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have been associated witk Geniekdt” 1:ﬁtcx§ié§§pM itﬁbéglosil. The mond type beco
! Dusts may be swallowed with of reac onhuuudbytoxle dusts like lead,” asth
ul!va, water, or food, and direct polsoning : cadsijum,:and:radlumy ‘A third typs of mal- . - incly
has been traced to asbsorption by this ady. !ollows the inhlhtion-ot finely divided: e
method; other duhu may act as irritants and - metaliic fume :particles. sich ‘as zinc oxide, . dust
produce affections of :the skin; irritate mu- . . and s Jmown; e mqtal fume: fever, The . unto
cous membranes |of nose, eyes- and throat, fourth’ rucilon, allergic: in chmeter, is focal
often causing inﬂammatory dlseam of. caused; byn reathing ‘organic. dusts such as usua
these orgam.! “polien and certain types of pulyerized wood ing.
Some ino dum gre. able to pene- - and flour. Ini ail four cases'the sole cause term
trate the I tissues and are ©f thq qluhﬂl ’ inay be dust inhalation, but . ferlty
sufficiently insojuble o be retained’ there, the reéactions from’toxic-dusts, result from " In
Some of these may be active in the human_ 'W‘"Wlnl as well as from inhalation® - fowh
tissues, causing definite and permanént in-"  For various reasons it.is difficult to set pou
. Jury, while others are inert and may be - up' an absolute clmmutlon for dusts, . parg
retained for yem. npparent without serl- Opln!on is rapldly changing -regarding sg- dhm
ous damage; 20 uafly. absorbed =~ cafled :inert ‘or; harmiess ’dum and iurthcr naph
without uuslng pnthologiu! ‘changes.' - Investigation may prove some of them to be tiony
All inhaled pafticies ‘are soluble, at'léast ~ Injurious;/:Some. ‘dusts may have both a worl
to  small extent. If harmless, cell activity toxic and an irritant actiom whilc on the - dust
is stimulated so that p remove the ~ Other harid, the polsoning resulting fromex- : W - is 1
dust. If the solute h toxie, the viability of Posure to a dust may be the combined effect . | caus
the phagoeyte is|affected and an ineffective - Of inore than one mode of entrance into the . : titls
accumulation rejults, At the same time, body. However, the following classification ' | the s
further solute.msy diffuse into nelgbborlng .of dusts; according:to physical character- ! tion
tissues, setting up.an. irritation and- subse- Istics and’ Pb&"k’"’ﬂ‘“‘ eﬂ'ect. Is used f°" respi
q!lle!gdﬁbrozisth 'll‘lul: ?eatit;re as well as fthe conveniences” . - - gene
solubility of .the/solu an important fac- ~ yes
tor, but of two substances.of approximately L Organic Dusts P . parti
equal toxicity, ithe niore soluble! form Organic dusts are. those’ which contain-: Jl =~ whe
causes the greater damage, However, sub< carbon, and-‘were - origitally’ supposed. to - recti
stances_ of such ﬂow solubility as silica may. come from orgﬂn&ed substances ‘derived . subs
ultimately produce extensive injury® ~  from animal or-plant life, ‘Living dusts- Cs
Kettle has stdted that harmful dusts, if come ' under ‘this classification, and are . fron
inhaled into the lungs, may activate a latent thought to be of the same order of size as. | .  dust
tuberculous infeftion; they may exaggerate industrial dusts, with.which they are' fre. - .. bace
- an active tubercitlous lesion or a coincident quently assoclated. ‘Bacteria are uiually be->"- W orga
infection. If sufficient quantities of a'harm. tween 05 and 3 nmcrons. except. {i a few " prod
less dust are inhaled, some of it remains in cases, such as the anthrax ‘bacillus, . which ; toba
the lungs and causes a mild degree of fibro. : fanges from 1 to 1.25. smicron in breadth . Se
sis merely thm“gh mechanical ‘mtaﬁcn aﬂd 4.5 to. 10. micmns n lmgth and 10 or 12 worl
but such fibrosis is never sufficient to inter. microns in diameter. However, it is possi-". whic
it fere with the function of the lung® ble.that the larger and heavier varieties, . Pier
i Some writers| state that while the influ. -like the: larger “ﬁ h“"‘;'dd“'t particles, pose
i ence of nonpolsonous dusts on health s a settle g:«f;mm”ﬁ t, and do not remain has
¥ debatable subject, abnormally high death SutPendecn the ain . Pler
1 rates from bronchitls and pneumonia-are - Many thousands of organic sabstances, gani
. sometimes attributed to chronic exposurs to  Carbon-containing, ‘are - made synthetically han
; nontoxic dusts.” Large amounts of dust are by chemical processes, such’ as dyestufis, Sally
f occasionally found in supposedly normal explosives, etc. . amo
¢ lungs, at autopsy.” 1. NONLIVING ORGANIC DUSTS. As dust
1 According to Drinker, there are four.dif- the name implies, these are comprised’ of Afri
ferent types of reaction produced in man by nonviable particlés, which may'or may'not - P
§i the inhalation of dust. The first and most be inherently’ toxic “or.irritant, but ‘which =~ ' quin
y! important are the pneurioconioses, such as nevertheless produce untoward effects in-the . skin
A silicosis and asbestosis, which cause specific human organism:! “Allergic’ dusts, or those .- part
& lung pathology and often are followed by to which only certain i ‘Persons are or may . may
!!.‘f H 'S
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become hypeuemitivewi:'with
ncluded in this eimiii&tim‘ we

"o, To#le and/or IPpitant 'roxic or irritant:' -
* . dusts areall'o

i’ui’ﬁ!ii' ‘duists Which prod
untoward’ “:ymptoﬁi,“‘ either* systemic - or
. loeai.”rhose‘ged ueinc 1ocal-

usually desceib

ing . gerieral o

termed toxie,: A dult my be th toxic and
. deritant,”
" In ieported cases of. ury or death fol.

