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. UR knowledge of halth hazards re-  wool, silk, sugar, fiour, surch wood, loba:c.o, quality. Their lungs beconge pigmented frem ;
. O sulting from exposure to various -and leather. . coal dust, but thcy do nqgt develop 2 troe s
kinds of dust“in industrial loccupa- It is true that some occupations in which  fbrosis. For anthracite miners, the piceare *

tions is based. on .obscmtxon and clinical is involved exposure to organic dusts mani-

studies of workmen exposed to these dusts, fest a tuberculosis morrality .rate higher. thracite mining includes cxposure not caly -

and upon noting the results of the action of  than the average. Formerly, it was thought to coal dust but also to silica. Disablieg

. these same dusts upon experimental.animals. that this undue prevalence of tuberculosis miner’s asthma was shown by the Unitad. -

The former méthod goes back for centuries was due to the occupational dusts but the States Public Eeaalth Service study of 1935

y --and our earliest-conceptions of the harmful dust studies of secent ycars have demon-  to be a type of silicosis. 10 which the e, ¥

%= " properties of dust.were ba.sed on first hand “strated that, mostly, organic particles are too :\mhrzco-sihcosxs is properiy apphed. Asthe

.. "observation. - . L - large to penetrate  to the pulmonary. tissuc - racite scams are oiten found in country reck

\fany of these conceptxons were erroneous.  and when they do, they are absorbed without  which contains a considerable ‘amount of

It is only in the past twenty. years that any-  producing any specific inflammatory reaction.  free silica and, as in other silia dust ex--
thing like a comprehensive knowlcdge of Noris much credence givén nowadays to the  posures, the development of pulmomary

dust diseases has been attained—due first to  idea that organic dust particles convey tub-  fibrosis was Zound to be proportionate to the R
the periection of the -X-ray as 2 means of ercle bacilli -to the lungs :md thus cause amount of silica in the coal dust and the ©

diagnosis, and the development of successful tuberculosis. length of exposure. The mc:dcncc of tuber- -

is quite different and the reason is that aa-

- . laboratory technique. for conducnng tests on Metallic' Dusts : culosis among anthracite miners is very high . §H
" experimental animals. - it e Here the sitadon is not unlike that of . Clinical pulmonary tobereulosis was found in. . IR
4 * Now we have arfived ata pomt where in-

. organic dusts. The prevalerice of pulmonary 15 per -cent of those with early anthraco-
pig tensive studies, both clinical and experi- disease among workers in certain occupa- siicosis and in 43 per cent of these with JF
mental, conducted in this ;country and in  tions exposed to metallic dusts gave rise to  3dvanced anthraco-silicosis. Service upwards
other countries, have resulted in 2 erystaliza-  the theory that metallic dust was a fruitful ©of .twenty to twenty-fve yars wis sso- -
tion of our ideas. . In the English speaking source of tuberculosis. Such diseases as  ciated with 2 tuberenlosis rate of 14 per cent
world, the outs:zndmg contributions to our  “grinder's rot” were recognized clinically .-4mong regular miners and 37 per cenrameng
imowledge have come from the South long before the era of modern diagnosis and those with 2 number of years as rock work-,
African.Institute for Mediezl Research:and * {aboratory research. Metallic particles in ¢ Animal experimentation, with both
the Miner's Phthisis Prevention Committee the form of fumes may cause such reactions bituminous and anthracite coal dust, iree
in. Johanaesburg; from various official agen-  as zinc chills or brass founder's ague, which from associated silica, produc:d no specific
cies in England and Australia,.in Ontario, . are more in the nature of an allergic reac- reaction.
* Canada, and in this country, especially the tion. The:pulmonary disease which afliets Non-Siliceous Minerals
United States Public Health .Service, the grinders and. buffers is silicosis and not in
+ United States: ‘Bureau, of Mmes, and the any way a result of exposure to mictallic minerals produce any pulmonmary disease . ¥ -
Saranac Laboratory. ! " dust. Metallic dust particles are mostly large  Gardner, at the Saranac Laboratory, tes:d %
In presenting this dlscnssxon ‘of mdustrle and heavy (that is, comparatively speaking), upon animals such substances as diamond,
dusts, their eficcts on workmensexposed to consequentdy do not penetrate to the lung, aluminum oxide, rutile, marble, gypsum, ga-- |
them, and the bedring that this subject has in many.instances, and when they do tl-_xey are lema, chalcopyrite, iron sulphide, zinc sul-
. on life insurance underwriting, we.have at- either absorbed or ‘remain fixed and inert in  phate, Auorite, and dolomite. The suiphides
tmpged to ‘summarize what should be the . the tissues. Fromy' an underwriting stand- and dolomite proved toxic but this afect is
insurance attitude, based on the présent state  point then, the hatard of 'metal dust is the outside of our present discussion. Non-silice

There is no evidence that non-siliceous °

of our knowledge.. Briefly, the present con- hazard of. such silica dust as may be asso- ous minerzl: pryved inactive in animals and . :'.
cept regarding: industrial dust hazards-is as cxzted with it ) - there is no clinical -evidence of specific dis- 2
. fonow,- Or EE“’ dusts, of which the dust - Coal ease among \vorkers exposed to this type of <!
aris in textile operations is an- For m:ny-yezrs there has been a belief dust B
do ;mmmmﬁ:sc that cdal miners had less. tuberculosis than . . Amﬁﬂﬂ Abrasives "~
Y - Thered the average for wage earners and, on the . Experiments with artificial abrasives =
‘dmcmm:- other hand, miner's asthma has been recog-  demonstrated the incorrectness of earlier ="
ganic is considered in connection nized as an occupational discase of coal ideas that dust caused injury to the lungs. ::
with mineral dusts. OTmc dusts at times miners. Here again, recent studies have .proportionate to the hardness and sharpoess:
may cause an allergic redetion and also irrita-  clarified the situation to 2 considerable’ ex- of -the particles. Artificial abrasives. are.
tion of the upper air passages. They do not tent. ‘ among the hardest substances known. Neither
cause protracted disability nor death. In Bituminous or soft coal miners do not have  silicon earbide nor aluminum oxide produced
this classification may be included cotton, an occuptional pneumoconiosis of a disabling any reaction resembling silicosis in experi-
{ . ws bt of D LeteTothew SIAT DL
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mental animals nor o workmen exposed to

these dusts show any clinical symptoms or
X-ray appearances suggestive of silicosis.

Silicates
A considerable number of silicate. dusts
have been studied and their efegts upon ex-
penmen::ll animals, both by inhalation and
mjecnon. noted. Lney produce little or no

reaction in the body tissues and what little |

reaction some oi them do produce does not
tend to progress. An exception should be
noted here ‘regarding asbestos, which is con-
sidered scparately.

Nor is occupational exposure to silicate
dusts accompanied by any such clinical pic-
ture of disability and death as is. found in
silim dust exposures. The Public Health
Service studied some tale mines ia 193S.
Only 66 men were exposed. Tuberculosis
morbsdny and mortality rates were very high
in the county where the mines were located
-and the dust exposure was. exceedingly se-
vere, running into hundreds of millions of
particles. Eight men showed advanced pneu-
moconiosis but tuberculosis was also present
in most of them, It is conceivable that ex-
posure to tremendous quantities of any min-
eral dust, regardlcss of silica content, might
so overwhelm® the lungs that they could not
deal with the inviding substance. Irrita-
tion, inflammation, and probably infection
would follow with dissbility in propoction.
Such isolated instances do not invalidate the
condusxons stated in the prckus paragﬂpn.

Asbestos -

Asbestos is the only dust of combined
silica which is known to cause 2 definite
pulmonary fibrosis which may result in dis-
ability and death. Most of the asbestos fab-
ricated in the United States comes from the
mines. in Quebec. Asbestosis, however, is

not' found among asbBBTminers, most_of

wh quarries or pits, nor
:mmwms
whereb mmﬁ%d’f:t ship-
ment an ed, but among workers i

fabricating plants. Only recenty has an ex- °

. planitien—beerroferdd 167 thHis anomaly. It
would appear that not only .is asbestos an
exception in that it differs from other sili-
cate dusts in its ability to cause- structural
changes in the lungs but its action appears to
be mechanical and not chemical like the ac-
-tion of silica. If asbestos is crushed to fine

particles, it will nol cluse asbest
mwmmmﬁ%;oﬁe
fero-eisewieTe UaE i the Jungs..

any reac 3 ¢ lungs.- If
its : i nature of silica, the
eifect would be more pronounced with smaller
particle sizes. Consequently, Gardner con-
cludes that the relatively long spicules of as-
bestos produce their effect because the lungs
are never at rest and the coastant.movement

* provokes the fibrous raaction,

Like silicosis, asbestosis develops slowly,
presenting the characteristic .symptom of
shortness of- breath. The number of cses
of asbestosis.that have come. to autopsy is

" small but there are several cases on record

in which déath ‘was due eatirely to the as-

“bestos and not to any associated infection or

other condition. There does not sesm to be
any .prooounced teadency to tuberculosis in

astestosis, but most of the Zatai cses nave
Leen comnplicated by other discase such as
cancer and diabetes so that the exteat to
whiclh thie asbestosis was rcsponsible for
death is not clear.

