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OCCUPATIONAL DISEASESI

The Problems of Their Practicable Prevention in Industry

By F. ROBERTSON JONES

association of casjaltt and SUM Etaamvas, nhv itaz, n. r.

NDUSTRY has so many ind such a wide vancry of major
problems these days that to many the problems presented
by occupational diseases among workers may seem com-

paratively insignificant.

case. Hither from the standpoint of cost or of social better-
ment the situation confronting many employers as a result of
their growing liability to provide compensation for or pay
damages to the victims of occupational diseases is equally as
serious as the ever-increasing tax rates and the prospect of
soon being compelled to contribute to unemployment insurance
funds. Speaking as a representative of the largest stock
casualty insurance companies of the country, | can assure you
that these companies are well aware of the almost overwhelm-
ing burden of cost which seems about to be heaped upon
industry by the general extension of the compensation system
to cover occupational diseases of all kinds. Our companies,
of course, have only what might be called an indirect interest
in the problems you are discussing, but they will be adversely
affected if necessary insurance costs grow so great that they
will be "more rhan the traffic will bear." They are naturally
tremendously interested in these problems and anxious to
cooperate in their solution. It is my opinion, which I believe
firmly to be well founded, that the primary essential in meeting
the problems of occupational diseases is prevention. If these
diseases, through engineering and the medical sciences, can
be reduced to the level of exceptional misfortunes, the remain-
ing economic and legal problems can be readily solved. It
therefore seems to me that most intensive consideration should
be given to this phase of the situation immediately by the
outstanding experts of the country, so that suffering by work-
men from preventable maladies may be reduced to a minimum
and so chat industry may not avoidably be drained of its
resources. The character of this meeting and the program
to be presented indicates clearly that The American Society of
Mechanical Engineers is alive to the situation and has the
cooperation of the medical fraternity in its most laudable
objective of prevention.

The specific subject for discussion at this meeting is the
"Engineering Aspects of the Prevention of Occoptdonal
Disease." It is not my purpose to much to enter into this
subject as rather to lead up to it by calling to your attention
some aspects of the psoblem not special to engineering but
which industrial engineers should study and bear in mind.

From the start, it needs to be borne in mind that all forms
of ill health—"occupational" or of ordinary life—to which
industry in any wise contributes, as, for examples, through
defective lighting or ventilation, or excessive exertions, or
exposures to the inclemencies of the weather, are marten for
prevention. That, however, is a cyclopedic subject. You
have advisedly restricted your discussion at this trssioo to the
topic of tctsfstimsl diseases—which | construe to mean—in
popular phraseology—those diseases, not of ordinary life,

Contributed by the Safety Conuaictes and mans* at the Aaaaal
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chargeable to health-hazards which industry itself creates.
Even that is too broad a subject for me to deal with in a brief
introduction. Therefore I will restrict my remarks generally

This is, however, far from being theto prevention of occupational dust diseases of the lungs, with

particular reference to silicosis—since those diseases, of which
silicosis ranks first, have now given rise to s problem of such
magnitude and pressing importance to industry as, temporarily
at least, to relegate other occupational diseases to s position of
relative immateriality.

From what | can learn the disease now known ss silicosis is
as old ss history. But whether because of s recent increase
through the use of modern machinery, or because of s growing
public recognition of its seriousness, or because of these two
factors in conjunction, and possibly others also, silicosis has
now become a mortal menace to induatry. Whether under a
system of employers’ liability for damages or under a system
of compensation—"regardless of fault"—for occupational dis-
eases, rile cost of silicosis is becoming to heavy ss to entail
the rapid or gradual ruin of many indnstries, unless die inci-
dence of the disease can be radically reduced. The cure of
silicosis, once it has progressed beyond a very early stage, is,
according to the preponderance of medical opinion, practically
out of question. Consequently, for silicosis, fmtmfum is most
emphatically the primary and principal problem.

That problem has engineering, medical, economic, legal,
educational, and political aspects all of which need to be
realized by all concerned in the cask of prevention.

In its engineering aspects, the principal problem in inven-
tion of silicosis is the removal or prevention of inhalation
of dust. As a layman | cannot imagine how, practically, all
dust can be removed or kept from inhalation. Therefore,
primarily at least, efforts should probably be directed princi-
pally to the elimination of harmful dusts. Here you sie con-
fronted with several difficulties. The preponderance of medi-
cal opinion is that, of the inorganic dusts constantly gencratsA
in industry, only dust of free silica (silicon dioxide;), and
perhaps asbestos dost—and these dusts only when in minute
particles—are harmful, that is, harmful in the setae sod to
the extent of cau*mé&_ipedfic disabling,diseases of the-lungs.
But that is merely a majority opinion, from which there are
dissents; and it is open to doubt. Only aJew months ago a
high authorityl on this subject in Gnat Britain declared:
"We need a scientific ‘recessional’ in which to reexamine
with an open mind many of the generalizations now accepted
as current coin in relation to tllicorie and ‘miners’ phthhus.” **
Moreover, silicosis is, in colloquial language, ““all mixed up
with” tuberculosis. Apparently, tuberculosis induces silicosis,
sod silicosis lessens resistance to tuberculosis, or something
like that. But tuberculosis may be caused by organic dost or,
for‘all that |1 can leans to the contrary, may be indirectly
activated by other dnsta. Consequently, how hr all dusta,
or, if not all, then what data imperatively need to be elimi-
nated is, aa yet, a problem to be determined largely by etpexi-

Prof. S. L. Adviser to the British Tsbtrcatoris leearth
Committee, quoted in ImJmijtritl Madfcfer, April, 19)4.
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meotatios, oot based & priori on present medical opinion, but
on the results of experience—on the resules in the way of
reducing morbidicy from the use of specific means for preven-
tion, engineering meaas amoag others.

