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Dusts and Fumes in Industry
(Sources, Effects and Control)

=ess

T INTRODUCTORY STATEMENT

In dealing with occupational diseases and their effects, the
attending physician should keep in mind that the etiology of
these conditions is present in the industrial environment —3jf
the conditions arc to be considered truly industrial in origin.

It is likewise important to understand that rational diagnosis
and treatment rests upon a fairly accurate knowledge of the
etiology of the disturbances; this is especially true of occupational
diseases and allied disorders.

Moreover, employers, industrial hygiene and medical depart-
ments are greatly Interested in the prevention of varipus maladies

* which ordinarily affect employees; this clinical and economic
interest on the part of industrial management further emphasizes
the nced for understanding the etiological factors in the working
environment, so that they may be properly controlled.

This booklet on industrial dusts and fumes is the second of
a series of which the purpose is to show the most important
effects of occupations, show how these occur, give measures for
treatment, diagnosis, and prevention, meanwhile cansidering the
source ‘or cause of such conditions. It is hoped that these simple
and brief expositions will be of considerable help to industrial
physicians, and to private practitioners who have among their
patients employees of industrial plants subject to such exposure.

DEerINITIONS

Dusts may be defined as solid particles of matter. which are
ordinarly produced by grinding, crushiag, drilling or blasting
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Dusts and Fumes in Industry

processes, the composition of the particles being the same as that
of the parent materials, These materials may be rock, metals,
ores, or such products, for example, as coal, grains, or wood.
The size of the particles varies from what is called ultra-micro-
scopic to those which are visible. Authorities now agree that the
hygienic significant particle size of dust ranges from a fraction of
a micron tu 10 microns. (A micron is 1/25,000 of an inch). The
most frequently encountered dusts in industrial processes are
mainly those from inorganic minerals, and a few organic dusts,

~ such as wood and flour.

Fumes may be defined as solid parricles which are formed
by processes similar to combustion, condensation and subjima-
tion. The most common types of fumes encountered in industry
are usually caused by the oxidation of a metal, of which typical
examples are the oxides of lead or zinc. Particle size is usually
smaller than dust and ranges below one micron. In contrast to
dusts, fumes tend to facculate very easily. Many people erron-
cously speak of fumes when they mean vapors of liquid materials,
such as acid solutions, organic solvents, and the like.

Incipence anp ETioLocy

Dusts are the most common type of air contaminanss en-

countered in industrial processes, and can occur whenever various”

mazterials, as-mentioned before, are subjected to processes which
break them up into fine particles; or where powdered or pulver-
ized materials are handled or transported. Inorganic dusts are
the prevailing type so far as frequency is concerned, but organic
dusts are also found in different industrial operations.

. Fumes are usually found wherever there are molten metals
such as lead, 2inc, and calmium being processed or used in indus-
trial operations. Welding is an aperation which has greatly in-
creased in frequency of use and it may give rise to fumes of
the metals which are welded or to fumes and gases from the
variegated coatings of welding rods. ’
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Incidence and Etiology

It is to be borne in mind that metals may produce both dusts
and fumes, according to the nature of the operation and the state
of the materials when processed. For example, among the heavy
metals such as lead, dust may be of equal or greater etiologic
importance with fumes — other mineral dusts and metallic dusts
also are considered of etiolopical importance, as the following
outline will show:

1. Orgenic dusis:
1. Non-living organic dusts:

(2) Toxic andfor irritant dusts; *‘(Various organie
compounds such as trinitrotoluene, mesenry ful-
minate, tetryl).”

(b) allergy-producing dusts (woods, pollens, and the
like).

2. Living organic dusts:

(2) bacteria

(b) fungi

IL. Inorganic dusts: (mineral dusts)

() toxic and/or irritant dusts; (mainly the dusts from
heavy metels and their salts, such as arsenic, lead,
manganese.)

(b) fibrosis-producing dusts, (examples are free silica
and asbestos).

(c) non-fibrosis-producing dusts; (the socalled inert
dusts, such as alundum, corundum, emery, lime-
stone, magnesite, marble, plaster-of.pans, angd

polisher’s rouge).*

The most important of the non-metallic, inorgani¢ mineral
dusts is free silica, whicth produces silicosis, if breathed in suff-
cient quantities over a long period of time. Free silica dust and

* This clasrificacion s fa sccordance wich ¢he present srare of bnowledge. Foeave xndies aod
exprrieace will probably show sms of the Bod incrs or cud daste to be baseaful
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Dusts and Fumes in Indusiry

asbestos dust are the two kinds of mineral dusts which produce
disease entities corresponding to the names of the dusts — sili-
cosis and asbestosis. Mixed dusts of various kinds, such as various
ores which contain different amounts of fres silica, can produce

different types of reactions, according to the kind of minerals
which are in the ores. Where, for example, there are mixtures of

iron, and various calcium-containing compounds such as gypsum,
with free silica, a protective influence is exerted against the
action of free silica on the lungs. Other modifications of free
sifica action occur according to the types of minerals present
some of which tend to inhibit or restrain the action of free silica,

Another important conception with reference to the etiology
of dust and fume diseases which may result from exposure to
these classes of materials, is the use of the terms exposure and
hazard: they are not synonymous — exposure merely means
contact with some substance which is a potential health hezard;
whether it is an actual health hazard can only be determined by
an industrial hygiene engineering survey, in which the amount
and kind of exposure is rated, sccording to accepted standards
of concentration, size, and quality of dusts and fumes. Many
persons erroneously therefore state that there is a lead hazard,
for example, when it is only known that contact is being made
with lead; and when there are no data to support the contention
that there is an actual hazard present in the working environ-
ment.

Methods for the determination of dusts and fumes in the
air, also with reference to the types of devices used for such
determinations, will be mentioned later. The importance of air
contamination will be realized when it is stated that the patho-
logic effects produced by dusts and fumes are broughr about
almost entirely by the inhalation of these componnds and ma-
terials. There is only one outstanding example, for instance, of

the possibility of absorption of lead through the skin, namely’

tetraethyl lead, and this occurs in the form of a fluid. No dusts,
so far as is known, produce any systemic pathological condi-
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General Diagnestic Methods

tions from skin absorption, and it is doubtful that any kind of
true fume 1s absorbed by the skin.
From the ctiologic point of view, particularly with reference
to pathologic effects, the following outline shows how different
_types of substances (among the dusts and fumes) zact on various
systems in the body to produce pathological effects:
1. General systemic poisaning:
Examples: Arsenic, lead, manganese, mercury.
2, Substamces acting on the circalatory system:
Examples: Arsenic, lead, mercury, vanadium.
3. Substances acting on the respiratory sysiem:
Examples: Asbestos, free silica.

4 Substances acting on the gastro-intestinal system:
Examples: Antimony, cadmium, lead, mercury, zinc.

. Substances acting on the skeleton and fointss
Examples: Lead, mercury, mesotharium, phosphorus,
radium.

6. Substances acting on organs of special sense:
Examples: Arsenic, lead, manganese, mercury.

7. Substances acting as fetal poisons:
Examples: Lead, mercury.

8. Substances acting on the genito-urinary system:
Examples: Arsenic, lead, mercury, vanadium.

9. Substances acting on the brain and nervous system:
Examples: Arsenic, lead, manganese.

GeneraL Diagnostic METHODS

The accurate diagnosis of pathological conditions arising
from the inhalation of industrial dusts and fumes has tremendous
economic significance and also it is of medicolegal importance.
Moreover, it is impossible to understand how proper and cfiica-
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Dusts and Fumes in Industry

ceous treatment may be rendered unless a scientific diagnosis
is made. If a claim results from the pathological condition
alleged, it is evident that the disease sustained must be directly
related to the employment and further, must produce disability
to entitle the individual concerned to compensation.

Diagnostic methods with reference to dust and fame diseases
need not differ widely, if at all, from those used as routine pro-
cedures in general scientific medicine, although there are specific
methods as in any other application of general medical diagnostic
principles to any special group of persons. New discoveries occur
relative to diagnostic methods in cccupational disease work and
for the most part, reliance must be placed on information which
is scattered throughout the current literature in additon to
available textbook material which is better now than it was even
five years ago.

Emphasis has already been 'placed upon the vital part played
by etiology; it is wise to repeat that edology forms the bulwark
of the diagnostic and therapeutic background.

Among the methods which are used to make 2 fairly accurate
diagnosis with reference to occupational diseases, is the taking of
a thorough industrial history; consideration of symptomatology,
the physical findings, the results of air examinadon; and finally,
last but not least, a differential diagnosis, ruling out diseases of
ordinary life which have no relation to occupation.

The industrial histery may be of very great assistance in
arriving at an opinion. Most industrial physicians of considerable
experience believe that it is desirable to include a complete
resume of the kinds of occupations which have been expetienced
by the individual being examined, dating from the first job to
the last one. It is of course clear that the details of actual occupa-
tional exposure cannot be evaluated by this method, but im-
portant mformation bearing on the diagnosis may thus be
obtained. It is the present practice, therefore, to list the occupa-
tions with the dates of accurrence, in the industrial history. It is

46>
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General Diagnostic Metkods

furthermore advisable to get more detiled information relative
to the pérformance of the occupation, if that can be obtained.
This will at least give information relative to the kind of exposure
in industry, although it will give no idea of the severity of ex-
posure.

The symptomatology in many kinds of occupational disease
is likely to be confusing rathcr than useful, because in many
instances it so closely simulates that of non-industrial disease
that it is quite commonly not characteristic. Especial attention
should be given, however, to the recording of the symptomatology

and critical attempts made of its proper evaluation. Here again, -

distincdon must be made between symptoms which may be due
to non-occupational disease and those symptoms which are specific
for occupational diseases — this is where the difficulty anses in
adequately asscssing symptomatology.

The physical findings, on the whole, are more reliable than
the symptomatology, although in certain instances they too are
not characteristic and are, therefore, liable to be somewhat
puzzling. Where only one portion of the body is affected, as in
silicosis, for example, it might be assumed that the physical
findings would be more characteristic, but che opposite of this is
usually true. In other instances, for example lead poisoning,
where different organs and systems are pathologically affected,
the picture is liable to be one which demands expert evaluation o
differentiate from non-occupational conditions.

Clinical laboratory data, including X-ray findings, are
frequently found to be decisive, although here again intelligent
appraisal means proper interpretation of the data. When they
are decisive, such tests are by the very specificity of their nature,
of great valug as diagnostic aids, although they should be defi-
nitely correlated with other findings.

Differential diagnosis presents perhaps the most difficuls
problem of all in the realm of diagnesis of occupational diseases.
There 1s good reason to believe that differential diagnosis will
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Dusts and Fumes in Industry

continue to be one of the most difficult phases of the medical
ramifications of the medicolegal problems of occupational dis-
eases. The reason which has already been indicated is that the
symptomatology and frequently the physical findings imitate so
closely the symptomatology and physical findings of non-
industrial diseases, that one must make use of specific procedures
which are designed especially as diagnostic guideposts. Frequently
such specific procedures are not used to any great extent, except
by those who are highly specialized in the field and whose work
takes them into a review of the current literature containing
these developments. For example, one may believe that an

- industrial employee has lead poisoning, largely because of second-

hand knowledge that lead was used in his cccupation, more easily
than one could demonstrate adequate etiology and the existence
of lead poisoning by scientific methods.

Because of all of these obvious and other difficulties, it seems
wise to adapt specifically certain examination procedures to
industrial problems arising out of occupational er suspected
occupational diseases. Most authorities now agree that the
examining physician can be of greater service and give more effi-
cient advice regarding either acceptability for employment,
continuance in it, opinion en the diagnosis of systemic pathologic
conditions and the estimation of disability, If he is conversant
with the following points:

1. The nature and extent of the industrial exposure into
which the employee will go or where he has been. This can
be determined only by scientific methods which will be
referred to later.

2. The effect of this specific exposure upon normal and
abnormal physical states of employees, as interpreted by
the physical statas of each individual on examination.
(This refers specifically to eticlogy in the industrial en-
vironment and the effects which such etiology may or
could produce.) )
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Clinical Examples

3- The nature of the protective devices supplied by the em-
ployer, if a hazardous exposure cannot be otherwise con-
trolled, and as to whether these devices are functioning
efficiently. (Reference will be made later to these devices,
especially designed for protection against dust and fume
exposures.)

It is realized that these procedures are somewhat removed
from the usual program of physical examinations, particularly
with reference to the work of part-time industrial physicians, but
it is also expected that the physician will be called upon increas-
ingly to know and appreciate such information so that he may
function better as a diagnostic medium.

Because the most frequent and most significant exposures in
industrial processes are free silica dust and lead and its com-
pounds, it seems advisable to include in the next section some
clinical examples, namely silicosis and lead poisoning; there will

~ also be included a brief discussion of meral fume fever.

Crivicar ExampLEs

Simply stated, silicosis is a disease of the lungs, caused by
the continuons inhalation over a long period of time of very finely
divided, microscopic, particles of free silica dust. There have
been various standards set up by different agencies, based upon
studies of silicotic workmen and their exposure to free silica dust.
The National Silicosis Conference Report on Medical Control
of Silicosis says: ‘““There is evidence that for prolonged exposure
a concentration of more than five million particles per cubic foot
of a highly siliceous dust is dangerous. Therefore, it is now con-
sidered good practice to hold concentrations of highly siliceous
dust at § million particles per cubic foot, or less.”

Because of the fact that industrial exposures, involving high
free silica content in which the concentration of dust should be
restricted to five million particles per cubic foot, are relatively
infrequent in industry, and also because the opposite usually

<>
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Dusts and Fumes in Industry

occurs (an exposure to “mixed” dusts which contain zppreciable
amounts of free silica but also contain considerable amounts of
other types of material) it is believed wise to refer to the formula®
developed by the National Silicosis Conference with reference to
a working criterion with respect to satisfactory or unsatisfactary
conditions, when exposure to ‘mixed’ dusts occurs.

It is to be bomne in mind, however, that any unprotected
industrial operation, which involves the production of a lot of fine
dust particles of material containing a relatively large percentage
of free silica, offers a potential silicosis hazard.

The incidence of silicosis is not known with any degree of
accuracy, although various estimates have been made. One of
these made some time ago by the American Insttute of Mining
and Metallurgical Engincers indicated that in the United States
the number of industrial workers exposed to the silica dust
hazard s in excess of a half million. Figures quoted by the Com-
mittee Reports of the National Silicosis Conference disclosed
estimates that approximately 2%, of the working population of
the United States or about one million workers are exposed in
some way to the potential hazard of silicosis, and that perhaps
half of this number, 500,000, or 1% of the total, are exposed to a
serious hazard. It is furthermore believed that approximately
110,000, or 0.2 of 1% of the total, have silicosis to some degres,
but likely only 4000 to 5ooo (a small fraction of 1% of the total)

suffer any degree of disability from the disease. (These figures are

based upon prewar estimates.) It can readily be seen that silicosis,
although not a rare disease, is not common and furthermore not
as common as may ordinarily have been supposed by many
persons.

Recent conceptions with regard to the contraction of silicosis
have established the belief that approximately 24% of those
exposed to 2 real silica hazard will eventaally develop silicosis.

L] FORM A “M aleiply :bc mmnu ul free --r.a by 1be rotal dust couae. If the zesulvie
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Clinical Examples

With respect to the occurrence of silicosis in the foundry
industry, a prewar survey by the Division of Industrial Hygiene
of the New York State Departmert of Labor, based on 2 stady
of 311 foundries, of which 8o plants included X-ray examinations
involving 4,754 employees, provides some interesting figures: the
X-ray summary showed that 3,259 or 80.2%, were negatve; 185
or 4.5% showed fibrosis; 110 or 2.9%, showed silicosis with and
without infection; 485 or ¥1.9% showed healed primary and re-
infection types of tuberculosis; 27 or 0.07% showed clinically
significant tuberculosis, It was concluded, as stated in the report,
that it would appear that the silicosis hazard in the foundry
industry in New York State, while existent, is of mild degree of

severity and may be expected to yleld satisfactorily to appropriate.

measures of control. The report farther indicated that tuber-
culosis as manifested by X-ray films of the chest was found to be
more prevalent among silicotics than among non-silicotics in
foundsrymen. '

The occupational history, as previously indicated, is of con-
siderable importance. Forms for the recording of occupational
records have been devised by various organizations and groups
and by physicians and insurance companies. One of the most
complete and longer forms has been devised and used by the
Saranac Laboratory, Saranac Leke, N. Y., in connection with
silicosis studies and symposia on silicosis which have been held
by this group. It is suggested that the physician, if interested,
should contact the industrial hygiene bureau of his state health
department through which detailed forms may be secured or
information relative to them.

The symptoms and physical signs are not characteristic; they
may be confused even by skilled diagnosticians in other diseases,
with the symptoms and signs which commonly occur in both
minor and the more serious types of the well-known respiratory
infections, Charactenstically, shortness of breath on exertion
and decreased chest expansion frequently occur in advanced
cases of silicosis, but these findings must also be differentiated as

LI & 9o
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Dusts and Fumes in Industry

to their casual relatonships and their possible association with
other diseases. '

The clinical confirmation of the diagnosis of silicosis rests
mainly on the characteristic X-ray appearance of the chesz. This
shows the typical lesions of silicosis, hyaline fibrous nedules
which are scattered as opaque bodies throughout both lung
fields, the density of these nodules being somewhat less than
calcified bodies, but discrete in outline, ali about the same size
in the early stage (so-called millet-seed size} and evenly dis-
tributed throughout both lung fields. These nodules appear as
the first indication of silicosis, later become somewhat confluent
and in the latter stages, there are large masses of opaque material
found ncar the periphery of the lung fields. In the later stages of
silicosis, the disease is frequently complicated by infection,
usually tuberculous in nature. As an aid to interpretation of the
X-ray films of the chest where silicasis may be suspecred, it is
suggested that the physician refer to a tabulation of the X-ray
changes in silicosis, with the underlying histological condidons
which cause them, published in the transcript of the Second
Silicosis Symposium, Saranac Lake, N. Y, 1935.

Diagnosis rests upon proof of occupational dnst exposure
sufficient to produce the disease, and the presence of character-
istic nodular lesions in the X-ray film of the chest. The mere
mention of occupation is not sufficient for diagnostic purposes —
adequate knowledge concerning the qualicy and quantity of dust
exposure, as well as the length of the employment period, is
necessary to establish a distinct causal relationship.

Although considerable diagnostic reliance s usuwally and
properly placed upon the history of adequate occupational dust
exposure and the characteristic chest X-ray appearance, a thor-
ough physical examination with appropriate clinical laboratory
examinations should be done, especially with reference to the

ruling out of other respiratory diseases. Diagnosis becomes

essentially a differential diagnosis, as before explained, one
which is likely to be difficult, necessitating special experience
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Clinical Examples

and knowledge. Some of the conditions requiring differential
consideration here are miliary tuberculosts, multiple calcifications
of healed tuberculosis, cancer of the lungs, and fungous growths
of the lungs.

Within recent years, superimposed infection has come to be
the accepted cause for disability. The outlock in simple silicosis,
therefore, (that is, without infection) is more favorable than was
formerly believed. It is obvious that the chief problem for the
silicotic is to avoid superimposed iafection, which is usnally
tuberculous.

There is no one specific, efficacious treatment for silicosis,
although in recent years, the inhalation of metallic aluminum
powder has shown some promise. In cases where tuberculosis
complicates the picture, it is obviously to be treated by the best
known methods for that disease. There is some recent evidence
that surgical therapy as used in ordinary forms of taberculosis
is also a help in the type of tuberculosis which follows silicosis.
The evidence for this is not conclusive, but there are good results
on record.

In general, recommendations for the treatment of cases of
silicosis vary with experience and with the findings of each case.
It is believed, for example, that no treatment is necessary in the
case of an individual without symproms, whose X-ray film of the
chest (taken perhaps in a routine industrial survey)} shows only
widespread discrete nodulation without localized shadows indi-
cating infection. However, the employee should have serial X-ray
examinations with physical examinations of the chest at least
once a year and should be removed from further silica exposure
to some other job, since the discase is very slowly progressive
and there is at this stage no disability which precludes continua-
ton in employment, A person with localized conglemerate
lesions may have symptoms and usually cannct do as heavy
work as formerly; therefore, a lighter job should be found. In
the presence of active infection where there are symptoms or
_ incapacitation, the individual cannot obviously continue in his

413D

SC 030806



pomay

R as saraiibn ety DESTTRE USRIy
skl Goramian.

e

Dusts and Fumes in Industry

former employment. If the case is one of open tuberculosis with
positive sputum, it is evident that sach an employee is a source
of danger to his fellow workmen and should be placed in a sani.
tarium or hospital. In cases of inactive infection with no incapaci-
tation, lighter work should be provided, without further dust
exposure.

Dusts containing silica in combined form do not cause silicosis;
however, one such dust, asbestos, a magnestum silicate, will
produce a characteristic fibrosis which s called asbestosis. This
disease i5 quite different in its pathology from silicesis, and has
a characteristic ‘ground-glass’ appearance on the X-ray &lms of
the chest. Animal experimentation indicates that the action of
asbestos is probably mechanical, since it cannot be produced iz
other than the pulmonary tissue. Asbestosis may cause disability
and a few fatal cases have been recorded, but in those cases show-
ing marked disability, other organic disease is usually also
present. The symptomatology and physical findings include
cough, dyspnea, pallor, clubbing of fingers, and diminished chest
expansion, with a characteristic X-ray appearance as previously
mentioned. . .

Lead Poisoning

Lead poisoning offersa good example of an industrial poisoning
which iscontracted by the inhalation either of a toxic dust or fume,
and has been stated to be one of the most frequent and important
types of metallic poisoning in industry, on account of the wide-
spread use of lead and its compounds.

Although there are no reliable statistics available with respect
to the national incidence of lead poisoning, it is believed that lead
poisoning is very prevalent and that most of it is mild. The
incidence of severe types of cases, particularly lead encephalo.
pathy and the more severe types of nervous system involvement
are not seen with as great frequency as in former years. Many
physicians who are used to handling industrial cases now rarely
sce a case of wrist drop due to lead poisoning, whereas 20 to 25
Years ago it was z rather common phenomencn, in cases of lead
intoxication. ‘ |
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The industrial history is of great importance, as previously
indicated, and a thorough consideration of the nature and extent
of the exposure to lead and its compounds is an essential point
in the ctiology. It is now generally accepted that the standard of
the U. S. Public Health Service and the American Standards
Association of 1.5 milligrams of lead per ten cubic meters of air,
is the maximum allowable concentration. Because it is now con-
ceded that practically all industrial lead poisoning is contracted
by the breathing of lead dust and fumes, it becomes of con-
siderable importance in working out the etiology to ascertain the
amount and quality of lead dust and fumes in the air, during the
occupation of the involved individual. This point will be dis-
. cussed later with reference to prevention.

Formerly, the nature and vaniety of non-industrial sources of
fead intake made it particularly difficult to establish industnal
etiology on a sound and competent basis. More recentdy, how-
ever, non-industrial lead intake has been measured by scientific
methods and with the exception of an occasional difficulty with
. various types of homemade beverages stored in utensils glazed
with a lead compound, the non-industrial lead intake is not
believed to be a considerable factar in the production of lead
poisoning in adults. There are, however, some exceptions and
these should be taken into account, as indicated.

The diagnosis of industiial lead poisoning is not a simple
matter on account of the fact that dlinical symptoms and signs
are protean and are lable therefore to simulate other discases.
Great increase in our knowledge, however, has occurred within
the past ten to fifteen years, and it is now known that thereis a
-close relationship between the action of lead and its compounds
within the body and the calcium metabolism, and further, normal
and abnormal excretion of lead has been worked out on a sdentfic
basis. It is now an accepred fact that persons without industrial
exposure normally excrete a certain amount of lead in the urine.
1t has been stated that definite clinical findings of lead poisoning
are practically always associated with abnormal urinary lead
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Dusts and Fumes in Industry

excretion — the reverse, however, is not wue — that abnormal
urinary excretion of lead in the absence of characteristic clinical
findings indicates lead poisoning.

