the Joowkedge of phy<ics
rd esgigcering necessary to plan the dust
comrol program and sa de<ign 1t that when
tatalled its performance follows prediction
tut the probability of industral diseace i<
mduced to insignificance.

JOHNSON

posive methods for making the air clean arc
still in the realm of dreams, Much work must
he done to know more about silicesis and
mote how to smake atmospheres safe uievpen-
sirely. As an accident prevention job, dust
control Yes almost entirely within the admin-
istrative regponsibility, The control measures
arc capital expenditures of considerable size

A plant with 2 dust hazard is sick, it peeds

an cxpert diagnosis and <«oientific treatment,
which may include expensive major opers-
nons Hame remedies are seidom much good,
and smpervision and employee safety com
sciousness alone cznaat accomplish anything,
There may be observed in couatless shops
instaliztions for exhausting dusut which are
dericively called “tin knocker™ jobs in which
the horsepower dissipated is omt of all pro-
partion to the aic-borne dust moved Tommtage
effictency of material moved may be the pruper
yardstick for pncumatic conveyors but if the
maternial to be moved ts atr, contaminated with
nearly weightless particlen of dust, the eutice
health hazard can lie in the half of one per
cent of material not moved.

{ do ntot mean that uniess a dust supresswon
sob svan engineered it can be no good. There
are many good nstallations that were never
figured at all hrt grew Jike Topsy The re

The Industrial Hygienist

Our first feature of interest would raturaily
k& the <pecific and relative toxicity of sitica.
shica-bearing and other dustt which make up
de dust health hazard. Much nught be <aid
© sdvantage about the gquality and Quantity
d feard in many dusts, The acquinng of
& knowledge hax been, and must remasn 2
wedwal problem. It involves groas and inicro-
wopic pathology and x-rays, and experineental
wirals, Enrineers do not tatk that language.
kdustial hygienicis do; they are a happy
embination, half doctor and half engineer,
Nans of them 2re quite capzhle of handiing
#e dust health hazard in all it pheses of
arctigation and control. For the purixwe of
& discussion I throw their mtecedt @ wrth
e doCtors.
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T want to gea so far m my opition as to
~tate that the engineer should not attempt to
define the quality of health hazard 1n 2 given
plant or industry, nor should he establish
threshold imits of safe or permissible dusti-
nees, Thes may be debatable, but [ shall cons
terd that the engineer who writes the speci-
fications of nazard and dust tolerance s really
an smdustrial hygienist, and is using & very
muxch hroader kiowledge than engineering
afone

fu the fiest case the quality of the health

hazard i an opinion araived at after studying
alf the environmenta] conditions nciuding the
xenecal <amtation, eccupational anafyss and
a «cientific analysis of the dust exposures
In the exploration of dust exposures, the
uzloce of dusty operations must be viewed
frony  physical, (hemical and mechamea!
repects, the determinations of dustiness must
le ot only counted ard classified by particu-
late wze<, hut chemically and mineralogically
analyred The phint tayout must be studied
with respect to dust production and distribu.
ton, and the housekeeping and existing dust
control equipment evaluated. The presence of
apecific hazards, such as toxic gases, abnos-
mal temperature and humidity conditions, etc.,
unit he explored for their complicating effect
upem the whole picture. This is distinctly =n
incinetrial hygicne job, and some of the most
ceitical data requives only medical viewpoint.
Thix i« absolute in the case of tuberculonis
atudy and the qualifying of men for eniploy-
ment.

So far, nut vne atom of engneerivg to
suppress duat i< involved. Tt i< entirely anal-
yos of hazard. The dlagnosis must be that
the dustiness is hazardous to health or that it
it safe If it is hazardous, it must be brought
down to 2 specified rexidue. If it isn't, leave
st alone. On the sccond point, if the hygienists
& not specify threthold limits graduated
upward for relatively lexs harardous dusts,
let the engineer not worry about it The
diagnosis is dust which is harmfu! and too
much of it. The remedy i+ control of the dust.
The engincer designs controls which will
produce the lowest practical residual dusti-
tiess, He should not attempt to write his own
specifications of threshold limits or permis-
uble dustiness. This may be an important
gaal m the study of dust health hazards.

Safe Limits

At the present time the medical men and
hygeenists believe that quarr dust 1 <afe
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Lelow five onthon particies  They seem will-
wg 1o graduate wpward to 20 miltion {or
modium alica and 50 million for low sihea
pereentages  Five mpdlion particles is virtually
dust {ree. avd 1 very difficult and expensive
(er achieve amd mamiaw  The declaration of
@fety of the matatlatins tnust remain in the
hands of the madscal 2dd hygiene groups in
whone hands mew lies the responsihility for
deternnnng the harard.