Tiie pathology and N-ray appearance of
asbestosis are entizely different irem silicosis
and in the absence oi a definite history of
exposure over a3 considerable period of time
to asbestos dust, the diagnosis is difficult. A
great deal of success has been attained in
controlling dusts in tre plants where asbestos
is fabricated so that it is not likely thac as-
bestosis will ever tecome an important in-
dustrial discase, as far as the number of
cases is concerned. -

The scarcity oi clinical data on asbestosis
makes the prognosis doubtful. We have had
a smail group of cases under observation for
about ten ycars and.some of these show 2
dehnite but slow progression. as far as can
be judged from the X-ray films. However,
what the ocutcorne may be remains to be seen.
These men are all working and showing no

" signs of any disability.

Silicosis

It may be said that there is 2 very general.
accord among the leading investigators and .

research authorities in the opinions and con-
clusions presented in the intermational con-
ferences on silicosis. Such differences of

opinion as.may be expressed.from time to ~

time do not seriously afect the gcncnl
agreement on the basic factors :rtectmg‘ the
cause, incidence, effects, and prognosis of
silicosis.

The effect of silica upon the lungs depends
on the nature and extent of exposure. That
is to say, upon the quantity-of dust in the
3ir breathed by workmen, the amount of free
or uncombined silica in the dust, the size
of the dust particles, the presence of other
substances in the dust. which may modify
the action of silicz, and the length of time
or duration of exposure. © The individual
himself must also be considered. Previously
existing disease of the lungs, especially 2

tubercle infection, will influence ‘his reaction ..

to inhaled silica.. There may be other phases
of susceptibility about which we know little
or nothing but in the main, it may be stated
that individual susesptibility to the action of
silica dust is an acquired rather than a con-
genital coodition. . '

In industry we find different types of silica
hazards. The severity of a2 silica hazard is
estimated on the amount.of dust in the air
and this is expressed in millions of particles
per cubic foot. The particles counted, are
those under ten mifcrons in size, though the
present opinion is thzt it is the pamde be-
tween one-half a micron and three microns
that is mostly respons:blc for c:msmg the
discase. ‘

Exposure to excessive quantities of pure
silica dugt, that-is, where the dust count is
in the hfindreds of millions of particles per
cubic foot, is now rare. Isolated instances

may be found as in the case of a sand--

blaster improperly protected. Such exposure
produces a severe type of silicosis in upwards
of five years, even sooner in extreme cases.
With such extensive sxlxu dzxmge to the
lungs, tubercle infection is almost inevitable,

though ca2s23 wiil be scan ocessionail
B ccced 10 a faial igrmination without
t: cn.

.-\posu'c to moceraie ameunts of
dust where the pariicie counts are 11 excess
of ten million does not occur ircquently a:
the present time, thoush ic is oniy in the iast
icw vears that siiica il.dusxrics have ex-
deavored to cope with their dust preblem and
effectively reducs the amount. Such ex-
posures produce c.c....uclv disease in Irem
¢.=’.".I or ten to wenty or more yIars, in vre-
portion to the actual quaatity of dust. The
incidence of tubercuiosis is high and of those
who dic of their puimomary conditicn, 73 per

silica

. cent are tubercuious.

It is also possible to find degress of silica
exposure which, whiie producing dednite siii-
cesis evident on X-rays. will not produce dis-
adility or death in an average working iife-
time.  Mortality statisties are not broken
down by industry to an extent sufficient to
make available definite figures by degree of
exposure. We must rely then on the clinical
resuits obumined ia industrial investigations
which are conclusive enough for those indus-
tries studied. OQur own impression-is that
even where the silia hazard is of 2 miid
type, the incidence of tuberculosis wiil be
higher than the average. It has been stated
that where silica dust contains caustic alkalies
also, the action of the silia is intensifed
very considerably. The evidence here is
meager. = Other substances apparently have
some mhxmnng eect upon the actien of
silica, affecting the pathological as weil as
the clinial picture. *

Prognosis .

The prognosis is fair for a sificotic whose 7
lungs are not extensively damaged and who
is free of infection Such persons have an
increased susceptibiiity to infection and if
brought into intirmate conmet with a2 case
of tuberculosis are very apt to beceme tuber-
cuafous also. Thie outlonk for the tuberculo-
silicotic is poor. Many cases are essenually
chronic and may live for years. Others show
rapid. progression and die in from one to two

years - aiter- their infection becomes active. . !

The importance -of tuberculous ' infecticna
among persons exposed to silia dust brings
up 2 very imporant underwriting considera-
tien, that is, where the worker in a siiica
occupation is in conaet in his home with an
open case of tuberculosis.

The question is frequently asked whether
men who had worked in silica dust at cne
time but later changed to a2 job in which
there was no exposure to silia might be
considered, standard risks for life insurance
if they passed the usual insurance physiaal
examination. \While there are no insurance
statistics to prove the point one way or the
other, there is every rcason to believe that
a group of such men will not give a stand-
ard mortality. The usual type of physial
examination will not detect silicosis. The

only way to be sure is to secure X-rays of
the lungs of such 3ppliants and have them
mtcrpretcd by some one who has specialized
in reading films of this kind .
Silicosis is gradually coming under control.
‘The aggravated cases seen twenty years ago .
(Continued on Page 1417)
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" INDUSTRIAL DUST HAZARD
(Continued from-Page 1413)

sarely seen now and the clinical picture
. has changed with the pmgress of dust-con-
,lml measures. The trend is towards 2
essened mcdence of new cases of sdxcos:s.

efficiency of dust control methods aiter (hev

have ‘been put into effiect. It cannot be ex-

a4 yected that this improvement will be reflected
% m iasurance moruality until 2 considerable

“period of time has elapsed.

.The conclusion scems w:rrznted from

lhe only dusts which of themscives rmgnl

ko have sufficient cfiect on the morulity of

. workers exposed to thcm, so great as to re-

°'-qu|re an extra premium charge for life in-

3 mrancc. are silica and possibly, asbestos.
- Life insurance men naturally will turn to

. oortality statistics for- copfirmation of 2

finding 0 at variance-with the comman be-
dief, long held, that exposure to all kinds of
usts is productive of a.high incideace of
respiratory tuberculosis. To the-layman it
.seems only reasonable to suppose that the
’dxﬂ’u::.xlty in brem.hmg he experiences when

injurious efiects on them. The writings of

statistics have served to strengthen this be-

workers exposed to 2 wide variety of dusts
to be well above the average for all workers
included in the study. But, when these fig-
ures are refined so far as is practicable to
t'rmake allowance for. factors other than dust,
‘which may influence the: mortality from
“tuberculosis of men employed in these oeccu-
‘pations, the importance of many. dusts as

cusative factors becomes less evident,

There is-a surprisingly large number of
sfactors, other than dust,. any one of which
may be responsible for the high moruality
“from tuberculosis among men in dusty trades.
Some dusty occup:uons are arried oa by
‘men recruited from the lower income classes,
2mong whom it is now known that apart en-
rely from exposure to 2 specific occup-
Lonal hazird,  the death rate from tuber-

P et

culosis, is considerably higher than among
persons in the higher income groups. The
“sclection of certain kinds of work by the less
robust workers is reflected in the high mor-
tality from tuberculosis of men in other
allings. Racial and nationality groups tend
to enter certain occupations, with the result
that the pecuiiar susceptibility or relative
immunity to tuberculosis of these stocks,
colors the mortality picture of men in such
occupations. These are but a few of the
many circumstances for which allowance
must be made before conclusions can be
drawn as to whether a particular dust is or
«is not the responsible agent in the high mor-
tality found among men in a dusty trade.

* Unfortunately there is, for the United
States. no considerable bedy of mortality
statistics sufficiently detailed to permit of
cvaluating separately some of even the most
important. conditions affecting the morulity
of men.in. specific oceupations, Perhaps the
bese statistical demonstration of the cfiect of
dxﬁercnt types of dust on mortality from
“tuberculosis is supplied .by two:British au-
“thorities. Dr. Edcar-L. Collis and G. Udney
‘Yule, These authors selected for study,
from the occupations reported upon in “the

“-Registrar.Geéneral .of England and Wzlcs_“

report on Occupational Mortality covermg
the yecars 1921-1923, two groups of occupa-
tions——one exposed to silica dust, and the
other to non-silica incrganic dust. The
_groups were o chosen that each had, as far
‘as possible, the same amount of dust ex-
“posure, physical effort, exposure to heat or to
weather, or any underground envirenment
Part of the authors' comment on the resuits
as regards respiratory tuberculosis is quoted :

“For all ages (20.to 65) the comparative
mortality figure (this figurc is defined as the
number of deaths that would have occurred
in the Standard Population at the rates rul-
ing in the occupation) of the Silica Group
is no less than 5922 against 1635 for the
Standard Population, i. e, the mortlity is
‘more than three and 2 half times the normal.
For the: Non-silica: Group, the Comparative
Mortality Figure, although actually slighdy
higher than normal, at first sight hardly
_scems to differ significantly from the normal ;
nor would one's judgment be much affected
‘if, instead of making comparisen with the
Standard Popuiation, one had used the
“Social Groups I1T and IV, for which the re-
spective Comparative Mortality Figures are

139.8 and 1642, But the summary figurss
conceal interesting changes with age. A
glance at the figures (shown on Table 4 of
their study), shows that in the Silia Group
the ratio of moruality to the normal, theuzha
greater than unity even in the lowest age
group, rapidly incraascs as age advances. In
the Non-silica Group, the comparative mor-
tality is actually below normal up to age 33:
it rises just above rormai in the followinz
age group; but as ages over 43, it is cca-
spicuously above normal”

" The facts regarding tuberculosis were noc
published in this report fer each of the six
silica occupational classes included in :the
study. We have, however, determined by
reference to the report of the Registrar Gen-
cral, that each of the silica occupations rad
over twice the expected number of deaths.
The extraordinary high ratio of 1,150 per
cent was recorded for tin and copper miners,
while sandstone masous, cutters, and dressers
had a ratio of 44l per cent. On the other
hand, only the limestone masons, cutters, and
dressers of the five octunations ccnsidered
in the non-silica group exhibited a kigh ratio.
191 per cent.