Other laboratory findings arc important, particularly the
examination of the blood, some investigators and clinicians using
the increase in basophilic stippled red cells as an indication of
positive findings and others using what is known as the basophilic
aggregation test. Both are found to be successful, the former
more adaptable in cases of frank poisoning, the latter more useful
in cases of lead absorption and suspected incipient poisoning.

Although as indicated, the clinical symptoms and sigas of
lead poisoning are protean, the principal effects are expressed in
the blood, the gastrointestinal system, and the nervous system,
named in order of their usual chronological occurrence. In brief,
the most consistent findings are changes in the color and form of
the red cells of the blood, colic and constipation, and weakness
and atrophy of the extensors and flexors of the muscles of the
wrists, with partial paralysis in the more advanced types of cases.

The differential diagnosis, as may be obvious, has to do
mainly with differentiating industrial lead poisoning from non-
industrial diseases which may involve the blood, the gastro-
intestinal system, and the central and peripheral nervous systems,
producing changes which arc similar to those observed in frank
lead poisoning. Such non-industrial diseases show a considerable
variety of pathological processes affecting the above-named
systems. '

The treatment of lead poisoning has undergone considerable
change within the past ten to fifteen years. In general, the treat-
ment consists mainly of appropriate therapy for the toxic episodes
and the mobilization of stored lead in the long bones. It is usually
agreed that it is wise to facilitate the storage of lead by an excess
calcium intake rather than to set lead free in the blood stream;
after the passing of acate toxic episodes, the climination of lead
may be assisted by means of low calcium intake, the administra-
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tion of weak organic acids and ammonium salts, sodium bicarbo-
nate, and potassium jodide. Care should be exercised in using
such forms of treatment on patients who have nephrids.

Two schools of thought with widely divergent views exist
with reference to deleading the body: there are those who feel
that in the majority of instances deleading will accomplish good
results, while there are others who adopt a conservative attdtude
and because of the possibility of precipitating acute symptoms,
feel that it is safer to produce artificial deleading by slow methods,
or to résort to the natural process of letting the body delead
itself over a peried of time. The choice in the matter depends
upon the individual case and the previous results which have
been achieved at the hands of the physician in charge of the case.

Storage of lead may be facilitated in acute cases by 2 high
calcium diet or by the slow intravenous injection of 10 cc of 209,

_ calcium gluconate; variations with relationship to this form of

treatment have been devised by various physicians. In the delead-
ing process, low calcium diet together with oral administraten
of ammonium chloride has been found to be effective, whereas
in certain cases parathyroid extract and sodium bicarbonate also
have been useful. Within recent years it has been established that
large doses of viosterol have been instrumental in increasing the
excretion of lead. Other investigators have found that an adequate
phosphorus intake is essential for the depositing of lead in the
bones and for the removal from the bones of the excess catons,
as the insoluble phosphate salts in the feces; it has therefore been
recommended that deleading may be accomplished by giving a
diet low in calcium and relatively high in phosphorus, using
viosterol 20 minims daily.

There are also variations of treatment with reference to the
amount of intoxication, and where there has been high, medium

~ or low lead intake in industrial occupations. In all these types of

treatment, deleading should be done in the hospital where the
patient may be closely supervised. Some investigators advise

417
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Dusts and Fumes in Industry

against deleading more often than once in four weeks and the
course should not be prolonged for more than three or four days;
some physicians belicve that it may take from six to fifteen
courses of deleading to free the individual of his most loosely-
combined lead, which of course is the most dangerous type of
lead. It is again warned that deleading should not be undertaken
in the presence of acute symptoms; it is further agreed by all in-
vestigators that calcium therapy is considered to be the most
specific at the present time.

The outlook in cases of lead poisoning is much better now
than formerly because of the occurrence of moderate types of
effects, the severer forms being a preat dea! less frequent than in
former years.

Metal Fume Fever .

This name is applied to the condition which results fro
breathing fairly heavy concentrations of freshly formed metallic
oxide fumes, principally zinc and one of its alloys, brass; although
the condition may result from the inhalation of other metallic
oxide fumes. Metal fume fever 1s not a systemic poisoning, but
it should be borne in mind that some of the metallic fames that
can cause it, such as lead, cadmium, mercury, and manganese,
may also cause systemic poisoning.

The symptoms come on some hours after exposure, usually
after lcaving work, a dryness of the throat being first noticed,
which may be followed by a dry cough and a feeling of heaviness
in the chest. Rise of temperature, accompanied by sweating, and
leucocytosis and elevation of the pulse rate and the blood pressure
usually follow, sometimes with chills. The symptoms ordinarily
pass off in 12 to 24 hours and the usual experience is that the
employee returns w work the following day. A natural immunity
is conferred in certain types of workers, which sestus to be lost
rapidly after removal from continuous exposure.

Diagnosts is made usually on a clear history of industrial
exposure to metallic oxide fumes. It must be remembered that

18>
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the effects and symptoms of metal fume fever are very similar
to those of influcnza and that the malady is more often noticed
in the fall and winter, when influenza usually occurs. The in-
dustrial history is, therefore, important in diagnosis, particularly
with reference to a causative exposure to metallic oxide fumes.

The outlook is good for complete recovery in a short time and
usually there is no time lost from work, although there may be
temporary incapacity in terms of hours.

The treatment is symptomatic and especially directed toward
comfort becausc the patient usually recovers within a relatively
short time in zll events. Rest in bed with adequate warmth and
protection from drafts are recommended. However, 2l] suspected
cases of metal fume fever should be attended by a physician
because the symptoms may closely simulate influenza which
makes the differential diagnosis impartant.

OtHer Dusts aAND Fomes

It must not be concluded thar although clinical examples were
given of silicosis, lead poisoning, and metal fume fever, there are
not other examples which are of importance. These subjects were
selected because of their frequency of occurrence and because
of the fact that they are commonly encountered as examples of
dust alone, dust and fumes, and fumes.

* Among the other metals which may be mentioned are arsenic,
antimony, cadmium, manganese, mercury, radium, selenjum,
silver, tellarium, thallium, and vanadium. Not all of these are
equally important with reference to toxic effects.

Probably the most imporant of these from a toxic point of
view are arsenic, mercury, manganese, and cadmium. Arsenic pro-
duces chronic poisoning chiefly from breathing over a long period of
thin air containing dusts, ar sprays of arsenic compouads, The
compounds of arsenic such as lead arsenate, paris-green, arsenic
oxide and arsenic sulphide are among the more dangerous forms.

d19D
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Dusts and Fumes tn Industry

Where dusts of mercury are present, they will be in the form
of either mercurous or mercuric. compounds, where metallic
mercury is used in the manufacture of such items as thermometers,
mercury switches, mercury vapor lamps, mercury boilers, ete,,
the hazard is from the vapor since mercury has a considerable
vapor pressutc cven at normal temperatures. Mercurialism is
characterized by three features: inflammation of the mouth,
muscular tremors, and psychic irritability — sometimes all of
these are encountered and sometimes only two or only one. In
the more chronic or slow form of poisoning, a characteristc
tremor is the commonest symptom, coming on late, and has been
noted to occur particularly among mercury miners.

Manganese poisoning ts an old industrial poisoning, having
been described more than 100 years ago, but has receded in
incidence in American industry. Characteristically it produces a
peculiar slapping gait with phenomena of retropulsion and pro-
pulsion; masklike faces; monotonous voice with economical
speech; muscular twitching varying from a fine tremor to gross
rhythmical movements of the extremities; languor znd sleepiness;
cramps in the calves of the legs with stiffness; slight increase in
the tendon reflexes without any disturbance of the decp or super-
ficial sensation. Studies within the past five years indicate that
dust is the most important type of exposure.

Cadmium is encountered in the smelting of ores, the handling
of socalled ‘blue powder’ compounds, the spraying of pigments,.
the welding of alloys, and the melting of cadmium metal itself,
as well as certzin non-industrial exposures where utensils have
been plated with this metal. In recent years there have been
several outbreaks of cadmium poisoning among non-industrial |
users of such utensils. The use of the metal has increased remen~ g
dously and therefore, there is more industrial exposure. Two
types of effects have been observed, those with reference to the
lungs and also those with reference to the gastro-intestinal tract,
the former being more important and more frequent. Pulmonary
involvement is characterized by a feeling of constriction in the
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chest, edema and congestion of the lungs, sometimes with
hemorrhage, proliferative interstitial pneumonitis; while the
latter is characterized by nausez and vomiting and a general
irtitative reaction of the gastro-intestinal tract, with diarrhes,
hiccough, and oliguria.

If further details are desirsd on the clinical aspects of the
metals mentioned, standard works on mdustnaf hygiene and
occupational diseases should be consulted.

PREVENTION

The general principles of prevention involve first the ident-
fication of industrial exposures and the evaluation of such ex-
" posures by proper scientific methods to determine whether or
not they represent actual health hazards. This is done by sampling
the air and determmmg the amount of air contaminants and the
quality of them in each type of occupation or problem involved,
and comparing the results with the accepted standards of maxi-
mum allowable concentration that have been adopted by official
bodies. Second, after it has been determined that there is an
actual health hazard represented by the occupation, control
measures, both engineering and medical, are instituted to control
the hazard, providing it cannot be entirely eliminated.

In discussing the methods of engineering control, we are con.
cerned with three basic principles:
1. Investigation of occupational conditions.

2. The measurement of the occupational exposure and the
rating of the hazard, if one exists.

3. Putting into effect the specific measures of protection
which have been indicated by information sccured under
(1) and (2).

Among the methods of approach for engineering control
.measures may be mentioned:

I. Phymcal and hygienic survey of plant condxuons.

q21 >
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Dusts and Fumes in Industry

2. Occupational history and analysis.

3. Adequate information concerning materials and processes
used.

4 Atmospheric and gross sampling of materials, combined
with quantitative physical and chemical determinations.

- The rating of the hazard by comparing the findings in the
given instance with accepted standards.

6. An appraisal of the efficiency of protective apparatus and
devices.

7. An adequate and proper interpretation of the information
so that it can be applied practically to the industrial
problem involved. »

When the foregoing methods of approach to engineering
control have been carried out and information secured from them,
the information can indicate the necessity for using specific
methods of protection which have been found useful in different
combinations:

1. The use of mechanical devices, such 2s exhaust ventilating

systems, respirators, masks, and the like.

2. The changing of processes (segregation, enclosure, wetting,
etc.).

3. Substitution of nontoxic materials for those of proved
toxicity.

4 Educational programs for management, workers, engineers,
and physicians.

§. Continnous maintenance and checking of the efficiency of
protective equipment.

ATMosPHERIC SAMPLING

The best methed for collecting 2 sample of a dust or fume
from the air will depend somewhat upon the type of contaminants
to be sampled. The degree of hazard of fibrosis-producing dusts
is measured in terms of particles per unit volume of air (example:

d422 P
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Aimospheric Sampling

10 million particles of silica dust per cubic foot of air) while

toxic dusts 2nd fumes which may cause systemic poisoning are

usually measured in terms of weight per unit volume of air.
(Example: lead dust 1.5 milligrams per 10 cubic meters of air.)

Since results may vary with the type of air sampling device
used, it is important to select a type accepted through general
usage in the practice of industrial hygiene,

The larger Impinger which samples one cubic foot of air per
minute by impinging the air containing the dust pardcles from 2
nozzle submerged in water or alcohol against a plate or bottom
of the flask was used in all of the original studies in the United
States on fibrosis-producing dusts. The large Impinger, however,
has the disadvantage of being bulky and requiring electric
current or compressed 2ir for operation of the motor-driven air
pump, which produces the suction stream for air sampling.

A portable Midget Impinger has been developed which has
been proven to give results as reliable as the large Impinger.
This apparatus samples at the rate of 1/10th of a cubie foot per
minute and is operated by a hand cranked, positive action, four
cylinder pump, in conjunction with 2 vacuum regulator which
maintains an unfluctuating suction regardless of minor variations
in rate ar smoothness of cranking,

After the sample has been collected in the Impinger flask, a
portion is placed in a special dust counting cell and counted under
a microscope with an eyepiece having 2 special ruling similar to
a blood count ruling.

Further analyses are necessary with reference to the amount
of free silica in the dust and this is accomplished by the use of
specific chemical, petrographic and X-ray diffraction methods.

The Impinger method of sampling s not entirely suitable for
collecting fumes or dusts of toxic materials such as lead, cadmium,
and others because the efficiency of the Impinger is not adequate
when sampling the very finc fume particles and since the amount

a23>
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Dusts and Fumes in Industry

or concentration of such materials in air which may be injuricus
s much smaller than the safe amounts of fibrosis-producing
dusts, a correspondingly large air sample should be taken for
reliable results.

The Electrostatic Precipitator is widely used in the collection
of toxic dusts and fumes, particularly of metals and their com-
pounds. A Portable Electrostatic Precipitator has been developed
which operates from 110 volts, 60 cycle current, and by high
voltage electrical precipitation collects the sample of the particu-
late matter dry on the inside of aluminum or glass cylinders.
This device samples at the rate of 2 cubic feet per minute. After
the sample is collected, a quantitative chemical analysis is made
in the laboratory. This type of apparatus permits determinations
of very low concentrations of many different kinds of atmospheric
particulate matter.

Where equipment or personnel is nor available for atmaspheric
sampling, state industrial hygiene bureaus or private testing
laboratories may be engaged. Many insurance companies also
have facilities for such work. The Industrial Hygiene Foundation
in Pittsburgh, Pa., an association of industries for the advance-
ment of healthful working conditions, also have an excellent staff
aof technicians for industrial hygiene surveys or consultations in
this field.

REespiraTorY ProTecTIVE EQUIPMENT

It frequently happens that because of the nature of the
operation or process in an industry, it is not possible to thoroughly
control a hazardous exposure resulting from the evolution of
dusts and fumes. In such instances, it is considercd wise to pro-
vide employees with personal respiratory protective devices.
These vary with the kind of exposure and with the amount of
materials in the air,

For ordinary conditions in which only dusts and fumes are
present, simple filter type respirators are available which will

<q 240
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Respiratory Protective Equipment

p}otcc: the worker against the hazards of bfca.thing these dusts
and fumes.

Such respirators normally consist of a facepiece covering the
nose and mouth, made of some pliable matenial such as rubber
which will conform to the face and provide a comfortable and
dust-tight fit, and to which is attached a filter made of treated
paper or felt through which the air is inhaled. If the fltering
material is of the correct type and density, it will effectively filter
particles down to less than a micron in size from the air.

Comfort is a most important consideration in a device of this
type. Since a high breathing resistance will materially affect the
comfort of the wearer, the filters should be of large area so that
the inhalation resistance will be as low as possible. Valves should
be provided which open on exhalation and further lessen the
exhalation breathing resistance.

The particular type of filter employed will depend upon the
*ind of contaminant present in the air. Since theamountsofsuch
toxic materials as lead which will affect the wearer are much
smaller than the harmful amounts of fibrosis-producing dusts, 2
filter will have to be more effective when used against toxic dusts
than against fibrosis-producing and nuisance dusts.

For special operations such as sandblasting, 2 mechanical
filter type respirator is not practical because of the extremely high
concentrations of dusts present. In such conditions, spectal air-
supplied masks or respirators should be used in which air from 2
compressed air line is supplied through a hose to the facepiece
for breathing. Such devices may also be employed if desired as
protection in less severe and hazardous operations. The advantage
of an air-supplied respirator is that there is no breathing resistance
and the wearer is protected against any and all dusts and fames
in the surrounding atmosphere. However, the restricdon by the
air hose which must be attached to the wearer at all times be-
tween his facepiece and the air supply, prevents the use of this
device in many operations where the worker must move freely
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Dusts and Fumes in Industry

over a considerable area. Furthermore, caution must be taken
to see that the air supplied to such devices is free from all in-
jurious or objectionable odors and contaminants and that the
humidity and temperature of the air is such as to provide reason-
able comfort.

The United States Bureau of Mines (Department of the
Interior) tests respiratory protective devices against various air
contaminants under carefully controlled conditions. Devices
meeting its tests receive that Bureau's official approval, and this
isindicated by approval numbers on the device and a reproduction
of the certificate on the package. Equipment approved by the
U. S. Bureau of Mines for the particular contaminant ar class of
contaminants in the air should be used.

MEDICAL CONTROL

It is of course obvious that medical control measures are futile
after a disease has been contracted because of the exposure to
dusts or fumes except when the information 1s adapted to prevent
additional cases. However, before the diseases are contracted,
there are a number of things that can be done by physicians to
prevent such occupational diseases, which may be summarized
as follows: -

1. The intelligent use of preemployment physical examina-
tions, including chest X-ray films, and appropriate clinical
laboratory tests as indicated.

2. Similar use of periodic physical examinations, chest X-ray
films, and cfinical laboratory tests on cmployees in occu-
pations where typical hazards have been proved to exist,
by industrial hygicne investigations.

3. Responsibility for seeing that hazardous exposures are

" properly taken care of, by various efficient methods of
protection, including the supplying of personal respiratory
protection, where industrial conditions make it impossible
to contrel the hazard by other means,

q26p>
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4 Prompt transference to non-hazardous occupations of
cmployees found to have symptoms of an occupational
disease associated with their exposure,

5. Prompt removal from work of all persons suffering from
active occupational diseases, when such persons are 2
menace to themselves, their fellow workmen or the em-
ployer.

6. Adequate provision for treatment, rehabilitation, and
prompt return to work, of employees having disability
resulting from occupational diseases.

SuMMARY

In this brief discussion of dusts and fumes in industry, the
sources, cffects, and control have been consxdercd under the
following hmdmgs..

1. Definitions,

2. Incidence and etiology.

3. General diagnostic methods.

4. Clinical examples.

§. Prevention — general principles, mcludmg specific methods
of air sampling and apparatus for this purpose; spccxﬁc

methods of protection, including mention of respiratory
protective equipment available; and other general methods.

It should again be emphasized that industrial managers are
" interested in the prevention of trouble that may arise from
exposure to dusts and fumes in industry, and that this principle
is particularly important nowadays because of the need for every
person in active production, and in addition, because so many
physicians are being used in the armed services.

It is believed that if the suggestions made in the foregoing
pages are followed, the problems arising from duasts zad fumes in
industry can be successfully managed.
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MS.A. . . . ANp INDUSTRY

Throughout the many types of Americzn Industry are the produces of this |

Company — the largest commercial manufzcrurer of approved safety equip-
ment in the world today. In 1914, Mine Safery Appliances Company was formed
(as its name would indicate), to serve the mining industry, Today, the Campany
has far outgrown its original field, to include the design and manufacture of
approved safety equipment for cvery major indastry and the public protcetive
services.

The Company's program is founded squarcly upon Resesrch — research
which is concerned with all industrial hazards to the life and safety of the
worker, conducted in M.S.A.'s extensive laboratories, by scieatists of national
reputation. Laboratories for chemical research, dust reseazch, and experimental
research join with the engineering departments in translating safety require.

" ments of industry inta equipment mecting the highest demands of eficdency,

comfort, and practicality.

An important adjunce of M.S.A. Research is its mation-wide nerwork of
ficdd representatives, attached to M.S.A. district offices in approximatcly fo
principal citics. In intimate contact with industrial health and safety problems,
these trained men work in effective linison with industry 20d MLS.A. A close
contact is maintained with the many official bureaus and agencies devoted to
furthering the cause of industrial safery.

The broad institutional work of M.S.A.—~exampled, in small part, by this
particular publication — is undertaken with the fullest sease of responsibikity.

Mine Safefy Appliances Company

BRADDOCK, THOMAS AND MEADE STREETS
PrrrssurcH (8), PENnsyLvasta
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APPROVED
M-S-A EQUIPMENT

Sor
DUST and FUME PROTECTION

* * *

M.S.A. Protection for men and women industrial workers against
harmful dusts is the result of many years of research ineo all
phases of industry’s sespiratory protective problems. In a well.
equipped Dust Rescarch Laboratory, which is a special division
of pur Research Department, continaal study of dust hazards
is maintained, and from this rescarch group have come many
of the most important improvements in dust protection—
dating from the Rest U. S. Burcaw of Mines.approved dust
respirator, the famous M.S.A. “"Comfo.” The M.S.A. trademark
on the products you recommend is a solid assurance of excellence
in design, manufacture and performance.

All MS.A. persomal protective
PEBSISSIBLFEBBBHBAM equipment against harmful duses
or fumes is approved by the high.
st authority — the United States
Bureau of Mines, offidal testing
agency of the United Stares Gov-
ernment for safety equipment.
The approval cortificate of the
Bureau signifies that each produce
has passed the most stringent im-
partial tests — fic for the mose
exacting service in indusoy.

We will be glad to send you, upon request, descriptive bulletins
of any or all of the products mentioned in this folder — without
obligation.
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M-S-A Dustf0e RESPIRATOR
M-§5-A C'omfa RESPIRATOR
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These widely-used respirators for
protection against harmiud duses
offer maximum breathing comfore
and wearing case, Both answerall
respiratory protective require-
ments against phReumoconiosis
producing, nuisance or toxic dusts,
and selection is a matter of per-
sonal preference.

The compact and light-weight
Dustfoe Respirator is built of
transparent  plastic — durable,
odorless, non-torrosive, non-con.
ductive of electricity or hear. A
molded sponge rubber face-cushion
assures comfortable fit; the filter
is easily replaceable; the entire
unit can be sterilized without
harm, and its transparenr con-
struction enables checking of in.

terior condition at a glance with- _

out disassembly.

Theoriginal U.S. Burcau of Miaes

-approved Comfo Dust Respira.

tor featores twin side-placed
filters of larpe arca, offering mini.
mum breathing resistance; rhe
thin-edged filter containers of
strong, molded plastic do not
obstruct downward or sidewise
vision, and there is no interference
with wearing protective hats or
goggles on the job. The flexible
rubber face piece fits the face
snugly; the respirator is easily
cleaned and sterjhzed.
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M:-S-A Comfo METAL FUME
- Y RESPIRATOR

Of basic “Comfo™ design, thig respi-
g rator with a special flter sffords
respiratory protection-to workers ex-
posed to toxic fumes given off by
metals in moiten condition — such
asalloys or materials containing lead,
d zinc, cadmium, manganese,
chromium, arserie, ete. —fumes from
which may arise iv buming, welding,

! melting, pouring, or custing opers-
\ tions. The fileers are quickly replace.
b

able as required.

Gives complete respiratory pro-
.. tection agsinst many hazardous
classes of zir contaminants by
employing air from the shop
compressed air line for breath-
ing. The half-mask type rubber
facepiece is equipped with twin
exhalation vajves and an air-
deflector tube. The complete
assembly includes x corrugated
supply tube, quick release con-
nection, “bump-proof” air con-
tro} valve and an air hose with
coupfings. Where protection to
the face and eyes iz an additional
requirement, an All-Vision gas
mask type facepicce can be
supplied. B
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M-S:A ABRASIVE MASK

|

This stardy assembly weighs less than 4 pounds, yet gives complete pro-
tection to the wearer from heavy concentrations of finc dust present in
shot or sandblast rooms. Using supplied air, the M.S.A. Abrasive Mask
comprises a facepiece and connecting tube, air flow control valve with
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“bump-proof™ adjustment, quick release connection and optional air
filter, web belt  carry valve and Klter, and air hose with couplings.
A lightweighe, yet long-wearing hood covers the head and shoulders of
the operator and fastens to the waist, cushioning the impact of abrasives.
The facepiece has a wide-vision safety glass lens with a tilting screen
cover of alloy stec. Both lens and screen are quickly removable and re-
placeable. The operator can immediately detach himself from che air-
line in the cvent of supply failure — breathing through the filter on
the free end of the inhalation rube 25 he leaves the confined space.
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M-S-A MIDGET IMPINGER
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M-8-A Electrostatic
DUST and FUME
SAMPLER

This instrament provides highest
precision in the quantitative
sampling of dusts, fumes (n-
cluding metal fumes) and mists
— utilizing the principle of pre-
ionization with electrostatic pre-
cipitation of air-borne particles
apon a collccting cylinder, for
determination by weight, count
ar chemical analysis. Accurate
determination is enabled of very
low concentrations of atmos-
pheric particulate matter.

