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a proper staff, and not by some enthusiastic person who has not been trained for
the work. Why not usc more registercd nurses in the smaller plants? The registered
nurse is much better qualified to interpret a physician’s plan of medical service than
any lay attendant.

Much depends upon the physical condition of the employvees, I am of the opinion
that the physician, by reason of his professional attainments, is best qualified to handle
some of the problem cases among employces. Mental symptoms, brought about by
worry over home affairs, quite often produce accidents. In many cases the fear and
worry of sickness in the family can be greatly allayed by a talk with the doctor or
the nurse. Many of these cases have come under my personal observation,

It should also be absolutcly the part of the physician to say when 2 man shall
return to his regular employment after injury, and this decision should not be in-
fluenced in the slightest by its possible affect on any “no-lost time accident” contest
or rccord. These contests are proper and have brought about outstanding results in
the reduction of lost-time frequency hgures. However, there have been cases of
injured employecs being urged unduly to return to some form of work merely to
prevent the marking up of a lost-time accident. Nothing should be allowed to inter-
fere with the employee's welfare. The physician has every motive to return the
cmployee to his regular work as promptly as possible, but his higher duty is to
conserve both the physical and economic welfare of the employce as well as the
cmployer.

The safety director has need of the medical sacvice, and the two should earnestly
co-operate and seek to bring about a mutual fecling among the employees. Both
departments are striving by all possible means to prevent economic waste chargeablc
1o the disabilities and hazards of ipdustry.

TUESDAY AFTERNOON SESSION
October 4, 1932

The delegates first attended an informal luncheon, and then gathered for the after-
noon meeting in a Joint Session with the Metals Section. This session was devoted

to a symposium on the dust problem in industry. Chairman Greenburg immediately
introduced the first speaker. ) . ,

i

[SECRN
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The Effects of Inhaled Mineral Dusts
By LEROY U. GARDNER

Director, Saranac Laboratory for the Study' of Tuberculosis, Saranac Lake, N. Y.

As long as men have worked in stonc it has been appreciated that an unusually
large proportion of them suffer from disease of the lungs. It was natural to assume
that such discase would be caused by the dust generated, and this belief was strength-
encd by the discovery of black, grey or red pigments in-the lungs, somctimes accom-
panied by the formation of scar tissue.

The term, pncumonokoniosis was introduced to describe the lung pigmented in this
manner. With further observation pathologists attemipted to classify various forms
of pneumonokoniosis on a basis of the type of dust inhaled and such pames as an-
thracosis, siderosis, chacicosis and even byssinosis and tobaccosis made their appear-
ance. It was recognized that some forms of the disease were -attended by severe
symptoms and result in death but there was no correlation between the clinical and
pathological pictures and the causative dust. Finally, statistical study demonstrated
that of all kinds of industrial dusts silica generally produced a definite type of discase
with a characteristic pathological lesion and complex of symptoms,
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Today the clinical entity known as silicosis is one form of pncumonockoniosis which
is quitc clearly defined. Morcover, within the last three or four years asbestos dust
has also been shawn to produce another specific type of reaction attended by symp-
toms differing in some respects from silicosis.

The other forms of pncumonokoniosis still lack complete definition. The twide-
spread use of radiography has brought together a imass of descriptive data from indi-
viduals exposed to many kinds of occupational dusts but these findings have not yet
been correlated with pathological anatomy, chiemical studies of the tissucs and de-
tailed analyses of industrial atmospheres. There is a tendency to assume that many
of these pulmonary changes arc duc to the action of silica perhaps modified by the
chemical components of the dust. \We shall only be in 2 position to speak with assur-
ance about them when the pure types of dust and their various combinations have
been studied in human beings or in experimental animals.