A problem of viral impartaace in the scudy of engincering
means of prevention is the determination of what is practi-
cable—cconomically aod humanly. Ecooomically, the best
means for prevention may often be impracticable. Industry
canpot afford to be continually replacing its machinery to
experiment with the latest gadgens. It would be & jump oue
of the frying pan into the fire to load an industry to death to
prevent exposure to an occupational disease; and some means
of prevention may be such thac the workmen simply cannot
be induced to use them properly and conpsistently. This prob-
lem will be particularly acute in the smaller undertakings.
What is practicable in large and well-organized establishments
is often impracticable in minor operations. Thus in the
prevention of lead poisoning, the well-established paine fac-
torics have been almose completely successful, whereas among
the job painters the incidence of that disease has been very
lictle reduced. Resulss will probably be similar as to silicosis.
In South Africa, where silicosis seems to be concentrated
principally in mines, geaerally large establishments, measures
of peevention are succeeding in reducing the incidence of the
disease, encouragingly; but in Cumberland Couary, New
South Wales, where a scheme of compensation for silicosis
applicable to such small-job trades as quarrying, rock drilling,
scwer excavation, €tc., is in force, it scems thae lictle progress
in prevention is being made, though strenuous medical means
are resorted to, It may turn out to be a job for engineers to
discover means for prevention of silicosis practicable for the
“licele fellow.” At leasc that point will require scudy.

This question of what is practicable, as distinguished from
the ideal, leads up to another aspect of the marter, In my
opinion, besides studying the best practicable ways and means

21

for prevention, engineers should also give consideration to the
formulstion of swimess standards, and to ways sod means
for procuring their observance. Authoritative formulation
of such standards is nceded for many purposes—o impress
backward industrialists, to guide and support insarers in
graating or refusing coverage, and to furnish a scientific basiy
for regulations to be enforced by public authorities. A code
of such standards needs to be elaborate, 30 as to fit different
conditions, aad to be open to continusl revision, to keep
abreast with che developments of research and experience.
A present obstacle to prevention, ot often realized but of no
mean importance, is that many states have laws which impose
upon employers imdefinise obligations for the protection of
the health of employees, such as 1o provide ''adequate’* venti-
lation, and to do this where *“practicable’* and to do that where
*‘reasonable,’’ subject to liabilicy for damages for noo-com-
pliance, leaving ir to juries in litigaced cases to determine
what is ‘‘adequate,”” *‘practicable,”” or ‘‘reasonable’’ under
the circamstances. How can any of you expect an emaployer
to go to much expense to follow your advice when aa ignoranc
and misled jury may mulct him in damages for oot doing
differeacly? In my opinion, it is practically esseatial o pre-
vention by engineering means to procure the replacement of
such laws as these by public regulacions peescribing defimire
scandacds, for the development of which your cooperation is
requisite, and to gee rid of the disturbing influences of juries in
determining engincering questions by mesas of the adoprion
of ‘“compensation’ as the exclusive remedy for occupational
diseases, for which your assistance wouid be of grear weight.

All this thac I have bad to say has been discursive as a
whole and specnlacive in parts. [ hope, however, thac it
will be of some use to indicate to you the ramifications of
your subject and how the parcicular topics to be dincussed
today fir into the broad problem of prevention, in the soluticn
of which technicians in many lines muse all cooperate.

Nerry Lalgd traln

A BATTERY OF MACKINES TEAT CONVERT SOLUTIONS OF CXLLULOSE NTTRATE OR CEILLULOEE ACETATE INTO

TRANSFARENT, JLEXIRLE FILM JALE.

EODAK FARK, ROCKINTIER, M. Y.



NDUSTRY, in order to stay in business and
maintain its position in the economic world
of today, must avail itself of all the materials

and processes which have been shown to increase
the efficiency and speed the oatput of its produc-
tion.

New substances and processes and new uses for
older ones are constaarly being utilized by io-
dustry. New chemicals, plating solutions, dopes,
solvents, dcgrczscn coadensation products, varn-
ishes, paints, lacquers, dyes, abrasives, and
fabrics—substances used to increase and broaden
production—are often ecmployed without 2
knowledge of their possible effects upoa healch.
A fire hazard is eliminated by replacing ano in-
flammable solvent with one that is oot inflam-
mable, without the realization thac there has
been substituted for the fire hazard 2 hazard to
health in the new solvent. And ic is ia the use
of these new substances and processes (and some of che old)
thar the health of the workers is affected and occupational
disease resulas.

This has been recognized by a aumber of states, and though
compensation for occupational disease was ongmally limited
to a fow specific occupational discases, schedules have been
gradually enlarged with a tendency, perbaps, toward the
blagket coverage which has zlready been adopted in a number
of states. I am not, however, confining my discussion of
occupational diseases to the limited compensation interpreta-
tion of them, but shall consider chem in the broader aspect of
the effect of industrial envirooment on health. Hayhurst
defines occupational disease 23 “'Injuries and discurbances of
health contracted in industrial pursuits or other vocations in
lives as a result of exposure to toxic ageocies, infectious or-
ganisms, or other conditions inimical to health.”