P

A portable inscument for
quick and dependable dust
sampling, the Midgee Im-
pinger 18 cntircly sclfecon.
tained and hand operated,
yet weighs less than 1o Ibs.
The Impinger samples at
the rate of 1/10 cu. fr. per
minute, with pump main-
taining 2n unflucruating
suction regardless of minor
variations in cranking ratc.
The apparatus is contained
in n convehient carrying
case, complete with nine
Impinger Rasks and nozdes.
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M-8-A Dust Counting MICROSCOPE

This is an instrument low in cost,
yet of high grade workmanship
and performance — specially
equipped and adjusted for dust
determination. The fine adjast-
ment is by micrometer screw;
coarse adjustment is by diagonal
rack and pinion. Equipment in-
cludes bakelite stage with built-
in mechanical stage; fork type ’ e

~ substage divisible Abbe con-
denser, nosepiece adapter, 10-X"
eyepiece firved . wich Whipple
disc, 10-X objective, and other
accessories. A special set of ux-
iliary laborutory dust counting
equipment is available.

_DUST COUNTING
CELL

A new cell for counting impinger
samples, with an accuratc depth of
' mm. Absence of corners makes ceil
easier to clean and prevents leaks and
air bubbles.

* * *

MINE SAFETY APPLIANGES CO.

BRADDOCK, THOMAS AND MEADE STREETS
Pirrssuncs 8, Pa.

IN CANADA

MINE SAFETY APPLIANCES
COMPANY OF CANADA, LTD.

Heapquarters, Toronto, Canapa

Lxbom U.S A, ¢ L
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Dusts and Fumes 1n Industry
(Sources, Effects and Control)

T INTRODUCTORY STATEMENT

In dealing with occupational diseases and their effects, the
attending physician should keep in mind that the etology of
these conditions is present in the industrial environment —if
the conditions are to be considered truly industrial in origin.

1t is likewise important to understand that ratonal diagnosis
and treatment rests upon 2 fairly accurate knowledge of the
ctiology of the disturbances; this is especially true of occupational
diseases and allied disorders,

Moreover, employers, industrial hygiene and medical depart-

ments are greatly interested in the prevention of various maladies

- which ordinarily affect employees; this clinical and economic
interest on the part of industrial management further emphasizes
the need for understanding the etiological factors in the working
environment, so that they may be properly controlled.

This bookiet on' industrial dusts and fumes is the second of
a series of which the purpose is to show the most important
effects of occupations, show how these occur, give measures for
treatment, diagniosis, and prevention, meanwhile considering the
source or cause of such conditions. It is hoped that these simple
and brief expositions will be of considerable help to industrial
physicians, acd to private practitioners who have among their
patients employees of industrial plants subject to sach exposure.

DerINITIONS

Dusts may be defined as solid particles of matter which are
ordinarily produced by grinding, crushing, drilling or blasting

1D
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Dusts and Fumes in Induiiry

processes, the composition of the particles being the same as that
of the parent matcrials. These materials may be rock, metals,
ores, or such products, for example, 2s coal, grains, or weod.
The size of the particles varies from what is called ultra-micro-
scopic to those which are visible. Authorities now agree that the
hygienic significant particle size of dust ranges from a fraction of
a micron to o microns. (A micron is 1/24,000 of an inch). The
most frequently encountered dusts in industrial processes are
mainly those from inorganic minerals, and 2 few organic dusts,
such as wood and flour.

Fumes may be defined as solid pardcles which are formed
by processes similar to combustion, condensation and sublima-
tion. The most common types of fumes encountered in industry
are usually caused by the oxidation of a metal, of which typical
examples are the oxides of lead or zinc. Particle size is usually
smaller than dust and ranges below one micron. In contrast to
dusts, fumes tend to flocculate very easily. Many psople erron-
eously speak of fumes when they mezn vapors of liquid materials,
such as acid sclutions, organic solvents, and the like.

IncipeNcs AND ETiorocy

Dusts are the most common type of air contaminants en-

countered in industrial processes, and can occur whenever various”
materials, as mentioned before, are subjected o processes which

break them up into fine partcles; or where pawdered or pulver-
ized materials are handled or transported. Inorganic dusts are
the prevailing type so far as frequency is concerned, but organic
dusts are also found in different industrial operations.

Fumes are usually found wherever there are molten metals

such 2s lead, zinc, and calmium belng processed or used in indus-
trial operations. Welding is an operation which has gready in-
creased in frequency of use and it mey give rise to fumes of

the metals which are welded or to fumes and gases from the

variegated coatings of welding rods.
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Incidence and Esiclogy

It is to be borne in mind that metals may preduce both dusts
and fumes, according to the nature of the operation and the state
of the materials when processed. For example, among the heavy
metals such as lead, dust may be of equal or greater etiologic
importance with fumes -— other mineral dusts and metallic dusts
also are considered of etiojogical nmportance, as the following
outline will show:

I. Organic dusis:
1. Non.living crganic duses:

(a) Toxic andfor irritant dusts; **(Various organic
compounds such as trinitrotoluene, mercury ful-
minate, tetryl).”

(b) rlla-gy-producing dusts (woods, pollens, and the
ike).

2. Living organic dusts:
(a) bacteria
(b) fangi
. Inorganic dusts: (mineral dusts)

(a) toxic andfor irritant dusts; {mzinly the dusts from
heavy metals and their salts, such as atsenic, lead,
manganese.) ’

(b) fibrosis-producing dusts, (examples are free silica
and asbestos).

- {c) non-fibrosis-producing dusts; (the so-called fnert
dusts, such as alundum, corundum, emery, fime-
stone, magnesite, marble, plaster-of-pans, and
polisher’s rouge).*

The most important of the non-metallic, inorganic mineral
dusts is free silica, which produces silicosis, if breathed in sufi-
cient quantities over a long period of time. Free silica dust and

® This chessificntion I¢ fo scordaocy with the pressoe stave of koowledze medmuﬂ
uuul-m will probubly chow wis of the so-called lgwrt or vui dusts w be Iamf
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Dusts and Fumes in Industry

asbestos dust are the two kinds of mineral dusts which produce
disease entities corresponding to the names of the dusts — sili-
costs and asbestosis, Mixed dusts of various kinds, such as various
ares which contain different amounts of free silica, can preduce
different types of reactions, according to the kind of minerals
which are i the ores. Where, for example, there are mixtures of
iron, and various calcium-containing compounds such as gypsum,
with free silica, a protective influence is exerted against the
action of free silica on the lungs. Other modifications of free
silica action occur acrording to the types of minerals present
some of which tend to inhibit or restrain the action of free silica.

Another important conception with reference to the etiology
of dust and fume diseases which may result from exposure to
these classes of materials, is the use of the terms exposure and
hatard: they arc not synonymous — exposure merely means
contact with some substance which is a potential health havard;
whether it is an actual health Eazard can only be determined by
an industrial hygiene engineering survey, in which the amount
and kind of exposure is rated, according to accepted standards
of concentration, size, and quality of dusts and fumes. Many
persans erronecusly therefore state that there is a lead hazard,
for example, when it is only known that contact is being made
with lead; and when there are no data to support the contention
that there is an actual hazard present in the working environ-
ment.

Methods for the determination of dusts and fumes in the
air, also with reference to the types of deviees used for suck
determinadons, will be mentioned later. The importance of air
contamination will be realized when it is stated that the patho-
logic effects produced by dusts and furaes are brought about
almost entirely by the inhalation of these compounds and ma-
terials. There is only one outstanding example, for instance, of
the possibility of absorption of lead through the skin, namely
tetraethyl lead, and this cccurs in the form of a fiuid. No dusts,
so far as is known, produce any systemic pathological condi-
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General Diagnostic Methods

tions from skin absorption, and it is doubtful that any kind of
true fume is ahsorbed by the skin.
From the eticlogic point of view, partculary with reference
to pathologic effects, tE: following outline shows how different
types of substances (among the dusts and fumes) act on various
systems in the body to produce pathological effects:
1. General systemic paisoning:
Examples: Arsenic, lead, manganese, mercury.

2. Substances acting on the circulatory system:
Examples: Arsenic, lead, mercury, vanadium.

3- Substances acting on the respiratory system:
Examples: Asbestos, free silica.

4. Substances acting on the gastro-intestinal system:
Ezamples: Antimony, cadmiom, lead, mercury, zinc.

§. Substances acting on the skeleton and joints:

Examples: Lead, mercury, mesothorium, phosphorus,
radium.

6. Substances acting on argans of speeial sense:

Examples: Arsenic, lead, manganese, mercury.
7. Substances acting as fetal poisons:
Examples: Lead, mercury.

8. Substainces acting on the genito-urinary system:
Examples: Arsenic, lead, mercury, vanadium.

9- Substances acting on the brain and neroous system:
Examples: Arscnic, lead, mangancse.

Generar Diracnostic MeTHODS

The accurate diagnosis of pathological conditions arising
from the inhalation of industrial dusts and fumes has tremendous
cconomic significance and also it is of medicolegal importance.
Moreaver, it is impossible to understand how proper and effica-
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Dusts and Fumes in Industry

ceous treatment may be rendered unless a scientific diagnosis
is made. If a claim results from the pathological condition
alleged, it is evident that the disease sustained must be direcdy
related to the employment and further, must produce disability
to entitle the individual concerned to compensation.

Diagnostic methods with reference to dust and fume diseases
need not differ widely, if at all, from those used as routine pro-
cedures in general scientific medicine, although there are specifie
methods as in any other application of general medical diagnostic
principles to any special group of persons. New discoveries occur
relative to diagnostic methods in occupational disease work and
for the most part, reliance must be placed on information which
is scattered throughout the current literature in addition to
available textbock material which is better now than it was even
five years ago. :

Emphasis has already been placed upon the vital part played
by etiology; it is wise to repeat that etiology forms the bulwark
of the diagnostic and therapeutic background.

Among the methods which are used to make e feirly accorats
diagnosis with reference to occupational diseases, is the taking of
a thorough industrial history; consideration of symptomatology,
the physical findings, the results of air examination; and finally,
last but not least, a differential diagnosis, ruling out diseases of
ordinary life which have no relation to occupadon.

The industrial history may be of very great assistance in
arriving at an opinion. Most industrial physicians of considerable
experience believe that it is desirable to indude 2 complete
resume of the kinds of cccupations which have been experienced
by the individual being examined, dating from the first job to
the last one. It is of course clear that the details of actnal occupa-
tional exposure cannot be evaluared by this methad, but im-
portant information bearing on the diagnesis may thus be
obtained. It is the present practice, therefore, to list the occupa-
tions with the dates of occurrence, in the industrial history. It is
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General Diagnostic Methods

furthermore advisable to get more detailed information relative |

to the performance of the occupadion, if that can be obrained
This will at least give information relative to the kind of exposure
in industry, although it will give no idea of the severty of ex-
posure.

The symptomatology in many kinds of occupational disease
is likely to be confusing rather than useful, because in many
instances it so closely simulates that of non-industrial disease
that it is quite commonly not characteristic. Especial attention
should be given, however, to the recording of the symptomztology
and critical attempts made of its proper evaluation. Here again,
distinction must be made between symproms which may be duc
to non-occupational disease and those symptoms which are specific
for occupational diseases — this is where the difficulty arises in
adequately assessing symptomatology.

The physical findings, on the whole, are more reliable thzn
the sympromatology, although in certain instances they too are
pot characteristic and are, therefore, liable to be somewhat
puzzling. Where only one partion of the body is affected, as in
silicosis, for example, it. might be assumed that the physical
findings would be more characteristic, but the opposite of this is
usually troe. In other instances, for example lead poisoning,
where different organs and systems are pathologically affected,
the picture is Hable to be one which demands expere evaluation to
differentate from non-occupational conditions.

Clinical laboratory data, including X-ray findings, are
frequenty found to be decisive, although here again intelligent
appraisal means proper interpretation of the data. When they
are dedisive, such tests are by the very specificity of their nature,
of great value as diagnostic aids, although they should be defi-
nitely correlated with other findings.

Differential diagnosis presents perhaps the most difficule
problem of all in the rcalm of diagnosis of occupational discases.
There is good reason t believe that differental diagnosis will
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Dusts and Furmes in Industry

continue to be one of the most difficult phases of the medical
ramifications of the medicolegal problems of occupational dis-
cascs. The reason which has already been indicated is that the
symptomatology and frequently the physical findings imitate so
closely the symptomatology and physical findings of non-
industrial diseases, that one must make use of specific procedures
which are designed especially s diagnostic guideposts. Frequeady
such specific procedures are not used to any great extent, except
by thase who are highly specialized in the field and whose work
takes them into a review of the current literature containing
these developments. For example, cne may believe that an
industrial employee has lead poisoning, largely because of second-
hand knowledge that lead was used in his occupation, more easily
than one could demonstrate adequate etiology and the existence
of lead poisoning by scientific methods.

Because of all of these obvious and other difficulties, it seems
wise to adapt specifically certain examination procedures to
industrial problems arising out of occupational- or suspected
occupational diseases. Most authorities now agree that the
examining physician can be of greater service and give more effi-
cient advice regarding either acceptability for employment,
continuance in it, opinion on the diagnosis of systemic pathologic
conditions and the estimartion of disability, if he is conversant
with the following points:

1. The nature and extent of the industrial exposure into
which the employee will go or where he has been. This can
be determined only by scientific methods which will be
referred to later.

2. The effect of this specific exposure upon normal and
abnormal physical statcs of cmployees, as intarpreted by
the physical status of each individual on examination.
(This refers specifically to etiology in. the industxial en-
vironment and the effects which such etiology may or
could produce.)
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Clinical Examples

3. The nature of the protective devices supplied by the em-
ployer, if a hazardous exposure cannot be otherwise con-
trolled, and as to whether these devices are functioning
efficiently. (Reference will be made later to these devices,
especially designed for protection against dust and fume
exposures.)

It is realized that these procedures are somewhat removed
from the usnal program of physical examinations, particularly
with reference to the work of part-time industrial physicians, but
it is also expected that the physician will be called upon increas-
ingly to know and appreciate such information so that he may
funcdon better ag a diagnosdc medium.

Beczuse the most frequent and most significant exposures in
industrial processes are free silica dust and lead and its com-
pounds, it seems adviszble to include in the next section some
clinical examples, namely silicosis and lead poisoning; there will
also be included a brief discussion of metal fame fever.

Crinical ExAMPLES

Simply stated, silicosis is a disease of the lungs, caused by
the continuous inhalation over a long period of time of very finely
divided, microscopic, particles of free silica dust. There have
been various standards set up by different agendies, based npon
studies of silicotic workmen and their exposure to free silica dust.
The National Silicosis Confersnce Report an Medical Control
of Silicosis says: “Thers is evidence that for prolonged exposure
2 concentration of more than five million particies per cubic foot
of a highly siliceous dust is dangerous. Therefore, it is now con-
sidered good practice to held concentrations of highly siliceous
dust at § million particles per cubic foot, or less.”

Because of the fact that industrial exposures, involving high
free silica content in which the concentration of dust shouid be
restricted to five miltion particles per cubic foot, are relatively
infrequent in industry, and also because the opposite usually

19D
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Dusts and Fumes in Industry

occurs (an exposure to “mixed’” dusts which contain appreciable
amounts of free silica but also contain considerable amounts of
other types of matenal) it is believed wise to refer to the formula™®
developed by the National Silicosis Conference with reference to
2 working criterion with respect to satsfactory or unsatisfactory
conditions, when exposure to ‘mixed” dusts occurs.

. It is to be borne in mind, however, that any unprotected
industrial operation, which involves the production of a lot of fine
dust particles of material containing a relatively large percentage
of free silica, offers a potential silicosis hazard.

The incidence of silicosis is not known with any degree of
accuracy, although various estimates have been made. One of
these made some time ago by the American Institute of Mining
and Metallurgical Enginecrs indicated that in the United States
the number of industrinl workers exposed to the silica dust
hazard is in excess of a half million. Figures quoted by the Com.
mittee Reports of the National Silicosis Conference disclosed
estimates that approximately 2%, of the working population of
the United States or about one million workers are exposed in
some way to the potential hazard of silicosis, 2nd that perhaps
half of this number, 500,000, or 1%, of the total, arc exposed to a
serious hazard. It is furthermore believed that approximately
110,000, or 0.2 of 1%, of the toral, have sificosis to some degree,
bue likely only 4000 to 5000 {a small fraction of 1%, of the total)
suffer any degree of disability from the disease. (These figures are
based upon prewar estimates.) It can readily be seen that silicosis,
although not a rare disease, is not common and furthermore not
as common as may ordinarily have been supposed by many
persons.

Recent conceptions with regard to the contraction of silicosis

have established the belief that approximately 25% of those -
exposed to 2 real silica hazard will eventnally develop silicosis.

® FO T e FORMULA A: “Mul I-pm of lrce sca he cotal dase covae. I the
uadci:&: lion, che udyc e n:‘:ul br‘xh‘zm&n.::ms‘ Ir‘os.:b':‘::-
dition miay b-:‘wvlmd mh For example, 10 per cenr l’ne silics week 3n amn rotal dm

@ocTn At 30 million paroches per cubic foor woald give 0.10 cinves 30 million, which equals 3
mitlon ( ragrice): 38 per ecac witk a0 avers soead duge soncemranion of 30 millica, weuld
qu;‘b umn 50, or 15 mutlion ¢ 118 Sormuis is ot ble te 2y dusr cone

mmglc-tlu per ceat free silice.™
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Clinical Examples

With respect to the occurrence of silicosis in the foundry
industry, a prewar survey by the Division of Industrial Hygiene
of the New York State Department of Labor, based on a study
1 . of 311 foundries, of which 8o plants included X-ray examinadons
{ ; invalving 4,754 employees, provides some interesting figures: the
] . X.ray summary showed that 3,259 or 80.2% were negative; 13§ T~
] ! or 4.5% showed fibrosis; 110 or 2.7%, showed silicasis with and
without infection; 485 or 11.9% showed healed primary and re.
infection types of tuberculosis; 27 or 0.07% showed clinically
significant tuberculosis. It was concluded, as stated in the report,
that it would appear that the silicosis hazard in the foundry
industry in New York State, while existent, is of mild degree of
severity and may be expected to yield satisfactorily to appropriate )
measures of control. The report further indicated that tuber- >
culosis as maanifested by X.ray films of the chest was found to be

more prevalent among silicotics than among non-silicotrs in

foundrymen.

i The occupational history, as previously indicated, is of con-

siderable importance., Formas for the recording of occnpational
records have been devised by various organizations and groups
and by physicians and insurance companies. One of the most
complete and longer forms has been devised and used by the
Saranac Laboratory, Saranac Lake, N. Y., in connection with
silicosis studics apd symposia on silicosis which have been held
by this group. It is suggested that the physician, if interested,
should contact the industrial hygiene bureau of his state health
deparument through which deteiled forms may be secured or
information relative to them.

0 FELI V.

ot

The symptoms and physical signs are not characteristic; they
may be confused even by skilled diagnosticians in other diseases,
with the symptoms and signs which commonly occur in both
minor and the more serious types of the well-known respiratory
infections. Characteristically, shortness of breath om exertion
and decreased chest expansion frequently occur in advanced
cases of silicosis, but these findings must also be differentiated as
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Dusts and Fumes in Industry

to their casual relationships and their possible association with
other diseases.

The clinical confirmation of the diagnosis of silicosis rests
mainly on the characieristic X-ray appearance of the chest. This
shows the typical lesions of silicosis, hyaline fibrous nodules
which are scattered as opaque bodies chroughout both lung
ficlds, the density of these nodules being somewhat less than
calcified bodies, but discrete in outline, all about the same size
in the early stage (so-called millet-seed size) and evenly dis.
tributed throughont both lung fields. These nodules appear as
the first indication of sificosis, later become somewhat confluent

and in the latter stages, there are large masses of opaque material

found near the periphery of the lung ficlds. In the later stages of
silicosis, the disease is frequently complicated by infection,

. usually tuberculous in nature. As an aid to taterpretation of the

X ray films of the chest where silicosis may be suspected, it is
suggested that the physician refer to a tabulation of the Xray
changes in silicosis, with the underlying histological conditions
which cause them, published in the transcript of the Second
Silicosis Symposium, Saranac Lake, N. Y., 1935.

Diagnosis rests upon proof of occupational dust exposure
sufficient to produce the disease, and the presence of character.
istic nodular lesions in the X-ray film of the chese. The mere
mention of occupation is not suffident for diagnostic purposes —
adequate knowledge concerning the qualicy and quantity of dust
exposure, as well as the length of the employment peried, is
necessary to establish a distinct causal relationship.

Although considerable diagnostic refiance is uwsually and
properly placed upon the history of adequate occupztional dust
exposure and the characteristic chest X-ray appearaunce, a thor-
ough physical examination with appropriate dinical laboratory
cxaminations should be done, especizlly with reference to the
ruling out of other respiratory diseases, Diagnosis becomes
essencially a differential diagnosis, 2s before cxplained, one
which is likely to be difficult, necessivating special experience

412D

SC 030840



i Clinical Examples

and knowledge. Some of the conditions requiring differential
consideration here are miliacy tuberculosis, multiple calcifications
of healed tuberculosis, cancer of the lungs, and fungous growths
of the lungs.

Within recent years, superimposed infection has come to be
the accepted canse for disability. The outlook in simple silicosis,
therefore, (that is, without infection) is more favorable than was
formerly belicved. It is abvious that the chief problem for the

i silicotic is to avoid superimposed infection, which is usually
£ ! tubercunlous.

There is no one specific, cfficacious treatment for silicosis,
although in recent years, the inhalation of metallic aluminum
powder has shown some promise. In cases where tuberculosis
complicates the picture, it is obviously to be treated by the best
known mecthods for that disease. There is some recent evidence
that surgical therapy as used in ordinary forms of tuberculcsis
is also a help in the type of tuberculosis which follows silicosis.
The evidence for this is not conclusive, but there are good results
on record.

In general, recommendations for the treatment of cases of
silicosis vary with experience and with the findings of cach case.
1t is believed, for example, that no treatment is necessary in the
cese of an individual without symptoms, whose X-ray film of the
chest (taken perhaps in a routine industrial survey) shows anly
widespread discrete nodulation without localized shadaws indi-
cating infection. However, the employee should have serial X-ray
. . examinations with physical examinations of the chest at least
g - : once & year and should be removed from further sifica exposure

to some other job, since the disease is very slowly progressive
! and there is at this stage no disability which precludes continua-
: tion in employment. A person with localized conglomerate
lesions may have symptoms and usually cannot do as heavy
work as formerly; therefore, a lighter job should be found. In
the presence of active infection where there are symptoms or
incapacitation, the individual catnot obviously continue in his
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Dusts and Fumes in Industry

* former employment. If the case is one of open tuberculosis with -

positive spurum, it is evident that such an employes is a source
of danger to his fellow workmen and should be placed in a sani-
tartum or hospital. In cases of inactive infection with no incapaci-
tation, lighter work should be provided, without further dust
exposure.