We now enter the chapter of our discu<sion
mtended to demmntrate that dust contral s
an cugmeening job, that it mwust be g.ven
wenitthe treatmetst, not guess work, applying
engincering metinds winch are based upon a
knuwledge of physical law, the bHehavior of
dust, the perforinance of air-moving maclun-
ery, €ic

Prerequisite KXnowledge

Let me recice briefly, a few of the things
which, 1 my opunon, the engincer <hould
know to do thic jub correctly. le must know
how 10 tuake 2 survey. Surveys depend upon
samplinig, and s<ampling ¢ not 2 catch-as-
catch-car prapouton. {1 invoives the place,
the time, the {requency, the amount in 2 sam-
ple. and the number of sainples so that maxi-
mnm, nununnm and average data niean «ome-
thing, <o that creditality can be giwven them.

For the type of sample involved lhie must
kugw how to weigh Or count respirahle dust,
as destiuguished from large masses of non-
tespirable dust which ¢complicate the picture,
1le must know how to observe the sources of
dust floods as duntinguiched from conditioas
oof normal dustiness. He mast knaw the
~urces of du<t and the principles mvolved
in the digpersion of Just. e must determine
lhiow nmich dust enters the problem becance it
wogart of the materaf, and what dost e
createdd s the prox o Bt the fractnoug of the
oatersal.

\ny less stesey cxtrrat teld the eninecr
what hix task of dint control 1k ) o visualize
that tatk sntellygently he should know the
physics of Hrowntan maotion, faws of resists
ance to the moton of parbickes mosving i arr,
hoth when the Rir i« m turbulence and for
stream-line motion, e <inld kuow termmnal
velocsties, mavements due 1o centrifugal mo-
tion; Bocculation and the effects of air mation
and the eficcts of humidification ot it He
e vee bpaw 211 abaot the diffculties of wetting
and what i< hnawa about overcoming these
difficylties. [Je <hould knoew the several clere

T zceniv-suctly Netional Safcty Congress

syatest

Indust sl 10ests 93

trical plicnomena which bear upair dint bee

havior.

IMisse are all prnciples of physwes whud
explat the behavior of dust and upon winch
cnginecring  practice must be based, They
mygst he naderstood and be taken o acenmt.
Dust control 35 not a matter ouly of general
ventilation : the engineer must stixly the pro
duction as well as the dispersion. Tl problem
diould e analyzed to determine the applica.
bility of sciregation, euclosure, wettinge local

exhaust aud general ventilation.

[n eonic mstances, substitution of nonvhaz- goes into the air-cleaming apparatus.
ardous material, or non-dust-producmg oper-

Devos g thie Tuxxls, loss at the bonds,
and Juss m the ducts must not be guessed at.
Vipe design must take inta accouat ¢ gage
+f the metal and reinforcing to withstand
pressures and erosion,

The sclectum of 2 fan and it< motive power
e 2 matter of calculation, not guess work
DPawer consumpbon in the sysiem 33 calcula-
bie, fans follow certain laws, so the engineer
st mow the behavior of axal fiow, pro-
peller type, rzdial fSow, paddle wireel amd
uther fan performance

More physics and engineering calculation

The

¢ < -DFOX selection of gravitation, inertial or filtration
ations may have specific application, and they } yeriod depends ppon what the dust i, the
should be explured firct. Thus unplies plamberaiizion for any methods rtmlirc; kt;o;a!-
engivecring  { am convinced 1hat nuany bad

wmstatlations are bad becauce plant engineering
was 120t msed. Iu the desigaung of exhawst

edge of discharge through stacks, the deter-
mination of sizes of acttiing chambers, the

bdehavior of cyclenes. The sce er pan-use of
systems installed to capture the dudt at tix ¥ € o

pomts of generation, the physical behavior

‘12 Olter, and i so. what type, how it <hould
o

forin, how hig it <hould be, i
aic moving toward houds and wr ducts qust beron w hig it <hould be, what kind of

ons st be known and weed  Pertotmaice
casmet be left 10 gues< wark. Supplying <uil-
cieng air o be exhansted 1< part of the preb-
tean “flic same nay be said of heating

1la 1 2ive the prablem 100 severe a bunld-
op ? ] think ot Remember theee twa things:

1. Yo arc cezling wethh hazardous mate-
cial <o small 1 <ize and so Bsttle of it by
weight that 1t is ac hvisible as the air thus
hoars it

2. Phasical laws involved in the hehavior

uf dust and 2ir do not permit inexpensive
micthods of cootrol. | am acquainted with
Inxigets <ct up for this purpose which amonat
1o more than 3 Quarter of a million dollacs

and { know of niany where 60 to 88 thousand
dollars ic involved,

“The ueed for thuc much engineering 1 rec-
vgnyed by men who kunow. Already much
hiac been done toward geiung the knowledge

et eaoarted e tesistance and how much cach kind offers, to
be knowa, amd that koowledge nsed. Facdblgy, uothing of their proper location with
_lclalion to cleaning, accesuhility, etc., are all
N © tems for accurate engincening determination
Rel. lecting a hood for a job th ineet . - )

¢lore selecting job the engy Apparztus to check the Sehavior of installa-

«ystern must consist of collectist haods pip-
g, air-cleaniog plant and a source of suction.

minst knaw dust dicper<ian by dynamic pro-
jection as well as dust dispersion by atr cur-
rents, and design the hood zccordingly.