Unheaithful industrial eavironment not only causes specific
occupational discases bur increases the incidence of disease
among the genera] population,

The life expectancy of the industrial worker is several years
less than thac of those otherwise employed. Tuberculosis
rates are much higher and pneumonia rates twice a3 high in the
indnstrial group. Mortality rates for degenerative diseases
are two to three times as high in the industrial group.

According to the 1930 Census chere were more than 15,000,000
persons gainfully employed in manufacturing sod mechanical
industries and the extraction of minerals in the United Seates.
And in these industries there are more than 900 occupations
potentially hazardous to hesith.

The coatrol of occupstionsl diseases, therefore, may be scen
to present a public-health problem of the first magnicude.

Mechanical engineers have a tremendous responaibiliry in
the control of these disezses, for in the majority of inscances
this control is bor the application o[mechanwd principles,
whether it be enclosure, ventilation, or both

Thcpmgrwdwddmtp«vmﬁonduﬁngthepsutma
fifteen years humnlnedm:heuvm;dthomndsofhm
and nnlhom of dollars. A much greater saving msy be
sccomplished by properly administered occupaticnal-disease
contrel. There has not been the incentive to prevent the
occurrence of occupationsal disesse that has been accorded
accident prevention, for an accident is selfcvidenr; a man
slips on.the flooe, falls, or is burned or caught in 2 prese—
thmunoqmonthuhenm)uredmdhow Unforre-

Coatributed Safety Committee and presented at the Annual
Me:m;.Newayotk.NY Dw:xnber}m‘l.l”d of Tux Ascxnrcan
Soctary 0 Mackasicas. Esonrxeas.

The Administration

of OCCUPATIONAL
DISEASE CONTROL

By ALBERT S. GRAY

CONNECTICUT STATE DEPARTMENT OF HEALTH

nately, the conditions predisposing to occupationsl disease are
more subtle, They sre not so attentioncompelling as an
accident; they may appear only 28 increased labor turnover or
decreased peoduction. The effect upon the individual is ot
so self-evident, and so0 the cause of the condition is not 30
readily recognized.

There is nothing parciculacly arresting in the gradual loss of
power in the hands of those absorbing lead; nothing to stimu-
late the interest, no scactling appeal in the slowed gait and
mental peculiaritics of those exposed to certain solvencs; the
development of snemis and tiny hemorrhages in those exposed
to other poisonous materizls; or the gradual development of
fibrosis of the lungs from to certain dusts. The oaset
is gradual, the change imperceptible from day to day, uotil
the individual cicher leaves to be replaced by anocher worker
who passes through the same cycle, or remains at work under
progressively lessened efficiency until he can no longer work or
becomes s compensable case. If he leaves for employment
clsewhere, he -convinues st work st lowered -efficiency for a
greater or less time, dependent upon how much of the macerial
he has absarbed. The body is capable of wide adjustment to
environment and muoch harm may be done befare evidence of
the condition is noted.

Occupational disesse is not & new problem but it is only
within comparatively recent times that we bave attempeed
to measure, definitely and accurately, its relstionship to indus-
trial covironmeat, We sow know that there is a very definite
relationship between the health of the individual and the
environment in which be works. We have been able to estab-
lish the smallest amount of many of the macerials used in
industry that will sffect health (which we have called the
**threshold dose™), and when this information is not available,
the amount which good indoscrisl peactice dictates; aod we
an now messure the exposure of the individuals to these
materials to determine whether this amount is exceeded. We
know the amouats of tuxic materisls and che thae
mllnﬂ'aaha.hh. We-know that if these virious macerials

and processes are not controlled they will seriously affect the
halthdthcxndhﬂuhapondmthm,mdmym
affect the health of the people in the community.

THER COMMNECTICUY BURRAU OF OCCUPATIONAL DISKAKES

Coupecricut, in 1528, recognizing the tremendous im:
of the effeces of industrisl eaviroament oa the heslth of the
workers in the state, ses up a3 parc of the Seate Department
of Health, s Baresa of Occupstional Discases under starute
which provides thas all cases of occupational disease be re-

92
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to the State Department of Health and which authorizes
the investigation of conditions causiog or suspected of causing

tional disease, aad which further provides thac repores
of occupational discase or the results of investigations cannot
be used as evidence in compensation claims.

This bureau receives and investigares reports of occupational
diseases made to it in accordance with the statute; makes
sucveys and field studies of workroom cavironment, including

ia] dererminations of dusts, fumes, gases, or other roxic

materials, measurcments of ventilation, illumination, etc., or

any condition or process thought to be affecting the health

of industrial employees, to determine whether the enviroament

is safe or where and to what extent 2 health hazard may be
t.

It provides a central source of information for physicians,
industry, or any agency interested in the cause, rrearment, or
preveation of occupational discases. It maiocaing in this
connection a reference library cootaining the most recent
information relative to the cffects of various industrial mate-
rials and processes upon health, 20d in addition, as part of the
set-up, 2 well-equipped Laboratory.