Dusts containing silica in combined form do not cause silicosis;
however, one such dust, asbestos, a magnesium silicate, will

‘produce a characteristic fibrosis which is called asbestosis. This

disease is quite different in its pathology from silicosis, and has
a characteristic ‘ground-glass’ appearance on the Xray films of
the chest. Animal experimentation indicates that the action of

asbestos is probably mechanical, since it cannot be produced in .

other than the pulmonary tissue. Asbestesis may cause disability
and a few fatal cases have been recorded, but in those cases show-
ing marked disability, other organic disease is wsually also
present. The symptomarology and physical findings include
cough, dyspnea, pailor, clubbing of fingers, and diminished chest
expansion, with a characteristic X-ray appearance as previously
mentioned. .

Lead Poisoning

Lead poisoning offers 2 good example of an industrial poisoning
which iscontracted by the inhalation either of a toxic dust or fume,
and has been stated to be one of the most frequent and important
types of metallic poisoning in industry, on account of the wide-
spread use of lead and its compounds.

Although there are no reliable statistics available with respect
to the national incidence of lead poisoning, it is believed that lead
poisoning is very prevalent and that most of it is mild. The
incidence of severe types of cases, particularly lead encephalo-
pathy and the more severe types of ncrvous system involvement
are not seen with as great frequency as in former yrars. Many
physicians who are used to handling industrial cases now rarely
see a case of wrist drop due to lead poisoning, whereas 20 to 25
years ago it was a rather common phenomenon, in cases of lead

intoxication.
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The industrial history is of great importance, =s previously
indicated, and a thorough consideration of the nature and extent
of the exposure o lead and its compounds is an essendal point
in the etiology. It is now generally accepted that the standard of
the U. S. Public Health Service and the American Standards
Association of 1.5 milligrams of lead per ten cubic meters of air,
is the maximum allowable conceatration. Because it is now con-
ceded that practically all industrial lead poisoning is contracted
by the breathing of lead dust and fumes, it becomes of con-
siderable importance in working out the etiology to ascertain the
amount and quality of Jead dust and fumes in the air, during the
occupation of the involved irdividual. This paint will be dis-
cussed later with reference to prevention.

Formerly, the nature and variety of non-industrial sources of
lead intake made it particularly difficult to establish indusuial
etiology on a sound and competent basis. More recently, how-
ever, non-industrial lead intake has been measured by scientific
methods and with the exception of an occasional difficulty with
. various types of homemade beverages stored in utensils glazed
with a lead compound, the non-industrial lead intake is not
believed to be a considerable factor in the production of lead
poisoning in adults. There are, however, some exceptions and
these should be taken into account, as indicated.

The diagnosis of industrial lead poisoning is not a simple
marter on account of the fact that clinical symptoms and signs
are protean and are liable therefore to simulate other diseases.
Great increasc in our knowledge, however, has occwrred within
the past ten to fifteen years, and it is now known that thereis a
close reladonship between the action of Iead and its compounds
within the body and the caleium metabalism, and further, normal
and abnorma} excretion of lead has been worked out on 2 sciendfic
basts. It is now an accepted fact that persons without industrial
expasure normally excrete a certain amount of lead in the urine.
It has been stated that definite clinical findings of lead poisoning
are practically’ always assodated with abnormal urinary lead
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Dusts and Fumes in Indusiry

excretion — the reverse, however, is not true — that abnormal
urinary excretion of lead in the absence of characreristdc clinical
findings indicates lead poisoning. -

Other laboratory findings are important, particularly the
examination of the blood, some investigators and clinicians using
the increase in basophilic stippled red cells as an indicadon of
positive findings and others using what is known zs the basophilic
aggregation test. Both are found to be successful, the former
more adaptable in cases of frank poisoning, the latter more useful
in cases of lead absorption and suspected incipient poisoning.

Although 28 indicated, the dlinical symptoms and signs of
lead poisoning are protean, the principal effects are expressed in
the blood, the gastrointestinal system, and the nervous system,
named in order of their usual chronological cceurrence. In brief,
the most consistent findings are changes in the color and form of
the red cells of the blood, colic and constipation, and weakness
and atrophy of the extensors and fiexors of the muscles of the
wrists, with partial paralysis in the more advanced types of cases.

The' differential dizgnosis, 2s may be obwious, has to do
mainly with differentiating industrial lead poisoning from non-
industrial diseases which may involve the blood, the gastro-
intestinal system, and the central and peripheral nervous systems,
producing changes which are similar to those observed in frank

- lead poisoning. Such non-industrial diseases show a considerable

variety of patholegical processes affecting the above-named
systems.

The treatment of lead poisoning has undergone coasiderable
change within the past ten to fifteen years. In general, the weat-
ment consists mainly of appropriatc therapy for the toxic episades
and the mobilization of stored lead in the long bones. It is usually
agreed that it is wise to facilitate the storage of lead by an excess

calcium intake rather than to set lead free in the blood stream;

after the passing of acute toxic episodes, the climination of lead
may be assisted by means of low calcium intake, the administra-
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Clinical Examples

tion of weak organic acids and ammonium salts, sodium bicarbo-
nate, and potassium iodide. Care should be exercised in using
such forms of treatment on patients who have nephritis.

Two schools of thought with widely divergent views exist
with reference to deleading: the body: there are those whe feel
that in the majority of instances deleading will accomplish good
results, while there are others who adopt a conservative attitude
and because of the possibility of precipitating acute symptoms,
feel that it is safer to produce artificial deleading by slow methods,
or to résort to the natural process of letting the body delead
itself over a period of time. The choice in the matter depends
opon the individual case and the previous results which have
been achieved at the hands of the physician in charge of the case.

Storage of lead may be fadlitated in acute cases by a high
calcium diet or by the slow intravenous injection of 10 ec of 20%,
caldum gluconate; variations with relationship to this form of
treatment have been devised by various physicians. In the delead-
ing process, low calcium diet together with oral administration
of ammonium chloride has been found to be effective, whereas
in certain cases parathyroid extract and sodium bicarbonate also
have been useful. Within recent years it has been established that
large doses of viosterol have beén instrumental in increasing the
excretion of lead. Other investigators have found that an adequate

phosphorus intake is essential for the depositing of lead in the

bones and for the removal from the bones of the excess cations,
as the insoluble phosphate salts in the feces; it has therefore heen
recommended that deleading may be accomplished by gving a
diet low in calcium and relatively high in phosphorus, using
viosterol 20 minims daily. ‘

There are also variations of treatment with referencs o the
amount of intoxication, and where there has been high, medium
or low lead intake in industrial occupations. In all these types of
treatment, deleading should be done in the hospital where the
patient may be closely supervised. Some investigators advise

417D
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Dusts and Fumes in Indusiry

against deleading more often than once in four weeks and the
course should not be prolonged for more than three or four days;
some physicians believe that it may take from six to fifteen
courses of deleading to free the individual of his most loosely-
combined lead, which of course is the most dangerous type of
lead. It is again warned that deleading should not be undertaken
in the presence of acute symptoms; it is further agreed by il in.
vestigators that calciam therapy is considered to be the most
specific at the present time.

U

NN

The outlook in cases of lead poisoning is much better now
than formerly because of the occurrence of moderate types of
cffects, the severer forms being 2 great deal less frequent than in
former years.

Moetal Fume Feoer

This. name is applied to the condition which results from
breathing fairly heavy concentrations of freshly formed metallic
oxide fumes, principally zinc and one of its alloys, brass; although
the condition may result from the inhalation of other metallic
oxide fumes. Metal fume fever is not a systemic poisoning, but
it should be borne in mind that some of the metallic fumes that
can cause it, such as lead, cadmium, mercury, and manganese,
may also cause systemic poisoning.

<

The symptoms come on some hours after exposure, usually
after leaving work, a dryness of the throat being first noticed,
which may be followed by a dry cough and 2 feeling of heaviness
in the chest. Rise of temperature, accompanied by sweating, and
leucocytosis and elevation of the pulse rate and the blood pressure
usually follow, sometimes with chills. The symptoms ordinarily
pass off in 12 to 24 hours and the usual experience is that the
employee returns to work the following day: A natural immunity
is conferred in certain types of workers, which secems to be loat
rapidly after removal from continuous exposare.

Disgnosis is made usually on a clear history of industrial
exposure to metallic oxide fumes. It must be remembered that
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Other Dusts and Fumes

the effects and symptoms of metal fume fever are very similar
to those of influenza and that the malady is more often noticed
in the fall and winter, when influenza usually occurs. The in-
dustrial history is, therefore, important in diagnosis, particularly
with reference to a causative exposure to metallic oxide fumes.

The outlook is good for complete recovery in a short time and
usually there is no time lost from work, although there may be
temporary incapacity in terms of hours.

The treatment is symptomatic and especially directed toward
comfort because the patient usoally recovers within a relatvely
short tme in all events. Rest in bed with adequate warmth and
protection from drafts are recommended. However, all suspected
cases of metal fume fever should be attended by a physician
because the symptoms may closely simulate influenzz which
makes the differential diagnosis important.

OTtHER Dusts axp Fomes

It must not be concluded that although clinical examples were
given of silicosis, lead poisoning, and metal fume fever, there are
not other examples which are of importance. These subjects were
selected because of their frequency of occurrence and because
of the fact that they are commonly encountered as examples of
dust alone, dust and fumes, and fames.

" Among the other metals which may be mentioned are arsenic,
antimony, cadminm, manganese, mercury, radium, selentum,
silver, tellurium, thallium, and vanadium. Not ail of these are
equally important with reference to toxic effects.

Probably the most important of these from a toxic point of
view are arsenic, mercury, manganese, and cadmium. Arsenic pro-
duces chronic poisoning chiefly from breathing overa long pertod of
thin air containing dusts, or sprays of arsenic compounds. The
compounds of arsenic such as lead arsenate, paris-green, arsenic
oxide and arsenic sulphide are among the more dangerous forms.
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Dusts and Fumes in Industry

Where dusts of mercury are present, they will be in the form
of either mercurous or mercuric compounds, where metallic
mercury is used in the manufacture of such items as thermameters,
mercury switches, mercury vapor lamps, mercury boilers, etc,
the hazard is from the vapor since mercury has a considerable
vapor pressure even ar normal temperatures. Mercurialism is
characterized by three features: inflammation of the mouth,
muscular tremors, and psychic irritability — sometimes all of
these are encountered and sometimes only two or only one. In
the more chronic or slow form of potsoning, a characteristic
tremor is the commonest symptom, coming on late, and has been
noted to occur particularly among mercury miners,

Manganese poisoning is an old industrial poisoning, having
been described more than 100 years ago, but has receded in
incidence in American industry. Characteristically it produces a
peculiar slapping gait with phenomena of retmpulsmn and pro-
pulsion; masklike faces; monotonous voice with economical
speech; muscular twitching varying from a fine tremor to gross
rhythmical movements of the extremities; languor and sleepiness;
cramps in the calves of the legs with stiffness; slight increase in
the tendon reflexes without any digturbanes of the deep or super-
ficial sensation. Studies within the past five years indicate that

dust is the most important type of exposure.

Cadmium is encountered in the smelting of ores, the handﬁng
of socalled ‘blue powder’ compounds, the spraying of pigments,
the welding of alloys, and the melting of cadmium metal itself,
as well as certain non-industrial exposures where utensils have
been plated with this metal. In rfecent years there have been
scveral autbreaks of cadmium poisoning amang non-industrial
nsers of sach utensils. The use of the metal has increased tremen-
dously and therefore, there is more induserial exposure. Two
types of effects have been observed, those with reference to the
Tungs and also those with reference to the gastro-intestinal trace,
the former being more important and more frequent. Pulmonary
invalvement is characterized by a feeling of constriction in the
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Prevention

chest, edema and copgestion of the lungs, sometimes with

hemorrhage, proliferative interstigal pncumonitis; while the -

latter 1s characterized by nausea and vomitng and e peneral
irritatve reacton of the gastro-mtcstma.l tract, with diarrhes,
hiccough, and oliguria.

If farther details are desired on the clinical aspects of the
metals mentioned, standard works on industrial hygiene znd
occupational diseases should be consulted.

PrevenTION

The general principles of prevention involve first the identi-
fication of industrial exposures and the evalaation of such ex-
posures by proper scientific methods to determine whether or
not they represent actual health hazards. This is done by sampling
the air and determining the amount of air contaminants and the
quality of them in each type of occupation or problem involved,
and comparing the resules with the accepted standards of maxi-
mum allowable concentration that have been adopted by official
bodies. Sccond, after it has been determined that there is an
actual health hazard represented by the occupation, control
mezsures, both engineering and medical, are instituted to control

the hazard, providing it cannot be entirely eliminated.

In discussing the methods of engineering control, we are con-
cerned with three basic principles:
1. Investigation of occupational conditons.

2. The measurement of the occupational exposure and the
rating of the hazard, if ope exists.
3. Putting into effect the specific measures of protection
which have been indicated by information secured under
(1) and (2).
Among the methods of approach for engineering control
-measures may be mentioned:

1. Physical and hygienic survey of plant conditions.

421>

——

SC 030849



k

-
cwadnan

fa

p s

- ——————

Dusts and Fumes in Indusery

2. Occupational history and analysis.

3- Adequate information concerning materials and processes
used.

4. Atmospheric and gross sampling of materials, combined
with quantitative physical and chemical determinations.

5. The rating of the hazard by comparing the findings in the
given instance with accepted standards.

6. An appraisal of the efficiency of protective apparatus and
devices.

7. An ad:quatc and proper interpretation of the information
so that it can be applied practically to the industriat
problem involved.

When the foregoing methods of approach to engineering
control have been carried out and information secuted from them,
the information can indicate the necessity for using specific
methods of protection which have been found useful in different
combinations:

1. The use of mechanical devices, such 2s exhaust, ventilating

systems, respirators, masks, and the like.

2. The changing of processes (segregation, enclosure, wetting,
etc.).

3- Substitution of nontoxic materials for those of proved
toxicity.

4 Educational programs for management, workets, engineers,
and physicians.

5. Continuous maintenznce and chcckmg of the efficiency of
protective equipment.

ATMOSPHERIC SAMPLING

The best method for collecting a szmple of 2 dust or fume
from the air will depend somewhat upon the type of contaminants
o be sampled The degree of hazard of fibrosis-producing dusts
is raeasured in terms of particles per unit volume of air (example:
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dtmospheric Sampling

1o million particles of silica dust per cubic foot of air) while
toxic dusts and fumes which may cause systemic poisoning are
usually measured in terms of weight per unit volume of air.
(Example: lead dust 1.5 milligrams per 10 cubic meters of air.)

Since results may vary with the type of air sampling device
used, it is important to select a type accepted through general
usage in the practice of industrial hygiene.

The larger Impinger which samples one cubic foot of air per
minute by impinging the air containing the dust particles from a
nozzle submerped in water or alcohol against a plate or bottom
of the flask was used in all of the original studies in the United
States on fibrasis-producing dusts. The large Impinger, however,
has the disadvantage of being balky and requiring electric
current or compressed air for operation of the motor-driven air
pump, which produces the suction stream for air sampling.

A portable Midget Impinger has been developed which has

been proven to give results as reliable as the large Impinger. )

This apparatus samples at the rate of 1/10th of a cubic foot per
minute and is operated by a2 hand cranked, positive action, four

cylinder pump, in conjunction with a vacoum regulator which _

maintains an unfluctuating suction regardless of minor variations
in rate or smoothness of cranking.

After the sample has been collected in the Impinger flask, a
portion is placed in a special dust counting cell and counted under
a microscope with an eyepiece having a spedial ruling similar to
a blood count ruling.

Further analyses are necessary with reference to the amount

of free silica in the dust and this is accomplished. by the use of
specific chemical, petrographic and X-ray diffraction methods.

The Impinger method of sampling is not entirely suitable for
collecting fames or dusts of toxic materials such as lead, cadmium,
and others because the efficiency of the Impinger is not adequate
when sampling the very fine fume particles and since the amount

23>
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Dusts and Fumes in Industry

or concentration of such materials in air which may be injurious
is much smaller than the safe amounts of fibrosis-producing
dusts, a correspondingly large air sample should be taken for
reliable results.

The Electrostatic Precipitator is widely used in the cotlegtion
of toxic dusts and fumes, partcularly of metals and their com-
pounds. A Portable Electrostatic Precipitator has been developed
which operates from 110 volts, 6o cycle current, and by high
voltage electrical precipitation collects the sample of the particu-
late matter dry on the inside of aluminum or glass cylinders,
This device samples at the rate of 2 cubic feet per minute. After
the sample is collected, 2 quantitative chemical analysis is made
in the [aboratory. This type of apparatus permits determioations
of very low concentrazions of many different kinds of atmospheric
particulate matter.

Where equipment or personnel is not available for atmospheric
sampling, statc industrial hygiene bureaus or private testing
laboratories may be engaged. Many insurance companies also
have facilities for such work. The Industrial Hygiene Foundarion
in Pittsburgh, Pa., an association of industries for the advance-
ment of healthful working conditions, also have an excellent staff
of technicians for industrial hygiene surveys or consultations in

. this field.

ResriraToRY ProTECTIVE EQUIPMENT

It frequenty happens that because of the mature of the
operation or process in an industry, it is not possible to thoroughly
control a hazardous exposure resulting from the evolution of
dusts and fumes. In such'iastances, it is copsidered wise to pro-
vide employees with personal respiratory protective devices.
These vary with the kind of exposure and with the amount of
materials in the air.

For ordinary conditions in which only dusts and fumes are -
present, simple filter type respirators are available which will
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Respiratory Protective Equipment

protect the worker against the hazards of breathing these dusts
and fomnes.

Such respirators normally consist of a facepiece covering the
nose and mouth, made of some pliable material such as rubber
which will conform to the face and provide a comfortable and
dust-tight fit, and to which is attached a filter made of treated
paper or felt through which the air is inhaled. If the fltering
material is of the correct type and density, it will effectively flver
particles down to less than a micron in size from the air. ,

Comfort is a most important consideration in a device of this
type- Since a high breathing resistance will materially affect the
comfort of the wearer, the filters should be of large area so that
the inhalation resistance will be as low 2s possible. Valves should
be provided which open on exhalation and further lessen the
exhafation breathing resistance.

The particular type of filter employed will depend upon the
kind of contaminant present in the air. Since theamountsofsuch
toxic materials as lead which will affect che wearer are much
smaller than the harmful amounts of. fibrosis-producing dusts, 2
filter will have to be more effective when used against toxic dusts
than against fibrosis-producing and suisance dusts.

For special operations such as sandblasting, 2 mechanical
filter type respirator is not practical because of the extremely high
concentrations of dusts present. In such conditions, special air-
supplied masks or respirators should be used in which zir from a
compressed sair line is supplied through a hose to the facepiece

for breathing. Such devices may also be employed if desired as .

protection in less severe and hazardous operations, The advancage
of an air-supplied respirator is that thereis no breathing resistance
and the wearer is protected agrinst any and all dusts and fomes
in the surrounding atmosphere. However, the restriction by the
air hose which must be attached to the wearer =zt all times be-
tween his facepiece and the air supply, prevents the use of this
device in many operations where the worker must move freely
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Dusts and Fumes in Indwstry

over a considerable area. Furthermore, caution must be taken
to see that the air supplied to such devices is free from all in-
jurious or objectionable odors and contaminants and that the

humidity and temperature of the air is such as to provide reason-
able comfort.

The United States Burecau of Mines (Department of the
Interior) tests respiratory protective devices against various air
contaminants under carefully controlled conditions. Devices
meeting its tests receive that Bureae's official approval, and this
is indicated by approval numbers on the device and a reproduction
of the certificate on the package. Equipment approved by the
U. S. Bursau of Mines for the particular contaminant or class of
contaminants in the air should be used.

MEDICAL CONTROL

It is of course obvious that medical control measures are futile
after a disease has been contracted because of the exposure to
dusts or fames except when the information is adapted to prevent
additional cases. However, before the diseases are contracted,
there are a number of things that can be done by physicans to
prevent such occupational diseases, which may be summarized

as follows:

1. The intelligent use of preemployment phyucal examina~
tions, including chest X ray films, and appropriate clinical
!aboratory tests as indicated.

2. Similar use of periodic physical examinations, chest X.ray
films, and dinical laboratory tests on employees in occu-
pations where typical hazards have been proved ro exise,
by industrial hygicne investigations,

3- Responsibility for seeing that hazardous
properly taken care of, by various cfcient methods of
pmtecuon, including the supplymg of person:l respiratary
protection, where industrial conditions make it unpomble
to control the bazard by other means.
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4- Prompt rtransference to non-hazardous occupations of
employees found to have symptoms of an occupational
disease associated with their exposure.

5. Prompt removal from work of all persons suffering from
active occupational diseases, when such persons are a
menace to themselves, their fellow workmen or the em-
ployer.

6. Adequate provision for treatment, rehabilitation, and
prompt return to work, of cmployees having disability
resulting from occupatlonal diseases.

SuMMARY

In this brief discussion of dusts and fumes in industry, the
sources, cffects, and control have been considered under the
following headings:

1. Definitions.

2. Incidence and etiology.

* 3. General diagnostic methods.

. 4> Clinical examples.
i §. Prevention — general pnnczpls, mdudmg spemﬁc methods
of air sampling and apparatus for this purpose; specific
methods of protection, including mention of respiratory
protective equipment available; and other general methods.

It should again be emphasized that industrial managers are
i " interested in the prevention of wouble that may arise from
. exposure to dusts and fumes in industry, and that this principle
! is particularly important nowadays because of the need for every
i person in active production, and in addition, because so many
physicians are being used in the armed services.

It is believed thar if the suggesuons made in the foregomg
are followed, the problems arising from dusts 2nd fumes in
industry can be succasfully managed.
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M.S.A. . . . AND INDOSTRY

Throughout the many types of American Ind'nstry are the products of this
Company — the largest commercial manufacturer of approved safety equip-
ment jn the world today. In 1914, Mine Safety Appliances Company was formed
(as its name would indicate), to serve the mining industry. Today, the Company
has far outgrown its original field, to indude the design and manufacture of
approved safety equipment for every major industry and che pablic protective
services. .

The Company’s program is founded squarcly upon Rescarch -— rescarch
which is concerned with all industrial hazards to the life and safety of the
worker, conducted in M.S.A.'s extensive laboratories, by stientists of naticnal
repuration. Laborarories for chemical rescarch, dust research, znd experimental
research join with the engineering dcpartments in tranalating safety require.
ments of industry into equipment meeting the highest demands of efficiency,
comfort, and practicality.

An important adjunct of M.S.A. Research is its nation-wide network of
field representatives, attached tw M.S.A. diswict offices in zpproximately o
prineipal cities. In intimate contact with industrial health and safety problems,

‘these trained men work in effective fizison with industry and MS.A. A dose

contact is maintained with the many official burcaus and ageadies devoted
furthering the cause of industrial safety. .

The broad instituticnr]l work of MLS.A.—exampled, in small part, by this
particular publication — is undertaken with the fullest sense of responsibility.

Mine Safety Appliances Coméahy

SRADDOCK, THOMAS AND MEADE STREETS
Prressozca (B), PEnxsyLvaNia
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Dusts and Fumes 1in Industry
(Sources, Effects and Control)

INTRODUCTORY STATEMENT

In dealing with occupational diseases and their effects, the
attending physician should keep in mind thac the etiology of
these conditions ‘is present I the industrial environmene— if
the conditions are to' be considered truly industrial in origin.

It is likewise important to understand that ratonal diagnosis
and treatment rests upon a fairly accurate knowledge of the
etiology of the disturbances; this is especially true of occupational
diseases and allied disorders.