Like the English tin and copper miners,
Americin- metal miners .are expesed to a:
serious silica hazard ‘arnd have an’inordinaze .
mortality from respiratory tuberc:.losis s
will be seen by reicrence to Table 1. In thi
table are given the ratios of actuz! to ex-
pecied deaths from tuberculosis for a num-
ber of occupations exposed to dust and re-
ported upon in the joint Qccupation Studvy,
1928, and in the Occupational Study, 1537,
both published by the Actuarial Sociery of
America and the Association of Life Insur-
ance Medical Directors. [n the period 1613-
1926, the number oi daaths irom respirztcrs
tuberculosis among menl miners was over
cight times the number expected on the basis
of death rates by ages prevailing among
standard ordinary lives in the same years.
In the latter study covering the years 1923
tc 1936, the ratios were cven higher—over 11
times as’ many deaths were recorded far
metal miners as were expected on the basis
of death rates among standard lives in these
years.

While the actual number of .deaths for
cach separate metal minine class was rathar
small in both investigations. and consequently
the ratios are subject 0 a large margin of

(Continwed on Page 1420)
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error, nevertheless it is interesting to cb-
serve that they were quite uniformly hign
for copper .miners, gold and silver miners,
and lead and zinc miners.

The situation as. regards iron miners is
interesting becsuse it was thought for 2 long
time that they had little or no exposure to

_silica. More recent studies show that there

is-actually 2 moderate degree of silica hazard
which' . produces  silicosis in upw:rds of
twenty years. However,:in both insurance
studies there were too few deaths from respi-
ratory tuberculosis to permit definite quan-
tirative conclusions therexrom.

A great many- workers in mining occupa-
tions, it must be borme in mind, are common
laborers -among* whom we should expect 2
much " higher. momlxty from tuberculosis
than among standard ordinary policyholders,
From the limited data available for unskilled

.. workers, from- -these studies it would appear

. that the tubéreulosis death rate for this class
of- workers runs between two and three times
the.rate of standard ordinary business. Thus
it‘is clear that even when-allowance is made
for- the important factor of social-economic
class; the death rates.for the menl miners
are extremely hlgh.

2"Coal. miners in_ different: sections oi the
country present an’ mtuuung contrast.
Among the bituminous miners, exclusive of
the Pennsylvania miners, the n-ortz.lxty from
tuberculosis was over 14 -times that on
standard ordmary miners, a low ratio for
this -type of worker. .Pennsylvania miners,
oti‘the- other hand, most of whom were er-
pldyed in-the arithracite field, had a very

high'™- ratio- of : actual” to expected daths—-\

“well -over 300 per cent. Anthradite miners,
as-we have stated, are exposed to an appre-
ciable amount of- silica dust, which accounts
for. their relatively unfavorable position
No dusty lrzde hzs recetved more careful

1.

Undemrxters, N
_iagency managers,
‘home-office men:

For ‘the ﬁrat nm& the whole rubject
. of safeguarding life insurance proceeds
. .-has been reduced to rudn.hle form and .
‘. ‘subsunce for easy tion' and
., practical lppliadon. B

. jSafeguardmg ¥

" LIFE INSURANCE PROCEEDS
By W.' J. Wheeler and T. L. Todd"

. Here, .in simple fashion, are ex.
plained the desirable: objectives to be
_uw.ned by safeguarding life insurance -
estates; as well as approved practical
plans of distribution of msunnee pro-
: ceeds. PRI
< In the l-ur—! .l nh.rlry. many . snbe
}«u are condemsed. lute simple charis oon.
ing srephie At whish lalm the
jwmp susm paymeay, uo-d.hnlo- Taf. pelle
sles, ete. .
< Altheugh met.a saleshbeok, it lo paaked
with peverful salllag {deas for every
wadarwriter te abserk late hls ewm aales
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study in the United States than that of

. gramte utnting. Long recegnized as 2 dan-

gcrous tzade, it has been found time and
again to ke a ieavy toll in deaths irem
tubercuiosis. The amount of free silia in
the dust breathed by these workers is very
large. In the years 1923 to 1936, the mor-
tality frem tubercuiosis among granite and
sandstone cutters was the highest recorded
for any oi the -groups of insured lives
studied. There were more than 25 times as

many deaths from tuberculosis as expected.

whereas in the eariier years, there were
naarly ten times as many deaths as expected,
based on 2 small exposure. Marbléand lime-
stone cutters did not show aanything like as
high a ratio as the granite and sandstone cut-
ters. There were tea deaths where one was
expected in the years 1925 to 1936.

[t can be but regzetted that there are so
few morality statistics for occupations ex-
posed to dusts other than silica. Grinders
of metals, most of whom for many years
have beea using composition wheels in place
of the old sandstone wheels, and consequently
have had a little or no exposure to free
silica, experienced 2 relatively low extra
morality from tuberculosis in both studies,
based, however, on a small exposure An
interesting point to be noted here is that this
occupation also offers exposure to memallic
dust It would appear that neither the dust
from the composition wheels ncr the menl
dust has produced excessively high death
rates from tuberculosis. Burfers and pol-
ishers, 2 somewhat similar group, also ap-
peared to have 2 low extra mortality from
tuberculosis in the years 1915 to 1926,

., Cement and Lime Workers

Cement, lime,; and.2rtificdal stome workers

-"were reported upon in both the Joint Occu-

pation Study and the Occupational Study,

but the number of deaths from tuberculosis

was in each instance less than the number
required for separate tabulation. This fact
in itself is significant, although it does not
mean “necessarily that the death rate from
tuberculosis was, below the average. . Never-

theless, from the facts preseated. in these.

studies, it is quite evident that the tuber-
culosis death rate for this occupational class
was comparatively low. )

Thre: groups of male worxers exposed to
organic dusts are included in the table—
upholstesers, cotton' mill operatives, and
woolen mill operatives. The ratios for all
of these classes run about 200-per cent, based
on small exposures.

It must be admitted that these occupational
mortality  statisties are meagre and do not
permit of very definite conclusions regarding
the effects of ‘specific dusts. So far as they
go, they fully substantiate dinial and labora-
tory findings regarding the injurious char-

- acter of silia dust. The death rates from

rupxr:tory tuberculosxs for men in ocwpa
tions where there is a serious exposure to
silica dust are so hxgh as to lcave no room
for doubt that silica is the offending agency.

-Contrary to dlinial and laboratory find-
ings, however, the mortality statistics, pre-
sented by Collis and Yule, suggest that long
centinued exposure to non-siliceous inorganic
dust hag an'injurious cffect on the lungs as

is indicated by
tuberculosis among exzosed workers -
age 45, About ail that can be sad ¢ . -
point frem the ifimited American iile L.
ance company experieace. is that the fuua-
cuiosis ec...n rates fer grinders. metal Xxi
ishers, and Suders who ars exzosed 0 i
organic dusts, most of which do nct ceo=me
a large. percentage of silicz, are nee :.;.-.
having in mind the ecencmic status of Heee-
workers as compared with the average orgi-
nary policyhoider. Lime. cemane, and aril.
ciai store workers rad a quxtc faveradie
mortality. The very h,g-x ratio fcr smardie
and limestone cutters, however, may be -
gestive of some untoward infiuence Do
L. U. Gascner at Saranac Lake. found tha
animals dusted with marble dust by inkah.
tion, developed lit:le raaction, but bemz:
temporarily more susceptible to infste
with tuberculosis. The increased susceptitii-
ity was not marked.

The three occupations in whnich thers is
exposure to o:gznic dust had frcm two v
two and ore-half times the number of ber-
culosis deatks expected.. Even allowing e
the economic position of these groups u
compared with ordinary policyholders go=-

L3
erally, the rmortality is high. It is diZe=h
to see in the light of present clinical knowi-
cdge, how it is possible to aczcunt for tze
excess mornality on the score of dar=ge i
the lungs caused by such dust

Morulity findings, then, are still oot iz
complete harmony with dinical and lzoo-z-
tory findings, But frem a practial u=der.
writing standpoint, it may be said thos she
only dust which of itself might s
the total morulity, by increzsing -
dence of t=herculosis, as to require an
premium charge for life insuracee, is fre
silica. We have no morulity dam for 25
bestos workers but, it may well be that ex-
posure to asdestos dust i larze quanste

the l. ""C' ~e

_will also be found to produce 2 high ==

tality.
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1%  UNDERWRITING ASPECTS - DUST HAZARD

\
the same pbynm.n, that {t was Enpossidle Lo come to any Cefnite co2-
“clusion and my, “this man &ed of asbestosis,” when bis” previous
“disability certificates showed Bat e bad myocarditis or high bload
pressure o7 cancer or diabetes or pulmonary .tuberculosic,

The pathology and X-ray appearance of asbestosis are eatirely
dilficrent from silicesis and In e sbsence of a definite history of a-
pesuie ‘ovef a copsiderable pez::d of ti

dnmcult.r Teat of success bas been atfained in coo-
Nling dusts in'the plants wh-e asbestos is fabricated so that it is

ot Likely that asbestosis will ever becorme an important indusiri
isease, as far as the pumber of cases is concerned.

ozis es the progacsis
doubtful.. We have bad 2 xmal group of caces under observatica for
about ten years — there were wiginilly, I think, some sixty odd men .
fn this group and we sl kan fifty of (hem wbere we ca get at
them — and some of these skor 2 definite butl dow progression as {ar
as can be judged from the X.ay flms. However, what the outcome
miy be remains to be sees. Tlese men are all working and stow
no signs of acy disahility, T
In the meantime the plaes have been deaned wp 30 that Liese
mez are not exposed naw o Dbordirate quantities of asbestos duse,
30 jt iy difficult to say what would bave bee: -the pregress of their
diseass had their working condions remained the mame.