The personnel of this bureau comprises technically trained
men, who in the aggregate possess a broad knowledge of
induscrial hygiene, of industrial materials and processes and
their effects on health, and the capacity to interpret the
result of a survey or study as a basis for recommendations for

control.
BUREAD's FINDINGS REPORTED TO INDUSTRY

Each indusary in which a study or survey is made receives
a complete report of the bureau’s findings, preseating the resules
of actnal physical and chemical determinations of the working
eavironment aad the exposures of the individuals engaged in it,
with recommendations for the elimination or control of aay
hazard that may be shown to exist. Actual determinations
are made of the number of dust particles per cubic foot of air
‘and of the concentrations of toxic marerials present in the air
10 which the individual is exposed. These procedures necessi-
e the application by specially trained technical personnel
of precise physical and chemical determinations. Bur it is in
the proper interpretation of these results that the existeace or
non-existence of 2 hazard is established.

It is impossible for a lay inspector to tell by mere inspection
whether the dost or other toxic material in the air of 8 work-
Toom is present in sufficient quantities and is of such a nature
a8 to constiture 2 hazard, whether the protection sfforded is
adequate, or the ventilation sufficient. It is only by measuring
ahe exposure to these materials snd processes that we can
xnow that the individuals exposed to them are subject to
snjury from them.

The reports of these investigations are not just mailed to the
mndustry but are presented by s technically trained man and
discussed with the officials and engincers of the organization.
This information not only establishes the nsture aod extent
of an cxisting hazard but provides constructive data which
engioeers can utilize for the conrrol of the hazard.

Already the work of the buresu, with the assistance of the
engineering profession, has resulted in definite improvement
= working conditions, changes in processes, substitution of
hfuhh,md,inanmberofimm,inthepmchneof
eatirely new equipment, ot as the result of any maadatory
orders, bur due eatirely to the face that these industries were
#xves definite concrete information on the effects of the environ-
Ment on health. The actual requests for this service from
mmhanbmwnmmuithnbemnecamytosdudnk
Wwork months in advance.
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I say “'with the aid of the engineering profession’ advisedly,
for the work of the burcau in the control of occupational disease
is to render the laboratory and field service necessary to make
the determinations of workroom environment, whether they
be dusts, fumes, gases, illumination, ventilation, or a0y mate-
rial or process that may affect health—that is, t0 measure the
exposure and determine whether the environment is safe aod
if 2 hazard exists, where and to what extent, and due to what
causes, and to present recommendations for its conerol, If
the conwrol involves specific engincering problems, as jc fre-
quently does, thac is the job of the engineer; che bureau makes
no actempe to provide this cype of service, so that in the final
analysis engineers have a definite responsibility in the control
of occapational disease.

THE ROLE OF INDUSTRY IN THE CONTROL OF OCCUPATIONAL
DIskaAsE

In agy program for the control of occupational disease
the cooperation of indusery is esscntial. Possibly one of the
principal reasons why industry has been less willing in the
past to correct an envirooment hazardous to healch is cthat
lictle attempe has been made to provide it with definite data.
Such changes as have been effected were largely accomplished as
the result of arbitrary orders from a law-caforcing agency and
00 serious ateempt had been made to establish che exsct parnre
and extent of the condition.

Indusery is penalized through compensation paymenes if ics
cavironment causes occupational diseases, and, if it can be
definitely shown that a health hazard exists, realizes ehrac jc is
a marceer of good business to control the condition causing it.
But no iodustry will cooperate to the extent of chaaging its
processes, instailing new equipment, subsctirating necw mate-
rials, etc., on the mere opinion of s lay inspector that a hazard
exists. Under such circumseances it will do only what it is
compelled to do, particularly when information secured as
the resule of such inspection can be used against it cither in
the form of mandatory orders, clasims for compensation or
both.

With a set-up such as exists in Connecticur, where the law
provides that the results of iavestigations canoot be used in
compensation claims, with a specially trained technical per-
sonnel to make determinations 20d interpeet the conditions
found in industrial environment, indusery is provided with
just the information it has & right to demand before it is re-
quired to change its processes, substitute materials, or take
other necessary control measures,

Actnal determinsations of exposures are made in the working
eavironment, and industry is peesented with definite conerete
facts thac not only establish & hazard where it exists but pro-
vide coastructive dats for eliminacing it.

It is our cxperience that when industry is approacied by
healch 2 in behalf of s bealth program and is presented
with definite data regarding its working environmeat, in a
spirit of service rather than lsw esforcement, with the assur-
ance that the results of the investigacions will oot be used in
fartherance of claims against it, it not only accepes the service
as & matter of good business but actually requests the assistance
of sach an orgaaization in the improvement of its general
working conditions.

THE RNOINEER'S PAST

The engincer's part in a properly administered progeam is of
vital importance to saccessful control of occupational disesse
conditions. As an integral pare of che personnel of the Buresn
of Occupationsl Diseases, the engineer can offer 20 important
coatribation in interpretation of some phases of dara obeained
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and in the development of recommendations for coatrol of
occupationsl discase hazards. '

The field of occupstional disease control is by no means
confined, however, to that group which may give full time
to this problem. With the awakening of industry to the
necessity of providing healchful mMmt, the entire engi-
neering profession has a large opportanity for cossoructive
work. With the dats ac your disposal developed by the cype
of plant investigation I have outlined, you have oew tools
and more precise yardsticks.

In order to perform your part in the control of occupational
discase you must be prepared to predicate your work not on
the amount of air or marerial you remove bur on the amount
that is left behind and be prepared to meet a standard that
will keep the working environment safe. To you we must
look for the practical application of our findings and recor-
mendations. It is yoo who design the machines and equip-
tment for the use of these materials in industry.