Moreover, employers, industrial hygiene and medical depart-
ments are greatly interested in the prevention of various maladies
which ordinarily affect employees; this clinical and economic
interest on the part of industrial management further emphasizes
the need for understanding the etiological factors in the working
environment, so that they may be properly controlled.

This booklet on industrial dusts and fumes is the second of
a series of which the purpose is to show the most important
effects of occupations, show how these occur, give measures for
treatment, diagnosis, and prevention, meanwhile considering the
source or cause of such conditions. 1t is hoped that these simple
and brief expositions will be of considerable help to industrial
physicians, and to private practitioners who have among their
patients employees of industrial plants subject to such exposure.

DEerFINiTIONS

Dusts may be defined as solid particles of matter which are
ordinarily produced by grinding, crushing, drilling or blasting

I
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Dusts and Fumes in Industry

processes, the composition of the parricles being the same as that
of the parent materials. These materials may be rock, memnls,
ares, or such products, for example, as coal, grains, or wood.
The size of the particles varies from what is called ultra.micro-
scopic to those which are visible. Authorities now agree that the
hygienic significant particle size of dust ranges from a fraction of
a micron to 10 microns. (A micron is 125,000 of an inch}). The
most frequently encountered dusts in industrial processes are
mainly those from inorganic minerals, and a few argantc dusts,

such as wood and flour.

Fumes may be defined as solid particles which are formed
by processes similar to combustion, condensation and sublima-
tion. The most common types of fumes encountered in industry
are usually caused by the oxidation of a metal, of which rypical
examples are the oxides of lead or zinc. Parricle size is usually
smaller than dust and ranges below one micron. In contrast to
dusts, fumes tend to flocculate very easily. Many people erron-
eously speak of fumes when they mean vapors of liquid materials,
such as acid solutions, organic solvents, and the like.

InciDENCE AND ETionocy

Dusts are the most common type of air contaminants en-
countered in industrial processes, and can occur whenever various
materials, as mentioned before, are subjected ta processes which
break them up into fine particles; or where powdered or pulver-
ized materials are handled or transported. Inorganic dusts are
the prevailing type so far as frequency is concerned, but organic
dusts are also found in different industrial operations.

Fumes are usually found wherever there are molten metals
such as Jend, 2inc, and calmium being processed or used in indus-
trial operations. Welding is 2n operation which has greatly in-
creased in frequency of use and it may give rise to fumes of
the metals which are welded or to fumes and gases from the
variegated coatings of welding rods.

2
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Incidence and Etiology

It is to be borne in mind that metals may produce both dusts
and furmes, according to the nature of the operation and the state
of the materials when processed. For example, among the heavy
metals such as lead, dust may be of equal or greater etiologic
importance with fumes — other mineral dusts and metallic dusts
also are considered of etiological importance, as the following
outline will show: )

L. Organic dusis:
. 1. Non-living organic dusts:

(a) Toxic andfor irritant dusts; *‘(Various organic
compounds such as trinitrotoluene, mercury ful.
minate, tetryl).” :

(b} allergy-producing dusts (woods, pollens, and the
like).
2. Living organic dusts:
(a) bacteria
(b) fungi

H. Inarganic dusts: {mineral dusts)

{a) toxic andfor irritant dusts; {mainly the dusts from
heavy metals and their salts, such as arsenic, lead,
manganese.) .

(b} fibrosis-producing dusts, {examples are free silica
and asbestos).

{¢) non-fibrosis-producing dusts; (the so-called inert
dusts, such as alundum, corundum, emery, lime-
stone, magnesite, marble, plaster-of-paris, and
polisher’s rouge).*

The most important of the non-metaliic, inorganic mineral
dusts is free silica, which produces silicosis, if breathed in suffi-
cient quanticies over a long period of time, Frec silica dust and

* Thiz clasitfication is in rccardance wuh the presenc srare of knowledec. Fotwre stndws sod
expurience will probably show sweiar of the 10-calicd taere or owisance dusts ro be harmful,
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Drists and Fumes in Indusiry

asbestos dust are the two kinds of mineral dusts which produce
disease entities corresponding to the names of the dusts — sili-
cosis and asbestosis. Mixed dusts of various kinds, such as various
ores which contain different amounts of free silica, can produce
different types of reactions, according to the kind of minerals
which are in the ores, Where, for example, there are mixtures of
iron, and various caletum-containing compounds such as gypsum,
with free silica, a protective influence is exerted against the
action of free silica on the Jungs. Other modifications of free
silica action occur according to the rypes of minerals present
some of which tend to inhibit or restrain the action of free silica.

Another important conception with reference to the etinlogy
of dust and fume discases which may result from exposure to
these classes of materials, is the use of the terms exposure and
hazard: they are not synonymous — exposure merely means
contact with some substance which is a porential kealth harard;
whether it is an actual health hozard can only be determined by
an industrial hygiene engineering survey, in which the amount
and kind of exposure is rated, according to accepted standards
of concentration, size, and quality of dusts and fumes. Many
persons erronenusly therefore state that there is a lead hazacd,
for example, when it is only known that contact is being made
with lead; and when there are no data to support the contention
that there is an actual hazard present in the working environ-
ment.

Methods for the determination of dusts and fumes in the
air, also with reference to the types of devices used for such
determinations, will bc mentioned later. The importance of air
contamination will be realized when it is stated that the patho-
logic effects produced by dusts and fumes are brought about
almost entirely by the inhalation of these compounds and ma-
terials. There is only one outstanding example, for instance, of
the possibility of absorption of lead through the skin, namely
retraethyl lead, and this occurs in the form of a fluid. No dusts,
so far as is known, produce any systemic pathological condi-
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General Diagnosiic Methods

tions from skin absorption, and it is doubtful that any kind of
true fume is absorbed by the skin.

From the eticlogic point of view, particularly with reference
to pathologic effects, the following outline shows how different
types of substances (among the dusts and fumes) act on various
systems in the body to produce pathological effecrs:
1. General systemic poisoning:
Examples: Arsenic, lead, manganese, mercury.
2, Substances acting on the circulatory system:
Examples: Arsenic, lead, mercuary, vanadium.
3. Substances acting on the respiratory system:
Examples: Asbestos, free silica.
4. Substantes acting on the gastro-intestinal system:
Examples: Antimony, cadmium, lead, mercury, zinc.
§. Substances acting on the skeleton and joints:
Examples: Lead, mercury, mesothorium, phosphorus,
radium, '

6. Substances acting on organs of special sense:
Examples: Arsenic, fead, manganese, mercary.

7. Substances acting as fetal poisons:
Examples: Lead, mercury.

8. Substances aciing on the genito-urinary system:
Examples: Arsenic, lead, mercury, vanadiam.

g. Substances acting on the brain and nervous system:
Examples: Arsenic, lead, manganese.

GeNeraL DiacrNostic MeTHODS

The accurate diagnosis of pathological conditions arising
from the inhatation of industrial dusts and fumes has tremendous
economic significance and also it is of medicolegal importance.
Moreover, it is impossible to understand how proper and effica-

5
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Dusts and Fumes in Industry

ceous treatment may be rendered unless a scientific diagnosis
is made. If a claim results from the pathological condition
alleged, it is evident that the diseasc sustained must be directly
relazed to the employment and further, must produce disabilicy
to entitle the individual concerned to compensation.

Diagnostic methods with reference to dust and fume diseases
need not differ widely, if at all, from those used as routne pro-
cedures in geaeral scientific medicine, although there are specific
methods as in any ocher application of general medical diagnostic
principles to any special group of persons. New discoveries occur
relative to diagnostic methods in occupational disease work and
for the most part, reliance must be placed on information which
is scattered throughout the current literarure in addition to
avaifable textbook material which is better now than it was even
five years ago.

Emphasis has already been placed upon the vital part played
by etiology; it is wise to repeat that ctiology forms the bulwark
of the diagnostic and therapeune background.

Among the methods which are used to make a fairly accurate
diagnosis with reference to occupational diseases, is the taking of
a thorough industrial history; consideradon of symptomarology,
the physical findings, the results of air examinacion; and finally,
last but not least, a ditferential diagnosis, ruling out diseases of
ordinary life which have no relation to occupation,

The industrial history may be of very great assistance in
arriving at an opinion. Most industrial physicians of considerabie
cxperience believe that it is desirable to include a complete
resume of the kinds of occupations which have been experienced
by the individual being examined, dating from the first job o
the last one. It is of course clear that the details of actual occupa-
tional exposure cannot be evaluated by this methed, bur im-

portant information bearing on the diagnosis may thus be’

obtained. It is the present practice, therefore, to list the occupa-
tions with the dates of occurrence, in the industrial history, It is

6
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General Diagnosiic Methods

furthermore advisable to get more detailed informadon relative

to the performance of the occupation, if that can be obtained.

This will at least give information relative to the kind of exposure
in industry, although it will give no idea of the severity of ex-
posure,

The symptomatology in many kinds of occupational disezse
is likely to be confusing rather than useful, because in many
instances it so closely simulates that of nan-industrial disease
that it is guite commonly not characteristic. Especial attention
should be given, however, to the recording of the symptomatology
and criticzl attempts made of its proper evalnaton. Here again,
distinction must be made between symptoms which may be due
to non-occupational disease and those symptoms which arespecific
for accupational diseases — this is where the difficulty arises in
adequately assessing sympromatology.

The physical findings, on the whole, are more reliable than
the symptomatology, although in certain instances they too are
not characteristic and are, therefore, liable to be somewhat
puzzling, Where only one portion of the body is affected, as in

“silicosts, for example, it might be assumed that the physical

findings would be more characteristic, but the opposite of this is
usually true. In other instances, for example lead poisoning,
where different organs and systems are pathologically affected,
the picture is liable to be one which demands expert evaluation ro
differentiate from non-occupational conditions.

Clinical laboratory data, including X.ray findings, are
frequently found to be decisive, although here agzin intelligent
appraisal means proper interpretation of the data. When they
are decisive, such tests are by the very specificity of their nature,
of great value as diagnostic aids, although they should be defi-
nitely correlated with other findings.

Differential diagnosis presents perhaps the most difficult
problem of all in the realm of diagnosis of occupational diseases.
There is good reason to believe that ditferential diagnosis will

7
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continuc to be one of the most difficult phases of the medical
ramifications of the medicolegal problems of occupational dis-
eases. The reason which has aiready been indicated is that the
symptomatology and frequendy the physical findings imitate so
closely the symptomamlogy and physical findings of non.
industrial diseascs, that one must make use of speafic procedures
which are designed especially as diagnostic guideposts. Frequently
sach specific procedures are not used to any great extent, except
by those who are highly specialized in the field and whose work
takes them into a review of the current lirerarure containing
these developments. For example, one may believe that an
industrial employee has lead poisoning, largely because of second-
hanrd knowledge that lead was used in his occupation, more easily
than one could demonstrate adequate etiology and the existence
of lead poisoning by scientific methods,

Because of all of these obvions and other difficulties, it seems
wise to adapt specifically certain examination procedures to
industrial problems arising out of occupational or suspected
occupational diseases. Mest authoritics now agree that the
examining physician can be of greater service and give mare effi-
cient advice regarding either acceptability for employment,
continuance in ir, opinion on the diagnosis of systemic pathologic
conditions and the estimarion of disabiliry, if he is conversant
with the following points:

1. The natare and extent of the industrial exposure into
which the employee will go or where he has been, This can
be determined only by scientific methods which will be
referred to later.

2. The effect of this specific exposure upon normal and
abnormal physical states of employees, as interpreted by
the physical status of each individual on examination.
(This refers specifically to etiology in the industrial en-
vironment and the effects which such etiology may or

could produce.)
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3. The nature of the protective devices supplied by the em-
ployer, if a hazardous exposure cannot be otherwise con-
trolled, and as to whether these devices are functioning
efficiently. (Reference will be made later to these devices,
especially designed for protection against dust and fume
exposures.)

It is realized that these procedures are somewhat removed
from the usual program of physical examinations, particularly
with reference to the work of part-time industrial physicians, but
it is also expected that the physician will be called upon increas-
ingly to know and apprectate such information so thar he may
function better as a diagnostic medium.

Because the most frequent and most significant exposures in
industrial processes are free silica dusr and lead and its com-
pounds, it seems advisable to include in the next section some
clinical examples, namely silicosts and lead poisoning; there will
also be included a brief discussion of metal fume fever.

CrLinicar ExaMPLES

Simply stated, silicosis is a disease of the lungs, caused by
the continucus inhalation over a long period of time of very finely
divided, microscopic, particles of free silica dust. There have
been various standards set up by different agencics, based upon
studies of silicotic workmen and their exposure to free silica dust,
The National Silicosis Conference Report on Medical Control
of Silicosis says: “There is evidence that for prolonged exposure
2 concentration of more than five million particles per cubic foot
of a highly siliceous dust is dangerous, Therefore, it is now con-
sidcred good practice to hold concentrations of highly siliceous
dust at § million particles per cubic foot, or less.™

Because of the fact that industrial exposures, involving high
free silica content in which the concentration of dust should be
restricted to five million particles per cubic foot, are relatively
infrequent in industry, and also because the opposite usually
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‘occurs {an exposure to “mixed” dusts which contain appreciuble
amounts of free silica but also contain considerable amounts of
other types of material) it is believed wise to refer to the formula*
developed by the National Silicosts Conference with reference ta
a working eriterion with respect to satisfactory or unsatisfactory
conditions, when exposure to ‘mixed’ dusts occurs.

It is to be borne in mind, however, that any unprotected
industrial operation, which involves the production of a lot of fine
dust particles of material containing a reladvely large percentage
of free silica, offers a potential silicosis hazard.

The incidence of silicosis is not known with any degree of
accuracy, although various estimates have been made. One of
these made some time ago by the American Institute of Mining
and Metallurgical Enginecers indicated that in the United States
the number of industrial workers exposed to the silicz dust
hazard is in excess of a half million. Figures quoted by the Com-
mittee Reports of the National Silicosis Conference disclosed
estimates that approximately % of the working population of
the United Stares or about one million workers are exposed in
some way to the potential hazard of silicosis, and that perhaps
half of this number, 500,000, or 19 of the total, are exposed to a
serious hazard. It is furthermore believed that approximately
110,000, or 0.2 of 1% of the total, have silicosis to some degree,
but likely only 4000 to 5000 (a small fraction of 155 of the total)
suffer any degree of disability from the disease. (These figures are
based upon prewar estimates.) It can readily be seen that silicosis,
although not a rare disease, is not common and furthermore not
as common as may ordinarily have been supposed by many
persons,

Recent conceptions with regard to the contraction of silicosis
have established the belicf that approximately 25% of those
exposed to a real silica hazard will eventually develop silicosis.
e SORMULAR: “ulony e reveo o R P s i G
diriom may br ronudeved oo hrgi Fat example, iﬂ cenx free shcx weth 38 average towal dost
mcmmo«\ af 30 andhon pastickes per cubi foot —ould grve 010 nerey 50 pullion. whied equals 3
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With respect to the occurrence of silicosis in the foundry
industry, a prewar survey by the Division of Industrial Hygiene
of the New York State Department of Labor, based on a study
of 31 ¢ foundties, of which 8o plants included X-ray examinations
involving 4,754 employees, provides some interesting figures: the

X-ray swnmary showed that 3,259 or 80,29, were negative; 18¢ -

or 4.5%9 showed fibrosis; 110 or 2.7%, showed silicosis with and
without infection; 485 ot 11.9% showed hezled primary and re-
infection types of tuberculosis; 27 or 0.07% showed clinically
significant tuberculosis. It was concluded, as stated in the report,
that it would appear that the silicosis hazard in the foundsy
industry in New York State, while existent, is of mild degree of
severity and may be expected to yield satisfactorily to appropriate
measures of control. The report further indicared that tuber.
cuosis as manifested by X-ray films of the chest was found to be
more prevalent among silicotics than among non-silicotics in

foundrymen.

The occupational history, as previously indicated, is of con-
siderable importance. Forms for the recording of occupational
records have been devised by various organizations and groups
and by physicians and insurance companies. One of the most
complete and longer forms has been devised and used by the
Saranac Laboratory, Saranac Lake, N. Y., in connection with
silicosis studies and symposia on silicosis which have been held
by this group. [t is suggested that the physician, if interested,
should contact the industrial hygiene bureau of his state health
departmenc through which detailed forms may be secured or
information relative to them.

The symp‘toms and physical signs are not characteristic; they -

may be confused even by skilled diagnosticians in other diseases,
with the symptoms 2ad signs which commonly occur in beth
minor and the more serious types of the well-known respiratory
infections. Characteristically, shormess of breath on exertion
and decreased chest expansion frequently occur in advanced
cases of silicosis, but these findings must also be differentiated as

1t
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to their casual relationships and their possible association with
other diseases.

The dinical confirmation of the diagnosis of silicosis rests
mainly on the characteristic X-ray appearance of the chese. This
shows the typical lesions of silicosis, hyaline Abrous nodules
which are scattered as opaque bodies thronghout both lung
fields, the density of these nodules being somewhat less than
calcified bodies, but discrete in outline, all about the same size
in the early stage (so-called millec-seed size) and evenly dis-
tributed throughout both lung fields. These nodules appear as
the first indication of silicosts, later become somewhar confluent
and in the latter stages, there are [acge masses of opaque material
found near the periphery of the lung fields. In the later stages of
silicosis, the disease is frequencly compliczted by infection,
usually tuberculous in nature. As an aid to interpretation of the
X-ray films of the chest where silicosis may be suspected, it is
suggested that the physician refer to a tabulation of the X-ray
changes in silicosis, with the underlying histological conditions
which cause them, published in the transcript of the Second
Silicosis Symposium, Saranac Lake, N. Y., 1935.

Diagnosis rests upon proof of occupational dust exposure
sufficient to produce the disease, and the presence of character-
istic nodular lesions in the X-ray film of the chest. The mere
mention of occupation is not sufficient for diagnostic purposes —
adequate knowledge concerning the quality and quantity of dust
exposure, as well as the length of the employment period, is
necessary to establish a distinct causal relationship.

Although considerable diagnostic reliance is wusually and
properly placed upon the history of adequate occupational dust
exposure and the characteristic chest X-ray appearance, a thor-
ough physical examination with appropriate clinical laboratory
examinadons should be done, especially with reference to the
ruling out of other respiratory diseases. Diagnosis becomes
essentdally a differendal diagnosis, as before explained, ane

which is likely to be difficult, necessitating special experience.
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Clinical Exomples

and knowledge. Some of the conditions requiring differential
consideration here are miliary tuberculosis, maltiple calcifications
of healed tuberculosis, cancer of the lungs, and fungous growths
of the fungs. '

Within recent years, superimposad infection has come to be
the accepted cause for disability, The outlook in simple silicosis,
therefore, (that is, without infection) is more favorable cthan was
formerly believed. It is obvious that the chief problem for the
silicotic is to avoid superimposed infection, which is usually
tuberculous,

There is no one specific, efficacious treatment for sificosis,
although in recent years, the inhalation of merallic aluminum
powder has shown some promise. In cases where tuberculosis
complicates the picture, it is obviously to be treated by the best
known methods for that disease. There is some recent evidence
thar surgical therapy as used in ordinary forms of tuberculosis
is 2ls0 a help in the type of tuberculosis which follows silicosis.
The evidence for this is not conclusive, but there are good results
on record.

In general, recommendations for the treatment of cases of
silicosis vary with experience and wich the findings of each case.
It is believed, for example, that no treatment is necessary in the
case of an individual without symptoms, whose X-ray film of the
chest (tzken perhaps in a routine industrial survey} shows only
widespread discrete nodulation without localized shadows indi-
cating infecrion. However, the employec should have serial X-ray
examinations with physical examinations of the chest at least
once a year and should be removed from further silica exposure
to some other job, since the disease is very slowly progressive
and there is at this stage no disability which precludes continua-
tion in employment. A person with localized conglomerate
lesions may have symptoms and usuaily cannot do as heavy
work as formerly; therefore, a lighter job should be found. In
the presence of acrive infection where there are symproms ar
incapacitation, the individual cannot obvibusly continue in-his

13

..'T=
M

t

SC 030871



. pemIpINAT

'

Dusis and Fumes in Industry

former employment. If the case is one of open tuberculosts with
positive sputum, it is evident that such an employee is a source
of danger to his fellow workmen and should be placed in & sani-
tartum or hospital. In cases of inactve infection with no incapaci.
tation, lighter work should be provided, without further dust
exposure.

Dusts containing silica in combined form do not cause silicosis;
however, one such dust, asbestos, a magnesium silicate, will
produce a characteristic fibrosis which is called asbestosis. This
disease is quite different in its pathology from silicosis, and has
a characteristic ‘ground-glass” appearance on the X-ray films of
the chest. Animal experimentation indicates that the action of
asbestos is probably mechanical, since it cannot be produced in
other than the pulmonary tissue. Asbestosis may cause disabilicy
and a few fatal cases have bezn recorded, but in those cases show-
ing marked disability, other organic disease is uasually also
present. The symptomatology and physical findings include
cough, dyspnea, pallor, clubbing of fingers, and diminished chest
expansion, with a characteristic X-ray appearzace as previously
mentioned.

Lead Poisoning

Lead poisoning offers a good example of an industrial poisoning
which is contracted by the inhalation cither of a toxic dust or fume,
and has been stated to be one of the most frequent and important
types of metallic poisoning in industry, on account of the wide-
spread use of [ead and its compounds.

Alzhough there are no reliable statistics available with respect
to the national incidence of lcad poisoning, it is believed that lead
poisoning is very prevalent and that mest of it is mild. The
incidence of severe types of cascs, particularly Iead encephalo.
pathy and the more severe types of nervous system involvement
are not seen with as great frequency as in former years. Many
physicians who are used to handling industrial cases now rarely
see a case of wrist drop due to lead poisoning, whereas 20 to 2§
years ago it was a rather common phenomencn, in cases of I=ad
intoxication.

1%
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The industrial history is of great importance, as previously
indicated, and a thorough consideration of the nature and extent
of the exposure to lead and its compounds is an essential point
in the etiology. It is now generally accepted that the standard of
the U. S. Public Health Service and the American Standards
Association of 1.5 milligrams of lead per ten cubic meters of air,
is the maximum allowable concentration. Because it is now con-
ceded that practically all industrial lead poisoning is contracted
by the breathing of lead dust and fumes, it becomes of con-
siderable importance in working out the etiology to ascertain the
amount and quality of lead dust and fumes in the ajr, during the
occupation of the involved individual. This point will be dis-
cussed later with reference to prevention,

Formerly, the nature and varicty of non-industrial sources of
lead intake made it particularly difficult to establish industrial
etiology on 2 sound and competent basis. More recently, how-
ever, non-industrial lead intake has been measured by scientific
methods and with the exception of an occasional difficulty with
various types of homemade beverages stored in utensils glazed
with a lead eompound, the non-industrial lead intake is not
believed to be a considerable factor in the production of lead
poisoning in adults. There are, however, some exceptions and
these should be taken into aceount, as indicated.

The diagnosis of industrial lead poisoning is not a simple
matter on account of the fact that clinical symptoms and signs
are protean and are liable therefore ta simulate other diseases.
Grear increase in our knowledge, however, has occurred within
the past ten to fifteen years, and it is now known that thereis a
dose relationship between the action of lead and its compounds
within the body and the calcium metabolism, and further, normal
and abnarmal excretion of lead has been worked out on a scientific
basis. It is now an accepred fact that persons widhout industrial
exposure normally excrete a certain amount of lead in the urine.
It has been stated that definite clinical findings of lead poisoning
are practically elways associated with abnormal urinary lead

is
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excretion — the reverse, however, is not true — that abnormal
urinary excretion of lead in the absence of characteristic dinical
findings indicates lead poisoning.