SICOSIS

It may be 52i¢ that ez is 2 very gewen.l aczord among the
leading investigators and researd zutborities in the cpinions and coa-
dusions presented 2t the intermtional confarences oo sificesis, (Jobaa- ..

’  pesburz, Avust,1930; Gt:—\-z, Auc\m and: Sv:plt"\b:t, 1538) Such

dilferences of opirion as may e expressed {rom Urme to time do not
seriously 2flect the general aprement on the basic factors affecting
the cause, incidence, effects, a=d prognosis of slicosis.

The effect of silia vpon the hungs depends op the nature and

- extent of exposure. Tlat Is to s3y, upoa the quantity of dust in the

air breathed by workmen, the amount of free or uncombined silica
. {n the dust, tbe size of the dunt particles, the presence of other sub-
stances in thet dust which may modily the action of silica, 25d the
length of time or duration of zrposure. The individua himsell must
alsp be considered. D:eviously &xisting discase of the lungs, especially
2 tubercle infection, will influexce his reaction {o inhaled silica. Tdhere

* miy be otber phases of suszepDuility about which we know litle or

o daa= et et ALV o Siel et “V‘.—W
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dm! patticles of one to two and tbree microns In thelr hrgnl diameter,
that thace particlcs had no physleal characteristics In the ordinary sense
In which we apply them. Artifical albrasives are among the hardest
sulntances known, Nelther silicoa eatbide nor aluminwin oxlde pro-
duced any reactlon tesenbling sificosls In experlmental animals nor do
wortkmen expoted to these dusts shaw any clinlcal symplnms of k -ray
appearances suppestive of sllicosls.

’
SIUCATES

A consliderable number ol rilicate dusts have been studied and
thelr eliccts upon experimental anlmals, both by (nhalation and Injec.
tion, noted. They procluceittle or no reactlon In the body tissues and
what little reiction some of thein do produce does not tend to propress,
An exwceptinn shauld be noted here teparding asbestos, which s con.
sidered separatcly,

+ Nor s accupational gxpoture. te silfcate dusts acéompanlul hy any

. such clinlcal picture of disability and death as §s found In sitica dust

exposures. ‘The Vublic Health Service studial some tale mines In 1935,
Only 66 men were expoted. Tuberculods mochidily and mortality
rates were very hiph In the counly whicre the mines were located and
the dust expnsure was excecdinzly severe, rmnning Into hundeeds of
millivns of particles. Eight men shawed advanced parumocaniasls but
tubicrculosls was nl<o present in mest of thima, It Ie concelvalile that
expocare tn liemendaus quantitics ¢f any mineral dust, repardless of
silica-content, might =0 overwhelm the lungs that they could not deal
vith the Invalding subistance. Terltatlon, Inflamimation, and probally
infection would (ollow with disaldlity In proportion. Such lsolated
Indances do nat Invalldate the concluslons stated In the previous

- paragraph,

ASDESTOS

Asbestng Is the only dust of combinal sllica which Is known to
cause 2 definite pulmonary fi! wosls which may tesult In dicability and
death. Let me make that point clrar, When we falk of silicosis and
the types ol dust that produce pllicsls, we mean dusts thal contaln
silica In a frre or uncombined state, SIO. When the silica Is In
the Jorm ol silicon carbide of magncsinin sillcate or fron gilicate
that s 'mhat we mean by comblnad pilica. The combined allicate
Vinsts, as | have just mentioned, do not pradice any pulmaonary dis-
eaze, with one ntrpllnn, and that sne exceptlan I3 asbestos, which Is
p hadeatsd naencsiom silicate milvture, with a Jitgle lron In ll Most of
the athegtos faliicated In the United States comes from the mines In

- -
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Quebee, Asbestosls, however, Is not found among 2+hestos 1nis-1s, most *
of whom woiK In open quartics of pils. Ko Emnng_men tpeaped th
millind operatians wikreby the asbiestas Is prepared for shiprient and

. bafied, Gul anwing woikers In [abrdcating plants. Fabrication, you will™
umitistand, belng Tn the nature of a textile process. Only recently
has »n explamation been offered for this anomaly. It weuld appear
‘that hint only'Is sshestos an exception §n that It dillers from other sili.
cate dustx In Its abillty to cause structural changes In the lungs but s
acthn sppears’to be mechanical and not chemical like the 2ction of
silica, 11 asbestos Is crushed to fine partleles, it will not cause asbes-
tosls In experhinentsl anlmals nor will nshesTes prodace any reactlon
elsewhete than In the lunps. I ity action were In [ic naluee ol silics,

. (hmmﬁgmmmntul with smaller particle sires. In
olhicr words, Garrdner estahlished that the Iniencity of a silica teaction
vpon animals depenided upon the smallness of the silica particles, be-
cause, In sum i1 up Whiefly, the finer the silica particles, the greater Is

* the sutlace exposure which acts upon the pulmanary tissue..

Asliestas particles, below a certaln sre, o nat prodhuce any elfect
_tin esperimental anlmals. Furthermore, you can produce a. silientic
geaction, the tvpleal silicotic nedule, In any orpan by Injecting pre-,
pared sillca. You can get sllicinls of the liver or of the spleen or
clsewhere. Nut you cannot powlure any reactlon in animals with
ashicstos anywhere excepl In the lungs, amd then only If your par.
ticles are sufliciently JJarpe.  Consenquently, Gandier eonchinles that
the u!allvrly long splcules of asbestos peadduce their efect becauce the
lungs are never at rest and the constant mouvement provokes the
filirous teaction,

. . !

Like silicasls, asbestosls develops slawly, presenting the charse.
terlstic symplom of shottness of Lreath, The nuniber of cases of ashes-
tosls that have come lo mulopsy it small but there are several cases
on tetord In which death was due entirely to the mbestos and not to
any suocialed Infectlon or other conditinn. Thete dory not seem lo
be any pronnunced tendency to tuberculesls In ashestasls, Lut mest
ol the Iaial cascs have Leen complicated by other dicease such as
cancer angd diabeles so that the extent fo which the asbestosit was
1esponsible for death I3 not clear, .

! made a rathere exhaustive stidy a few vears szo of all the
Insurance certificates that I could find In which asbestng nas given as
the cause of death and then folluwed up the previous Listory ol these
people and pot thelr medical certificates when they weee ou dicabiiity.
The dlagnodds glven on the diahility certificates was wanally sa at
varlance with the dlagnosls plven on the death értl_(ﬁrun, ulten by
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far exceed those found for men in other pursuxts, as to leave httle room
for doubt that silica is implicated.

With regard to silicate and other inorganic dusts not contammg free :
silica, American mortality data are very meagre. The relatively low
death rate from tuberculosis among grinders in the small American insur-

" ance experience suggests that the effects of aluminum oxide, silicon car-
bide and other substances used in manufactured wheels are slight. British
data, much more complete, show lower than average tuberculosis mor-
tality up to age thirty-five, but substantially higher mortality after age-
forty-five for a group of men exposed to inorganic dusts other than silica

“dust. Whether this unfavorable situation later in life is due to- the
cummulative effect of such dusts with duration of exposure or whether
it is due to the inclusion in these occupational groups of a substantial
number of men who had been exposed also to silica dust, is not clear.

There are no mortality data for nien exposed solely to metallic dusts.

Recent statistical studies, like the earlier ones, show higher than aver- -
age death rates from tuberculosis among men employed in certain
occupations or industries in which organic dust is generated.  In no in-
stance, however, does the rate for a group of this kind approach in mag- .
nitude the extremely high rates found among men employed in some of
the occupations in which there is exposure to silica diSt RGeS

of clinical knowedge, is.it possible to account for the excess

on the score of damage to the lung tissue caused by dust. . ”

The relationship between dust inhalation.and’ aciite pulmo' ORI
remains a field for further investigation. A splendid contnbutxon to our.
knowledge of this subject has already been made by the United States

Public Health Service in their bulletins on The Health of Workers in.