There is, of course, a great deal of equipment used by indusary
that can be safegnarded in so far as the creation of occupstional
disease is concerned by addirional protecrive equipment, but it

Msacranicar ENnoinzEriNG

scems to me that you should keep in mind as s future
ment the importance of taking care of the problem in the
origiaal design so0 thar hazardous conditions may no¢ develop.
Why design s rock-crushing machine without proper duse-
collecting devices, a degreasing machine which permits taxic
quancities of vapors to escape, or an asbestos carding machine
that subjecs operators to 33 millico particies of duse per
cubic foot of air, when, after installstion, these equipments
will require additicnal devices to protect the worker, more
expensive sad less satisfactory than if the equipment had been
origioally designed properly to protect the operator?
Indusery is very much alive to che necessicy of providing
safe working environmeat for its employces and you bhave 2
splendid opporrunity through the exercise of your profession
to profit and do your part in the prevention of occupational
discase. Ag sppreciation of the effecs of these materials
and the importaoce of such dats as I have outlined is not only
essential to the proper performance of your task, but will go
far in convincing industry that the design aod installation of
protective devices is oot a tinsmith’s job but cne for a com-
peteat eagineer.

WARNKR & SWALSY NO. S UMIVERIAL TURREY LATES AT WORK IN TEX IROP TURNTING OUT A DOUNLAENEY- WO OF A-] TSk
POR CEB IN THES APRON OF WARNER & SWASEY TURRSY LATENS



TOXIC DUSTS

Their Origin and Sources in Various Industries

Br REUEL C. STRATTON

THE TRAVELERS INSURANCE COMPANY

HE SUBJECT assigned to me presupposes that magy in-

dustrial discases are produced through contace with or in-

balation of industrial dusts of 2 toxic nature. Personally,
I do oot believe that the consideration of occupational disease
prevention should confine itself to dusts alone; it should in-
clude all materials produced in such maoner that they may be
inhaled by a worker, The question of whether a material
exists as a gas, 2 vapor, or a dust is but one of particle size and
chemical make-up; but with materials whose source is in in-
dustry, it does not seem ficting to stop with substances com-
monly koown as dusts and thus fail to consider those which
usually exist 3s vapors.

It is 2 common faulr to focus actention upon one object to
such an extent that others of equal imporraace are thereby rele-

" gated to obscurity. For the preseat, pocumonoconiosis, of
more particularly silicosis, occupies the ceater of the stage and
possibly for the purpose of this mecting such importance is
justified. However, the engineer interested in the coantrol of
occupationa] disease by plaat equipment and operation must not
forget that cthere are many occupational diseases produced
through exposure to industrial dusts other thaa silica-bearing
ones and to vapors, and that the control of these industrial
discases may be brought about through che application of the
fondamental principles which will be propounded by other
speakers today. At present and until new avenues of control
are discovered, explored, proved, and utilized, the problem in
many instances scems almoscl acking a complete solution, bur it
is unquestionably true that certain occupstional or induserial
diseases need pot occur.  The engineering aspects of their con-
ol are 30 well known that in the hands of capable plaac of-
ficials there can be little excuse for their occurrence. In the
control of such diseases, indusery today faces a problem, the
solution of which rests in the hands of the scientist, the physi-
cian, and the engineer.

While the generation of dust in various cypes of industries
2as 2 more or less common mode of origin, namely, the produc-
zion of finely divided material, yet it does not scem firting to
group industries cogether even though the operations producing
dust are somewhat similar. Thercfore, in this paper, opera-
tions will be discussed as individual'to s general indusery
mather thag as individual unto chemselves and sssigned to maay
tndustrics.  While this may produce some repetition of ma-
Qerisl, yer for the sske of those engineers who are especislly
snterested in an individual indusery, I feel the paper will have
added value.

QUARRY OFERATIONS

Although the exposure in a quarry due to dust varies in
Ycverity based upon the chemicsl composition of the macerial
being quarried, most operations are similar. Drilling opera-
Wouns, both well and small-bore, produce voluminous quantities
of small perticles of the material in which the operations occur.

Conzributed by the Committee aod at the Ansual
Meeting, 3 s;k;{lw. of Txs Amuwmm or Ma-
Sxancar Exonexxns,

Air-flushed drills distribuce these particles over & wider ares
thag do water-flushed drills, but the offal from water-flushed
drills dries aod then becomes distributed in the air. When
crushers are operated, cither gyrarory or jaw, dust is produced
ia 20 amount depending mainly upon the size of the unit
involved and upon the fineness of the material which is being

Sizing and screening operations also distribute duse, although
they may not in themselves be prodocers.

SHAYFT SINKING, TUNNELING, EXCAVATION, AND DEMOLITION

Driiling operations in all such activities afford opporruniry
for dust genmeration. Again, the exposure depends upon the
type of rock encountered. Transportation of materiels to and
from the face or working ares also allows dust to be distributed.
Steam-shovel work in excavations workers to dust
clouds. Indemolition work, the pulling of walls, the droppisg
of floors, the loading and unloading of debeis causes the genera-
tion of much dust. Blasting operations when required not
only generate dust chrough the acrion of the explosive itself,
but may precipitate other settled duses by the shock transmirred
to the surrounding structures or areas.