lowh:‘g alition o! dust from organle come
poun |., emm the -chief = offenders are

" . paranitraniline, the dinitrobenaenel. chloro.
dinitroben:enel. trinltrophenoi. and nitros’
naplithalene,” Eye damm die to Inflamms-

tion of the -comea’ has ‘odcurred ‘among

workers exposed to m lvioiet disst. The_'
- dust froim fardphernr{ime ﬂe erivniiven'~
s pmicu tating ~and " dangerous,

causing not. only a seyere. iorm of derma.

titls where: the dust comes: in" contact with
the skin, but also producins acute inflamma.
tion of “the mueoul _mesmbrane “of the
respiratory pmegel
- genergted - during ¢ han

.. particularly - the" hydro-extractori;prcl;lce;:,
a -
- rectionis: Coal ‘tar andihdigo -dyes: are

\iubstances most frequentiy used.

Cases of amblyopia have been’ reported-

from. exposure - to_ inkalation "of - tobacco

- dust® It has béen: found that inhaled to-

bacco dust exeérts' a ‘nicotine-action on the

f:': - organism fifteen . times greater “than - that

produced by the:same ‘quantity: of smoked
tobacco with an equal ‘nicotine content.”

Severe. dermatms is experienced by many
workers handling powder containing T.N.T.,
which is used 'in. making high. exploswes

- Picric acid, which:is also used for this pur- -

pose, requires drying, and in this latter state

has been found ‘fo 'produce a. dermatitis.

_ Pleric acid is: also the oldest synthetic or-
ganic: dyestuff* - Dermatitis “occurs’ atong

handlers of silk' with varying frequency,’
Salls ' determined: that ‘a - rash - occurring’
among workers in'a silk factory was due to

dust .from-. silk eocoons imported from
Africa®- =

. Persons ‘engaged: in the manufacture of-

qumine and quinine preparations suffer from
. skin phenomena;: which*occur for- the: most
part on ‘exposed: parts of the body, and

may be caused by ingeltion or by quinine

reluitinr
}sthme, rhinitil;rorfothm‘ 4mn' nce:, are -
 Dermatitis®dide- to%'o erwvegehble ‘dusts

mptons ‘are.
Af, irrinnt- ose produc-
mme ‘g mptom: are  sified -

“workers in

Toxie dusts may, be.
dling of powdered:‘
dyes and in preliminary ‘dysing operations, ™

~: sttbstances -may. pradi
* sons.of. peculiar personal: susceptibllity.. The .

K4

“dust, or. powder: form.of the, reparation; ex- ..
erting & direct Irritating effect on the skin®

uch ' 'as’ veniiia. ‘powdered lmiee, pyre-

ce- thrum, ete, have: been :eported.

* Denital * Ieliom. of oeciipetiomi origin, :
havé:been reported: wiong:workers:in sugar, -
The:gingivitls: uulediby ;gugar-diist is clas-
N8 PP inieal; with taters
developing'- ¢eariés.: ‘*Dimtive diuordeu,

‘respiratory ‘conditions,: 'andcutaneous con- °

dm%l‘ (especieiiy o! the lce) wers also -

-fou

Dock workm, tm;spcrters of graln. :
ralt and ‘flour mills, ete, are
exposed to :dusty during-their work, Dusts
from cereals: miny - contaln’many, Impurities,
which: tay ‘cause an irritating ‘action:on the

..mpimory pnmgelbn ‘well-'as . inflamma.

tlon of  the akinn:” Digestive. disturbances, .
dental defects,. diminution. in hearing, an
conjunctivitis have,-been-.observed among

.-mi lers, and have been attributed to the dusts

to. which such- workeu\ are. exposed

b..Allergic.;: Many::apparently innocuous
ttee reactions. in - per~ -

term “allergy” is used to describe: this;con-
dition of hypeumsntiveness or susceptibility,
and . allergic ‘pheioména:‘most - frequently
‘manifest thémselves in'skin reactions. How-
ever, they may cause acute reactions else-
where in“the body.. When the respiratory

tract is' involved we:haye such well known
. diseases ‘as” hay fever or .asthma, These

diseases niay. develop as a result.of hyper-
sensitiveness to:such substances ds: pollens .-
from plants, horsehair, rahhit’s fur, furs, .
feathérs, ete.”

For iristance, furtiers, workers in ciothmg
industries: who are €éxposed ‘to wool-‘dust,
etc., may suffer from hay. féver or asthma®

‘It is unnecessary for. the- offendingﬂdust to.

reach the depths’'cf the lungs—~giant ‘pollens .
for example are reported.to’ produce itheir
effect :after: being caught.in, the: upper- res-

*piratory wngel. ;Should such an offending.
.substance be:.
'the - alveoli -and-as a result prcbabiy all.
_physiologic reactions would b aceelerated.

finely.-ground. it .could:teach-

In a survey . of a: piant where. resin - is

. mixed, ground; and. molded,’ it was. found/ :
"that 80 per. cent.of the occupational, derma.

titis . there: was::due..to: hypersensitivity to

'hexamethylenetetramine and formaldehyde. - -

contained: in:the dust'to which the workers
were’ exposed™ Durmg the. ﬁrst processes
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of cotton spmnmg. ootton-stnppers are ex-

posed to dust arising from cotton husks and
débris, wluch produces a - typml form. of
asthma.?