Dusty Trades (32, 33). A greater volume of data of this kind and more

detailed studies of occupational mortality are vitally needed to guide

the work.of industrial physicians and hygienists in this field.
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015~ an unusually high mortahty from pneumonia (28) and the same is true i
rage , of certain occupations in the steel industry (29, 30). Exposure to dust - ‘.
os of - o is associated with some of these occupations and usually extremes of
itton. 1 temperature are also encountered with such other conditions as would ;
cent; b tend to cause dampness and chilling. So far as silica is concerned, a {
ives, ~_ high mortality from pneumonia is associated with the silica trades, both

' ' in this country and abroad. Whether silica acts as a predisposing cause :

sified e ' of pneumonia or due to the accompanying lung damage the prognosis
1sion N is more unfavorable, cannot be shown from the figures available. ) f
The ' - For some years, a series of interesting studies has been carried on in
ed to ' Pittsburgh by Haythorn and Meller and their associates in an endeavor
cre is . to establish any possible connection between the prevailing high mor- !
coc- : : tality rate from pneumonia in that city and atmospheric pollution. '8
re to These reports are interesting and suggestive but not entirely conclusive. i§
these. - : The following quotation is from a recently pubhshed report of these B
uber- : ‘ authors (31).
h;‘:; L It is further seen... that during the years from 1932 to 1935 when the de-

pression was at its height, when air pollution from industrial flues was greatly

as decreased and when economic and living conditions were at their worst, there
was 4 great decrease in the number of deaths from pneumonia. However, the s
decrease occurred in females as well as males so that the change cannot be
S, -attributed to conditions within the plants, such as overheatmg and rapxd
ifmag: e. . chlllmg of the employees. ) L e
The g ' -SUMMARY A ,
utine Early occupational mortality studies focussed attention on the im-
"ases portance of dust as a cause'of respiratory diseases. Virtually all kinds
osed , . ' . s .
Slete of .dusts were m.nphcated. Present day ch.mcal and laboratory studies
ional. point to I:.h_e serious damage to the lung tissue caused by a few dusts,
ally. : notably silica and asbestos, and to the. relatively little damage to the
“ (26) o lung tissue caused by many other dusts. The most complete recent
‘icate ' ~mortality studies have been examined in the light of this clinical and
laboratory knowledge. These mortality data, while yielding highly
suggestive information, are very incomplete and permit only quali-
fied general conclusions regarding the effects of dust exposure on the
from . incidence. of respiratory diseases for even the broad classes of dust
r-cut ' with one exception—silica dust. The death rates from tuberculosis

. has : among men in occupations in which there is exposure to free silica so
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In the American insurance experience, covering the years 1915-
1926 (6), also, the ratio of actual to expected deaths was above average

for several occupational groups exposed to organic-dust. The ratios of

actual to expected deaths for the more important of these were: cotton
mill operatives, 176 per cent; woolen mill operatives, 134 per cent;
upholsterers, 225 per cent; cigar makers and tobacco factory operatives,
174 per cent.

The occupations discussed here have been traditionally classified
among the dusty trades. One may well question, however, the inclusion

in such a list of boot and shoe and of tobacco factory workers. The .

great bulk of workers in these industries cannot be said to be exposed to

appreciable quantities of dust. But taking the list as it stands, there is-

obviously no resemblance between the tuberculosis ratios for these oc-
cupations and the very high ratios for occupations with exposure to
silica dust. Some condition connected with the work of persons in these
trades obviously is associated with the above-average incidence of tuber-
culosis. It may be that the less robust workers are attracted ;o them
Whatever may be the explanation, clinical findings would suggestti%a

these trades. " ek i

FUNGUS  DISEASES OF THE LUNGS

Dust may convey to the respiratory tract various types of fungi.
Some of these apparently have no clinical significance. Others are

pathogenic and may produce either acute or chronic disease. The .

constantly increasing use of the roentgen-ray in diagnosis and in routine
physical examinations has served to awaken interest in fungoid diseases

about which too little is known and which are not uncommenly diagnosed -
as tuberculosis (25). Our knowledge of the subject is very incomplete -

but it is recognized that these fungus diseases are frequently occupational
in origin and associated with dust inhalation and may result fatally.
Mortality statistics are entirely lacking, but the reports of Fawcitt (26)

. and the recent studies of coccidioidal infection in California (27) indicate

that such pulmonary diseases may be quite important.
. ~ PNEUMONIA

The effect of dust inhalation upon the incidence of and mortality from
pneumonia has been the subject of much study without any clear-cut

picture of the réle of dust resulting (32, 33). The foundry industry has.

e e e S oot
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of textile plants and he stated that there was no evidence of organic dust
causing pulmonary diseases (24).

The mortality picture as regards organic dust and tuberculosis is -
confused. In the Registrar-General’s Report (5), out of thirteen classes. -

of textile workers, six had above average death rates from tuberculosis
but in only one class—wool, worsted, card, comb or frame (not spinning
frame) tenters—was-the rate as much as 59 per cent above average. No

. ) TABLE. 4 .
Standardized mortalily (cmnﬁamlin)nartal;‘ly Jigures) from respiratory tuberculosis of males

ages 20 lo 65 years in ocoupalions exposed to organic dust compared with that of all occupied
and relived civilian males taken os 1,000, England and. Wales, 1921-1923*

OCCUPATION ) MORTALITY RATIO
All occupied and retired civilian males........ -1,000
Wool S0rters......oievennrennainsennanns et ertiaraeneria, v 1,065
Cotton blow room operatives—skilled..........oivviiiveniinnneninn.. - 150
Rag grinders, wool willowers, €t€...........vveirniereruiereennennnnn. 1,093
Cotton card and frame (riot spinning frame) tenters................... . 1,057
Wool, worsted card, comb, or frame (not spinning frame) tenters........ 1,391
Cotton strippers and grinders and card room jobbers................... 796
Cotton spinners and piecers. ..:.....c..v0uu. Cereereees eeres e 1,072
Wool and worsted spinners and plecers.........oovvveiiiinruneaanvnns. 898
Cotton—doublers, winders, warpers, beamers, etc................cc..... 869
Wool and worsted—doublers, winders, warpers, beamers, etc............. 510
GO oD WAV RIS, .. ..o vvsevarevrennrososuneasoerenassenosonessnns 3

_Woolen and worsted weavers. ............ovvevnnnss. e “ 1,162
Weavers of other textiles. ... .. ...civuvirseeunieunernnennneenernnones 904
Boot and shoe clickers and cutters............ocveviiiviiieniveenenn, 1,820
Skilled boot and shoe operatives, not clickers or cutters................. 1,821
Bakers and pastry cooks......... e ee e e et haeaas 1,016
Tobacco factory operatives........covvvvnineerrririnnnenes everenes 2,002
Upholsterers, coach trimmers, and bedding makers......... e reeeireans 1,262
Drafters and brush makers.........vovuvevinrrnvrernnruriircneennn. ' 2,376

* Compiled from Registrar-General's Decennial Supplement, England and Wales, 1921,
Part II. Occupational Mortality.

‘other class showed more than 16 per cent excess, while in several classes

therate was quitelow. On the other hand, boot and shoe factory workers
showed an 82 per cent excess; tobacco factory operatives had 100 per
cent excess mortality, and brush makers and drafters, 138 per cent excess.
The rate for upholsterers, coach trimmers, bedding makers was 26 per
cent above the average. Table 4 gives the Standardized Mortality for
the principal occupations exposed to organic dust.

r
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_ under inorganic dust, are pertinent here. These mixed metal and:g
. dusts from the composition wheels do not seém to have produced m
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dust was m]ected into the pentoneal cavity of animals, the reaction was
inert.

In the process of weldmg, metals and metallic oxides are volatilized
and inhaled into the lungs in a very finely divided state. - Reports have
been made of roentgen-ray films, taken during the physical examination
of welders, which showed an appearance of nodulation resembling fine
silicosis. This has given rise to the question as to whether silicosis might
be contracted from weldmg (21 22), although all these cases were symp-
tom free. '

One of the. cases reported by Sander came-to autopsy followmg an
accidental death. No fibrous tissue was found and it was concluded that
the nodular shadows on the film were caused by. collections of iron and

. carbon pigment in the lymph channels of the lung (21, 23).

No satisfactory statistics are available on the mortality of men ex-
posed solely to metallic dust. Perhaps there is as much dust of this

- character thrown off in grinding as in any other process and the comments

regarding the mortality of grinders and of buffers and polishers, given

tality rates from tuberculosis comparable in any way with those where
the silica hazard is severe. 5

ORGANIC DUSTS -

Until the action of various kinds of dusts upon-the lungs was made the -
subject of éxperimental studies, the organic dusts, rising from industrial
processes, were considered to be responsible for tuberculosis. Knowledge
resulting from the extensive studies of silicosis has tended to minimize -

" the possible action of organic dust, both on account of the large average
size of the particles and their small numbers when compared with the
concentration of inorganic dust particles found in various industries.
The presence of pulmonary fibrosis or other structural change caused by

_organic dust and associated with infection has not been demonstrated

among industrial workers.” Nor is there evident, in connection with in-
dustrial processes involving exposure to organic dust, a clinical picture
which could be compared with that associated with silica. ' ‘

The late Doctor Landis of Philadelphia was one of a group of physi-
cians who were among the first in this country to study tuberculosis
among industrial workers. His studies included employees of a number
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might have been expected and 18 deaths from influenza and pneumonia
where 11 were expected. '

In the 1925-1936 study (7) there were 10 deaths from tuberculosis
among limestone and. marble cutters where one was expected. Here
again, as in the case of the British limestone masons, cutters and dressers,
the question is raised as to whether some of these men had not worked
on.granite and other stones as well. Granite and sandstone cutters in
the American insurance experience,-as we haye shown, had more than
twenty-six times as many deaths from tuberculosis as expected.

American iron miners apparently have a different type of exposure
- from the British. We have included them in table 1, somewhat ar-
bitrarily, with the occupations exposed to silica dust. There were 12
deaths from tuberculosis among them where only 1.4 were expected, ora.

ratio of 857 per cent. This very high ratio suggests that, in some Amer-

ican mines, there may be a greater silica hazard than had been thought.