STONS DREMING AND FINIKEING

When chis activity is in conjunction with quarry operations,
the same quarry items previously listed permain. Stone dress-
ing and finishing is probably one of the most prolific sources of
dust known. At least the exposure is one of the most serious
due to the intimate personal concact of employees to the area
in which the dust is generated. Stone dresstng promotes much
hand-tool labor.

Surfacing work, both hand 20d machine, produces quantities
of fincduse, Sawing, curring, and channeling, 28 well as drill-
ing, are also prolific sources of contamination. Haad chisel-
ing produces a certain amouat of fine dust but io- this work the
larger particle sizes usually predominate. Haod polishing pro-
duces some dust but only 2 very small quantity as compared to
2 mechanical polishing mill or jack. Even when wet polishing
is done, the quantity of dust is only slightly reduced. Sand-
blasting operations, if not isolated, are dust producers.  Such
dust generation is camulacive, as the abeasive material is broken
and forms a duse in conjunction with the macerial which is be-
ing blasted and eroded.

In sddition to the operstions indicated, workers themselves
create & dust hazard by the blowing, by meaos of & compressed-

air nozxle, of dust which has sccumulated around the tools

or operations.
BUILDING CLEANDNIO

The clesning of buildings by hand oc mschine msy be con-
sidered a dusty operstion. This is particulasly true when sand
blasting either by air or steam is employed. The seriousness of
the hazard somewhat depends upon the type of matcrial being
cleaned. Nsturally, this is additive with che dust from the
sand used for blasting purpoees.
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ELIMINATING DUST IN ROCK DRILLING

(The drill operates through s dust collector consisting of & meeal cap con-

neceed by a-hose line 10 & suction tank and dust caccher.)

MININQ

The more common forms of mining are coal, feldspar, glass,
sand, merals, mica, refractory macterials, sod ale, In any
form of mining, dust is produced in the use of drills sod exca~
vation machinery. This is true even in open-pit woek. The
exposare varies according to the rock encountered. As in
other cases, the use of wet tools does not entirely eliminate the
generation of dust.

$AND AND ORAVEL DIGGING—JLINT AND SPAR MILLING

These two operations ase ofteatimes associsted. Underwarer
sand 2ad gravel producrion is relstively non-hazsrdons but the
sizing and screening operation, even though upoa moist ma-
terial, may be 2 source of dust generation s the fine particles
will collect on machines, ledges, and pares of che buildings 20d
later be swept into the air.

When flint and spar milling is carried on either in conjuncrion
with sand and gravel digging or with any other source of cxw
stock, the hazard varies, ss has been previously scaced, sccoed-
ing to the composition of the material being handled, Pracei-
cally all operations arc sources of dust contamination, Primary
crushers, cither gyratory or jaw, produce dust; secondary
crushers, screens, -jigs, air scparators, conveyers, and other
types of machinery generally produce dust in air to a grester or
less extent. Bagging, packaging, and shipping cither as indi-
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vidual items oc a3 bulk may produce dust. Spoil beaps
unless salted down may generate dust when the ordinary
land breezes blow over them.

CONCRETE PRODUCTS AND ARTIFICIALSTONE MANUFACTURING

Mizxing operations are dust producers in this type of in-
dustrial activity. Finishing operations if by sandblast
or hand tools also produce dust.

BRICK MANUFACTURING
In cthe manufacture of brick as well as tile and terrs-

cotrs articles there are several sources of dust generation.
The clay-drying department, whether narural materis] is
used or 2 mixed slip is used, produces dust when the dried
materisls are chrown into the air through handling.
The dropping on the floors of small quancitics of material
allows it to become dry and then be dispersed in the air
by workers walking or by transporration. Mixing opera-
tions give off dust. The operation of pug mills and brick
molders may geaerate dust through the drying of the wasce
material. Storage ts may be a source of dust oc-
casioned through the handling of macerial.
CEMENT AND LINE MANUVACTURING

When operating in conjunction with 2 quarry or mine,
previous sources of dust listed under such headings apply.
In addition, all crushing operations produce dusc. The
chargiog operations to burners either hand or mechani-
cally done will create dust. The operations of the finish-
ing and packing department where bags 2nd berrels are
packed, closed, crated, and shipped arc s source of dust
geoeration.

FOUNDRINS

The exposure to dust in foundry operations varies
ooly slightly according to the type of foundry, A
non-ferrous foundry may be little if any different on 22
overall exposure from a ferrous foundry.  Sand-condition-
ing operstions produce dust. The use of sand cutrers or
blenders, screens, riddles, slingers, grab buckers, and
other conditioning machinery or operations may creace
dust. Io molding processes the general work oo the molding
floor or the use of saod throwing sod blowing machines may
produce 2 hazard. The application of parting compounds to
the mold may create s dust. This situation is naturally more
serious when the parting material used is of high freesilica
coatent.

Shake-out procedure, ractling snd tumbling with or without
air, sand-blasting, grinding, sod soagging are d!:;t—prodndng

As previously mentiooed, nnd—bhsgin‘mdtmmdc
ANy circumstances. Om;ingopamcumlondmgtcngoh
or any other type of fatnace may generace dust inthe iramediace
vicinity and later contsminace the remainder of the premises.
'ﬂ:em;ednwmck.n:hulhame,cq-l.nnd,mdpig
stock, may throngh handling generate additional duse.