Ordinary wood dust has been of . mterest
due to its purely mechanical - actxon, -but
still greater care is reqiired. in hnndlmg

certain kinds, especially woods oonmng from.

abroad. because of the-essential oils impreg-.
nating them, which when freed in the dust

may affect the health of the workers con- ,

cerned. Some of the woods- capable of
causing skin lesions are Brazil wood, satin-
wood, teakwood, cumaru or tonka wood,
black ebony wood, West Indian ‘mahogany,

Japanese tagayasan, coccoloba, chestnutwood,.
- olivewood, California sequoia, ete. All per-

sons who handle these woods are. not in-

jured, only those partjcularly. susceptible to

the substances they confain becoming
affected.®

2. LIVING ORGANIC DUSTS. These
contain particles capable of exhibiting the
phenomena of life’ (especially the property
of reproduction -or multiplication), such as
bacteria and fungi. They are usually found
in low concentrations- and are assoc:ated
with nonliving dusts in the air.

a. Bacteris. One of the most n:nporhnt'

among these is the anthrax bacillus, which

is contained in the dust from skins, furs,

wool, and -animal hau', horns, hoofs, bones.
etc, This disease may occur in two forms:

- cutaneous. (in which the orgamsm affects

the skm) and pulmonary (when it is inhaled,
as in the -form of anthrax known as woo!-
sorters’ disease).?

Cases of tetanus, reported in connection
with jute manufacture, were traced to the
raw material, the bacillus having been found
in the factoxy dust® Diphtheria, tubercu-

losis, smallpox, typhoid, or other bacillus- -,
produced diseases, may resuilt from exposure i

to infected dusts.

Bacterial sensxﬂzatlon can be the cause of
any of the allergic d:sases, namely, astbma,

perennial, hay fever, urticaria, angroneurotxc
edema, eczema, or migraine headaches™”

b. Fungi. Dusts contaxmng the mycelia
and 'spores of parasitic fungi give rise to

annoyance and discomfort. “Maltster’s” itch .

- fyom the dust alone has been reported, In
Provence, reeds used for ceilings are stacked
while ‘still wet and' undergo fermentation;
' they become covered with 2 white*Fowder

(a dry fungus of the Mucor family: Sporo— ,

trickium dermatods),s wluch is.c scatteted‘
when the bark is: stripped off..: ‘This powder:

. is irritating to the:skin. and shucous.mem-
branes. -Mycelia;-and: spores ‘of moulds are .

commoinly::found,, to : ause rasha ,for in-
stance;  the - black powder eommg from.

macerated sugarcane staiks. Among basket-v .

makers,. the mycebuxh d; spores, ‘in the

form of a white:mould (hyphomyqete) from ...

the rhattan ¢anes used. get;shaken out when

the - canés are split,” ‘hammiered,” ‘and: cut, -

causing painful fissures to develop on the
skin where they ahght." -

A form of asthma or: spasmodxc cough,
suffered by “cotton; weavers_and . known as
aspergﬂlosxs. ‘has been consxdered due t6 in-~
halatxon of ‘spores of 3 mildew’ w!uch some-*
tunec»oocurs .on the’ thrends" In’a study
of -silicosis among mmers, made by .the
Public-Healih. 'Service, a i of cases.
of typical miliary alcxﬁmtxon ;were.. en-_
cotintered, Unstained sinéars of those cases:
examined were. posmve for’ fungus, two'

types of Aspergdlus fungi bemg identified. -

All of ‘the subjects but one weré ifarmers, - '

tamsters. feedmill workers, or rwdents of .
small agncultural ‘towns~ where - grain is
marketed. . Farmers are exposed to fungi in

- threshmg what, ba.lmg hay, or handlmg-
. various small grams

Some other fungus diseases such as actmo-f
mycosis and blastomycosis are associated.
with occupational exposure to-.dist. “The

formér occurs ' among . workers handlmg' .

straw, hay, grass, vegetable débris- -Contami-
nated with mould, ete Actmomycosxs is
likely to affect people engaged in commercxal
handling, storing, and’ cleausmg of . grain
(gram distilleries, flour mills, gram “crush-
mg, brewenes, and maltmg bouses,/ etc.)"

II. Inorgamc Dusts

Inorgamc compounds ‘are of mmeral
origin, not requiring a living organism to
produce them.™ A number of- dusts not.

. usually- classed ,as toxic “may, . under some'
‘conditions, producé untoward, éffects on the :'--
" human organism, C!assnﬁed Tndér itiorganic’

are toxic and/or irritant, fibrosis-produc- -

ing, -and nonﬁbrosrs-producmg dusts,

a. Toxic and/or Ir¥itant. “Toxic dusts are@

those which are inherently toxic: when in-

‘haled, ingested,” . or. -otherwise. absorbed
: Among those -which-produce. systemic. ‘poi~

soning, some-of which are also irritant, are
the dusts from heavy metals and their salts,
such as lead, mercury, . arsemc, mdmmm,

A
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.zinc, ete. Irritant dusts-are 'm)unous by

nson,oi ~their strong 1rrxtatxve or corro-
sive properties. . .
As a mle. ‘inhaled 1rrmnt subsmnces ime-

mediately cause a reaction-in‘- the. iipper’

- respiratory ‘tract. of, such: seventy that they

are-prevented.- from reaching .th
though they:. may: icause. -lung . damage: by

“extension of -inflammation if ‘the. mucous,

membrane is corroded.” Lime, calcium oxide,
and the di-chromates are:examples of irri-
tant- dusts. An’ inorgamc dust may. possess.
both:toxic and:irritant properties, and: the

- poisoning. produced: may be .the combined
- effect of more than one: mode of entrance

. into the body. -

Of: the directly, poxsonous dusts, the most
widely - prevalent are’ those:of- certain lead
compounds, . particularly the oxide, carbon-

- ate and the chromate. The- dust is readily

absorbed by thé. mucous memb;
“dust passes into the stomach and is dnssolved
by the gastric Ju'xce ’

According to Faxrhall, perforated nasal

“septum’’is a coinmon occurrence among

workers . with - bt-chromate dusts® :In a
study made by -the U.-S.: Public Health
Service it was foind that eontmuons daily
exposure to concentrations of .chromic acid
mist greater than 1 milligram in 10 cubic
meters is likely to caiisedéfinite injury to

_the "nasal .tisspes® It -is “believed that a

imilar concerifration of the dust would be

.'equally toxic.