Knowledge Neceded

The aero-dynamic charucteristics of saction
haods appear to be hittle known because littk
thought was given 1o themt in designing
thousands of hoods which can be found every-
where mn industry, All the possihility fod
entrapping dust and nmch of thie eficiency off
the system lics in this factor. Awr velocity
static suction, a2nd rate of air flow are
rclated, and they must be knowi, It i« ex
ual ih use high velocity of air in certain ty
of exhaust systeme to eutrap dust project
at lugh velocities as in the case of a grani
wurfacmy nmchine, and low velucitied must
med i othiers, as in the case of deans
asbestos fibre of dust to prevent wasun
inatenal.

Quantisy of aic and its veloaity must
determined, then the piping <hould be d
<igned (o take into account the behavior
air-fow through pipes at low and ugh ve
ities. Where the probdlem it complicated
the large sized particles which go along wil
the fine duse, how these behave must be tak
mgo account. Pressure 1asser 2ve verv i
tant elepients in the decign of an exha

Considerable confusion hax existed in the
st 2% 10 yust what is the physician’s func-
in the preventson of dust diseases, and
t what is the cugmneer’s It is very ob-
ns npon even casual thopght that che
9 sciences must work hand i lrand
i efforts to soive the prablom,
The physcian through s <special traning
st be able to tell the cngmecr what dusts
¢ dangerous and what are not. e most
w fhiow those dusis enter the hody and
manner in wliuch they do their harm, He
¢t be tratned in the cxaminat.on of per.
who are to be employed to work in
1, and to discover those who are already
ed, or are pecuharly <uscepuble to
diseasc. He must be able to detect the
agms of diseace 0 workers wlo are
red to dasl, acd st be prepared -

mto handbook shape. Perhaps the best job
af thic sort 1o date i “Fundamentals Relating
to the Design and Operation of F.xhatst
Systems™ developed under American Stand-
asds Association procedure.

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

recogmize the disease when it .s fully de-
veloped.

tt is not nececsanly the physician’s func-
tion to analyze dust That i< 2 tack for the
chemict and the perrographer 1115 not the
physician’s {unction to count the particles of
dust in 2 given wdnctrial atmosphere. That,
i reahity, is the function of the engineer It
i« nat the physican's function to devise
ventijating cguipment for the cemoval of
dnst, por even te be more than an adwicer
as to the means that must he adopted to
render the atmaosphere <ale,

The physicran neyertheless must corrclate
with his medical knowiedge and with his
studies of the industrial worker the findings
of the engincer. A diagnosi< of silicosis, for
exampie, requires not merely characteristic
cccug anional Kisic-y a~d charazteristic piy <
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cal fudings, bt the knowledge av well that
the patient has been exposed to hazardous
dasts tn dangeroes concentratinas,

A4 dusts when inlaled w0 exgessive
Luantttics may de can<dored 2« harmful, but
ods 3 foew Qan he regardey as daagerous
Frotm tire standpoim o7 their dangerges
properttes, they may b Cevided duto three
gereral groups

1. Those whch are dangerens because of
their poisoncus action, «uch a< {ead, zrsenic,
merenry, and similar sch-tances,

2. Those which cause only irritation in the
respiratory ract, resnlting o stch coadi-
none as brouchitic ge jocal mflammmation;
such stshstarkes as vegelable Rbre, cork dust,
flour, starch, and pticr relatively mnocuous
organit or 0Qrgane materials

3 Those which {esd o prodice fbroas
of ihie fungs, theredy oredicposing to cespira-
arv mfcciions, especially tubercuiousy, sinh
custs 3> ssheang, wlrea droxible or may-

nesiuT S1CRle.

I shall conbne my remarks chicfly to
dusts occurning in the ialter category.

it ha< been generally believed that the
harmfut effects of dusts inhaled into the
fungs depeonded more npon tieic physical
structure than upon their chemucal It was
beligved, for example, that siliea dioxide, or
quartz, was particuliarly barmful because of
its erystaliine <tructure, and the hardness
and <harpness of its particles. This concep-
tion it now known to be faulty. The dusts
which cause their damage by mechanical in-
tericrence with function are the dusts which
are relat'vely fmocous, whote symaptoms
are {ransitory, and whick subeide vpon re-
moval {rom exposure to the dust,

Chemical Effect Is Harmlul

The discase of particular interest to us
today, silicosis, owes ity harmiul effects very
targely 10 a2 harmful chemical reaction oc-
curring between silica dicx:de and the body
tissues Bt 30 tzppens that silica dioxide is
decidedly a tissue irritant to the body, ve-
gardlces of the part of the body it iavav{c«.
11 causes docal irritation, local destruction
of tissue, and the replacement of that tissue
by scare,