For the sake of clarity no mention has been made of the infections which so fre-
quently complicate some forms of pncumonokoniosis. In the prebacteriological era of
medicine the uise of such terms as “grinders’ consumption” and “miners' phthisis”
reflects the popular association of pncumonokoniosis with tuberculosis. The names
were justified both by clinical and pathological observation for it has been subse-
quently shown that, in silicosis at lcast, a super-imposed tuberculosis may cause death
in perhaps 75 per cent of the cases. Some observers cven go so far as to state that
silicosis itsell docs not devefop unless the lungs are previously damaged by a lateat
tuberculous infection. This is probably an exaggeration, for typical silicosis can be
produced in the cxperimental animal by the inhalation of silica without infection.

The role of asbestos dust as an excitant of tuberculous infection is not as clear
cut as that of pure silica. \While there are numerous rcports of death in asbestosis
due to a terminal tuberculosis, nevertheless surveys of living workers have failed to
demonstrate any excess of such infection. Simple anthracosis is faid to prevent the
progression of tuberculous infection. Statistics from coal mining districts do show a
tuberculosts rate much lower than that “normal” for the age group. As yet corrobo-
ratcd experimental proof of protective action of coal against tuberculous infection
is lacking.

Not only the tubercle bacillus but other bacteria scemi to develop with special
facility in the tissues previously damaged by silica. For cxample, the pncumonia rate
among silicotic native laborers of South Africa is many tmes that in non-silicotic
natives living under similar conditions. In coal miners, likewise, pneumonia is a
common and often fatal complication. .

What has been said of the cffects of inhaled inorganic dusts would indicate tha
the reaction of the tissues is not merely a response to mechanical irritation by par-
ticulate matter. Today it is gencrally accepted that the injury is chemical in nature
and that only certain of the common types of industrial dusts possess propertics
capable of exciting reaction. In the cases of silica and the silicate of maguesium or
asbestos the slightly alkaline body fluids probably cffect a slow solution of the sjust
particles liberating silica in colloidal form. This substance irritates the conncctive
tissue cells which respond by multiplying. The result is-an overgrowth of the sup-
porting framework elements at the expense of the more delicate celis specialized for
specific {functions,

For thesc two types of dust the character and form of the pathological changes
has been carcfully worked out. In silicosis the cssential tissue change consists of

nodules of connective tissue which develop first in the lympoid tissues situated in the -

drainage apparatus ‘of the Jungs. These nodules interfere with “the physiological
removal of foreign bodics and subsequently inhaled particles accumulate in the
framework of the lung itself. Such reaction gradually decreases the normatl clasticity
of the organ and encroaches upon its functional elements, As a result the cardinal
symytom of the disease, dyspnoca or shortness of breath develops. Because of the
excessive amounts of scar tissue formed in the lungs the right side of the heart
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ferent from that of the pure rquartz worker. When the amount of inhaled silica is
excessive, the cflect of the coal is negligible and the reaction approxitnates that iu
pure silicosis. There is said to be more reaction to hard coal than to the bituminous
variety but there is evidence to suggest that this is due to the greater amount of
siliceous rock which must be worked in mining anthracite coal.

Fiually, consider the silicosis of granite cutters. This develops somewhat wore
slowly than that of the pure quartz miner and it has been maintained that.this is duc
to the rclatively small amount of uncombined silica in granite (25 to 40 per cent).
But it is believed that other componeuts of the glomerate granitec may neutralize or
at least inhibit the eficcts of the silica so that only after prolonged exposures to
high concentrations docs significant reaction occur. \While typical silicotic nodules
develop in guinea pigs inhaling pure quartz for a ycar, not even the earlicst sug-
gestion of nodules have appeared in the lungs of aninals inhaling comparable concen-
trations of granite (40 per cent silica) for four years.

This bricf discussion of some of the problems idvolved in pnecumionokoniosis draws
attention to the limitations of our present knowledge, It indicates that the reaction
to an inhaled dust is determined by the chemical and probably physical composition
of that dust. It emphasizes the need to further study of different types of dust both
in the pure state and in measured combinations. The ultimate aim of such a study
should -be the neutralization of the toxic action of such dangerous substances as silica.

(R S 1 ‘.u'\'-’(:g;:.
The Dust Content of the Atmosphere in Various Dusty
Industries

By J. J. BLOOMFIELD
Sanitary Engineer, United States Public Health Service, Washington, D. C.