" In ‘the.case of xloxsonmg from some beavy
metals, exposure may be to both dust and
vapor. . For. instance, investigations have

sshown- the safe. limit of.lofal exposure to
Jead 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- chromc mereurxahsm in-’

. creases -rapidly -with increasing: mercury

concentration, after- such. concentration .ex-
ceeds 2.0 mg. per 10 cubic meters.™.

Allalis and metallic oxides are common

‘causes of dermatoses. Lye,’ potash and

-

lime are known 10 cause irritation to- plas-’

terers, cement-makers, bricklayers, masons,

stonecutters, modellers, and.metal platers.

Ulceration and perforatmn of the nasal sep-

tum occir among workers exposed to the

dust of soda ash; systemic poisoning’also

3ecm;s from mhalatxon of calcium cyammxde
ust.

Cases of. dermatxt:s, scleroderma and can-

cer are reported to have been caused- by

expostre. to. -dust .of arsenic . eompounds.

Certain . alumingsi. .salts-:are -skin irritants
and aluminum -dusts ‘may- contribute to the

. infection..of skin -and *mucous membraues,

e lungs. -als

2

rane; ‘some - )

through meehameel action® -

substances _other .than. silicon derivatives

cause more. than a:very: moderat&degree of

fibrosis of .the lung:- Moreéover, .there- séems
to be no- evidence that any. other constituent
of ordinary dusts can.influence so unfavora-
bly a.pulmonary. mfeetxon.

- Although- other dusts, when mhaled in ,

sufficient concentrations ‘over-a Jong period

-of ‘time; haverbeen-shown: capable:of! pro-

“ducing-a pulmonary- fibrosis,’ nevertheless,

the’ pnenmoconiosis characterized: by. nodu-
lar fibrosis has to date been .shown clini-
cally and experimeritally- to- be "associated

only with the mhalat:on of dusts eonmining _

free silica,
Since this dust, to. exert 1ts harmful ; action,

. must. enteér the finer divisions of the lung,

the - partxcle size of the atmospheric dust

¥ may’ bear-a ‘definite. relationship to the in- . '
-jurious effect produced. The silica. must be

- present in the air in partxeles small enough

to enter the finer.air -spaces and of. such
dimensions that .the. phagoeyttc cells “may
engulf them. The. greeter ma;orxty of par-

ticles found upon nueroseopxc examination -
of "the lung fall within the limits of from |
" 1 to 3 microns® Examples of siliceous dusts
are gramte, quaru, sand, pumice, slate, etc. . .
In a recent stidy among anthracite miners, '

the correlations -betweéen exposure to dust

. (which contained ‘silica) and the evidence
" of constitutional changes left little. doubt
. as to the etiological significance of the dust

in the air breathed. Like. cor;elattons were
found between the silica exposure -and the
extent of pulmonary changes.®. When' the
inhaled - d
thh bases, silicates, some degree of. change
in the pulmonary tissue may result. In tlus
respect ashestos dust seems to.be unique
among silicates in the. prevalence and se-
verity of the disease it causes,”

The chief distiriction, between silicosis and'

" conditions' due to simple reactions caused

by other dusts is the active proliferative

. -

- b Fsbro:gs—l’rodmng Dusts.- The most '
'mportant of theseé are tlie inorganic, slightly
: soluble dusts- which. cause
" in the lung’ ttssues, some.of which are seri- -
‘ous, -and. some’ of:. wluch cause, httle or no
disability.}'So far asis known, no indrganic -

fibrous : changes

ust. consists of . silica-~combined .

i
i
i
;
i



.,

progressive nodulation. - Silicosis, whet once

established, strongly predisposes the lungs
to infection, especially ‘with the tubercle

us;- . Chironic: interstiial pneumonia,
chronic bronchxtns, and. emphysema are.fre- -

quent complications of advanced degrees of
silicosis.

“The relation of the acute respxratory in-

fections to the reaction due to dusts other '

than free silica has néver been established,
though a heightened incidence has often

. been shown statistically'in workers in dusty

trades. It is fairly certain that a dust dam-
aged lung, whatever the caiise, fares much
worse if an acute mfectxon does supervme
upon it

In a study eondncted by the U, S. Public
Health- Service -among marble: finishers in
Vermont, it was found that marble dust

when inhaled in the concentrations found in’

the examined plants prodneed a mild,, bi-
lateral, linear fibrosis in some cases, but no
serious Jung changes were noted and there
was no disability: due to. the dust, even
after years of exposure™

e N onﬁbram-}’rodamtg Dusts. These
are inert, that is, they do not cause fibrous

tissue to be produced, but may ‘become

encapsulated or lie free in the tissnes; or

they are absorbed without production of .

fibrous tissue. Included among them are
alundum, coal, corundum, emery, hmestone,
magnesite, marble, plaster of paﬂs (gyp-
sum), and pohsher’s rouge.

.Dust Control

Engmeenng and medical control are the
two most. important factors in combating
the industrial dust.hazard, and are to a large
extent complementary.

Engmeermg Control.

the dust should be attacked at its point of
origin and thus prevented from being dis-
seminated into the atmosphere.” After the
dust has been spread throughout the air it
is difficult to deal with it, and reliance must’
be placed on individual protection, which is
never wholly sausfactory.

Lanza fusther cites various methods used

. in controlling dust. These will be reviewed

but briefly, since a paper dealing with_the
subject of ‘dust control in detail will follow
on this program, -

reaction in -the tissues which results in .

As Lﬁnza has ;
stated in a recent paper, “It is a basic
principle in dealing with a dust- hazard that

Twenty-sixth. National Safety Congress R

Dust may ‘be entrapped at its source by
suction ‘devices- andthus removed and"col-
lected. Familiar exampla are-exhaust hoods
in- grmdmg operauons, aiid the devxces used
in  drilling.