Other laboratory findings are important, pardcularly the
examination of the blood, some investigators and clinicians using
the increase in basophilic stippled red cells 2s an indicadon of
positive findings and others using what is known as the basophilic
aggregation test. Both 'are found to be successful, the former
more adaptable in cases of frank poisoning, the lacter more useful
in cases of lead absorption and suspected incipient poisoning,

Although as indicated, the clinical symptoms and signs of
lead poisoning are protean, the principal effects are expressed in
the b};:od, the gastroiatestinal system, and the nervous system,
named in order of their usual chronological occurrence. In brief,

- the most consistent findings are changes in the color and form of

the red cells of the blood, colic and constipation, and weakness
and atrophy of the extensors and flexors of the muscles of the
wrists, with partial paralysis in the more advanced types of cases.

The differential diagnosis, as may be obvious, has to do
mainly with differentiating industrial lead poisoning from non-
induserial diseases which may involve the blood, the gastro-
intestinal system, and the central and peripheral nervous systems,
producing changes which are similar to those observed in frank
lead poisoning. Such non-industrial diseases show a considerable
variety of pathological processes affecting the above-named
systemns.

The treatment of lead poisoning has undergone considerable
change within the past ten to fifteen years. In general, the treat-
ment consists mainly of appropriate therapy for the toxic episodes
and the mobilization of stored lcad in the long bones. It is usually
agreed that it is wise to facilitate the storage of lead by an excess
calcium intake rather than to set lead free in the blood stream;
after the passing of acute toxic episodes, the elimination of lead
may be assisted by means of low calcium intake, the administra-
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tion of weak organic acids and ammonium salts, sodium bicarbo-
nate, and potassium iodide. Care should be exercised in using
such formy of treatment on patients who have nephritis.

Two schools of thought with widely divergent views exist
with reference to deleading the body: there are those who feel
that in the majority of instances deleading will accomplish good
results, while there are others who adopr a conservartive atdiude
and because of the possibility of precipirating acute symptoms,
feel that it is safer to produce artificial deleading by slow methods,
or to resort to the natural process of letting the body delead
itself over a period of time. The choice in the mazrer depends
upon the individual case and the previous results which have
been achieved at the hands of the physician in charge of the case.

Storage of lead may be fadlitated in acute cases by 2 high
calcium diet or by the slow intravenous injection of 16 cc of 20%
calcium gluconate; variations with relationship to this form of
treatment have been devised by various physicians. In the delead-
ing process, low calcium diet rogether with oral administration
of ammonium chloride has been found to be effective, whereas
in certain cases parathyroid extract and sodium bicirbonate also
have been useful. Within recent years it has been established chat
large doses of viosterol have been instrumental in increasing the
excrerion of lead. Other investigators have found that an adequare
phosphorus intake is essential for the depositing of lead in the
bones and for the removal from the bones of the excess cations,
as the insoluble phosphate salts in the feces; it has therefore been
recommended that deleading may be accomplished by giving a
diet low in calcium and relatively high in phosphorus, using
viosterol 20 minims daily.

There are also variations of treatment with reference to the
amount of intoxication, and where there has been high, medium
or low lead intake in industrial occupations. In all these types of
treatment, deleading should be done in the hospital where the
patient may be closely supervised. Some investigators advise

17
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agminst deleading more often than once in four weeks and the
course should not be prolonged for more than three or four days;
some physicians believe that it may tzke from six to fifteen
courses of deleading to free the individual of his most loosely-
combined lead, which of course is the most dangerous type of
lead. It is again warned that deleading should not be undertaken
in the presence of acute symptoms; it is further agreed by all in-
vestigators that calcium therapy is considered to be the most
specific at the present time.

The cutlook in cases of lead poisoning is much better now
than formerly because of the occurrence of moderate types of
effects, the severer forms being a great deal less frequent than in
former years.

Meral Fume Fever

This name is applied o the condition which resulrs from
breathing fairly heavy concentrations of freshly formed metallic
oxide fumes, principally zinc and one of its alloys, brass; although
the condition may result from the inhalation of other metallic
oxide fumes. Metal fume fever is not a systemic poisoning, but
it should be borne in mind that some of the metallic fumes that
can cause it, such as lead, cadmium, mercury, and manganese,
may also cause systemic poisoning.

The symptoms come on some hours after exposure, usually
after leaving work, a dryness of the throat being first noticed,
which may be followed by a dry cough and a feeling of heaviness
in the chest. Rise of temperature, accompanied by sweating, and
leucocytosis and elevation of the pulse rate and the blood pressure
usually follow, sometimes with chills. The symptoms ordinarily
pass off in 12 t0 24 hours and the usual experience is thar the
employee returns to work the following day. A natural immuniry
is conferred in certain types of workers, which seems to be lost
rapidly after removal from continuous exposure,

Diagnosis is made wsually on a clear history of industrial
exposure to metallic oxide fumes. It must be remembered that
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Other Dusts and Fumes

the effects and symptoms of metal fume fever are very similar
to those of influenza and that the malady is more often noticed
in the fall and winter, when influenza usually occurs. The in-
dustrial history is, therefore, important in diagnosis, particulary
with reference to a causative exposure to metallic oxide fumes.

The outlook is good for complete recovery in a short time and
usually there is no time lost from work, although there may be
temporary incapacity in terms of hours.

The aeatment is sympromatic and especially directed roward
comfort because the padent usually recovers within a relatively
short tme in ajl events. Rest in bed with adequate warmth and
protection from drafts are recommended. However, all suspected
cases of metal fume fever should be attended by a physician
because the symptoms may closely stmulate influenza which
makes the ditferenzial diagnosis important,

Otuer Dusts axp Fumes

It must not be concluded that although clinical examples were
given of silicosis, lead poisoning, and metal fume fever, there are
not other examples which are of importance. These subjects were
selected beczuse of their frequency of occurrence and because
of the fact that they are commonly encountered as examples of
dust alone, dust and fumcs, and fumes.

Among the other mezals which may be mentioned are arsenic,
antimony, cadmium, manganese, mercury, radium, selenium,
silver, tellurium, thallium, and vanadium. Not all of these are
equally important with reference to toxic effects.

Probably the most important of these from a toxic point of
view are arsenic, mercury, manganese, and cadmium. Arsenic pro-
duces chronic poisoning chiefly from breathing over a long petiod of
thin air containing dusts ‘or sprays of arsenic compounds. The’
compounds of arsenic such as lead arsenate, paris-green, arsenic
oxide and assenic sulphide are among the more dangerous forms.

9
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Dusts and Fumes in Industry

Where dusts of mercury are present, they will be in the form
of either mercurous or mercuric compounds, where metallic
mercury is used in the manufacture of such items as thermometers,
mercury switches, mercury vaper lamps, mercury beilers, etc.,
the hazard is from the vapor since mercury has a constderable
vapor pressure even at normal temperatures. Mercurialism is
characterized by three features: inflammation of the mouth,
muscular tremors, and psychic irritability — sometimes all of
these are encountered and sometimes only two or only one. In
the more chronic or slow form of poisoning, a characteristic
tremor is the commonest symptom, coming on Jate, and has been
noted to occur particularly among mercury miners.

Manganese poisoning is an old industriz! poisoning, having
been described more than so0 years 2go, but has receded in
incidence in American industry. Characteristicaily it produces a
peculiar slapping gait with phenomena of retropulsion and pro-
pulsion; masklike faces; monotonous voice with economical
speech; muscular twitching varying from a fine tremor to gross
rhythmical movements of the extremities; languor and sleepiness;
cramps in the calves of the legs with stiffness; slight increase in
the tendon reflexes without any disturbance of the deep or super-
ficial sensarion. Studies within the past five years indicate that
dust is the most important type of exposure.

Cadmium js encountered in the smelting of ores, the handling
of socalled ‘blue powder’ compounds, the spraying of pigments,
the welding of alloys, and the melting of cadmium metal itself,
as well as certain non-industrial exposures where utensils have
been plated with this metal. In recent years there have been
several outbreaks of cadmium poisoning among non-industrial
users of such utensils. The use of the metal has increased tremen-
dously and therefore, there is more industrial exposure. Two
types of effects have been observed, those with reference to the
lungs and also those with reference to the gestro-intestinal tract,
the former being more important and more frequent. Pulmenary
involvement is characterized by a feeling of constriction in the
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Prevention

chest, edema and congestion of the lungs, sometimes with
hemorrhage, proliferative interstitial pneumonitis; while the
latter is characterized by nausea and vomiting and a penerat
irritative reaction of the gastro-intestinal tract, with diarrhea,
hiccough, and oliguria.

If further details arc desired on the clinical aspects of the
metals mentioned, standard works on industrial hygiene and
occupational diseases should be consulted.

PREVENTION

The general principles of prevention involve first the identi-
fication of industrial exposures and the evaluation of such ex-
posures by proper scientific methods to determine whether or
not they represent actual health hazards. This is done by sampling
the air and determining the amount of 2ir contaminants and the
quality of them in each type of occupation or problem involved,
and comparing the results with the accepted standards of maxi-
mum allowable concentration that have been adopted by official
bodies. Second, after it has been determined that there is an
actual heslth hazard represented by the occupation, control
measures, both engineering and medical, are instituted to control
the hazard, providing it cannot be entirely eliminated.

In discussing the methods of engineering control, we are con-
terned with three basic prinaples:
1. Investigation of occupational conditions.

2. The measurement of the occupational exposure and the
rating of the hazard, if onc exists.

3. Putting into effect the specific measures of protection
which have been indicated by information secured under
{1) and (2). -

Among the metheds of appreach for engineering control
measures may be mentioned:

1. Physical and hygienic survey of plant conditions.

21
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Dusts and Fumes in Industry

2. Occupational history and analysis.

3. Adequate information concerning matcerials and processes
used.

4. Atmospheric and gross sampling of materials, combined
with quantitative physical and chemical determinations,

§. The rating of the hazard by comparing the findings in the
given instance with accepted standards.

6. An appraisal of the efficiency of protective apparatus and
devices.

7. An adequate and proper interpretarion of the information

so that it can be applied practically to the industrial
problem involved. T

When the forcgoing methods of approach to engineering
control have been carried out and information secured from them,:
the information can indicate the necessity for using specific

methods of pratection which have been found useful in different
combinations:

1. The use of mechanical devices, such as exhaust ventilating
systems, respirators, masks, and the like.

2. The changing of processes {segregation, enclosure, wetting,
etc.).

3. Substitution of nontoxic materials for those of proved
toxicity.

4 Educational programs for management, workers, engineers,
and physicians.

5. Continuous maintenance and checking of the efficiency of
protective equipment.

ATMOSPHERIC SAMPLING

The best method for collecting a sample of 2 dust or fume
from the air will depend somewhat upon the type of contaminants
to be sampled. The degree of hazard of fibrosis-producing dusts
is measured in terms of particles per unit volume of air (example:

ha ]
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Atmospheric Sampling

1o million particles of silica dust per cubic foot ot air) while
toxic dusts and fumes which may cause systemic poisoning are
usually measured in terms of weight per unit volume of air.
(Example: lead dust 1.§ milligrams per 10 cubic meters of air.)

Since results may vary with the type of air sampling device
used, it is important to select a type accepted through general
usage in the practice of industrial hygiene.

The larger Impinger which samples one cubic foot of air per
minute by impinging the air containing the dust particles from a
nozzle submerged in water or alcohol against 2 plate or bottom
of the flask was used in all of the original studies in the United
States on fibrosis-producing dusts, The large Impinger, however,
has the disadvantage of being bulky and requiring electric
current or compressed air for operation of the motor-driven air
pump, which produces the suction stream for air sampling.

A portable Midget Impinger has been developed which has
been proven to give results as reliable zs the large Impinger.
This apparatus samples at the rate of r/10th of u cubic foot per
minute and is operated by a hand cranked, positive action, four
cylinder pump, in conjunction with a vacuum regulator which
maintains an unfluctuating suction regardless of minor variations
in rate or smoothness of cranking,

After the sample has been collected in the Impinger flask, a
portion is placed in a special dust counting cell and counted under
2 microscope with an eyepiece having a special ruling similar to
a blood count ruling.

Further analyses are necessary with reference to the amount
of free silica in the dust and this s accomplished by the use of
specific chemical, petrographic and X-ray diffraction methods.

The Impinger method of sampling is not entirely suitable for
collecting fumes or dusts of toxic materials such as lead, cadmium,
and others because the efficiency of the Impinger is not adequate

when sampling the very fine fume particles and since thc amount
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Dusts and Fumes in Industry

or concentration of such materials in air which may be injurious
is much smaller than the safe amounts of fibrosis-producing
dusts, a correspondingly large air sample should be taken for
relizble results.

The Electrostatic Precipitator is widely used in the collection
of toxic dusts and fumes, particularly of metals and their com-
pounds. A Portable Electrostatic Precipitator has been develaped
which operates from 110 volts, 60 cycle current, and by high
voltage electrical precipitation collects the sample of the particu.
late matter dry on the inside of aluminum or glass cylinders.
This device samples at the rate of 2 cubic feet per minute. After
the sample is collected, 2 quantitative chemical analysis is made
in the laboratory. This type of apparatus permits determinations
of very low concentrations of many different kinds of atmospheric
particulate matter. -

Where equipment or personnel is not available for atmospheric
sampling, state industrial hygiene bureaus or private testing
laboratories may be engaged. Many insurance companies also
have facilities for such work, The Industrial Hygiene Foundation
in Pittsburgh, Pa., an association of industries for the advance-
ment of healthful working conditions, also have an excellent staff
of technicians for industrial hygiene surveys or consultations in
this field.

REespiRaTorRY ProTecTivE EQuiPMENT

. .1t frequently bappens that. because of the naturc-of the
operation or process in an industry, it is not possible to thoroughly
control & hazardous exposure resulting from the evolution of
dusts and fumes. In such instances, it is considered wise to pro-
vide employees with personal respiratory protective devices.
These vary with the kind of exposure and with the amount of
materials in the air.

For ordinary conditions in which only dusts and fumes are
present, simple filter type respirators are available which will
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Respiratory Protective Equipment

protect the worker against the hazards of breathing these dusts
and fumes.

Such respirators normally consist of a facepiece covering the
nosc and mouth, made of some plizble matenial such as rubber
which will conform to the face and provide a comfortable and
dust-tight fit, and to which is attached a filter made of treated
paper or felt through which the air is inhaled. If the filtering
material is of the correct type and density, it will effeccively filter
particles down to less than a micron in size from the air.

Comfort is a most important consideration in a device of this
type. Since a high breathing resistance will marerially affect the
comfort of the wearer, the filters should be of large area so that
the inhalation resistance will be as low as possible. Valves should
be provided which open on exhalation and further lessen the
exhalation breathing resistance.

The particular type of filter employed will depend upon the
kind of contaminant present in the air. Since the amounts of such
toxic materials as lead which will affect the wearer are much
smaller than the harmful amounts of fibrosis-producing dusts, a
filter will have to be more effective when used against toxic dusts
than against fibrosis-producing and nuisance dusts.

For special operations such as sandblasting, a mechanical
filter type respirator is not practical because of the extremely high
concentrations of dusts present. In such conditions, special air-
supplied masks or respirators should be used in which air from a
compressed air line is supplied through a hose to the facepiece
for breathing. Such devices may also be employed if desired as
protection in less severe and hazardous operations. The advantage
of an air-supplied respirator is that there is no breathing resistance

and the wearer i3 protected against any and all dusts and fumes

in the surrounding atmosphere. However, the reswriction by the
air hose which must be attached to the wearcr at all times be-
tween his facepiece and the air supply, prevents the usc of this
device in many operations where the worker must move freely
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Dusts and Fumes in Industry

over a considerable area. Furthermore, caution must be taken
to see that the air supplied to such devices is free from all in-
jurtous or objectionable odors and contaminants and that the
humidity and temperature of the air is such as to provide reason-
able comfort.

The United States Bureau of Mines {Department of the
Interior) tests respiratory protective devices against various air
contaminants under carefully controlled conditions. Devices
meeting its tests receive that Bureau’s official approval, and this
isindicated by approval numbers on the device and a reproduction
of the certificate on the package. Equipment approved by the
U. S. Bureau of Mines for the particular contaminant or class of
contaminants in the air should be used.

MEDICAL CONTROL

it is of course obvious that medical control measures are futile
after a disease has been contracted because of the exposure to
dusts or fumes except when the information is adapted to prevent
additional cases. However, before the diseases are contracted,
there are a number of things that can be done by physicians ta
prevent such occupational diseases, which may be summanzed
as follows:

1. The intelligent use of preemployment physical examina.
tions, including chest X-ray films, and appropriate clinical
faboratory tests as indicated.

3. Similar use of periodic physical examinatinns, chest X.ray
films, and clinical laboratory tests on employees in ocen-
pations where typical hazards have been proved to exist,
by industrial hygiene investigations.

3. Responsibilicy for seeing thar hazardous evposures are
properly taken care of, by various efficient methods of
protection, including the supplying of personal respiratory
protection, where industrial conditions make ir impossible
to control the hazard by other means.

26
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AMedical Control

4 Prompt transference to non-hazardous occupations of
employees found to have symptoms of an occupational
discase associated with their exposure.

5. Prompt removal from work of all persons suffering from
active occupational diseases, when such persons are a
mengce to themselves, their fellow workmen or the em-
ployer. : :

6. Adequate provision for treatment, rehabilitation, and
prompt return to work, of employees having disability
resulting from occupartional diseases.

Cm memm o e c—— e 4 f—

SuMmMARY

| In this brief discussion of dusts and fames in industry, the
sources, effects, and control have been considered under the
following headings:
1. Definitions.
' 2. Incidence and eticlogy.
. 3. General diagnostic methods.

4. Clinical examples.

5. Prevention — general principles, including specific methods
of air sampling and apparatus for this purpose; specific
methods of protection, including mention of respiratory
protective equipment availuble; and other general methods.

- ‘It should again be emphasized chat industrial managers are
interested in the prevention of trouble that may arise from
exposure to dusts and fumes in industry, and thac this principle
is particularly important nowadays because of the need for every
person in active production, and in addiden, because so many
physicians are being used in the armed <ervices.

It is believed that if the suggestions made in the foregoing
pages are followed, the problems arising from dusts and fumes in
indusrry can be successfully managed.
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M-S-A EQUIPMENT

FOR

Dust and Fume Protection

MSA Protection for men and
women workers against  hacenful
dusts is the result of many years of
research into all phases of every in-
dustry's respiratory protective prob.
lems. In 2 well-equipped Dust Re-
search Laboratory, which is a special
division of our Research Deparument,
continual study of dust hazards is
mainmined, and from this research
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group huve come many of the most
important ynprovements in dust pro-
tectivn—dating from che first UL S,
Bureau of Mines-approved dust respi-
rator, the famous M-S-A “Comfo.”
The M-S5:A trademark on the pro-
ducts you cecommend is 2 solid assur-
ance of excellence in design, manu-
facture and pecformance.

All applicable M-S.A personal pro-
tective equipment agaiast harmful
dusts or fuhes is approved by the
highest authority—the Uniced Scates
Bureau of Mines, official testing
agency of the United Seates Govern-
ment for safety tquipmenc. The ap-
proval certificate of the Bureau
signifies thut each product has passed
the must stringent impartial tests—

fic for the most exacting service in

induscry.
We will be glad to send you, upon
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M-S-A" FILTER

Desspned for peutection againse harm-
{ut dusts and fumes by the we of iner-
changeable filiers. €ach of theye Respi-

M-S-A* DUSTFOE 66

Bureau of Mines Approved, Aa impruved
compact and lightwerght Hespirator with larger
cxhalation valves reducing rtesistanee 0 a
mimmum. These spring-retamed valves elimi-
nate disturbing variation in hreathing reststance,
ared prevent accidentai removal of vaives, Face-
picce custian of peoprene sponge iy Lontou
to provide automacic fir, preat wearing tomfuore,
and aic-tight seal without adjusiment. Electro-
vaticaily charged resin.cceated Bltecs wupple-
meat mechanical holding action of bler's Abers,
Simple canstreciion assures quick and etsy filtee
thanging and cleaning of Respirstar. Werght.
imtuding headband: 3 vunves,

RESPIRATORS

rators anywery all respiraturt  pootedtave
foqUITEMERTs  BEAIAE  POCUMDLINIIE-
produting, nuisance of toxis dists.

M-S-A DUSTFOE Ultra-Filter RESPIRATOR

atlows

maxim
3ot

Thisy wompact and lightweight Kespicator of
a alumnum is designed fuc unusurlly toxic dusey
and exremely fne particles, i Blter hnlder

for good field of vinino and freedom uf

head moversent. Facepiere forms w contour of
wearer's face. Neoprene spange cushion assures
ale-tight seal with minimum adjusenent gnd

um comfort. Neopeene stzyy anft and
t will a0t harden with age. MS-A Ty,

H Ulua-Filter protects againse (oxic zerosols,
radimacsive dusty and bne particte smoke; alsy
effective agsinst 2irborme bacteria and cetrain
virwses., Construction is simple lor essy hiter
changing aad clenning,

M-S-A CoMFO FILTER RESPIRATOR

- Moyt versatile of the M-S-A Respirators,
facepiece is made of a special new soft com.
pound for improved wearing comfart and greater
durability, Provides dependable air-cight seal
with wearer's face, and will qot harden or crack
with age. Positive-action exbhalztion valve offer
litde resiscamce to air, The Comin fearures
interchangeability of three fileers: Type F
(Bureau of Mines Approved) for dusts not
sipnificandy more toxic than lead: Type S
(Rureau of Miney Approved) for dusts. mises
and meal fumes: and Type H Ultra-Fileery for
uxic zervsols, exiremely fine pacticles, radiv-
ative dusts, bacteria and cetiain vicuses,
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M-S-A" AIR LINE RESPIRATORS

Desygmed fur canpleote rvspinniony pea- M-5-A Air Line Respirator features Tight- 4
wntion in contuminaned 2tmosphetes diar Ry in wesht, coménriable fit, and free.
are nut immediately hacmfed o ife, Each dom of head movement. :

M-S-A DUSTFOE AIR LiNE RESPIRATOR

For Cunstant Flow Only

Burezu of Mines Approved. Thiv Dustfou
Respirator is a supplied-air protective unit with
a formable aluminum facepiece. Its streamlined
nylon Gteing a¢ the botwm of the fatepisce serves
2s a wnnector Jor the Hexible carrupated aic
supply huse. Dual exhalativn valves offer min-
mum breathing revistance, and an 2ir diffuser
prevents arr blasts on the face. A standard chemi.
cal cartweidge filter unit gives effective fileering
of delivered air, A bly incdudes al
Constant flow Cuncrel Valve with xutomatic
shut-uff 2ad trigger release.

'M-S-A AIR LINE RESPIRATOR

with Comfo® Cushion Facepiae
fur Comatanc Flow or Demand Flow

Burean of Mines Approved. This Comfo
Cushion Type Respimator is ideal protecuon
from such hezardous classes of air conaminzots
as welding and cutting fumes, toxic dusts, painv
spray vapiws, and fumes from molten menmis.
The special shape of the facepiece with o
foating chin wp and soft rofled edge assures
gas-cight seal un the face. Duuble exhalanon
valves provide low resiseznve to aic flow. A
huilt-in air deflectue assures pruper circuladon,
Cumplete  assemnbly indudes either  Consuint
Flow Cunttol Valve or Demand Flow Regulator,
with quick-disconnect coupling. oy e

M-S-A AIR LINE RESPIRATOR

with All-Vision® Facepiece
Fur Constant Flow or Demand Flow

Bureau of Mines Approved. This "All-Vision™
Typc Respirator has geen exclusively developed
by MSA for use in conaminated aceas where
prutection for {ace and eyes is necessary. The
full facepicce assures preater working efficiency.
The larpe lnses for wide-anple vision zre fog-
pruuf, The molded rubber body of the facepicie
has an airtight veal whith dves not bind. All-
rubber headwraps have swivel hinckles for quick
adjusting. Complete assembly indudes either
Constant Flow Controf Vahe ur Dentand 'tow
Regulator with quick-disconnect coupling.