- The number of deaths was small, however, and the result cannot be

considered conclusive.

METALLIC DUSTS

Hoffman (2), in Bulletin 231, emphasized the danger of exposure to
metallic dusts (pages 51-161), but the experience of recent years has not
borne out his conclusions. There has not. been defined in the various
industries in which exposure to metallic dust occurs any definite or

specific pulmonary disease resulting therefrom, All the indications are™

that, where pulmonary disease has been described in conjunction with
- metallic dust, the blame must be placed.on coincidéntal exposure to

silica dust. Macklin and Middleton (17), reporting in 1923, point out -

that silicosis is associated with the use of natural grindstones and not
artificial grindstones and make no mention of ill effects from metal dust.
‘Collis (18) had stated the same general conclusion in his well known
Milroy Lecture in 1915 and stated further that the percentage of free
silica is the index of harmfulness.
" Drinker (19) states that there are no data to indicate that iron in the
absence of silica caused pathology in any way comparable to silicosis.
Carleton (20) states that hematite is relatively harmless compared with
flint and other silica dusts; if inhaled over long periods of time, it might
_ cause fibrosis and tuberculosis but further evidence is needed. Under
experimental conditions, it is a relatively harmless dust.

In a series of expenments by Miller and Sayers (15), when iron oxide
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deaths. The extraordinarily high ratio of 1,150 per cent was recorded
for tin and copper miners, while sandstone masons, cutters and dressers

‘had a ratio of 441 per cent. On the other hand, only the limestone

masons, cutters, and dressers in the nonsilica group exhibited a high
ratio, 191 per cent. Why these men should have so high a ratio is not
clear. It may be that many of them had carried on their trade; at one
time or another, in districts where granite or sandstone were cut and,
consequently, had been exposed to silica dust.

So far as the occupations exposed to silica dust are concerned, as we
have mentioned, these findings are in-agreement with American insurance
experience. Unfortunately, there are only a few occupations exposed
to inorganic dust, other than those discussed under silica and coal dust,
included in the American insurance experience and none of these is
entirely free from complicating exposure to silica. In the 1915-1926
Medico-Actuarial Study (6), a small group of grinders of metals had
twice the expected number of deaths from tuberculosis, while in a some-
what larger exposure in the period 1925-1936 (7), the number of deaths
from tuberculosis was about one and a half times the number expected.
In recent years; sandstone grinding wheels have largely been:replacads: .

therefore, that most of the grinders were exposed to dust from composiz g%
tion wheels, silicon carbide, aluminum-oxide; etc., although-undbiibitedly
some grinders were employed where sandstone wheels are still in use,
This comparatively favorable result is at variance with the result for
grinders in‘England and Wales (5) who had a ratio of actual to expected
deaths of 368 per cent. - That study covered the years 1921 to 1923,
and the proportion of workers using sandstone wheels may have been .
greater than in the later American insurance experience. The report

of the Registrar-General brings out the important fact that grinders

in the cutlery industry, where the sandstone wheel is much in use, have
a much higher mortality than do other grinders. We have determined
from the facts presented in this report that among the cutlery grinders
there were over seven and a half times as many deaths from respiratory
tuberculosis as expected, whereas among other grinders actual deaths
were somewhat fewer than three times the expected.

Buffers and polishers of metal, a somewhat similar group, were repre-

 sented in the 1915-1926 American insurance study (6) by 17,000 life

years of exposure. There were 10 deaths from tuberculosis where 7
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rapidly increases as age advances. In the Non-silica Group, the comparative
mortality is actually below normal up to age 35; it rises just above normal in
the following age-group; but at ages over 45, it is conspicuously above normal.

The report does not give the facts regarding the mortality from re-
spiratory tuberculosis separately for each of the eléven occupations in-

cluded in either the silica or the nonsilica group. Because of our special -

TABLE 3

Ratio of actual lo expecled deaths from respiralory tuberculosis among males ages 20 lo 65 years,
exposed lo specified kinds of dusts, Englami and Wales, 1921-1923*

* Compiled from: Registmf-General’s Decennial Supplement, England and Wales, 1921,
Part II. Occupational Mortality..

interest in the facts for this particular disease, we have calculated, from
the original report of the Registrar-General (5), for each of the selected
occupations, the number of deaths from respiratory tuberculosis which
might have been expected on the basis of death rates prevailing among
all occupied and retired civilian males between the ages of twenty and
sixty-five. These results, together with the numbers of deaths which
actually occurred, are presented in table 3.

Each of the silica occupations had over twice the average number of

J— |t | e | e,
, Silica Dust

All sclected occupations........cvvvvviiiinieiinin.n, .| 654 179 365
-Tin and copper mine—underground workers, not super- -

intending staff.............oiiiiiiiii e .92 8 1,150
Potters’ mill workers; slip makers; potters................ 105 37 284
‘Earthenware, china, etc., kiln and oven men, and kiln set-

tersand placers..........oiiiiiiiiiiie i 50 23, 217
Metal grinders.........c.cooiiiiiiiiiiiiieiennnannn, | 221 .60 368
Sandstone miners-and quarriers...... P N 36 17 212
"Sandstone masons, cutters, and dressers.................. 150 34 T 441

. Nonsilica Dust:

All selected occupations..............cciiiviviieii 162 | 150.3 . 108... .~
Brick and plain. tile makers, -moulders, etc., furnace and T ‘

crucible pot makers...........ooiiuiiiiiiiinieeienan - .34 337 101
Brick, tile, etc., kilnand ovenmen..............oelnn, 15 22 68
Iron ore mine—underground workers, not superintending '

staff (Staffordshire and North Riding of Yorkshire)...... 13 24 54

. Limestone miners and quarriers.................ce0es.. ., 39 38.6 { 101

Limestonie masons, cutters; and dressers.................. - 61 32 191
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INORGANIC DUSTS OTHER THAN SILICA, ASBESTOS AND COAL DUST

~ Many industrial dusts contain silicain combined form, as distinguished.

* from free silica, such as combinations with magnesium, iron and alum-
inum. The effect of silicate dusts upon the lungs, with one exception
(asbestos), is problematical. Where exposure to silicate dusts occurs in
industrial establishments, under circumstances which might be thought
hazardous, one does not see the clinical picture which is presented where.
free silica is involved nor is there evidence of disability and tendency to:

* infection. Extensive animal experimentation with' silicates, both by

~ inhalation and intraperitoneal injection (15), fails to produce any disease
akin to silicosis or other evidence of definite. disease. It is doubtful
whether there is a definite disease to which.the term silicatosis can be
applied, although such a term has been devised. Certainly, the last
word has not been said with respect to silicate dusts.

Similarly the dusts of aluminum oxide and some other artificial abra-
sives, of hematite, and of other inorganic dusts have not been shown to be
the cause of marked pulmonary damage. Mortality statistics tend to
emphasize the distinction between the effects of dusts containing [Tee 8
and other inorganic dusts. This is very strikingly brought out in
study, based on the occupational mortality data of the Registrar-Gere)
of England and Wales (5), by Collis and Yule (16). These autfurs:
selected for study two groups of occupations—one exposed to silica dust
and the other to nonsilica—so chosen that each had as far as possible the

'same amount of dust exposure, physical effort, exposure to heat or to
weather, of any underground environment. Part of the authors’ com- .
ment on the results as regards respiratory tuberculosis is quoted:

For all ages (20 to 65) the C.M.F.? of the Silica Group is no less than 592.2
against 163.5 for the Standard Population, i.e., the mortality is more than
three and a half times the normal. For the Non-silica Group, the C.M.F.,
although actually slightly higher than normal, at first sight hardly seems to
differ significantly from the normal; nor would one’s judgment be much af-
fected, if instead of making comparison with the Standard Population, one had
used the Social Groups III and IV, for which the respective C.M.F.’s are
159.8 and 164.2. But the summary figures conceal interesting  changes with
age. A glance at the figures shows that in the Silica Group, the ratio of mor-
tality to the normal, though greater than unity even in the lowest age-group,

3 Comparative Mortality Figure: This figure is defined as the number-of deaths that
would have occurred in the Standard Population at the rates ruling in the occupation.
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- employees; at ages 45 to 54, in 10 per cent; andat ages 55 to 64, in 20 per cent.

No such rise with age occurred in any general populatxon group for which com-
parable data are available.

The prevalence of tuberculosis was greatest among the rock workers. The -

" next to the highest rate occurred among. anthracite warkers who had changed

more than five years previously from very dusty to relatively non-dusty oc-

sons who had had appreciable exposure to harmful dusts in other industries.
Among the regular miners working at the face, the rate was definitely higher
than in the control group (men whose dust exposure averaged less than S
million particles per cubic. foot) which showed a prevalence rate of less than
1 per cent.

When the term-of service exceeded 20 years, more than 2 or 3 of which in-
volved exposure to-heavy concentrations of rock dust, about 37 per cent of
such employees [classified as rock workers] showed evidence of pulmonary
tuberculosis. -Service of 25 to 34 years was associated with a. tuberculosis
rate of 8 per cent among non-rock workers employed in the haulageways, of
14 per cent among the regular miners, but with a rate under 2 per cent among
men exposed to less than § million dust particles per cubic foot of air.