‘Generally:’s pakmg’ .the achaust vent:la-
‘tion method,‘ ‘where:applicable, is to be pre-

ferred in- controlling ‘a-dust: hazatd.- Water

may -bé used to entrdp-dust and: prevent: its
dsspersal; -and ‘under’- certain- circumstances
it- may be-of advantage to’ combine ‘the. use
of water-and the use of ‘suctign. Sometimes’
a dusty: process. can-be completely enclosed.-
in a sealed room or ‘compartment. It must
‘be remembered; -however, thatany mechani-

cal device:of this kid offers adequate pro-<

tection’ :only - if - it. is properly des:gned,
installed, and mamtamed.

A great- d&l of attention -has been given
the -subject {of - individual protection from
dust, and there are’ of respira-.
tory protective devices now available. These”
are generally of two types: those which
provide fresh.air from an uncontaminated

sotirce and those wluch rely upon a filtering -
" medium’ for removing dust .from the air
br&thed. ‘Where the ‘use: of -such -a'device . °

is ‘indicated, only one of the types approved
by ‘the U. 'S.  Burean: of Mines should be"
used:. As a rule, it-may be said that-masks,
respirators, or other such protective device

should be used only where exposure‘to the-

dust is intermittent..and : brief, or- where
some unusual condition niakes a nrore ade-
quate dust control impracticable.”

Where 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 chlorine or other bictericidal substances,

may bé of .use. Pasteurization temperattire

(about - 140° F.) will kill most. organisms
except those bearing spores. Steam disin-
fection is, used for horsehair, and. proves to
be practicable if the temperatufe does'not

-exceed 230° F.. Wool fibres, however; lose

their elasticity by. stéam. disinfection,” ‘and
the “Duckering” process now used in Eng-
land includes soaking of the wool in a form-
aldehyde solution,: and drying.in a current
of air at a temperature of 160° F¥ There
are few occupations in ‘whxch there would
be a sufficient. concentration of dead bac-
teria to cause untoward ‘effects in man..

In the case of dusts. producmg external

irritation, auxiliary protective measures may =

include the use of protective clothing.
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- gloves, goggles.and aprons; as well as pro-
)tectwe salves; : omtments, or ather .com-
pounds to, delay ‘or diminish the: irritant
action. General rules for hygiene and good
housekeepmg should -also. be observéd. :

Medical Control. Equally mportant, and

closely interrelited ‘With the; engineering

phase, is medical. control of ioccupational
hazards, In-addition to directing the proper
placement of new workers, and guarding the
_ health ‘of all employees, medical. control is
a  check on the efficacy of the engineering
control - methods - already mstxtuted, or a

measuré of the need for new protective de-

vices.

It has been stated that “Indastry has
found that the best .way to_treat industrial
injuries and illness is to prevent them,™

and medical contrél, through preemp!oy— .

ment and periodic physxml exammatxons, is

one of the most unportant factors m such -

prevention.

The pteemployment examination is made ;
to determiine the employee’s physical and -

‘mental fitness for work. It serves to'dis-
close the presence o£ any contagious dis-
ease, reveals any: minor physunl defects
which might. later become serious, or whether
the examinee’s condmon precludes his em-
ployment in certain or in all types of work.
It should be remembeted that such preem-
_ ployment examinations are not to be made

" for the purpose of eliminating an employee,

, but rather for- allomtmg him to the type of
-work for which he'is physically suited.: A
‘worker should be given employment:unless
totally unfit, or unless his disability, ever
. though slight, would causé him to be a haz-
ard to himself or his associates. Further-
. more, the  practice of * preeinployrment
‘examinations should be extended to mclude

executives and officials of mdustna! organi-

zations, = -
“The . purpose of penodxc physuml

’ exammauons is .to secure and mamtam

‘physical fitness and thereby lengthen work

spans.”™ Reexammatxon of employees some- .
-times results in. the discovery of defects and -

dusabxlmes which were not observed at the
time. of .employment. In:such cases,, an oc-
cupational adjustment should be made to

‘provide- continued employment, buf remove -

the risk of permanent injury, =

Reexaniination’ of employees is required
by law in certain. occupations in which the
handling of poisonous or otherwise deleteri-
- ous substances may result in the contraction

"
H

Iugs. of lkining and Metall

“The rn&’uuw

of disease® Smge .some occupauonal dis-
eases tend to clear up and .recur, records of
previous occupations should be included in
the physxwl ‘examifiations.. . The, frequency
of  examinations: should - be determmed by
the medical director, tinless otherwise speci-
fied by law." Those exposed-to known accu-

pational ‘disedse hazards. ‘may. hzve weekly .

or monthly examinations™ .
“Tt should always be kept in mmd that the

basic: pnnmple of physical examinations. in.

industry is to keep men on- the job and not
allow the physical examingtion to be merely

a weedmg ‘out process."" '
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below ﬁve million pirticles, They séem will-
ing to graduate upward to 20 million for
medium’ silica .and 50 miltion for low silica
percentages. Five million particles is virtually

dust free. and is very difficult and expensive
to achieve and maintain, The.declaration-of .
safety of the instaliations must remain in the -

- explain the behavior-of dust and Jupon’ which-

hands of the medical and hygiene groups in

whose hands now lies the reaponuibillty for

determining the hazard, -

We now eater the chapter of our discussion

intended to demonstrate that dust contfol is
an engineering job, that it must be given
scentific treatment, not guess work, applying
engineering. methods which are based upon a
knowledge of physical law. the behavmr of
dust, the performance of air-moving machin-
ery, etc.

Prereqt'xiaite Knowledge .