Thus, given a Jusi containing stirca diox-
ide in sufficient concentration, in <izes 3mall
enough to permit ity entrance to the yltimate
air spaces in the lungs. we have a situabion
which offere duager to the warker
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We have 5o rea! koowledye as 10 trpe
figures, hut 2\ 2 simple rule, we can adapt
for practical parposes the thougly that the
tuman body can withatand succeesinily g
congentration of dust containing 100 per cent
ulica gioxide tn 2 particulate size less than
10 microns, in a concentration not in excess
of 5,000,000 particles per cubic foot. 3 we
decrease the sercamtage of silica dioxide
present in the dust, we can correspondngly
increase the concentration with comparative
safety. We mudt, of course, take into zc-
count the portion of the worker's time spent
1 the dusty atmosphere,

To arrive at a rough conception of a safe
atmosphere, we multiply the percentage of
{ree silica in @ given dust by the 10} num-
ber of particles per cubic foot. If the result
is wnder 5,000,000 the condition may be con-
<idered relatively wafe I the result ie pver
S.000,000 the condition mzat be rogarded as
unzafe.

Bear sn nund too that <ilicosis 18 essentially

2 discase of great chroniaty. Except in z
few cxceptional inc'ances 1t will require
from seven to thirty years for a worker to
develop advanced silicosis 3t 16 esndent too
that coincidens dusts nay either rctard the
development of <iticosis or hasten it. Recert
research seeme to indicate that the admix-
ture of alumincm duct to 2 silicious dest
will greatly inhibit the reaction of the Tatter;
whiereas a sificious dtist combined with sorme
atkaline coincident dusts may hasten the de
velopment of silicosie,
Much reserrch i« now wnder way in prob
lems such 23 this, We have never icatned how
10 cure silicosis, but we are Icaming rapidiy
how to preveit it. Onr knowledge in thn
rexpect seems o be lintited (o the rewroval of
dust from the breatliing zone of thie worke.
Later discoveries mzy show us how
modify existing «uste with contaminst
dusts that will reader silica dioxide inmoxe-
ous.

Owing to its very great clironicity, t &
only the rar¢ case who actually develog
disabling sificosis during bis industria! hfe
time. It is vealized, of course, that excep
tiona! instances take place, but the coincides
ravages of age usually keep pace with te
effects of dust, <o that much ~° the é»
abifity usually attribited to silicosrs s ofte
in fact, actualiy atidbutable to other 43
cases or incapacities which advancing
bring mn thar wake To me the great penl
<ihicasic, the perif not only to the ududry
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abca dinxsle i very hkely 1o cxcite mic
activaly a turhercmous feaon wlich may be
qrreseent or areested, and snce such a lesion
18 reactivated, the chaneces of rocovery are
remotc,

Thie secoud probliem which confronte the
plyysician at the pre-enmptoyment pitysczl ex-
anupation is whether a given welividyal s,
iy reason of secondary pliysical defects,
snore suiceeptifde to the development of «ilic
cosin than s normal. {s he suffering from
diseases of the nose or upper respirztory
tract, <uch 2s chronic sirusitis, dicease of the
tungs vr 3ir passages, or obstructions which
procuce mouth hreathing?

We mist remeinbice that <lica dioxide ¢
110t drugerons until it ceaches the lungs, and
that the normal udvidual refame m the
nose and the upper air passages 2 large
quantity of the dust inhaled from the stmeos-
phere. In mctances where tius nasal relen-
uvon 18 disturbed, exposure to sihca dioxide
dust may be dangerous to that individual,
where 8 would not be 10 another.

1t is believed that certain diseaces of the
teart and circulation, of the kidneys, possi-
bly syphilic, chroric coincident disexses of
the lungs, 2l} may reader 2 m2n more sus-
ceptible to silicosts than normal  The physi-

¢13n 2t his pre-empiloyment examrination must
follow ccrtain established critenia m this
respect, and bar from exposare to dangerous
dusts those persons who through existing
discace may be more ready prey to mhicosis
or tuberculosis,

Re-Examination Needed

worker honceif, but s {amuly, cu-vanbere
and the public generally, is the accompany-
g susceplibility to tuberculosic,

Complicated by Tubercuioais

Silicasis per se does not kill. Tubercuiovic
2¢ a complicating factor of silicceis rarclv
Tecovers fespite treatment, and the indi-
vidual so afflicted is not only totally dic-
abled himxelf, but 3 definite memace to 3il
with whom he comes in comact, particularly
the fellow worker who may have sthcosis,
So perhaps the most important places a3
which the services of the phy<ician in a dusty
trade ace necessary are—first, along hines of
discovering and barring from exposure lo
2 sificions dust those persons who may af-
raady have arrested tubcrcslosis; and sec-
mdly. discovering those persons already x-
posed to dust, possibly already <ificotic, m
whom tuberculous infections jeav have de-
veloped

It is well recognized that no individual
should be exposed to dust contarnng selica
dioxide until he has undergone z thorough
shysical examination, including refully
made and interpreted x-ray films of hic
thest, Tt is Lkcwise obvious to anyone -
mifiar with sificosis that no person who is
txposed to sicious dust should be denied
the privilege of frequent physical examina-
tions and x-rays of the chest, not entirely
o discover the existence of possible silicosis,
but to discover a coinddent tuberculossg if
Such exists

A man so discased should, in protection to
timself and o all with whom he comes
™ contact. be ramoved {rom industry. Let
me emphasize the nselessness of a physical
exymination, vnless 1 be accompamed by
properly taken x-ray flms<, execpt in cases
af grass wiberculosis.