The speaker said in part: The propertics of a given dust which determine its
capacity to produce pulmonary” pathology are, the nature of the dust, that is, its
chemical. and mincralogical composition, its particle size, and finally the quantity of
the dust dispersed in the atmosphere.

One of the outstanding results of the last 20 vears of rescarch in the held of
dust inhalation is the demonstration of the fact that, in gencral, the degree of
heatth hazards associated with the ‘inhalation of any dust. all other factors re-
maining constant. is dependent upon the mincralogical compasition of the dust. For

example, it is now well established that the inhalation of certain types of dust, °

such as granite dust, will in time produce fibrosis of the lungs, at times associated
with tubereulosis. In other cases exposure to dust may result in the production of
much less fibrosis without notable tendeney toward subscquent tuberculosis: this is
truc of cement dust. And finally, there arc certain types of dust, as typified by
marble dust, which in the quantitics and lengths of exposure 50 far observed produce
little hung fibrosis.  In gencral, it has been fuund that those dusts which are high in
quartz content are the ones which produce a disabling Rbrosis of the lungs most
readily.

So far as the size of the dust particle is concerned, it is apparent that in order
for any given dust to produce injury to the lungs, it mbst gain access to the
parenchyma of the lung, the site where the harmiul cfiects of the dust take place.
It is known that not all of the particles of inhaled dust gain access or are retained
by the human lung. In this connection it is of importance to have regard to the
size of the dust particles present in the industrial atmosphere. -

With reference to the quantity of dust present in the air of a2 workroom it is
apparent that when the dust concentration is high the exposcd person will inhale a
greater quantity in a given period of thme than he will when the dust concentration
of the atmosphere is relatively low, and since the rate of production of the fibrosis
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is partially dependent upon the rate in which the dust is inhaled, this latter item
plays an important role in predicting the relative danger of different environments.
Hence the nced for the evaluation of the quantity of dust in the industrial atmos-
phere is obvious. :

Research on the problem of industrial dust inhalation has indicated that so far as
their fibrosis producing qualitics arc concerncd, dusts may be divided into three

-groups: (1) those composed completely of combined silica, that is silicates, such

as purc asbestos; (2) those containing free silica in the crystalline form known as
quartz, (granite contains approximately 35 per cent of quartz); and (3) dust con-
taining frec silica in a non-crystalline form such as diatomaccous earth. In general,
it has been found that the harmfulness of a quartz containing dust is in direct
proportion to its quartz content. For this reason, in attempting to evaluate the
harmfulness of a dust, it is of the utmost importance to ascertain its exact min-
eralogical comiposition.

It has becen our experience thal to determine accurately the exact mineralogical
composition of a dust one should resort to a combined chemical and petrozraphic
analysis. By no other method have we found it possible to determine the amount
of quartz present in a given sample, In certain instances, such as when one is
dealing with 2 mixture of quartz and pure potash feldspar, it is possible to deter-
mine the amount of quartz present in such dust mercly by a chemical analysis.
However. most dusts which come into question are mixtures of quartz and silicates.
Take granite for example. The average granite is made up chiefly of thrce min-
erals in about the followine proportions: feldspar 60 per cent, quartz 30 per cent,
and nica 15 per cent. Chemical analysis shows that this average granite contains
70 per cent of silica. Of this 70 per cent, 30 per cent is present as quartz (free
<ilica) and the other 40 per cent is present as combined silica, in chemical com-
bhination with the other minerals that make up granite; it is possible to determine
these proportions only with the aid of the petrographic microscope.

We hAnd in practice that samples of dust settled out of the asmosphgre at the
breathing level of the worker serve admirably for both chemical and mineralogical
dcterminations. Table 1 presents the quartz content of dusts obtained in various

industries which we have studied.