Asbestos: Exposure to asbestos dust may produce a pulmonary fibrosis

-~ cupations in the industry. .The third highest rate was exhibited among per-

which, like silicosis, may cause disability and death but which does not .:

appear to carry with it a predisposition to tubercle infection and which
has a pathology quite distinct from silicosis. ~The circumstances under

. which asbestosis will occur are not too clearly defined- and undoubtediy”

there has been a tendency to classify as asbestosis cases in which the

-a:.,..&.%’

causal relationship of asbestos to the condition present has been assumed -

rather than proved.
Our knowledge of ‘asbestosis is based on individual reported cases.

“The actual number of fatal cases of asbestosis, supported by postmortem

examination, is too few to have any statistical weight but the disease

- itself and its pathology have been clearly demonstrated.. Gardner (13)

believes that the action of asbestos dust, unlike silica, may be mechanical
and not chemical. If this is so, it would well explain some of the con-
fusing aspects of this disease.. The cases described have originated in
textile and other asbestos fabricating plants and not in connection with

_the mining of asbestos. Pedley (14) found that the tuberculosis mor-

tality rate in Thetford Mines (whence 80 per cent of the asbestos used
in the United States is derived) did not differ materially from the rate
of the Province of Quebec as a whole.
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ard lives. Compared with the-death rate for laboring groups generally,
therefore, the tuberculosis rate for bituminous miners is quite low,
whereas the rate for anthracite miner§ is as high, if not actually higher,
thanthe average for this class of workers. The number of deaths and
the ratio of actual to expected deaths for coal miners is given in table 2.

The following quotation from the Public Health Service report (9),
previously referred to, is of interest in showing the incidence of clinical
tuberculosis among anthracite miners:

Several surveys have shown that tuberculosis of the lungs occurs among 1 to
2} per cent of the general adult white male population of the country. Ina

TABLE 2

Number of deaths and ratso of actual to expecied deaths from tuberculosis of the respiratory system

- Ordinary Depattment Mortality Experience of American Life Insurance Companm‘

Coa.l Miners
1915-1926 1925-1936
OCCUPATION - " | Ratio
: . Actual . per cent
deaths- |ctu|l to
_ o ‘ expected
Operatives not underground................... 14 159
Operatives underground AP RO IR
B Y F O 125 157
Pennsylvania (mostly anthracxte) .......... 1 .
Other localities. (bituminous).............. t -

* Compiled from: Joint Occupation Study, Actuarial Society of America and The Asso- -

ciation of Life Insurance Medical Directors, 1929; and Occupation Study, Actuarial Society
of America and The Association of Life Insurance Medical Directors, 1938.
t Data not available.

study of tuberculosis in Framingham, Massachusetts (10), it was found that
about 1 per cent were suffering from the disease in an active form, and another
1 per cent were classified as having arrested tuberculosis. Physical examina-
tion of 100,924 adult white males made by the Life Extension Institute (11)
indicated a prevalence rate of about 1% per cent when suspected cases were

" included. A somewhat higher percentage, namely 2} per cent, was found by

the Public Health Service (12) from the examination of 10,000 male industrial
workers,

Amohg the anthracite workers examined, the clinical tuberculosis rate was
}

‘below normal in the younger adult ages, but at ages 35 to 44 clinical pul-
monary tuberculosis was diagnosed in about 5 per cent of the hard coal mining -

ey s
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high amohg certain groups of miners while among others the death rate

from tuberculosis has been consistently low. Recent investigations have
cleared up many points about the hazard of coal dust and have indicated
certain differences between anthracite coal and bituminous coal. It is
desirable, therefore, in studying the effects of coal dust to consider these

~ two types of exposure separately. .
In 1934, the Public Health Service (9) made a report on an investiga-
tion of pulmonary disease among anthracite miners. This report stated -

what had previously been suspected, namely, that anthracite mining had,

~ under certain conditions, a silica hazard and many anthracite miners were

exposed to the effects of coal and silica dust. The evidence tends to show

‘that disabling miners’ asthma is, in effect, sxlxcosxs, a sﬂxcosxs modlﬁed

by coal dust but nevertheless a silicosis.

Turning to the mortality record of coal miners, we find that the
Medico-Actuarial Occupation Study (7) shows for the Pennsylvania
miners (nearly all anthracite) the following figures, based on 144,535

~ life years, for the twelve-year period 1925-1936: There were 1,699 actual

deaths where 613 were expected, giving a ratio of actual to expected

deaths-of 277 per cent. Of this excess, 37 per cent was due to accidents:
and 63 per cent to disease. The pneumonia and influenza death rate

was five times the normal; tuberculosis, over three times the normal;

Miners elsewhere (bituminous) presented the followmg ﬁgures ‘There

were 52,522 life years and 330 actual deaths against 187 expected, a
mortality ratio of.176 per cent, but of this excess mortality, 84 per cent

~ was due to accidents and 16 per cent to disease. The death rate from

accidents was five times the normal; the pneumoma death rate was

normal; and the tuberculosis death rate, 61 per cent in excess of normal. |

In the insurance occupation study (6, 7), as we have pointed out, the

death rates for each occupation are compared with the rate for standard

ordinary policy holders, a rigorous standard as compared with the rate
forall occupled males. When considering the mortality of men employed
in mmmg operations many of which are carried on by unskilled workers,
it is especially necessary to bear this fact in mind. Apart from any
specific occupational influence conducive to a high incidence of tubercu-
losis, we should expect a greater than average mortality from tuberc-
culosis among them b,ecause of their economic status. Insured common
laborers outside of the mining industry, it should be mentioned, have a
death rate from tuberculosis about three times as great as that of Stand-
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‘ _ininers, but in the earlier study (6), covering the years 1915-1926, there

were 11 deaths from tuberculosis in this group or eighteen times as many
as expected. The ratio for iron miners, 857 per cent, is unexpectedly
high inasmuch as it is thought that most of these workers are exposed
to only moderate amounts of silica dust, except for a limited number who

‘are working in hard rock. It might have been expected that their mor-

tality would more closely approximate that of coal miners. The number .
of deaths is small, however, and the difference may be more apparent

}than real.

" Among cutters of granite and sandstone, there were 38 deaths from

“tuberculosis in an exposure of 5,944 life years, compared with 1.4 ex-

pected, or more than twenty-six times as many as the expected number
of deaths. Chippers of metal (exclusive of ship- chxppers) had 16 deaths
from tuberculosis where only one was expected. -

It will be observed that the ratio of actual to expected deaths from
tuberculosis for each of the silica occupations is higher in the period

* 1925-1936 than in the period 1915-1926. The reason for this apparently

lies in the difference in the trend of the death rates for men in these oc-
cupatlons and the rate for insured persons generally. While the ﬁgures
are too small on which to base broad conclusions, they suggesiEh ;
in silica occupations have not shared in the general decline in the
rate from tuberculosis. . It may be that there was a.ctually an_ine
in the rates for the period 1925-1936 over that forth&] ﬁé?i'od*igl e
Interesting confirmation of these high ratios by English data is pre— '
sented in table 3. English tin and copper miners had a death rate from
tuberculosis eleven and one-half times the average; sandstone masons,
cutters and dressers, nearly four and one-half times the average; and
metal grinders, about three and two-thirds times the average. Ratios

such as these cannot be explained away on the ground of differing social

classes or the selection of the occupation by physically weaker types of

workers.

This evidence is in agreement with reports of silicosis studies from
South Africa, Australia, Canada, and Great Britain as well as the United
States and is supported by clinical experience of physicians in many parts
of the world whose practice has been among workers exposed to silica
dust. '

Cogl dust: It has long been known that coal miners are subject to
chrdnic pulmonary disease characterized by dyspnoea and usually termed
‘“miners’ asthma,” also that the death rate from respiratory diseases is-
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1 . No useful purpose would be served by quoting extensively from the
y o : ~ impressive volume of mortality data available to show the influence of
. - silica dust on the incidence of tuberculosis. Virtually every one of the
n many studies is in agreement in showing extraordinarily high mortality
d rates from tuberculosis for industries and occupations in which large
s S numbers of men are known to be exposed to a real silica hazard.. These
f _ o rates are so high, in fact, as to leave no room for doubt of the cause-
h , _ and-effect relationship between the hazard and the high mortality. A
'y : few figures from the insurance investigations (6, 7) may be quoted.
e ' Table 1 shows the ratio of actual to expected deaths for the chxef occupa- :
1~ - tions. exposed to silica dust
a .
- : TABLE '
re . Number af dealhs and ratio of aciual lo expected deaths from tuberculosis of the respiratory sy:lcm
. . Ordinary Department Mortality Experience of American Life Insurance Companies*
‘re ; g
) Occupations exposed to silica dust
in , '
ng | - : . 1915-1926 1925-1936
) QCCUPATION : Ratio ' Ratio
. Actual per cent Actual per cent
deaths actual to deaths actual to
. : expected expectgd ) _
He Stonecutters—granite and sandstone. .......... 16 976 38 2,639
i Chippers of metal—(not shipbuilding).......... 8 61§ | 16. | 1,667
o . Mine operatives—underground ;
re- Copper mine operatives.............coc0veens v N3 .29, 11,38 s
‘on Gold and silver mine operatives............. 9 804 1 - 940
n Iron mine operatives...........cccovvens i 4 260 12 857
¢ Lead and zinc mine operatives...............| 11 1,833 -3 —_
\ry. Other and not specified mine operatives....., i —_ 10 1,020
ngs * Compiled from: Joint Occupation Study, Actuarial Society of America and The Asso- ‘
“to ciation of Life Insurance Medical Directors, 1929; and Occupation Study, Actuarial Society
. fine . ‘of America and The Association of Life Insurance Medical Directors, 1938,
. the . 1 Data not available.
‘ons , o "
rak . Among a group of underground miners employed in mines other than
‘ coal mines, nearly all of whom were employed in metal mines, there were
<is . 65 deaths from tuberculosis in the years 1925-1936 in an exposure of
1; to- 25,000 life years where 6 were expected, or about eleven times as many
Jan- deaths as the expected number. There were 13 deaths from pneumonia
‘The where 5 were expected. Tuberculosis deaths were fourteen times the
has " expected among copper miners, nine times the expected among gold and
| by . silver miners, and eight and a half times the expected among iron miners.
- In this experience, there was only a small representation of lead and zinc
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These are the Registrar-General’s Decennial Supplement for England