Let me recite bneﬂy, a few of the things
which, in my.opinion, the engineer should

know to do this job correctly. He must know °

how to make a survey. - Surveys depend upon
sampling,” and samplmg is. not a.catch-as~

catch-can proposition. It-involves- the place, ;

the time, the frequency, the amount in a sam-
. ple,audthenmnberofsamplessothatmm

mum, minimum and average data mean some-
thing, so that credibility can be given them.-

For the type of sample involved he must

" should be mlyzed to ‘deterinine thé-applica-

(3

.pomts of generahon, the physx&l behavior of
hoods and in dicts ‘must -
bé. known, and-that knowledge used. Each.

know how to weigh or count: respirable dust, -

as distinguished from large masses of non-

- -respirable dust which comgplicaté the picture. .
He must know how to observe the soufces of .

dust floods 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

created in the process by the fractunng of the:

" material.

Any less survey cannot tell the engineer
what his task of dust control is, To visualize
that task intelligently he should know the
physics of Brownian motion, laws of resist-
ance to the motion of particles mbving in air,
both when the air is in turbulence and for
stream-line motion. He should know terminal
velocities, movements- du€ to centrifugal mo-
tion; flocculation and the effects of air motion
. and the effects of humidification on it. He
must know all about the difficulties of wetting
and what is hnown about overcoming these
difficulties. He should know the several elec-

.hoodsappnrtobehtﬂeknownbecausehtﬂe -

‘the system lies.in this factor. Air velocity, .’

trical phenomena whlch bear upon dust be-
" Those are. all pﬁnclplel of physics which

engineering - practice. must be based.' They
must be understood and be takeii into account,
Dust control is not & matter only of general
ventilation; the erigineer’ must.study the pro-
duction as well as the disgersion.” The problem’

bility of segregation, enclosure, wetting, local
exhaust and -generat, veutdation.” o

In some msmnm, eubstxtut:on of non-haz~
_ardous materjal, or non-dust-producing oper-
ations may have specific.application, and they:

should be explored first. This implies ‘plant
engineering, I am ‘convinced that many -bad .
installationsare’ ‘bad because plant engineering .
was not used. In the designing of exhaust -

systems jnistalled to capture the dust at_the

air moving toward

system must consist of -collection hoods, pip-
ing, aif-cleaning plant and a source of suctxon

Beforé selecting a hood for a job the engineer |
must know dust-dispersion by dynaxmc pro- -

jection as well as dust dispersion by air cur:
rents, and desagn the hood aooordmgly

Knowledge Needed )
“The aemedynamic characteristics of suction

thought - was - given -to .them in designing

thousands of hoods.which can be found every- -

where in industry. All.the possibility for
entrapping dust-and mnch of the efficiency of

_static suction, and rate of air. flow.are 4ll’

related, and they miist be known. It is &sen~ -
tial to use high velotity of air in certain types

of exhaust ‘systems to entrap dust projected

. "at high velocities as in.the case of a granite
' surfacxng machine, and low velocities must be

used in pthers, as in the case of’ clunmg
asbestos fibre of dust to prevent wasting
material,

Quantity of air and xts .velocity  must be .
determined, thén the piping should be -de-

signed -to take mto account the behavior of
air-flow through pipes at low and high veloc-

ities, ‘'Where the problem.is complicated by

the large sized particles which-go along with
the fine dust; how these behave must.be taken
into account. Pressure losses are very impor-

-tant elements in .the design of an exhaust

. syste
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T system. Lois: at the hoods, loss at the. bends,

nd Joss In the ducts’ muist not be.guessed at.
' Pipe design must. take.into . account the.gage
of the metal and:reinforcing to withrtemf
pressures and .- eroaion. L
_'The selection-of a fan and-its motive power
is ‘a matter’ of "calculation, .not- guess: work,
* Power consumption in the system‘is calcula-
blé, fans follow: certain: laws, so the enginieer
must know the behavior of axial flow, pro-

“peller type, ‘radial -fow, paddle wheel and

other fan: performance. )
" More' physm and engmeermg eelculatxon

goes- into- the- atr-cleenmg -apparatus. - The .

selection “of - gravntauon, inertial or: ﬁltratlon
- method ‘depends 'upon what the dust is; the
calculation for-any methods requires knowl-
edge of dxscharge ‘through stacks, the deter-
mination of sizes of settling’ 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 be, what kind of
resistance and. how much each kind offers, to

say nothing of . their. proper -location with

relation to cleaning, accessibxhty, ete,, are all
items for accurate engineering determination,

©Apparatus to check the behavior of installa-

Mo’

tions must be known and used. Pert‘ommnce '
cannot.be left to guess work. Supplying suffi-
cient air to be exhausted is part-of the prob-

. lem. The same mny be sald of heatinz.

Do I give the problem too levere a bulld-
? 1 think not. Remember there two thlngs :

l. You are deallng with hazardous thate-

rial so 'small in size and so little of it by

weight that it is, as inviaible as the air that
bws its :

2. Physxml laws mvolved in the behavxor
of dust and air do not permit inexpensive

" methods .of control, I am acquainted' with

budgets set up for this purpose which.amount

to more. than a quarter-of a’ “million dollars,
,and T know of many where: 60 to 80 thousand"

dollars is mvolved

The -need forith:s much engmeermg is rec-
ognized by men who know. -Already much-
has been done toward geiting the‘knowledge

0 ' into handbook ,shape. Perhaps the: best job

of this.sort to date is “Fundanientals-Relating

- to" the’ Design’ and Operation -of - Exhaust

Systems” developéd under Arnerwan Stand-
ards Association procedure. :

The Doctor’s Part in Controllmg Dust Hazards

.- By A.D; LAZENBY M.D,, F.A.C S
* Chief Surgeon, Maryland Casualty Co., Baltunore, Maryland

Considerable confusxou has existed in the-

" past as to just what is the physician’s func-
tion in the’ ‘prevention of, dust. dlseases, and

‘Just what is the engineer’s, . It is very ob- '
-vious upon even’ casual thought that the -

two sciences must work hand. in hand ' in
their éfforts tosolve the problem.