TABLE 1

Percentage of Quartz Present in Various Industrial Dusts

Kind of Dust Percentage of Quartz

Rock drilling dust (bituminous coal mine)....oceeennes 540
Granite cutting dust...... 35.2
Rock drilling dust (anthracite coal mine)...oeeeaaoen. 31.0
Brass foundry dust....cciiiiennnetitcscoossnosnsases 19.0
Dust from raw mills in cement plant.................. 6.5
Slate mill dust (Vermont rcd siate)... . 3.0
Silverware polishing dust.ccoeiiieirivrenercerersenns 17
Anthtacite coal dust...cciieeriaiiersressorsnrocoseonnn 1.5
DBituminous coal dust...coeeivreerrennenreeanrcaccaces 1.2
Cement dust ...covvnnnn.. 1.0
State mill dust (Vermont green slate) v eeeenenvennnnn- . trace
Tale mill duste.veeennicriereearserecnceacrncncenenn none

none

cressvae cersrrene

Marble cutting dust.............

It is evident from this tabie that rock drilling occupations in the coal mining
industry and certain occupations in the granite cutting industry and in brass foun-
dries would be in the hazardous class as judged by the proportions of quartz in

the atmospheric dust.
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this ‘.:.'““ e : It has heen demonstrated that particles of dust of a size greater than 10 to 12
cnt mn‘.'r;’ m?mts. : microus in longest dimension are very seldom found in the lungs. This absence of
industrial aimos- i larger particles is partly duc to the fact that the numbers of such particles-
< so far as ! greater .u;an ten michns in size present in industrial air is, as c.:omparcd with the
. h { lower sizes, comparatively small; furthermore, these larger particles do not pene-
_ Into three ! trate to the terminal portions of the respiratory tract. Hence we need only concern
' waticates, such { oursclves with those dust particles that are less than ten microns in longest di-
2 form known as Lo mension,
nd th)I dust conl- ‘ In order to ascertain whether or not an industrial dust is -capable of gaining-
wth. In gc:;.era * H access to the lungs, it is necessary to know somecthing of the size of the particles H
rust 1 ;n '"‘:t | in the dust' under consideration. In practice the samples for particle size studies @ 3
“ “.’ cvaluate the : may bc obtained by the use of the Owens jet dust counter. The advantage of this
un ats exact min- ! instrument over other devices is that the Owens apparatus projects the atmos-
<act mineralogical H pl}cric dust in unaltered condition directly on 2 microscope cover-slip. This cover- X
* d petrographic t slip may then be propcr!_v mounted and examined b){ any one of scycral methods.
"_:".' ptch grap t ' In another method a microphotograph of the dust is made at a high magnifica-
" :':ewh; a:::“?s i tion; the parti.cls:s revealed on an enlarged ?rint or screen may be mcasl.m:d _b,v i
-ossible to deter- 4 means of 2 millimeter scale. No matter which method one uses for particle-size
nemical analvsis. t measurements the results may be treated in the customary manner. The—particles
nartz and silieates. [. may be grouped in classes according to size, from which a pcrccntagc distribution
v of three min- - curve is easily obtained.
sartz 30 per cent. ‘ As pomtef‘l out c'axlxcr, a kn_owlcdx,"c of thc.quanmy of dust dispersed in the L
granite contains ] ztmqs?hcr: is very important, since with any given fiust the rate of production of .
as quartz (free : the injury will be dependent upon the total quantity inhaled. -t
= chemical com- : Fromi the practical hygicnic viewpoint, the particle count is at present the best B
“ole to determine ' quantitative index of the degree of atmospheric pollution. The decision as-to the i J
H size range of the particles which should be included in the dust count is a question ~ '
smosphere at the v requiring carcful consideration. Obviously the size of the smallest visible particle i
-nd mineralogical ' will depend on the magnification and type of illumination used in the microscope, i
“.ained in various N the refractive properties of the dust and to some extent on the visual acuity of the o1
] observer. We must bear in mind that our chief interest in this problem is in the '}
. ' industrial hygicnic aspect. Primarily we are interested in diffecentiating between LS
P, the dust content in the ordinary normal atmospheres, not yet known to be harmful, {;j . £
' and certain industrial dusts which arc known to be associated with lung damage. Rigt i,t
Liusts i This difference is sharply marked so far as the dust particles between approximately i i i '
-centage of Quartz H one:half and ten microns in_ di':xmctcr are concerned; but th_c d:ﬂ'crf:ncc between S --‘ﬂ‘c
i such normal and abnormal air is masked and lost when we include in. our deter- (R 44x 70
0 { mination the particles of ultra-microscopic size which are present in vast numbers -
2 ; in all air. ‘ i
J1.0 ‘ So far as thc upper limit of particle size is concerned it has been demonstrated - e
19.0 A by the South Alfrican studies that particles greater than ten microns in longest i l 15y
6.5 { dimension are, as a rule, of negligible importance. The data concerning the lower ' 7,;?‘
3.0 : size limit of potentially hazardous dust is not so conclusive. Moir of South Africa, ts ‘"'}:' ¥
17 : who cxamined microscopically 120 dust particles obtained Trom two specimens of iy JEIA.
15 : silicotic lung, found that only 13 per cent of the particles were less than 0.5 microns i 1515 1yds
12 : and about 36 per cent of the particles were less than oue micron in dxamctcr. The i H
1.0 ' majority of the particles, 60 per cent, were between one and three microns in size. - :
trace E The median size of the dust was found to be 12 microns in diameter. Drinker, HA FeY
none i in comparing the size frequency of the particles mcasured by Moir with the par- . Q; ‘44
none -4 ticles measured by him of the dust found in the sputum of meri employed in ore xR \
. —= : mills, found a close correspondence. These findings have also been corroborated " <
lh.e coal mining 1 by Navrogordato. 71 4 el
++l in brass foun- ! In conncction with the lower limit of particle size of dust of pathological sig- HE g 5,
uons of quartz in ’ nificance the following pertinent question arises: Aside from the evidence direct 1R P
H or indirect of the non-retention of minute particles of dust by the lungs, what Pt 5’ .'.
. " Ny Tt
. i
) N ;'é. w ‘:_
. « ‘}" R
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.