‘and Wales (5) and two studies made jointly by the Actuarial Society

of America and the Association of Life Insurance Medical Directors (6, 7).
In the English study, the tuberculosis death rate for men in a given
occupation, ages 20 to 65 years, is compared with that for all occupied
and retired civilian males of the same ages. The method of analysis
employed in the insurance studies was to compare the actual number of
deaths which occurred among men engaged in a specific occupation with
the expected number of deaths calculated on the basis of death rates by
ages prevailing among standard lives, that is, persons who buy insurance
on an annual basis in amounts of $1000 or more and who are not em-

- . ployed in hazardous occupations. Thus the insurance standard is a

more rigorous one than that of “occupied males in the general popula-
tion” since those in the lowest social-economic class are excluded, as are
men who are employed in occupations where there is a serious exposure
to dust, accident or other hazards. This should be kept in mind in
interpreting the ﬁgures presented for insured lives in the following

discussions.

~ INORGANIC DUSTS ‘
Szhca lelca. in the form of dust produces a deﬁmte u B sristia

dxsposxtxon to tuberculous infection.... Silicosis results fiom the i
of dust containing free or uncombined silica. Its pathology has been
extensively studied, both clinically and in the experimental laboratory.

- It has been established that silica particles which penetrate the lungs

are under ten micra in their largest diameter and are mostly from one to
three micra. Not ohly must the silica dust be in a state of such fine
subdivision, but the particles must be present in large amounts and the
exposure of the individual must be prolonged. - When-such conditions
are fulfilled the natural defenses of the body against inhaled dust break
down and silicosis results. ‘

The precise nature of the action of silica dust upon body tissues is
not definitely known but it appears to be a protoplasmic poison and pro-
duces its effect chemically and not mechanically. A given dust is dan-
gerous in proportion to the amount of free silica which it contains. The
nature of the relationship between silicosis and tubercle infection has
not been determined, but the-fact of such relationship is attested by

overwhelmmg ewdence both clinical and statistical (8)
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- There are reasons, obvious to us to-day, why these mortality studics’

have not been an entirely accurate guide. ‘For one thing, students of
mortality did not have the benefit of the. clinical and laboratory knowl-
edge regarding dusts now available and, consequently, had to make their
own classifications of dusts on a somewhat arbitrary basis. They were
handicapped, too, by the fact that the existing occupational codes often

. brought together all the men in a whole industry. This did not.permit
‘of detailed studies of the mortality of men exposed to a single type of

dust. Occupational mortality ‘statistics still lose much. of their value

_ because of this same lack of refinement in methods of classifying occupa-

tions. Then again, factors other than dust, which have a marked in-

- fluence upon the incidence of tuberculosis among men engaged in differ--
ent occupations, were not as well understood and were not given due -
. consideration in interpreting the results of mortality studies.

There are pitfalls in reasoning from cause to effect, especially where
tuberculosis is concerned, and the. error of post hoc ergo propter hoc is
particularly to be guarded against. A high incidence of tuberculosis
or other respiratory disease among men in a given occupation does not
necessarily indicate the existence in that occupation of a definite oc-

cupational hazard. It is well established that people of the poorer .
economic classes, whether in industry or out of it, have a higher incidence *

of respiratory tuberculosis than do people better off financially. In
Miss Whitney’s (4) study of Death Rates by Occupation in Ten Slates in

1930, the standardized death rate for tuberculosis was .ever:.twice as

high among unskilled workers as among all occupied males while in the
Registrar-General of England and Wales’ study (5), 1921-1923, the rate

for unskilled workers was about. two-fifths higher than the rate for all
occupied and retired civilian males. Certain occupations, too, are more

suited to the physically weak and are selected by them as a means of
earning a livelihood. When the followers of an occupation are recruited

“from the ranks of either of these classes, it is to be expected that a high r

incidence of tuberculosis mortality will be found among them. Failure

to take cognizance of these factors as possible explanations of a high

tuberculosis incidence in certain callings has led to much misinterpreta-
tion of the significance of mortality findings.

It is not our purpose to reassess the older statistical material to which-
reference has been made. We shall limit our discussion of statistics.
_ mainly to the results of the three most recent investigations in which

tuberculosis death rates ar¢ obtainable for a number of occupations.
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~In 1908, Dr. I'redenck Hoffman (1) wrote an artlcle on the mortahty
from consumption in the dusty trades. Ten years later, he produced
the well known Bulletin 231, The Mortality from Respiratory Diseases
in the Dusty Trades (2), an important milestone in the hygiene of industry.
~ In 1919, appeared the first and second prelifiinary reports of the.Com-
; mittee on Mortality from Tuberculosis in the Dusty Trades (3), of which
i ~*"Committee, Doctor Hoffman was Chairman. An indefatigable worker
3 ' ‘ in many fields of public health, Doctor Hofiman’s name is thus linked .
i to the early authoritative publications in this country dealing with dust -
n - and pulmonary disease. The various reports of Governmental Com-:
oo missions in South Africa, Australia, Great Britain and other countries
th have also stimulated industrial studies and laboratory research into the
FR © . effects of many kinds of industrial dusts, especially those contammg
- silica. : ®
: ) At the present time, while no one would state tha.t we have adequate )
§: information about the effects of the inhalation of industrial dusts, we do 1
K ' know a great deal more than we did twenty years ago. Both clinical
and laboratory studies have given us some knowledge of what kinds of
i : dusts are dangerous, the circumstances under which they are dangerous,
E ’ and the nature of their action upon the pulmonary tissue. We have.also..
learned a great deal about the prevention and control of the dust hazard
; : by engineering methods. But when we seek evidence of the effects of
; Lo dust inhalation in mortality and morbidity, records,. we  find-that:the
' ' statistical demonstration of mortality and morbidity due to the mhala.-
tion of dusts is anythmg but satisfactory or complete. :
This situatiop is the more regrettable because comprehensive mortality
_ and morbidity statistics would be of the greatest value in clearing up
A - many doubtful points regarding the effects of specific dusts and would
' " bring to light occupations in which there might be a real, but unsuspected,
‘exposure to injurious dusts. Early occupational mortality studies, it
must be admitted, gave the first broad clues to the extent of the dust

] ‘: hazard in industry and to the kinds of dust which are most. injurious.
' These earlier mortality studies, valuable as they were, however, were in
o many instances misleading. Virtually all kinds of dusts were shown to

" be productive of tuberculosis rates higher than average, whereas recent
clinical and laboratory experience points to the very considerable damage
to the lung tissue produced by a few dusts, notably silica and asbestos,
and to the rélatively little evidence of harm done to the lung tissue by
organic and many inorganic dusts,
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men ' INDUSTRIAL DUSTS AND THE MORTALITY FROM
. : PULMONARY DISEASE!
i ' ' A. J. LANZA® avp R, J. VANE?
. lings Air and water are the two immediate vital necessities of our lives.
~luals We take extraordinary precautions to guarantee for ourselves not only
. . an ample supply of water but one of defined purity, and vast engineering
f the P water-supply projects, costing many millions of dollars, are an accepted
* and commonplace fact in our times.
ssed. * With respect to the air we breathe, we are more complaisant. Dust
‘ arising from industrial processes pollutes the atmosphere of working
35 ' places, in mine, factory and mill, and the products of combustion, both

i industrial and nonindustrial, are liberated into the atmosphere of our

York ~ _ communities with little restraint. In recent years, particularly, in- -
- - dustrial dusts have received much attention and much effort has been

';‘;;‘;‘ A ~put forth by industrial firms of - a.ll kmds to control dusty processes in

. Am. - their establishments.

Fortunately, nature has furnished us w1th a respiratory system which

X-ray \ * has not only a large margin of safety, but a fairly efficient protectwe_ﬁ,‘,.\_,s.é
1037, - iiechanism. When that protective mechanism is subjected to severe
o stress for a sufficiently long period of time, it may fail. The extent to
‘Lo T - which such failure may be reflected in mortality experierice is, within
 I. ' certain limitations, the subject of this discussion.

We are concerned here with industrial dusts other than those commonly
recognized as poisonous. Lead, mercury, arsenic, manganese and other
systemic poisons are excluded,. together with the chemical poisons.
Those dusts with-which we are concerned are both organic and inorganic,
and the latter, in turn, may be subdivided into metallic and nonmetallic.
There are many possible subdivisions of these three classifications but for
our purpose extensive subdivision. is unnecessary. Indeed, it is difficult
! to get sufficiently ample statistical matenal to give us definite information
under the general headings.

1 Read as part of the Symposium on Tuberculosis in Indusiry at the joint session of the
Pathological, Clinical, Social Work and Administrative Sections at the 34th annual mecting
of the National Tuberculosis Associdtion, Los Angeles, California, June 23, 1938.

2 Me ropol.itan Life Insurance Company, New York City.
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