The physician through his special. trammg
must be able to tell the engineer what dists
are dangerfous and what are riot. He must
. know how those dusts enter_ the. body "and

the manner in which they.do. thexr harm, He

‘must be trained in the examination of per- .

* sons_who, are to be. employed to work ir
dust, and to discover those who are already
diseased, or. are peculiarly susceptxble to

dust dtsease. He must be able to detect the .

first signs of disease in workers who are

exposed to dust, and must be prepared to -

recognize the disease when it is fully de-
veloped.

It is not necessarily the physician's func-
tion to analyze dust. That.is a task for the
chemist and the petrographer. It.is not.the
physxman (3 functxon to count the particles of

: dust ina ngen industrial atmosphere That,

in ‘reality, is the’ functxon ‘'of the engineer, It
is not the phys:cta.ns function to. devise
ventilating equxpment for the removal ‘of
dust, nor even t¢ be more than an adviser
as .to the means ‘that must- be. adopted to

_rénder the atmosphere safe.

The physician nevertheless must correlate
with his medical_ knowledge and “with his
studies of the industrial worker the findings
of the' engxneer. A diagnosis of silicosis, for

"example, requifes not merely characteristic

occupatxonal history and characterxstxc physx-

|
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cal ﬁndxngs. but: the knowledge as. well that
the patient-has been exposed to hazardous
dusts in dangerous concentrations. - -

All dusts when inhaled in- encesolve.
quantities'may be considered as harmful, but -

only a few can be regarded as dangerous,
From the standpoint of their dangerous
properties, they may be -divided into three
general groups.

1. Those which are dangerous because of ’

their poisonous action, such as lead, arsenic;
mercury, and smular substances, -

2, Those which cause only irritation in the
respuratory, tract, resulting in such condi-
tions as bronchitis or local inflammation;

such substances as vegetable fibre, cork dust,
flour, starch, and ‘other relatively innocuous

organic or inorganic materials.
3. Those which tend to produce fibrosis

of the lungs, thereby predisposing to respira~

tory infections, especially tuberculosis, such
dusts as asbestos, silica dioxide or mag-
nesmm silicate,

1 shall confine my semarks chiefly to
dusts occurring in the latter category,

It has been generally believed that the
harmful effects of dusts inhaled into the
lungs depended more ‘upon their physical
structure than upon their chemical. It was
believed, for example, that silica dmxnde. 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. Theé dusts
which cause their damage by mechanical

terference w:th function are the dusts wluch '

are relatwely innocuous, whose symptoms
are transitory, and -which subside upon re-
moval from exposure to the dust.

Chemical Effect Is Humful
The disease of” partxcular interest to us

today, silicosis, owes its harmful éffects very -

largely to a harmiful chemical reaction oc-
curring between silica dioxidé and the body
tissues, It so happens that silica dioxide is
decidedly a tissue irritant to the body, re-
gardiess 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 diox-
ide in sufficient concentratlon, in sizes small
enough to pernut its entrance to the nitimate

.air spaces in the lungs, we have a situation

whlch offers danger to the worker.

We ‘have-no real lcnowledge as to true
-figures;“but as & simple ‘rule; we can adopt
for practical purposes-the thought' that'the

human ‘body ‘can- withstand' suecessfully 2

concentration of dust contaisiing 100 per cent
sxlxca dioxide in"a particulate: size: Jess than

&% in-a concentration not in. excess
of S -particles per.cubic. foot. . If we

decreese the'. percentage:of silica’ dioxide
present in the dust, we. can correspondmgly
increase the concentration with comparahve
safety. We must, ‘of course, take into ac-

count the portion of the worker’s.time spent .

in the dusty atmosphere,

To arrive at a.rough conception of a safe
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 iy over
S 000é000 the. condltion must be regarded as
unsafe.

‘Bear in mind too that sxlxcosxs is essenhally '

a disease of great chronicity. Except i 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 either retard the
development of silicosis or hasten it. Recént
research seems to .indicate that the- -admix-

ture of aluminum dust to a silicious dust -

will greatly inhibit the reaction of the latter;
whereas a. sihcxous dust combined with some
alkaline coincident’ dusts may hasten the de-
velopment of. sxhcosxs. O

Mueh research is now under wa.y in prob- .

leths such as this, We have never learned how
to cure silicosis, but we are léarning ramdliy
how_ to prevent it. Our knowledge in th

fespect seenis to be limited to the removal of
dust from the- breathing zone of the worker.
Later discoveries may -show us -how’ to
modify existing ‘dusts with “contaminant

dusts that will render silica dioxide i umocu- :

ous,

: Ovmﬁ to lts very great chromcxty, it is
only the rare case who actually develops

. disabling silicosis during his industrial life-
time, It.is realized, of course, that excep- -

tionat inmnces take place, but the coincident

‘ravages of age usually keep pace with the

effects of dust, so that much ~¢ the dis-.
ability usually-attributed to silicosis is often,
in fact,-actually attributable to other: dis--
eases or incapacities which' advancing years
bring in their wake, To me the great peril of

. silicosis, the peril not only to the industrial

w(
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worker.\'ﬂimsglf, but his fal'lﬁly,.co.-workers
and-thé public generally, is the accompany-

" ing susceptibility to tuberculosis.

' 'éompliéa”ted by Tuberculosis

. Silicosis per se does not kill. Tuberculosis
as a complicating factor of silicosis rarely
recovers, despite treatment, and the indi-
vidual so afflicted is not only totally dis-
abled himself, but a definite menace to all
.with whom he comes in’contact, particularly
the fellow worker who may have silicosis,
So perhaps the most important ‘places in
which the services of the physician in a dusty
tt:ade are necessary are—first, along lines of
discovering and barring:from exposure to

- & silicipus _dust those persons who may al-

ready have arrested tuberculosis; and sec-
ondly, discovering those persons already ex-
posed to dust, possibly already silicotic, in
whom tuberculous infections may have de-
veloped,. - - ‘ : e

L Itis .wellfecog_nized that -no- individual

should be exposed to’ dust containing silica
dioxide until he has undergone a thorough
" physical’ examination, including caréfully
made and interpreted x-ray. films -of his
chest. It is likewise obvious to anyone fa-
-miliar with silicosis that no person who is
exposed to silicious dust should be denied
the privilege of frequent physical examina-

| B ->w tions and x-rays of the chest, not entirely

to discover the existence of possible silicosis,
. but to discover a coincident tuberculosis if
such exists.