TABLE 2

Average Dust Counts in Certain Dusty Trades

Industry and Occupation

Dust exposare
in nullions
of particles

Average
per cent of
quartz in

per cubic foot dust
Talc Mining and Milling : None
Jack-hammer drillers . ... i ittt . 2,160 None
Packers ...ttt ittt i e 50 None
Muckers ........ e e tts et et as st saaenes 45 None
Crushermen and cylindermien. ... .oociuvennnane.. 14 None
Slate Finishing Mills: 3
Floormen .ovuirivieereneroereiaseoasasasasanans 1.598 3
Loaders .......... et reteesaeeir et . 1276 3
Disc crusher operators....... . ivevenernecnnenens 312 3
Quartz Grinding Plant: 29
Mill operators . 173 99
Laborers ...... . 83 99
Packers ....... 33 99
Granite Quarrying and Fintching: 33
Tevner drillers ..ottt 144 33
Jack-bammer drillers ool 12 33
Hand pneammatic ool finishers. ... 30 33
Machine pncumatic tool finishers..........coeeue.. Ja 33
Plug drillers ..ot 37 33
Attendant labor (indoors).........c.vevevene 17 33
Anthracite Coal Mining: 1.5
Miners and helpers .ot iiiiiiiiiieninans. 22 1.5
Attendant Iabor .. 0 o i 3 1.8
Bitusninous Coal Mining: 1.2
Coal cutters and loaders. 112 1.2
Attendant labor ........ 4 1.2
Marble Cutters ........ eeeeeeieaaan Ceeveesenaneen 33 None
Cotlon Cloth Muanufacturing: Noane
Carders veeeiiiiiineanns e eteeeneen et 9 None
Woeavers and SPINNCTS. c.veeeererennasososorannns 3 1o

Silverware Manufactucing :
Dusty trades .........
Non-dusty trades ........ ..