After the applicant for employment has
successfully passed his physical examination
and s engaged in 2 dusty trade, the duty
of the phiysitian is aot yet ended. This work-
man must be periodically re-examsined, firwt
to discover the zarly appearances of pul-
maonary fGbrosic, but what is even more im-
partant, to detect the early evidences of
complicating 1uberculous infection

A man should not be dismissed from em-
ployment v a dusty trade merely because he
hat evidences of non-disabling sihcosis,
Workers in dusty trzdes, especially stone
cutters, moulders. pottery workers, and
similar craflismwen, are usually highly skilled,
and it seems gnfortunate from a socsal and
economic peint of view to deny tiiern em-
ployment <o long as they are physicalfy able
fo carry on, gspecsafly aince the actual dis-
abling qualities of siwosis are in doubt.

1t s the function of the physician, theres
fare, to conduct in 2 thorough and an inteili-
zent maaner the pre-employment examina-
tion of all persoms who are to be engaged
ia 2 dusty trade. The purpose of thic exe.
amination should be threefold. First, to
discover and bar from employment in Qust,
any person who is sufiering from tuber-
cufosis 11 an aclive, a quieccent or an ar-
eested state

A possible exception might be made in
idividuals suffering from 2 <0 calfed healed
trmary complex, or 2 healed childhood in-
fection, It is well known that exposinre (o
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They stould Ie dened employment in a
dusty trade 3f that condison is found at
pre-employment  cxamivation, but  they
should not be bharred from coutmuing an
employment i which they are already en-
gaged Of cotrce, i <uch stances you, as
enginceers, must realize that yon have failed,
because of you had kept the breatlnng zone
of the worker free from dangerous dasts,

sdficosiv would 1t be present on pitysical
examinatiun

In this work of prevenung dudt diseases in
indueiry, (o shauld be evident that the closest
and s3ost intelligent cooperation hictween the
phyccian and thie cnstitteer 16 tecessary, The
phydician muct, through Ins kuowledge and
rescatc i, tell the eng neer what duas, ar,
for that matter, what other sob<tances used
in wndustry are harmfull He must tell the
enineer how wneli ducie or other materiale
enter the body, haw they leave the body and
what they do i therr pascages through or
thorr recdence in the body

Must Make Anajyses

The cugaeer mnst in turn tcll the physi-
cran of the harmiul doste and ather sub-
sancee syreounding his workers, He muoct
make chemical and petrographic analywes of
the dists, andd athee indicated analy<ces of the
atmusphere in the workshop, He must make
Jost ceurute and clieek e connts at repsiar

2 neenty-axth National Sajety Congress

sutervals, conferring with the physician w an
effort to discover whether, i the light of
therr joirt knowledge, working sonditions
are dangerous. He must develop and install
care {ully designed ventilating equspment. He
must arrange for modification of cliemical
and other industrial processes, where sucdh
mod:feation is possible, and muout bend hic
efforis toward removing from the danger
zone of the worker the offcading substance,
whaicver it may be.

T oo many eagineers construe this {unction
lovsely. They pacs on 10 the physician as
hi< responsibility certamn functions wiich es-
sentrally are theirs: such functions as dust
anah<cs, dust caunts, and aauslar technical
dutics All too often {1 14 consudered rde-
qnate merely to maall a {an,

Venulaung devices in dusty nork roons
musl e conctructed only after careful em
gineering “tudy has given a2 knowiledge of
e physical properties of the air and of
substances polluung st [t is posable 10
calculate 10 2 very fine pownt the volume of
it that must be removed from 3 given <pot
to remove the dust origmnating at that place,
and the engincer must approach liis task
from just a< saentific an angle as the phyw-
cian approaches s

There is no room in industry {or hap-

hazard methods on the part of enlier the
phiy<icizu or the engunecr,

ABIGURNMENT




'[ndustrial Fumes, Gases and Vapors

. ———

THURSDAY MORNING SESSION
October 14, 1937

The meeting was calied 1o order by Voyra
Wrabetz, Chairman, industrial Commission

The inhalation of metal fumes i« 2 com-
mom ¢catse of Jiness among ceriain occupa-
wonal groups. Two very different systemic
tractions may resudt from  Lreathwg arr
contasmng particolate melzl or metal com-
oynds: (2) meal fume fever. an acule,
mansitory, nou-{atal discase causing shght or
wmporary disability; (b) <ystemic metal
puzaming, mild, severe, or even fatal i its
tiect The same occupational exposure may
soduce both reactions, melal fume fover
Irecloping following the worker's carly ¢x-
prure, chronic syetenmue poisaning develop-
my hater as a result of prolouged expascure

We may consider mctal fumes ac saiid
mrticles geacrated by condencation from
pertal in 2 gascaus <tate. Conden<ation i~
wuzlly accompansed by oxidation.