A'man so diseased should, in protection to

himself and to all with whom he comes

in -contact, be removed from industry. Let
me emphasize the uselessness of a physical
examination, unless it be accompanied by
properly taken x-ray films, except in cases
of gross tuberculosis. . .

- It is the function of the physician, there-
fore, to conduct in a thorough and an intelli-
gent manner the pre-employment examina-
tion of all persons who are to be engaged
in a dusty trade. The purpose of this ex-
amination should. be’ threefold, First, to
discover and bar from employment in Just.
.any person who is suffering from tuber:

- culosis. in an active; a quiescent or an ar-

rested state. :

A possible excéptio:{ might be made in -

individuals suffering from a so called healed

primary complex, or a healed childhood in--

fection, - It is well known that exposure to

’

silica dioxide is very likely to excite into
activity a turberculous lesion which may be

.+ quiescent or arrested, and once such a lesion '
is reactivated, the chances f recovery are .

remote,

The second problem which confronts the
physician‘at the pre-employment physical ex-
amination is whether a given individual is,
by reason of secondary physical defects,
more susceptible to the development of sili-

cosis than a normal. Is he suffering from

diseases of the nose or upper. respiratory

tract, such as chronic sinusitis, disease of the -

lungs or air passages, or obstructions which
produce mouth breathing? '
We must remember - that silica dioxide is
not dangerous until it reaches the lungs, and
that the -normal individual retains in the
nose and the upper air passages a large
‘quantity of the dust inhaled from the atmos-
phere. .In instances where this nasal. reten-
- tion is-disturbed, exposure to silica dioxide
dust ‘may be dangerous to that individual,
where it would not be to another. ,
It is believed that certain diseases of the
-heart and circulation, of the kidneys, possi-

bly syphilis, chronic coincident diseases of .
render a-man more sus--
‘ceptible to silicosis than normal, The physi- .
cian at his pre-employment examination must -

the lungs, all m

follow certain established "criteria in this
respect, and bar from exposure to dangerous

“dusts those persons who- through existing
disease may be more ready prey to silicosis
or tiberculosis, R '

+  Re-Examination Needed

After the applicant for employment has
successfully passed his physical examination
and. is engaged in a dusty trade, the duty
of the physician is not yet ended, This work-
man must be periodically re-examined, first
to discover the early appearances of pul-
monary fibrosis, but what is even more im-
portant, to detect the early evidences of
complicating tuberculous infection.

" A man should not be dismissed frem em-
-ployment .in a dusty trade merely because he
has evidences. of non-disabling silicosis.

Workers in dusty trades, especially -stone _

cutters, moulders, pottery workers, and

.. similar eraftsmer, are tisually highly skilled,

and it seems unfortunate from a social and
economic point of view to deny them em-
ployment so long as they are physically able
to carry- on, especially since the actual dis-
abling qualities of silicosis are in doubt,
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"They should be: demed employment‘m a i
dusty trade if that condition is fourid .at . -
pre-employment - examination, - but- they '
should not" be barred from oonl:numg an’
employment in wluch they are alreedy ‘en- .

Of course, in such instances yotu, as'.’
engmeers, must realize that yoa haye failed,’
because: if you had kept the breathing:zone .~

of ‘the worker. free from: dangerous dusts,

silicosis would-not be prsent on’ physxcel'

examination,

In this work of preveutmg dust dxseases in
-industry, it should be evident that the closest
and most intelligent coopera.uon ‘betweenthe
physician-and the engineér is necessary.: The

physician must, through his knowledge and : -

research, tell the engineer what dusts, or,
for that matter, what other substances used
in mdustry are: harmful. He must tell the

engineer how sicch 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' engineer. must in tum tell the physi-
cian of the harmful- dusts and other sub-.
“stancés. surrounding his .workérs. He must
"make chemical and petrographic analyses of

" the dusts, and other indicated analyses of the

atmosphere in the workshop. He must make
dust cotnts and check lus counts at regular

ADIOURNMENT

. and jother’ mdi'iétnal

EFN Rl

must_arrange;

-modification_ is- poss:ble,

certain. £uncuons whxch es~

duties. - All too ofteti- it is. consxdered ade~

. quatemerelytomstallafan. - .

Vennlatmg devices, in-dusty work rooms
must .be .constructéd. only: after .careful en-

gineering . study -has. . given.a knowledge of -
the .physical propertres of the air. and of.
. substaiices polluting. it. It is possiblé.:to )
. calcnlate to a. very fine pomt the. volume of -

air that must-be removed from a- -given spot
to remové the dust’originating at that place,
and .the. engineer must approach his task

from just as scientific an angle as the physx- .
.cian approaches his.

- There is no, room in mdustry for hap-.‘

hazard methods on the part of either. the

: physxc:an or- the engmeer

I'g

i Ao workmg;.condmons. .
re danigerous.: He mu$ evelop ‘and install.
’mreflilli-des'ifgned entilating equipitent. He,
“for, m "ﬁatxon of; chenucal_

id‘initist ‘besid_his
- eﬂ‘orts toward removmg from:the danger
zoné ‘of | ‘the. worker.the ofr'endmg substance. -
~whatever it may "bel: L
Too many eugmeers construe tlus funct:on ’
.'loosely._ They pass-on .to. the »physxexan as;
. his responsi
sentially .are thenrs, such- functlons as. dust .
analyses,- dust - :counts,- and sumlar .technical"
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