METALS REFIMING-—LRAD

In ‘sddition to the exposares enumersted under mining and
ore production, there exisc in the refining operation
posures. Furnace operations, sach as charging sod deswing,

This is parei
dmw;mn;mmdnmzw
tery places. Trocking of suck may strew the fisc matcrial om

the ground or floors where it sy be picked up and thrown into
the air by walking or by the wind. Skimming, rcheating, aod
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samplin tions produce dust, The haodling of the
Mﬁm inp:g bouses, flucs, or Coctrell pre-
cipitators msy creats 3 dusty exposure which is parrico-
larly scrious during the cleaning operations gecessary to
keep Cotrrell precipitators or bag houses operating at
proper efficiency.  The transportation of materials in jeaky
containers, non-enclosed mechanical coaveyers, or an-
covered cars creates a hazard. Haaod shoveling may pro-
duce dust in serious quantiries.

MERCURY, ZINC, AND COPFER REFINING

The items epumerated uander lead refining apply here
also. In the production of zinc, one added exposare ap-
pears which is the dust produced in the blowing out of re-
tort condensers, either by barring down or by “shooting™
the condenser with 2 slug of water.

BATTERY MANUTPACTURING—FIORAQB AND PRIMARY

In the manufacrure of storage bacterics an exposure to
dust exists in the preparation departmeat.  The handling,
weighiog, and mixing of the lead oxides eicher by haad or
machine generates dusc. In the pasting operations, cither
haod or machine, the material may be spilled upon the
machine or the floor, become dried, and later be thrown
into the sir in the form of dusc. The brushing of pasted
grids will generate dust in a like magner. On the assem-
bly line even when only hand operations are in progress,
dust may be geperated.

Io the manufacture of primary batteries not oaly may
dust be generated by metal<casting operations, but also
in mixing, filling, and scaling.

CEEMICAL MANUYACTURING

1t would be impractical to acrempe to list all the opers-
tions in chemical manufacturing which may be dust pro-
ducers. Here again the seriousness of the exposure de-
peods upon the material bandied 20d cthe amount of
material that is thrown into the air. Chemical dusts,
particularly some dye and dye intermedisces, are posi-
tive sources of dermatitis where che dust generated lodges
wpon the skin of employees. It is sufficient to say that
@usts are generated in the chemical industry aod each -io-
dividual operation requires scudy by icself.

In chromic-scid manufacturing the sintering of ore is a dust-
producing job. The handling and traaspormacdion of the ore
peior to the sintering either in furnace oc kilo produces dust.
Ihe quenching of the sincered material may geoerace duse s
&0 the crushing of the sintered stock.

AKARFTOS AND ASARSTO-GOODS MANUZACTURING
Axy mining operations and quarry operations are exposurts,
previously discussed.  In the manofacture of asbestos goods,
wricolarfy dq:ty aunospberes are created in the break-out,
Pener, and picking operations. The crushing and grinding
the fiber, as well a3 all spinning and weaving operations,
e s tendency to throw asbestos fiber into the sir sad create
ource of dust contamination. Crushing 20d grinding asbes-
products gencrates dust,

INEBCTICIDR MANTUZACTURING

e taxicity of any dust generated in insecticide masufactur-
Yarics according to the material being processed.  There is
amilarity of operations in most insecticide manufacruring.
mnon department, where the raw macerials are mano-
» involves duscy processes.  The grinding of cakes from

B2 presses, the mixing of different ingredients, cither by hand

Nesmith, . T.

ROCKE DRILL MOUNTED ON TRIPOD AND BQUIFFED WITH DEVICE
JOR TER ELIMINATION OF GXLICA DUFT

(The botties shown oa the tripod messare the amount of silica which
would be inhaled by the drill operacor.)

or machine, the packaging of the insecticides ioto bags, cartoos,
barrels, cither by hand or mechanically, aod che transportation
of materials from point ro point in the plaae generace duse in
varying degree.

PADNT AND COLOR MANUPACTDRING

The handling of balle raw macerials, as well as the grioding
of filcer-press cakes, will dust. Miring and blending
operations either wet o¢ dry produce dust. This exxposure is
inhereqt in the handling of dry materials, bat the spillage of
water-wet materials may dry ot and lacer be throwa inco the
sir. Batch weighing when the hsndlicg is by band produces
dusty cxposares.

GRAM MANTRMCTORING

The most hasardous dusey sress in glas manefacruring are
losated in the raw-matersiis receiving t aod the
batch-miring department. The walosding of glass sand, soda
ssh, spar, flint, and olier macerials from boz cazs or crucks into
storage bins produces duse. Eves when shese maerials are
mechanically handled, duse is Basch miring where
the various ingredicats sve from storage bins sad
weighed preparstory to beiag traasported to the furnsces also
produces dust.
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POTTERY MANUYACTURING

What has been listed for glass maaufacruring also applies to

ttery manufacturing. This is true even when 2 slip syscem
isused. In addition, the grinding and kiln-firing operations arc
importaat sources of dust contaminatioq.

BNAMELING AND ENAMEL-WARR MANUPACTURING

In the preparation of enameling marerial by mixing, grind-
ing, in eicher bar or ball mill, blending, 2nd solution-making
dust is generated. Spray coating or dipping objects may cre-
ate a dusty acmosphere through che dispersion of the fine drop-
lets in air and drying out at the suspended material. The rim-
ming of articles to produce stripes is a dusc producer of high
severity. Loading kilns for firing including the operation of
continuous tunne} kilns may produce dust in large quaacities.
In such manufacturing as well as in many others, the transport-
ing, storage, and handling of raw marerials may be sources of
dust.