There are two chiel physical clraracter-
s of metal Cumes which hear a direcy
wiatemslup 1o the ease with which they may
k absorbed: {a) The solid partwics are
such finer than atmasplieric dust, probably
neraging Iese than & micron tn chameter
fh) they tend to flucculate and settle out of
the air as dust, The fincr the <olid particles
gepended o the air, the longer the time
wquired for them ta settle out  Many of
te ccarcer dust particles iy the air are
mgped in the upper respiratory tract and by
#e oliated celle tunng the trachea and
donchi, while the fincr parficlee may e
arued 1o the terminal arr spaces of the
e Here they are taken tp I the phago-

of Wiwonsin, Madison, who presided amd
wiroduced the speakers

Injurious Effects of Metal Fumes and How to Prevent Them
By ROY R. JONES, M.D,
Division of Labor Standards, U. S. Department of Labor, Washington, D. C.

eytic cells 2l are chiminated chiefly by way
of the bload and iymph

Sayer< and lys as<ociates® found that only
abiout 18 per cent of inhaled particulate
watter, such as lead dust from automobile
exhausl gas, was retained in the lungs, the
remarnder pa<ung out with the exhaled air.
Dirssiker and his associates® and Brown® made
qunanhiiabive axcasurements of fumes retained
in the hunxs They found a direct relation.
stup between tlhe percentage of fuines re-
tame] and the wze of the particic and the
denaity of the {umes breathed. They alsa
showed that dow deep breatiung increated
the ceaction reculting {rom tnhabng e
fumes, Such breathmg should increase the
pereentage of particulate matter retasned.

Hazerdous Processen

For convenience we may place the more
conmmon  «ccapational  cnviconments whieh
are likely to afford a harmful expocare Lo
wetal fante< m thiree farge groups

1. Smclbng of ores and refining of metats
Z Fapdoumient at proceeces bandlng mol-
1o metal <uch as nwlding, cutmg, and
welding apcerations,

Salvage and cleaning operations, iclud-
ing the bhurming ol smetale or melal
conered alyjects, especaally by meanc of
acenrlene tarch or electric arc.

In the firat clacs, the aree or mesals proc-

e provide the source far the generation

Y
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On tire basis o e hunean ¢ lomont i oy
the mayes probiear in the cdinunaton of ac
cidents and these atfondant drjuees, the
<afcty progrant must le designed to emphia-
wze tes the supeayaton and workers the oe-
cessity of homge safety -nunded at all tames,
The mint eifertive mtinence i sellng any
proposition w an agpeal o the sellanterest
of the iwdivsdual 11 be becomes e el
that he can prersanalic beneht o the chinusna-
woa of acctdenis, he e apt to accet the
calety progeam and become a <afety booster,

The hazards uicident to maintenance work
e3n be anmmired by methods winch antici-
pate and rediee the number of fircakdany
jubs This reduces the amonnt of work ar
(‘nrrrq;kn*thhz mas hour oRpOAULC, and al.
lows most of thic work to e danc on 2
planned basie. The wasy essential prastice
D sueh R program is cystematic, thorough
and frequent umpection of all egmpiment,
with 2 follow-up sastom wlhieh will dnsure
tat uncatisfactory conditiane are correctoed
as promptly as production allows or cco-
name constderations dictate

1{ the smaintenance {oreman’s terriory
« <naall 119 Inspoctson can be made poersun-
ally  However, the asuai dnivion of a steel
null mantenance foreman 1< ton exiensive
aml 100 many other demands are made upon
e ume ta allow personal altention to all
steme nf ecquipment 1t e then necessary 1a
delegate this important [uncion to operas
taes, oilers, eagineers and cleermenus who
are A pomtion fo oaburye the costhzon of
each picce ©f aAPPATATIS,

In power hiouses, bojler hearses, Ry Ing
atons and simidar stasion johs the cnges
neers, elers, pump  tenders musl (lectrical
aperatars are primardy accaped wath opera-
tion of e equipractt and close and coustanal
ohaerraton w agonateatiy olitamed  Such
long OhneTLALION 1 Ac eopled S neccssary due
ta the waportam e (o prodactusn and the fact
that hitle spare capacity s provided. fake-
wise. the standard of amintenance i Jaigh,
heing kept as far ns passihte on a preventive
faste. The jobs are usualiy well planned,
the crews expericnced ana cficsent, and at
taals and special equipnnent al hasul, resulting
in eflicient agd safe performance