For additional infermation on M-5-A Air Linc
Respirators 2nd Accossuties write for Bulletin
No, 10098,

NEVIN
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M-S-A ABRASIVE MASK

Desipned for respiratory protecuna agaimg
heavy wonceatration of harmiul dust encnuatcred
in shot and sand blastng operaduny, Dutabilisy
of this air line respirator has been tested under
tmpace of high velocity abrasives.

Bureau of Mines Approved, The comfutmble,
lightwerght, was-mask type face-piece is duse-
tight and adjusts to it ail facial shapes and sices.
Fresh air feeds int the mask throuph 2 corru-
gated tube, and is defiected from the weater's
eyes to che lens co peevent fngping. Twin exhala-
tion valves circulace aic under the hood and form
an aic ion yrinst the umpact of abeasives,
Wide-vision, ssiery-glasy fhs with prutective
screen caa be removed from its hinged rubber
frame. Flow contrul valve has replacenble char.
coal canridge Sltor (v remove uhjectivnable
odoes, nil and dirt. Abeasive mask assembly in-
ctudes chnite of lightw erght ac heavy duty hewd,

carcridpe fier, web belr and air hose.

For additunal infarmacitn un M.S-A Abrasive
Masks and auxiliary equipment write for Bul-

Ietin No, 1009-2,

M-S-A ELECTROSTATIC DUST AND FUME SAMPLER

A modern precision for q
tive sampling of aitborne particulates includiog
duses 2nd fumes in the ceramic, steel and chemi-
«cal process indusities, and dume industries cn-
gaged in ihe production and uve of radivactive
materials.

The M-S-A Electrostatic Sampler is a portable
unit used extensively by indusirial bygienists,
health physicists, ventilativn engineers, chem-
ists ond chude engineers concerped with air
potlugion. Ie works on the principle of preiuni-
zation with eleccrostatic precipimdon of aisborne
particles upon a omlileding ylinder for deter-
minaton by weight, count ur chemical anatysic,

Accurate deermiparion is enabled of very low
concenativas of aunospheric pasticulate matter,
The Sampler includes 2 portable sampling head
comsisting of ionizing elecrrode, collecting tube
aond r-bi bly:; a power pack
rransk rectifier bly: setractable stand,
saoipling and wllecring wbes, cables 2ad parts,-
hued in 2 stuedy carrying case.

lor additional ishrmacun on the M-5-A
Llecttastatic Sampler and Accessory equipment,
weite for Bulletin No. CT4.
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M-S-A MIDGET IMPINGER

[ AN R

R LT VK S

A portable hand-uperated instrument foe quick
and dependable dust sampliag in any loation,
Uned in the duw wariexs condutted by the UL S.
Public Health Senike and the U, S Bureau of
Mines,

The M-S-A Midger lmpinger is ideal foe cul-
lectiag samples of dust in isofated luwationy and
copfined sprces withiut dve uve of compressed
2ir or elennczl curcent. Th:s instrument employs
the i hod of deawing aic at a refa.
uvely h:gh veducity throuwh 2 small glays nozzie
inw 2 liquid, tawing the dust paruties @ he
“wetted.” The wetted samples are then svalable
for accucate dust panikie count under micro-
wope. The impinger is operated by a hand-
cranked 4-linder pump i conjunction with a
vacuum rejulacur for unﬂuﬂmtlng flow at t/1¢
cu. fr. per minute. The apparatus iy contaaed io
a convenient casrying wase with shoulder steap,
complete wnh Ansks 2ad noxzles, Weighe 1s less
than 10 paunds,

For addnmnal informutiva oo the M-5-A
Midger Impinger, wcite fue Bull 08201,

M—S A DUST COUNTING MICROSCOPE

[T

A lightweight, durahiy-buile micrometer screw
type untrument éspeciatly equipped and preci-
sion.adjusted and doublecheched at M-S.A
laberatories for dust determination, All mechani-
cal parts are of high-grade wockaxanhip and
performance.

The M-5-A Dust Cuunding Micnmupe (3 2
low<ast, lightweight Instrument with optis
ideatical o those offered ia more expensive
microscopes. lr is finished in jet blak satia

§ with rhudium-plated bright metal pacts.
The coacse ad;ustm:m is mastivaced by diagonal
rack and pinjun, with bearing surfaces provided
with oil grooves. Adjustable draw tube fixed ag
coerect tube length gives proper sire field for
dust councing, Mapsifiatin i L0 tmes.
Housed in leacherens carrying case.

M-S-A Dust COUNTENG CeLL )

1

A new cell for c

easier tw cleun and p

accurate depth of 1 mm, Ab:enoe of corners makes cell
leaks and bubbd

with an

For addivional information on che M-5-A Dust Counting
Manrwpe, the M-5-A Dust Countiog Celf and suxitiacy
Laburatury cquipment, write fur Bulletin Nu. uB2u-1,
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M-S-A®". . ."AND INDUSTRY :: . - . 7
Throughout the many types of American Industry ase the products of

, this Companp-—the largest commercial.manufacturer of approved safery .-,
. equipment in the world today. In 1914, Mine Safety Applisaces Company '
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Dusts and Fumes in Industry
(Sources, Effects and Control)

INTRODUCTORY STATEMENT

In dealing with occupational diseases and their effects, the
attending physician should keep in mind that the etiology of
these conditions is present In the industrial environment — if
the conditions are to be considered traly industrial in origin.

It is likewise important to understand that rational diagnosis
and treatment rests upon a fairly accurate knowledge of the
etiology of the disturbances; this is especially true of occupational
discases and allied disorders.

Moreover, employers, industrial hygiene and medical depart-
ments are greatly interested in the prevention of various maladies
which ordinarily affect employees; this clinical and economic
interest on the part of industrial management further emphasizes
the need for understanding the etiological factors in the working
environment, so that they may be properly controlled.

This booklet on industrial dusts and fumes is the second of
a series of which the purpose is to show the most important
effects of occupations, show how these occur, give measures for
treatment, diagnosis, and prevention, meanwhile considering the
source or cause of such conditians. It is hoped that these simple
and brief expositions will be of considerable help to industrial
physicians, and to private practitioners who have among their
patients employees of industrial plants subject to such exposure.

DEeriniTIONS

Dusts may be defined as solid pz.'rticlcs of matter which are
ordinarily produced by grinding, crushing, ‘drilling or blasting

1
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Dusts and Fumes in {ndustry

processes, the composition of the particles being the same es that
of the parent materials. These materials may be rock, metals,
ores, or such products, for example, as coal, grains, or wood.
The size of the particles varies from what is called ultra-micro-
scopic to those which are visible. Authoritics now agree that the
hygienic significant particle size of dust ranges from a fraction of
a micron to 1o microns. (A micron is 1f25,000 of an inch). The
most frequently encountered dusts in industrial processes are
mainly those fram inorganic minerals, and a few organic dusts,
such as wood and flour,

Fumer may be defined as solid particles which are formed
by processes similar to combustion, condensation and sublima-
tion. The most common types of fumes encountered in industry
are usually caused by the oxidation of 2 metal, of which typical
examples are the oxides of Icad or zinc. Particle size is usuaily
smaller than dust and ranges below one micron. In contrast to
dusts, fumes tend to flocculate very easily. Many people erron-
eously speak of fumes when they mean vapors of liquid materials,
such as acid solutions, organic solvents, and the like.

IncipeEnce anp ETioLocy

Dusts are the most common type of air contaminants en-
countered in industrial processes, and can occur whenever various
matertals, as mentioned before, are subjected to processes which
break them up into fine particles; or where powdered or pulver-
ized materials are handled or transported. Inorganic dusts arc
the prevailing type so far as frequency is concerned, but organic
dusts are also found in different industrial operations.

Fumes are usually found wherever there are molten metals
such as lead, zinc, and calmiura being processed or used in indus-
trial operations. Welding is an operation which has greatly in-
creased in frequency of use and it may pive rise to fumes of
the metals which are welded or to fumes and gases from the
variegated coatings of welding rods.

2
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Incidence and Etiology

It is to be borne in mind that metals may produce both dusts
and fumes, according to the nature of the operation and the state
of the materials when processed. For example, among the heavy
metals such as lead, dust may be of equal or greater etologic
importance with fumes — other mineral dusts and metallic dusts
also are considered of etiological importance, as the following
outline will show: ’

L Organic dusis:
1. Non-living organic dusts:

(a) Toxic andfor irritant dusts; “(Various organic
compounds such as trinitrotoluene, mercury ful-
minate, tetryl).” :

(b) allergy-producing dusts (woods, pollens, and the
like).

2. Living organic dusts:

(a) bacteria

(b) fungi

IL. Imorganic dusts: (mineral dusts)

(a) toxic andfor irritant dusts; (mainly the dusts from
heavy metals and their salts, such as arsenic, lead,
manganese.)

(b) Abrosis-producing dusts, (examples are free silica
and asbestos).

(c) non-fibrosis-producing dusts; (the so-called inest
dusts, such as alundum, corundum, emery, lime-
stone, magnesite, marble, plaster-of-pans, and
polisher's rouge).*

The most important of the non-metallic, inorganic mineral
dusts is free silica, which produces silicosts, if breathed in suff-
cient quantities over a long period of time. Free silica dust and

® This clansification & in mocordance wirth the present srate of Rnowledge. Futore studws asd
caperence will probably show same of the so-called iaert or ouitance dusts 1o be harmful.
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Dusts and Fumes in Industry

" asbestos dust are the two kinds of mineral dusts which produce

discase entities corresponding to the names of the dusts — silt-
cosis and asbestosis. Mixed dusts of various kinds, such as various
ores which contain different amounts of free silica, can produce
different types of reactions, according to the kind of minerals
which are in the ores. Where, for example, there are mixrures of
iron, and various calcium-containing compounds such as gypsum,
with free silica, a protective influence is exerted against the
action of free silica on the lungs. Other modifications of free
silica action occur according to the types of minerals present
some of which tend to inhibit or restrain the action of free silica.

Another important conception with reference to the etiology
of dust and fume diseases which may result from exposure to
these classes of materials, is the use of the terms exposure and
hazard: they are not synonymouas — exposure merely means
contact with some substance which is a potential health harard;
whether it is an actual kealth hazard can only be determined by
an industrial hygiene engineering survey, in which the amount
and kind of exposure is rated, according to accepted standards
of concentration, size, and quality of dusts and fumes. Many
persons erraneously therefore state that there is a lead hazard,
for example, when it is only known that contact is being made
with lcad; and when there are no data to support the contention
that there is an actual hazard present in the working environ-
ment.

Methods for the determination of dusts and fumes in the
air, also with reference to the types of devices used for such
determinations, will be mentioned later. The importance of air
contamination will be realized when it is stated that the patho.
logic effects produced by dusts and fumes are brought about
almost entircly by the inhalation of these compounds and ma.
terials, There is only one outstanding example, for instance, of
the possibility of absorption of lead through the skin, namely
tetraethyl lead, and this occars in the form of a fluidi No dusts,
so far as is known, produce any systemic pathological condi-

4
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General Diagnostic Methods

tions from skin absorption, and it is doubtful that any kind of
true fume is absorbed by the skin.

From the ctiologic point of view, particularly with reference
to pathologic cffects, the following outline shows how different
types of substances (among the dusts and fumes) act on various
systems in the body to produce pathelogical cffects: #

(4

i

9.

. Substances acting on the circulatory system:

General systemic poisoning:
Examples: Arsenic, lead, manganese, mercury.

Examples: Arsenic, lead, mercury, vanadiom.

Substances acting on the respiratory system:
Examples: Asbestos, free silica.

Substances acting on the gasiro-intestinal system:
Examples: Antimony, cadmium, lead, mercury, zinc.
Substances acting on the skeleton and joints:

Examples: Lcad, mercury, mesothorium, phosphorus,
radium,

. Substances acting on organs of special sense:

Examples: Arsenic, lead, manganese, mercury.

Substances acling as fetal poisons:
Examples: Lead, mercury.

. Substances acting on the genito-urinary system:

Examples: Arsenic, lead, mercury, vanadium.

Substances acling on the brain and nervons system:
Examples: Arsenic, lead, manganese.

GeNERAL DracrosTic METHODS

The accurate dingnosis of patholagical conditions arising
from the inhalation of industrial dusts and fumes has memendous
economic significance and also it is of medicolegal importance.
Moreover, it is impossible to understand how proper and effica-

) 5
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ceous treatment may be rendered unless a sciendfic diagnosis
is made. If a claim results from the pathological condition
alleged, it is evident that the disease sustained must be directly
related to the employment and further, must produce disability
to entide the individual concerned to compensation.

Diagnostic methods with reference to dust and fume discases
need not differ widely, if at all, from those used as routine pro-
cedures in general scientific medicine, although there are specific
methods as in any other application of general medical diagnostic
principles to any special group of persons. New discoveries occur
relative to diagnostic methods in occupational disease work and
for the most part, rcliance must be placed on information which
is scattered throughout the current literature in addition ro
available textbook material which is better now than it was even
five years ago.

Emphasis has already been placed upon the vital part played
by ctiology; it is wise to rcpeat that etialogy forms the bulwark
of the diagnostic and therapeatic background.

Among the methods which are used to make a fairly accurate
diagnosis with reference to occupational diseases, is the taking of
a thorough industrial history; consideration of symptomatology,
the physical findings, the results of air examination; and finally,
last but not least, a differential diagnosis, ruling out discases of
ordinary life which have no relation to octupation.

The industrial history may be of very great assistance in
arriving at an opinion. Most industrial physicians of considerable
experience believe that it is desirable to indude a complete
resume of the kinds of occupations which have been experienced
by the individual being examined, daring from the first job to

the last one. It is of course clear that the details of actual occupa-

tional exposure cannot be evaluated by this method, but im-
portant information bearing on the diagnosis may thus be
obtained. It is the present practice, therefore, to list the occupa
tions with the dates of accurrence, in the industrial history. It is

6
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furthermore advisable to get more detailed information relative
to the performance of the occupation, if that can be obtained.
This will at least give information relative to the kind of exposure
in indastry, although it will give no idea of the severity of ex-
posure.

The symptomatology in many kinds of occupational discase
is likely to be confusing rather than useful, because in many
instances it so closely simulates that of non-industrial disease
that it is quite commonly not characteristic, Especial attention
should be given, however, to the recording of the symptomatology
and critical attempts made of its proper evaluation. Here again,
distinction must be made between symptoms which may be due
to non-occupational disease and those symptoms which are specific
for occuparional diseases ~ this is where rhe difficulty arises in
adequately assessing symptomatology.

The physical findings, on the whole, are more reliable than
the symptomatolagy, although in certain instances they too are
not characteristic and are, therefore, liable to bc somewhat
puzzling. Where only one portion of the body is affected, as in
sificosis, for example, it might be assumed that the physical
findings would be more characteristic, but the opposite of this is
usually true. In other instances, for example lead poisoning,
where different organs and systems are pathologically affected,
the picture is liable to be onc which demands expert evaluation to
differentiate from non-occupational conditions.

Clinical laboratory data, including X-ray findings, are
frequently found to be decisive, although here again intelligent
appraisal means proper interpretation of the data. When they
are decisive, such tests are by the very specificity of their nature,
of great value as diagnostic aids, although they should be defi-
nitely correlated with other findings.

Differential diagnosis presents perhaps the mest difficulr
problem of all in the reaim of diagnosis of occupational diseases.
There is good rcason to belicve that differential diagnosis will

7
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Dusts and Fumes in Industry

continue to be one of the most difficult phases of the medical
ramifications of the medicolegal problems of occuparional dis-
eases. The reason which has already been indicated is that the
symptomatology and frequeatly the physical findings imitate so
dosely the symptomatology and physical findings of non-
industrial diseases, that one must make use of specific procedures
which are designed especially as diagnostic guideposts. Frequently
such specific procedures are not used to any great extent, except
by those who are highly specialized in the field and whose work
takes them into a review of the current literature containing
these developments. For example, one may believe that an
industrial employee has lead poisoning, largely because of second-
hand knowledge that lead was used in his occupation, more easily
than one could demonstrate adequate etiology and the existence
of lead poisoning by scientific methods.

Because of all of these abvious and other difficulties, it seems
wise to adapt specifically certain examination pracedures to
industrial problems arising out of occupational or suspected
occupational diseases. Most authorities now agree that the
examining physician can be of greater service and give more effi-
cient advice regarding either acceptability for employment,
continuance in it, opinion on the diagnosis of systemic pathologic
conditions and the estimation of disability, if he is conversan:
with the following points: ’

. The nature and extent of the industrial exposurc into
which the employee will go or where he has been. This can
be determined only by scientific methods which will be
referred to later.

2. The effect of this specific exposure upon normal and
abnormal physical states of employees, as interpreted by
the physical status of each individual on examination.
(This refers specifically to ctiology in the industrial en-
vironment and the effects which such etiology may or

could produce.)
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Clinical Examples

3. The nature of the protective devices supplied by the em-
ployer, if a hazardous exposurc cannot be otherwisc con-
trolled, and as to whether these devices are funcdoning
efficently. (Reference will be made later to these devices,
especially designed for protection against dust and fume
exposures.)

It is realized that these procedures are somewhat removed
from the usual program of physical examinations, particularly
with reference to the work of part-time industrial physicians, but
it is also expected that the physician will be called upon increas-
ingly to know and appreciate such information so that he may
function better as a diagnostic medium.

Because the most frequent and most significant exposures in
industrial processes are free silica dust and lead and its com-
pounds, it seems advisable to include in the next section some
clinical examples, namely silicosis and lead poisoning; there will
also be included a brief discussion of metal fume fever.

Crinicar ExamrLes

Simply stated, silicosis is a disease of the lungs, caused by
the continuous inhalation over a long period of time of very finely
divided, microscopic, particles of free silica dust. There have
been various standards set up by different agencies, based upon
studies of silicotic workmen and their exposure to free silica dust.
The National Silicosis Conference Report on Medical Control
of Silicosis says: “There is evidence that for prolonged exposure
a concentration of more than five million particles per cubic foot
of & highly siliceous dust is dangerous. Therefore, it is now con-
sidered good practice to hold concentrations of highly siliceous
dust at § million particles per cubic foot, or less.”

Because of the fact that industrial exposures, involving high
free silica content in which the concentration of dust should be
restricted to five million particles per cubic foor, are relatively
infrequent in industry, and also because the opposite usually

2
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Dusts and Fumes in Indusiry

occurs {n exposure to “mixed” dusts which contain appreciable
amounts of free silica but also contain considerable amounts of
other types of material) it is belicved wise to refer to the formula*
developed by the National Silicosis Conference with reference to
a working criterion with respect to satisfactory or unsatisfactory
condirions, when exposure to ‘mixed’ dusts occurs.

It is w be borne in mind, however, that any unprotected
industrial operation, which involves the production of a lot of fine
dust particles of material conraining a relatively large percentage
of free silica, offars a potential silicosis hazard.

The incidence of silicosis is not known with any degree of
accuracy, although various estimates have been made. One of
these made some time ago by the American Institute of Mining
and Mctallurgical Engineers indicated that in the United States
the number of industrial workers exposed to the silica dust
hazard is in excess of a half million. Figures quoted by the Com-
mittee Reports of the National Silicosis Conference disclosed
estimates that approximately 2% of the working population of
the United States or about one million workers are exposed in
some way to the potential hazard of silicosis, and that perhaps
half of this number, 500,000, or 1%, of the total, are exposed to a
serious hazard. It is furthermore believed that approximately
110,000, or 0.2 of 1% of the total, have silicosis to some degree,
but likely only 4000 to §000 (2 small fraction of 1% of the total)
suffer any degree of disability from the disease. (These figures are
based upon prewar estimates.) It can readily be seen that silicosis,
although not 2 rare disease, is not common and furthermore not
as common as may ordinarily have been supposed by many
persons.

Recent conceptions with regard to the contraction of silicosis
have established the belief that approximately 2% of those
exposed to a real silica hazard will eventually develop silicosis.
i CBULA & Mty e permote o e i b el o, e ot
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With respect to the occurrence of silicosis in the foundry
industry, a prewar survey by the Division of Industrial Hygiene
of the New York State Department of Labor, based on a study
of 311 foundries, of which 8o plants included X-ray examinations
invelving 4,754 employees, provides some interesting figures: the
X-ray summary showed that 3,259 or 80.2% were negative; 185
or 4.6% showed fibrosis; 110 or 2.7% showed silicosis with and
without infection; 485 or 11.9% showed healed primary and re-
infection types of tuberculosis; 27 or 0.07% showed clinically
significant tuberculosis. It was concluded, as stated in the report,
that it would appear that the silicosis hazard in the foundry
industry in New York State, while existent, is of mild degree of
severity and may be expected to yield satisfactorily to appropriate
measures of control. The report further indicated that tuber-
culosis as manifested by X.ray films of the chest was found to be
more prevalent among silicotics than among non-silicotics in
foundrymen.

The occupational histary, as previously indicated, is of con-
- siderable importance. Forms for the recording of occupational
records have been devised by various organizations and groups
and by physicians and insurance companies. One of the most
complete and longer forms has been devised and used by the
Saranac Laboratory, Saranac Lake, N. Y., in connection with
silicosis studies and symposia on silicosis which have been held
by this group. It is suggested that the physician, if interested,
should contact the industrial hygicne burcau of his state health
department through which detailed forms may be secured or
tnformation relative to them.

The symptoms and physical signs are not characteriszic; they
may be confused even by skilled diagnosticians in other diseases,
with the symptoms and signs which commonly occur in both
minor and the more serious types of the well-known respiratory
infections, Characteristically, shortness of breath on exertion
and decreased chest expansion frequently occur in advanced
cases of silicosis, but these findings must also be differentiated as

It
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Dusts and Fumes in Industry

to their casual relationships and their possible association with

_ other diseases.

The clinical confirmation of the diagnosis of silicosis rests

- mainly on the characteristic X-ray appearance of the chest. This

shows the typical lesions of silicosis, hyaline fibrous noduleg
which are scattered as opaque bodies throughout both lung
fields, the density of these nodules being somewhat less than
calcified bodies, but discrete in outline, al! about the same size
in the early stage (socalled milletseed size) and evenly dis-
tributed throughout both lung fields. These nodules appear as
the first indication of silicosis, later become somewhat confluent
and in the latter stages, there are large masses of opaque material
found near the periphery of the lung fields. In the later stages of
silicosis, the disease is frequently complicated by infection,
usually tuberculous in nature. As an aid vo interpretation of the
X-ray films of the chest where silicasis may be suspected, it is
suggested that the physician refer to a tabulation of the X-ray
changes in silicosis, with the underlying histological conditions

which cause them, published in the transcript of the Second -

Silicosis Symposium, Saranac Lake, N. Y., 1934.

Diagnosis rests upon proof of occupational dust cxposure‘

sufficient to produce the disease, and the presence of character-
istic nodular lesions in the X-ray film of the chest. The mere
mention of occupation is not sufficient for diagnostic purposes —
adequate knowledge concerning the quality and quantity of dust
exposure, as well as the length of the employment period, is
necessary to establish a distinct causal reladonship.