TEXTILES

This caption also includes paper, linoleum, felt, hair, and
other similar types of manufzcturing operatiogs. Such dusts
are not generally considered as being toxic, but yet 2 sufficient
number of instances have arisen 10 make it.appear warranted to
include them within the scope of this paper. Picking, opening,
mixing, bloging, carding, willowing, spinning, and other
similar operations produce dust. In linoleum masufacturing
the receiving of the raw filler marterial, such as soapstone, talc,
and mica, as well as the storage of these materials and their
handling during process work, may produce dust. Both in
hair and in hair-goods manufacturing, the dust may also in-
clude the spores of agthrax and the origin of such contamina-
tion may be particularly prevalent in the blowing and curling

operations.
METALLIC-POWDER MANUYACTURING

Where 2 cupola is operated in conpection with such opera-
tions, certain exposures previously listed may be found. In
stamping the metal, dust may originace, Il coating operations
dust 2lso occurs. Where an air-floar method is used for the
separation of fine particles from large, dust may be ex-
hausted into the atmosphere of the place of work in copious
quantities.

MISCELLANEBOUS EXPOSURES

There are certain cxposures where & material may exist in
the form of a dust, a vapor, or possibly & spray of fine droplets,
The correction of 20y exposure of this type requires recognition
on the part of che eagineer of the macerial to which workers
may be exposed and a determination of the point of origin of
such material. A few miscellancous exposures are discussed in
the following paragraphs,

Exposure to Mercwry, Exposures to mercury may occur in the
mining of the ore, the reduction of the ore, and in the amalga-
mation of gold ores. Exposure is also found in the manufac-
ture of thermometers, vermillion, and other dyes, the fele-hat
industry, the treating and handling of furs; incandescent-
lamp, radio-tube, and other electrical-apparstus maaufactrure;
explosives manufacrure; and laboratory work, including photo-
graphic and research laboratories.

The cxposure may be from the duse of the sales of mercury,
the generatioa of fine droplets of mercury rogether with duses
of other nature, and the vapor of mercury which is generaced
at high temperature as well as smsll amounes which may be
given off at ordinary room temperature.

Exporure ro Chromium. The exposure to chromium is usually
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found in the gencration of the dust of the sales of chromium.
There are certain processes in the manufacrure of chromic acid
and chromium sales from chromium ores which produce dosc,
The manufacture of paint pigments containing chromium, yarn
dyeiog and calico printing, the use of bichromates in dye prepa-
ration, the chrome process of leather tanning may also have
dusty operations. In elecroplating with chromium magy fine
droplets of chromic acid may be thrown into the air by the
bubbles of hydrogen disengaging at the surface of the liquid in
the electroplating tank.,

Exposure to Benzol. Exposure in the case of benzol is usu-
ally due ro the vapor of the material. The operations of its
production, its use in artificial-leather manufacture, in de-
greasing operacions, and in others may result in an exposare.
Information may be found in the report on benzol which
was published several years ago by the Nartional Safery
Council.

Exporure t¢ Lead. As lead is used in widely varied operations
and in widely varied forms, ic would be relatively impossible to
list all of the operatioms which mighe include an exposure.
The exposure usually exises in the form of dust of the material
itself or its compounds or in the form of fumes which may be
generated at poines where che material is handled at tempera-
tures above its melting point.

Dusty operations may occur in lead mining, lead refining,
lead smelting and sintering, the manufacture of piumbers’
supplies, foundries, battery magufacture, both storage and dry,
pottery operatioas, glass manufacture, certain printing crades,
rubber-tire manufacture, aod pzint maoufacture. la addition,
dusty exposures may occur in the chemical-manufactuting
trades which involve the manufacture or use of lead or ies
compounds.

Exposure 2o Arsenic.  Exposure to this marerial may often be
found i the dusty operations surrounding che refining of copper
ores and the manufacture of insecticides containing arsenic,
either in the form of the oxide or other salcs.

Exposxre 10 Radium and Radioactive Substances. The exposure
to this material while not by any means general has been recog-
nized in isolated sections and attained for itself relative promi-
nence. The exposure may exist in the inhalation of dust from
radium-bearing materials or the exposure to and the inhalation
of emanations from radinm. In general, this exposure is pro-
duced in the mining and haodling of radium ore, the refining of
the ore, the collection of radium emanation, 20d the use of the
material in producing luminous dials for watches, clocks, and
instruments.

CONCLUSION

QOuc should not pecessarily conclude that every operation
listed in this paper is an absolutely dangerous source or point
of origin of a toxic dust. It should not be a foregone conclu-
sion that the operations listed in this paper include all of the
possible sources of toxic dusts. The operations discussed,
however, are typical of those where known cases of ure
have occurred. To the engineer unfamiliar wich sources of air
pollution, even in the so<called non-hazardous industries, che
listing may seem far-fetched and ambiguous. It should not be
assumed that an exposure listed in this paper is prima facie evi-
dence that trouble is inevitable, but to a8 engincer interested
in protection against the more important sources of sir con-
tamination by dust geperation from ordinary induscrial pro-
cedure, the listing will provide a basis upon which he may
work. All in all, it is besc for soy engincer to proceed
upon the basis that any dust of any type in any concentra-
tion creates an industrial exposure aad to suppress the dust st
its origin,
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