The majority of anill auxitiary cquipment
daes nat gel the eame degree of atiention
and mamtenance Ilere the uperator, in gon-
eral, has no inlerest an the apparsatus, oxeent

that of ecapond to te comtraly, and firthe or
no resputaebabity  for keeping the unil in
aperatng condition—tuce  the necessary,
fully organiced miuutenance crow {o take
care of siek cqmpmient. The auly excention
to s 2« the craneman wlio may base lunited
veaponsibittitios as to the insucetion, Inbrica-
tent amib asljustinent of Lic maclone, and
certain other markine operators,

Overheald traveling cranes, gamiry crancs,
repare ralleye and varioue Wapes of loicts
comprise a class of erquspient which require
pecial aftention {ram the sandmwunt of n.
spection and preventive maintenance e to
the hazarde af fallanyg waterial, whether cas-
ual material, broken parts of the cyuipment,
or lozd< dropped due to faihure of mecha-
mans, every precamtion most he takea to
keep tlus class of equipment i good copair,
1t has been Jound desieable 16 <nggiement
the work of the foreman and repairmen
chiarged with (he proper maiatcoanee of cach
cqmpntetit by e tse of Crane Bwpeetors

The crane anpector goes over all oguipe
went in detad, reeordmy all atems of 3 me.
chanical or electneal anture which need ad-
justinent or r¢placement. “This survey pro-
vides 2 double chieck and doce not lessen m
any degrec the responsilility of the above-
mentioned furemen and repairmen Copien
of these coports are forwarded to the ~u-
perintendent and foreman mvolved, as well
as to the Plant Safcty Piepartment head
Al recommended repaits or aterations mast
be dispoced of, cither Dy being carried to
campletion, or v Lo roected far cane

The suspection cavers eleanlinecs and o
derlmess of the cquipment a the nterest of
anmmized fire hazard and ncreasel <afety
of uperators and repairmen Salety cquyp
ment, such v sanders, fire oxtingusdiers
hand hines, afety belty, gangs, waernag highite.
tht extonsion cords, gear suard cte i
chetked Lot of wrap material on the
craties, approaches ar runwans is not ol
ceated. Loase, worn ac heoken partc are
temized aal recnmmended for correction

Jospections Al intervals of one to twe
monthe have been found <aflicicut for acer-
axe comditions, with mure aticution given 0
particularly lard-wocked crane<. Unteuad
aperating conditions, or failurcs of parts may
make it destralie for the inspector fo make
wpecial clwcke and reports wlhen requested

ADJOURNRMENT
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Jouw L. Boakiuag, Anaconda Capper Muting Con, Butie, Mot
Mavxicr Coutreg, Clearfield Bituminous Coal Corp, Indiana, Pa.
H. T. Hawrrg, Tentessee Copper Co, Copperintl, Tenu
H. C. Hraxtr, Uholps Dadpe Corp, Biiee, Artz
Rusit N Hosuer Conl Mute Svehion, Peonsvcleioun Canmpepaation Rating & Inspee-
sty 3ueeanr, Harreshuieg, Pa,
C 1. Krew, Jamison Coal Corp, Orecnshury, 1.
Trouas B Licurroor, The Rappars Coal Co, sdiurghs, 'y
Wit (v Mstsas e Huadeon Coat Co | Sceanton, 10
11 11 Maorrat. Ual Copper Col Salt Lake Caty, Utal
V. ) Mimgay, The Usoon Pacific Coal Co, Rock Sprmes, Wan
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Joun Trewrek, Homestake Mimmg Co, Lead, S B2
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Convral Cherirmannr—(; ). BBARRYTT, Oliver fron Muing Co, Dulah, Minm,
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{anada.
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The Relationship of Safety to Efficiency in Mining
By JAMES K. RICHARDSON

ror, Climax Molybdeawzn Company, Ciimeax, Colorado
B dd ]

Ssiety Direc
the hvee of iho employees the cystem

No pereon will deay that there can be b"é
two ways of daiag work—s nght WY R’
2 wrong % 2Y. The wlhole «wheme o
methods is hacdealiv x guesiion of <2 N
effciency 17 e ore cammor s oXs 77T
ecomomically the cvaens is Adandoned 1 the

oren
mLONE

Qre €3t ne ey tenelesd withont spAan

hac often betn overlooked
hawever, averfock the fzct that an
e or matme acn 13 morally wrakg.

thermare, i€ our proc retis
wachires i s snrely not cffieiont,

{ marng
fory aned

v,

Prtehwiogh, Pz, wha iatro

shandaned Lhwquestanably the latter thonagh i do . t
We currol Sl ezt variation of corditions ¢ mimng

» thing S5O0 T

ccs or meatpent dcass W

E Ryt

Miaing Secnon

tow cont armluciion i€ the e hovic of
el 1CnCY The mayas et o any cost oot
w Iabor, A propecty thal selneves 3 low
suptf Cont due fo x chcapiess scqttired by lon
wagee will the comserueant low type por-
aaptsr! wilf et b exti !t The reawen e
slaviads—aithougn the dafly Iabwr <ot
sow the uitimate job cost s bigh, The<e poor
sarkers are the men that efbcient organira-
nons refuse to lolerate-~the “ereasn of the
crap” are hiced ‘n their place