Although considerable diagnostic reliance is wsually and
properly placed upon the history of adequate occupational dust
exposure and the characteristic chest X-ray appearance, a thor-
ough physical examination with appropriate clinical laboratory
examinations should be done, especally with reference to the
ruling our of other respiratory diseases. Diagnosis becomes
essentially a differential diagnosis, as before explained, one
which is likely to be difficult, necessitating special experience

12
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and knowledge. Some of the conditions requiring differennal
consideration here are miliary tuberculosis, multiple calcifications
of healed tuberculosis, cancer of the lungs, and fungous growths
of the lungs.

Within recent years, superimposed infection has come to be
the accepted cause for disability. The outlook in simple silicosis,
therefore, (that is, without infection) is more favorable than was
formerly believed. It is obvious that the chief problem for the
silicotic is to avoid superimposed infection, which is usually
tuberculous,

There is no one specific, efficacious treatment for silicosts,
although in recent years, the inhalation of metallic aluminum
powder has shown some promise. In cases where taberculosis
complicates the picture, it i3 obviously to be treated by the best
known methods for that disease. There is some recent evidence
that surgical therapy as used in ordinary forms of tuberculosis
is also a help in the type of tuberculosis which follows silicosis.
The evidence for this is not conclusive, but there are good results
on record.

In general, recommendations for the treatment of cases of
silicosis vary with experience and with the findings of each case.
It is believed, for example, that no treatment is necessary in the
case of an individual without symptoms, whose X-ray film of the
chest (taken perhaps in a rourire industrial survey) shows only
widespread discrete nodulation without localized shadows indi-
cating infection. However, the employee should have serial X-ray
examinations with physical examinations of the chest at least
once a year and should be removed from further silica exposure
to some other job, since the disease is very slowly progressive
and there is at this stage no disability which precludes continua-
tion in employment. A person with localized conglomerate
lesions may have symptoms and usually cannot do as heavy
work as formerly; therefore, a lighter job should be found. In

the presence of active infection where there are symptoms or '

incapacitation, the individual cannot obviously continue in his

13
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former employment. If the case Is one of open tuberculosis with
positive sputum, it is evident that such an employee is a source
of danger to his fellow workmen and should be placed in 2 sani-
tarium or hospital. In cases of inactive infection with no incapaci-
tation, lighter work should be provided, without further dust
exposure.

Dusts containing silica in combined form do nor cause silicosis;
however, one such dust, asbestos, a magnesium silicate, will
produce a characteristic fibrosis which is called asbestosis. This
disease is quite different in its pathology from silicosis, and has
a characteristic ‘ground-glass’ appearance on the X.ray films of
the chest. Animal experimentation indicates that the action of
asbestos is probably mechanical, since it cannot be produced in
other than the pulmonary tissue. Asbestosis may cause disability
and a few fatal cases have been recorded, bur in those cases show-
ing marked disability, other organic disease is usvally alsa
present. The symptomatology and physical findings include
cough, dyspnea, pallor, clubbing of fingers, and diminished chest
expansion, with a characteristic X-ray appearance as previously
mentioned.

Lead Poisoning

Lead poisoning offets a good example of an industrial poisoning
which iscontracted by the inhalation either of a toxic dust or fume,
and has been stated to be one of the most frequent and important
types of metallic poisoning in industry, on account of the wide.
spread use of lead and its compounds.

Although there are no reliable statistics available with respect
to the national incidence of lead poisoning, it is believed that lead
poisoning is very prevalent and that most of it is mild., The
incidence of severe types of cases, particularly lead encephalo.
pathy and the more severe types of nervous system involvement
are not seen with as great frequency as in former years. Many
physicians who are used to handling industrial cases now rarely
see a case of wrist drop due to lead poisoning, whereas 20 to 2§
years ago it was a rather common phenomenon, in cases of lead
intoxication.

14

e e———

SC 030906



- — =TT ppret e e gl e T

Clinical Examples

The industriu} history is of great importance, as previously
indicated, and a thorough consideration of the nature and extent
of the exposure to lead and irs compounds is an essential point
in the ctiology. It is now gencrally accepted that the standard of
the U. S. Public Health Service and the American Standards
Associatton of 1.5 milligrams of lead per ten cubic meters of air,
is the maximum allowable concentration. Because it is now con-
ceded that practically all industrial lead poisoning is contracted
by the breathing of lead dust and fumes, it becomes of con-
siderable importance in working out the etiology to ascertain the
amount and quality of lead dust and fumes in the air, during the
occupation of the involved individual. This point will be dis.
cussed later with reference to prevention.

Formerly, the nature and variety of non-industrial sources of
lead intake made it particularly dificult to establish industrial
etiology on a sound. and competent basis. More recently, haw.
ever, non-industrial lead intake has been measured by scientific ‘
methods and with the cxception of an occzsional difficulty with
various types of homemade beverages stored in utensils glazed
with a lead compound, the non-industrial lead intake is not
believed to be a considerable factor in the production of lead
poisoning in adulis. There are, however, some cxceptions and 4
these should be taken into account, as indicated.

" —edy

Kt

The diagnosis of industrial lead poisoning is not a simple
matter on account of the fact that clinical symptoms and signs
are protean and are liable therefore to simulate other discases. '
Great increase in our knowledge, however, has occurred within '
the past ten to fifteen years, and it is now known that there is a
close relationship between the action of lead and its compounds
within the body and the calcium metabolism, and further, normal
and abnormal excretion of lcad has becn worked out on a scientific
basis. It is now an accepted fact that persons without industrial
exposure normally excrete a certain amount of lead in the urine.
It has been stated that definite clinical findings of lead poisoning

are practically always associated with abnormal urinary lead -
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excretion — the reverse, however, 1s not true — that abnormal
urinary excretion of lead in the absence of characreristic clinical
findings indicates lead poisoning.

Other laboratory findings are important, particularly the
examination of the blood, some investigators and clinicians using
the increase in basophilic stippled red cells 2s an indication of
positive findings and others using what is known as the basophilic
aggregation test. Both are found to be successful, the former
more adaptable in cases of frank poisoning, the latter more useful
in cases of lead absorption and suspected incipient poisoning.

Although as indicated, the clinical symptoms and signs of
lead poisoning are protean, the principal effects are expressed in
the blood, the gastrointestinal system, and the nervous system,
named in order of their usual chronological occurrence. In brief,
the most consistent findings are changes in the color and form of
the red cells of the blood, colic and constipation, and weakness
and atrophy of the extensors and Hexors of the muscles of the
wrists, with partial paralysis in the more advanced types of cases.

The differential diagnosis, as may be obvious, has to do
mainly with differentiating industrial lead poisoning from non-
industnial discases which may involve the blood, the gastro-
intestinal system, and the central and peripheral nervous systems,
producing changes which are similar o those ebserved in frank
lead poisoning. Such non-industrial diseases show a considerable
variety of pathological processes affecting the above-named
systems.

The treatment of lead poisoning has undergone considerable
change within the past ten to fifteen years. In general, the treat-
ment consists mainly of appropriate therapy for the toxic episodes
and the mobilization of stored lead in the long bones, It is usually
agreed that it is wise to facilitate the storage of lead by an excess
calcium intake rather than to set lead free in the blood stream;
after the passing of acute toxic episodes, the elimination of lead
may be assisted by means of low calcium ntake, the administra.
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Clinical Examples

tion of weak organic acids and ammantum salrs, sodium bicarbe-
nate, and potassium iodide. Care should be exercised in using
such forms of treatment on patients who have nephritis.

Two schools of thought with widely divergent views exist
with reference to deleading the body: there are those who feel
that in the majority of instances deleading will accomplish good
results, while there are others who adopt a conservative atrirude
and because of the possibility of precipitating acute symptoms,
feel thatitis safer to produce artificial deleading by slow methods,
ot to resort to the natural process of letting the body delead
itself over a period of time. The choice in the matter depends
upon the individual case and the previous results which have
been achieved at the hands of the physician in charge of the case.

Storage of lead may be facilitated in acute cases by 2 high
calcium diet or by the slow intravenous injection of 1o cc of 20%,
calcium gluconate; variations with relationship to this form of
treatment have been devised by various physicians, In the delead-
ing process, low calcium diet together with oral adminisrracion
of ammonium chioride has been found to be effective, whereas
in certain cases parathyroid extract and sodium bicarbonate also
have been useful. Within recent years it has been established thac
large doses of viosterol have been instrumental in increasing the
excretion of lead. Other investigators have found that an adequate
phosphorus intake is essential for the depositing of lead in the
bones and for the removal from the bones of the excess cations,
as the insoluble phosphate salts in the feces; it has therefore been
recommended that deleading may be accomplished by giving a
dier low in calcium and relatively high in phosphorus, using
viosterol 20 minims daily.

There are also variations of treatment with reference to the
amount of inroxication, and where there has been high, medium
or low lead intake in industrial occupations. In all these types of
' treatment, deleading should be done in the hospital where the
paticat may be closely supervised. Some investigators advise

17
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Dusts and Fumes in Industry

against deleading more often than once in four weeks and the
course should not be prolonged for more than three or four days;
some physicians believe that it may take from six to fifreen
courses of deleading to free the individual of his most loosely-
combined lead, which of course is the most dangerous type of
lead. It is again warned that deleadmg should not be undertaken
in the presence of acute symptoms; it is fusther agreed by all in.
vestigators that calcium therapy is considered to be the most
specific at the present ime.

The outlook in cases of lead poisoning is much better now
than formerly becausc of the occurrence of moderare types of
effects, the severer forms being a great deal less frcqucnt than in
former years.

Metal Fume Fever

This name is applied to the condition which resulrs from
breathing fairly heavy concentrations of freshly formed merallic
oxide fumes, principally zinc and one of its alloys, brass; although
the condition may result from the inhalation of other metallic
oxide fumes. Metal fume fever is not a systemic poisoning, but
it should be borne in mind that some of the metallic fumes that
can cause it, such as lead, cadmium, mercury, and manganese,
may also causc systemic poisoning,

The symptoms come on some hours after exposure, usually
after leaving work, a dryness of the throat being first nodced,
which may be followed by a dry cough and a fecling of heaviness
in the chest. Rise of temperature, accompanied by sweating, and
leucocytosis and elevation of the pulsc rate and the blood pressure
usually follow, sometimes with chills. The symptoms ordinarily
pass off in 12 to 24 hours and the usual experience is that the
employee returns to work the following day. A natural immunity
is conferred in certain types of \sorLcrs, which seems to be lost
rapidly after removal from continuous exposure.

Diagnosis is made usually on a clear history of industrial
exposure to metallic oxide fumes. It must be remembered thar
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Other Dusts and Fumes

the cffects and symptoms of metal fume fever are very similar
to those of influenza and that the malady is more often noticed
in the fall and winter, when influenza usually occurs, The in-
dustrial history is, therefore, important in diagnosis, parocularly
with reference to a causative exposure to metallic oxide fumes.

The outlook is good for complete recovery in a short time and
usually there is no time lost from work, although there may be
temporary incapacity in terms of hours.

The treatment is symptomatic and especially directed toward
comfort because the patient usually recovers within a relatively
short time in all events. Rest in bed with adequate warmth and

protection from drafts are recommended. However, zll suspected

cases of metal fume fever should be attended by a physician
because the symptoms may closely simulate influenza which
makes the differential diagnosis important.

Ot1uer Dusts anp Fumes

It must not be concluded that although clinical examples were
given of silicosis, lead poisoning, and metal fume fever, there are

not other examples which are of importance. These subjects were -

selected because of their frequency of occurrence and because
of the fact that they are commonly encountered as examples of
dust alone, dust and fumes, and fumes.

Among the other metals which may be mentioned are arsenic,
antimony, cadmium, manganese, mercury, radium, sclentum,
silver, tellurium, thallium, and vanadium. Not all of these are
equally important with reference to toxic effects.

Probably the most important of these from a toxic point of
view are arsenic, mercury, manganese, and cadmium. Arsenic pro-
duces chronic poisoning chicfly from breathing over a long period of
thin air containing dusts or sprays of arsenic compounds. The
compounds of arsenic such as lead arsenate, paris-green, arsenic
oxide and arsenic sulphide are among the more dangerous forms,

19
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Dusts and Fumes in Industry

Where dusts of mercury are present, they will be in the form
of either mercurous or mercuric compounds, where metallic
mercury is used in the manufacture of such items as thermometers,
mercury switches, mercury vapor lamps, mercury boilers, etc.,
the hazard is from the vapor since mercury has a considerable
vapor pressurc cven at normal temperatures. Mercurialism is
characterized by three features: inflammation of the mouth,
muscular tremors, and psychic irritability — somedmes all of
these are encountered and sometimes only two or only one. In
the more chronic or slow form of poisoning, a characteristic
tremor is the commonest symptom, coming on late, and has been
noted to occur particularly among mercury miners.

Manganese poisoning is an old industrial poisoning, having
been described more than 100 years ago, but has receded in
incidence in American industry. Characteristically it produces a
peculiar slapping gait with phenomena of retropulsion and pro~
pulsion; masklike faces; monotonous voice with economical
speech; muscular twitching varying from a fine tremor to gross
rhythmical movements of the extremities; languor and sleepiness:
cramps in the calves of the legs with stiffness; slight increase in
the tendon reflexes without any disturbance of the deep or super-
ficial sensation. Studies within the past five vears indicate that
dust is the most important type of exposure.

Cadmium is encountered in the smelting of ores, the handling
of socalled ‘blue powder” compounds, the spraying of pigments,
the welding of alloys, and the melting of cadmium metal irself,
as well as certain non-industrial exposures where utensils have
been plated with this metal. In recent years there have been
several outbreaks of cadmium poisoning among non-industnal
users of such utensils, The use of the meral has increased tremen-
dously and therefore, there is more industrial exposure. Two
types of effects have been observed, those with reference to the
lungs and also those with reference to the gastro-intestinal tract,
the former being more important and more frequent. Pulmonary
involvement is characterized by a fecling of constriction in the
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chest, edema and congestion of the lungs, sometimes with
hemorrhage, proliferative interstitial pneumonitis; while the
fatter is characterized by nausea and vomiting and a general
irritative reaction of the gastro-intestinal trace, with diarrhea,
hiccough, and oliguria.

If further details are desired on the clinical aspects of the
metals mentioned, standard works on industrial hygiene and
occupational diseascs should be consuited.

PreEveENTION

The gencral principles of prevention involve first the identi-
fication of industrial exposures and the evaluation of such ex-
posures by proper scientific methods to determine whether or
not they represent actual health hazards. This is done by sampling
the air and determining the amount of air contaminants and the
quality of them in each type of occupation or problem involved,
and comparing the results with the accepted standards of maxi-
mum allowable concentration that have been adopted by official
bodies. Second, after it has been determined that there is an
actual health hazard represented by the oceupation, control
measures, both engineering and medical, are instituted to control
the hazard, providing it cannot be entirely eliminated.

In discussing the methods of engineering control, we are con-
cerned with three basic principles:
1. Investigation of occupational conditions.

2. The measarement of the occupational exposure and the
rating of the hazard, if one exists.

3. Putting into effect the specific measures of protection
which have been indicated by information secured under
(1) and (2). i : ;

Among the methods of approach for engineering control
measures may be mentioned:

1. Physical and hygtenic sarvey of plant condicons.

2t
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Dusts and Fumes in Industry

2. Occupational history and analysis.

3. Adequate information concerning matertals and processes
used.

4. Atmospheric and gross sampling of materials, combiaed
with quandtative physical and chemical determinations.

5. The rating of the hazard by comparing the findings in the
given instance with accepted standards.

6. An appraisal of the cfficiency of protective apparatus and
devices.

7. An adequate and proper interpretation of the information
so that it can be applied practically w the industrial
problem involved, '

When the foregoing methods of approach to engineering
control have been carried out and information secured from them,
the information can indicate the necessity for using specific
methods of protection which have been found useful in different
combinations:

1. The use of mechanical devices, such as exhaust ventilating

systems, respirators, masks, and the like.

2. The changing of processes (segregation, enclosure, wetting,

eec.).

3. Substitution of nontoxic materials for those of proved

toxicity.

4 Educational programs for management, workers, engineers,

and physicians.

5. Continuous maintenance and checking of the efficiency of

protective equipment.

ATMOSPHERIC SAMPLING

The best method for collecting 2 sample of a dust or fume
from the air will depend somewhat upon the type of cantaminants
to be sampled. The degree of hazard of fibresis-producing dusts
is measured in terms of particles per unit volume of air (example:
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Atmospheric Sampling

1o million particles of stlica dust per cubie foot of air) while
toxic dusts and fumes which may cause systemic poisoning are
usuzlly measured in terms of weight per unit volume of air,
(Example: lead dust 1.5 milligrams per 10 cubic meters of air.)

Since results may vary with the type of air sampling device
used, it is important to select a type accepted through general
usage in the practice of industrial hygiene.

The larger Impinger which samples one cubic foot of air per
minute by impinging the air containing the dust particles from a
nozzle submerged in water or zlcohol against a plate or bottom
of the flask was used in all of the original studies in the United
States on fibrosis-producing dusts. The large Impinger, however,
has the disadvantage of being bulky and requiring electric
current or compressed air for operation of the motor-driven air
pump, which produces the suction stream for air sampling.

A portable Midget Impinger has been developed which has
been proven to pive results as reliable as the large Impinger, -
This apparatus samples at the rate of 1/10th of a cubic {oot per
minute and is operated by a hand cranked, positive action, four
cylinder pump, in conjunction with a vacuam regulator which
maintains an unfluctuating suction regardless of minor variations
in rate or smoothness of cranking.

After the sample has been collected in the Impinger flask, 2
portion is placed in a special dust counting cell and counted under
a microscope with an eyepiece having a spedal ruling similar to
a blood count ruling.

Further analyses are necessary with reference to the amount
of free silica in the dust and this is accomplished by the use of
specific chemical, petrographic and X-ray diffraction methods.

The Impinger method of sampling is not entirely suitable for
coflecting fumes or dusts of toxic matenials such aslead, cadmium,
and others because the efficiency of the Impinger is not adequate

when sampling the very fine fume particles and since the amount
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Dusts and Fumes in Industry

or concentration of such materials in air which may be injurious
is much smaller than the safe amounts of fibrosis-preducing
dusts, a correspondingly large air sample should be taken for
reliable results.

The Electrostatic Precipitator is widely used in the collection
of toxic dusts and fumes, particularly of metals and their com.
pounds. A Portable Electrostatic Precipitator has been developed
which operates from 110 volts, 6o cycle current, and by high
voltage elecurical precipitation collects the sample of the particu-
late matter dry on the inside of aluminum or glass cyfinders.
This device samples at the rate of 2 cubic feet per minute. After
the sample is collected, a quantitarive chemical analysis is made
in the laboratory. This type of apparatus permits determinations
of very low concentrations of many different kinds of atmospheric
particulate matter.

Where equipment or personnel is not available for atmospheric
sampling, state industrial hygiene burtaus or private testing
laboratories may be engaged. Many insurance companies also
have facilities for such work. The Industrial Hygiene Foundation
in Pittsburgh, Pa., an assactation of industries for the advance-
ment of healthful working conditions, also have an excellent staff
of technicians for industrial hygicne surveys or consultations in
this field.

ResPiRATORY PROTECTIVE EouvipMmEeENnT

... .~. -It.frequently. happens that because of the nature of the
operation or process in an industry, it is not possible to thoroughly
control a hazardous exposure resulting from the evolution of
dusts and fumes. In such instances, it is considered wise to pro-
vide employees with personal respiratory protective devices.
These vary with the kind of exposure and with the amount of
materials in the air,

For ordinary conditions' in which only dusts and fumes are
present, simple filter type respirators are available which will
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Respiratory Protective Equipment

protect the worker against the hazards of breathing these dusts
and fumes.

Such respirators normally consist of a facepiece covering the
nose and mouth, made of some pliable material such as rubber
which will conform to the face and provide a comfortable and
dust-tight fit, and to which is attached a filter made of treated

paper or felt through which the air is inhaled. If the filtering

material is of the correct type and density, it will effeczively filter
particles down to less than a micron in size from the air.

Comfort is a most important consideration in a device of this
type. Since a high breathing resistance will materiatly affect the
comfort of the wearer, the flters should be of large area so that
the inhalation resistance will be as low as possible. Valves should
be provided which open on exhalation and furcher lessen the
exhalation breathing resistance.

The particular type of filter employed will depend upon the
kind of contaminant present in the air. Since the amounts of such
toxic materials as lead which will affect the wearer are much
smaller than the harmful amounts of fibmsis-producing dusts, a
filter will have to be more effective when used against toxic dusts
than against fibrosis-producing and nuisance dusrs.

For special operations such as sandblasting, a mechanical
filter type respirator is not practical because of the extremely high
concentrations of dusts present. In such conditions, special air-
supplied masks or respirators should be used in which air from a
compressed air line -is supplied through 2 hose to the facepiece
for breathing, Such devices may also be employed if desired as
protection in less severe and hazardous operations. The advantage
of an air-supplied respirator is that there is no breathing resistance
and the wearer is protected against any and all dusts and fumes
in the surrounding atmosphere. However, the restriction by the
air hose which must be attached to the wearer at 2l} times be-
tween his facepiece and the air supply, prevents the use of this
device in many operations where the worker must move freely
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over a considerable area. Furthermore, caution must be taken
to see that the air supplied to such devices is free from all in-
jurious or objectionnble odors and coataminants and that the
humidity and temperature of the air is such as to provide reason-
able comfort.

The United States Bureau of Mines (Department of the
Interior) tests respiratory protective devices against various air
contaminants under carefully controlled conditions. Devices
meeting its tests receive that Bureau's official approval, and this
is indicated by approval numbers on the device and a reproduction
of the certificate on the package. Equipment zpproved by the
U. S. Bureau: of Mines for the particular contaminanc or class of
contaminants in the air should be used.

MEDICAL CONTROL

It is of course obvious that medical control measures are futile
after a disease has been contracted because of the exposure to
dusts or fumes except when the tnformation is adapted to prevent
additional cases. However, before the diseases are contracted,
there are a number of things that can be done by physicians to
prevent such occupativnal diseases, which may be summarized
as follows:

1. The intelligent use of preemployment physical examina-
tions, including chest X-ray films, and appropriate dinical
lzboratory tests as indicated.

2. Similar use of periodic physical examinartions, chest X-ray
films, and clinical lJaboratory tests on employees in occu-
pations where typical hazards have been proved to exist,
by industrial hygiene investigations.

3. Responsibility for seeing that hazardous exposures are
properly taken care of, by various efficient methods of
protection, including the supplying of personal respiratory
protection, where industrial conditions make it impossible
to control the hazard by other means.
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4.

Prompt transference to non-hazardous occupations of
employees found to have symptoms of an occupational
discase associated with their exposure.

Prompt removal from work of all persons suffering from
active occupational discases, when such persons are a
menace to themselves, their fellow workmen or the em-

ployer.

. Adequate provision for treatment, rehabilitation, and

prompt return to work, of employees having disabiliry
resulting from occuparional diseases.

SUMMARY

In this brief discussion of dusts and fumes in industry, the
sources, effects, and control have been considered under the
following headings:

I.
2.
3-
4-
s.

Definitions.
Incidence and etiology.
General diagnoustic methods.

Clinical examples.

Prevention — general principles, including specific methods
of air sampling and apparatus for this purpose; specific
methods of protection, including mention of respiratory
protective equipment available; and other general methods.

It should again be empbasized that industrial managers are
interested in the prevention of trouble that may arise from
exposute to dusts and fumes in industry, and that this principle
is particalarly important nowadays becausc of the need for every
person in active production, and in addition, because so many
physicians are being used in the armed services.

It is believed that if the suggestions made in the foregoing
pages are followed, the problems arising from dusts and fumes in
industry can be successfully managed.
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