tv s

evidence is there that appreciable percentages of ordinary industrial dusts ever
fragment into those minutc sizes less than 0.5 microns in diameter?  The best
answer to_ this question would be data of actual mcasurement of such dust, Un-
fortunately we have but scant published data on the particle size irwquency of dusts
in the air of industrial cstablishments. In 1929 Fehnel made some particle size
measuccments in connection with the dust study of hard roack drilling in New
York City. He reported the findings on three samples, which showed the dust
which was less than 1 micron in size to vary from 1 to 15 per cent.  Most of the
dust in these hard rock dritling operations was between 2 and S microns in size.
Badham, in studying the dust hazard among sandstonc workers in Svdney, Aus-
tralia, measured sonmie 16,000 particles of dust in the aic of wock places and found
that 67 per cent of these particles were about I micron v size. In a particle size
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study of twenty-fve samples of cleven dificrent kinds of acrial industrial dusts
made by the filar micrometer method at a magnification of 1,000 diamecters, the
speaker found that practically all of the dust was less than § microns in size.
Only 2 per cent of the particles were less than 0.5 microns, 21 per cent were less
than | micron, and the majority of the dust, 71 per cent, was found to be between
1 and 3 microns in diameter.

From all of the cvidence therefore, and it the absence of conclusive proof to the
comtrary, it is apparent that we nced only be concerned with those dust particles
between one-half and 5 microns in size, and from a practical standpoint the fower
limit of particle size to be coumted may well be taken at about 1 micron. Many
methods have been devised and used for the purpose of  determining the quantity
of dust in air. Suffice it to say that for the purpose of dust sampling in either
high or low dust concentrations, the Greenburg-Smith impinger apparatus now
Ands universal favor. This instrument has been used by the United States Public
Health Secrvice in all of its dust studies during the past nine years and is also
eing used by other workers in this field in this country and abroad.

During the past ninc ycars the writer has made numerous investigations of dust
hazard in many industrial establishments throughout the country. In Table 2, a.
summary is presented of the average dust content of the air in a few of these dusty
industrics. This table clearly shows that the highest dust exposure was fa the tale
mines. slatc Rnishing mills, quartz grinding plant, coal mining aud granite cutting
industries. Owing to the high percentage of quartz present in the dust of the quartz
grinding and granite cutting plants. as compared with the dust in the other indus-
tries listed in Table 2, quartz grinding and granite cutting are revealed to be the

mnst hazardous of the occupations we have studied, I .
. e~ . - 3

ClinicaI: am{ Statistical Aspects of Silicosis

By ALBERT E. RUSSELL, M. D., F. A. C. P.

Surgeon, U. S. Public Health Service; Surgeon, U. S. Bureau of Mines,
Washington, D. C.

It would be diflicult to cstimate with any degree of accuracy the number of people
tn the United States who are cngaged in dusty trades. It is cvident, however, that
more people are exposed to dust, which constitutes the greatest single industrial haz-
ard, than is gencrally supposed. Certain ‘dusts comtain poisonous clememts. such as
lcad, arscnic, mcrcury, ctc.. which give rise to general conditions resulting from
their absorption. This paper however will deal only with those dusts which are
known to. be direct iactors in the production of pulmonary discases.

Economic Aspects of Silicosis

Tle cconomic problem presented by silicosis is tremendous. The sufiering and
loss of life due to 3t cannot be adequately measured.  In the gold mining area around
Johanuesburg., South Africa. during the period 1911 to 1929, more than 33 million
dollars have been paid in compensation alone. The costs of medical care, hospital-
ization, and legal proccedings further augment this enormous figure.

Mines in Australia are reported to have been bankrupted by payment of silicosis
compensation. I kuow of a gompany in our own country which has claims amount-
ing to more than 2 million dollars {or disability duc to dust inhalation. There arc
other plants in the East which will be hankrupted if all the claims which are filed
against them are allowed. In most of the industrial states the number of claims filed
has greatly increasced in recent ycars.

It is clear that dust-prevention work, like any health-promoting activity, would

pay many times in money, good health, and efficient operation.
Strangely enough, only during the past 25 vears has dust received much attention
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