When 2 mine gets 3 repetation {or unecafe
working conditions you wiil notice an influx
af perar workers The good men leave—tihe
mor anes ]tay, Tl reacan i that the panr
vorker rezliags he canunt gel werk i an
srpamizstion {hat demands efficiency and
shifity. Fach of ue has talked 10 various em.
soyces coming fram othet properiies, Yoo
pear that “<uch and wuch” 2 company kills
wen daily, or that someone i< always gatting
Thece reportie may or way aot be

f ex3zgerated-—but w here thers is smoke there
L« Frel §{ yovur properly gets xuch a repuias

or. avaeng the zbo~ieg men LOOK QUT.
The basc priaciples of zccident proven-

® o are: Supervision, cducasian, and diser-

fine It < not pecessary to discuss theme

B xmeipies. However, it is true that oo mech

of et dday's work is lost hy the working

Wren, due 10 unsafe conditions, [{ the work-

Bezn must spend half bis day remedying
Lty conditions replaciug staging oft by a
B xeone <hift, "blowing out™ hiz work:sr
@ %ce, 00 20y one of 2 thousand su=ifar cire
£ 1tances, you know protuction costs are
«zg.

The efliciont muniyg organizafion I8 {nday
B oodardizing ceery task. Theee standaeds
B er buit op from the study of the 1ask and
B> sdonted [ f eificicrt and <2fe Sucl jobs
1 ooty < mpotvasedd and 3 oasy fo edizate
B4 capinyee m the mamer of working.
Lhen 3n onplosee kuows how to do a jor
W o 16 jured’

Tiom my perso-at standpoint I Selleve that
ke sandz-dizi~g of jobs is the bLiguest
zn organizanon <an make towzsd gm-
g undergrounatt or surface efiiciency. 1
s bevieve that on the < andacd tasks the
t risk has bheen lessened 50 pev cent,
task 18 donc the e way vel thrre

o that 3t does not toferste 3 man
sg mechamcal, When 2 workmas
ne st keop 3 demnte slandreed re-
of the work being done, he attempts
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for qure ot theece ropliremer t< e hoaws tha
tie precothing shafis omet meet the same ro-
gquitrenyende amd thorefore Be s abk o dage
g B nark afely, exactly whe e i was ieft
0y ats predesean®, e ean thees devote |
el e fa wesk wihen! fear of lipahad
wetiende applied previeas o his artival

t beiieve that 2 task well doue, regardlesa
af the joh, 15 more eastly maintained thzan
& aanbezard picee of coastruction. When 3
S0t 35 cafe, 20l evmponents of hat jols are
i frct class corditine, We can, then, curely
cosl o lowem muainenuune €osis on Srat
clacs jebx zud when the operate ¥ k< aver
his vast “Jeclx, repair costs are (I mzjer
ttemns Al of sts have xeon Himbormet teariag
ont okd timber and roplacmg wnh new Had
this tunber bern proact maced and propech
cousticret at fir<t, the vew 10h wouhl Rt
have hoor noctesary

Umquestiona®y we have all had experi-
ence with {auity ventiation, [ recall cer-
tam grulc-g-otnd free that coukl haee heen
coatroliea and Joss of uie avrted had vengs-
lation been concidercd 2 major probiem n
the o-igimal lryout, The wajer portan of
our szt metal arnes are naworously peoely
vealilzted Many men are “gassed,” cavwing
tiem to imd from hgh raises to deatl ur
ceriain imiry; a‘bers comtract pulimcpary
discascy more readily 21¢’ are disalied Some
are inurcd hecauce of e Habifity (o see
their work clkearly  These e are )i die
to a fauity ventiiatene oo xhiton, and 1y -
jury 1aLS0c rertaur tosees . prodacimn re-
gacdisee af 115 <eriguencss, nor cat it e
denicd thiat tnloas frreathable 2 e« aeadd-
alic the nomnaal oficionry of cmplodces s
degcreased,

I ane particalor properiy | orecall cortam
additional wark abtaised merely by c<iab-
Laslsinge proper veoidatc n A total of 13 noa-
clne sufte was homg put in cach day v 2
<topng arca and prigr ‘s correct ventidxtian
the average aruseyd of hole dritied per ma-
ciyrte was 85 feet After the venilda®on was
unproved the average was increaced © 1R
icet. Loadzrs who had or girally petied ap-
proximately 76 cars cansistently pas<cd the
{00 mark. Foutages in development work
roce irom 26 peor machine o 38 feet Loks
of tme from pulmonary disarders drapped
to 2 neghnihice figure and the acodent (re-
quency (el 2R por cowt

Arnctlhier juporiart {actor ix accident nre-
¢erlinn 1< corcoet stiumanation, Those mimes
whic't ave dane away with tice ofd carlide



