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. UR knowledge of henlth hazards re-

. O sulting from exposure to various
kinds of dust“in industrial loccupa-

tions is based. on .obscmnon and clinical

studies of workmen exposed to these dusts,

and upon noting the results of the acton of

. these same dusts upon experimental.animals,

The former mcthod goes back for centuries

y, --and our earliest conceptions of the harmful

-observation. - . .
\fany of these conceptxons were erroneous.
It is only in the past twenty. years that any-
thing like a comprehensive knowlcdge of
dust diseases has been attzined—due frst to
the periection of the -X-ray as a means of
diagnosis, and the development of successful
- . hborztory technique. for conducnng tests on
: animals, - C reate
* Now we have arrived ata pomt where i in-
tensive studies, both clinical and experi-
mental, conducted in this 'country and in
other countries, have resulted in 2 erystaliza-
tion of our ideas. In the English speaking
world, the outs:zndmg contributions to our
knowledge have come from the South

African Institute for Mediaal Research:and -

the Miner's Phthisis Prevention Committee
in. Johannesburg; from various official agen-

cies in England and Australia,.in Ontario, .

* Canada, and in this country, especially the
United States Public Health .Service, the

+ United States: ‘Bureau, of Mme.s, and the

Saranac Laboratory.

In presenting this dlscnssxon “of mdustnzl
dusts, their effects on workmensexposed to
them, and the bearing that this subject has

. on life insurance undcrwnnng, we.have at-
tanpted to ‘summarize ‘what should be the
insurance attitude, based on the present state
of our knowledge.. Briefly, the present con-
cept regarding: industrial dust ‘hazards-is as

aris in textile operations i1s an-

do n:mmmmﬁﬁ:u
- There 1

~dmcm-mn¢—:rmf.

ganc is considered in connection

with mineral dusts., Organic dusts at times

may cause an allergic redction and also irrita:

tion of the upper air passages. They do not
cause protracted disability nor death. In

this classification may be included cotton,
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%= " properties of dust.were b:sed on first hand

followr Or g-_a_gxc dusts, of which the dust -

Dust Hazard -

Mehopollfan Life

wool, silk, sugar, ﬂour surch wood, loba:c.o,

-and leather, .

It is true that some occupations in which
is involved exposure to organic dusts mani-
fest a tuberculosis moreality _rate higher.
than the average. Formerly, it was thought
that this undue prevalence of tuberculosis
was due to the occupational dusts but the
dust studies of recant years have demon-

strated that, xnoszly, organic particles are too
* large to peanetrate  to the pulmonary. tissuc

and when they do, they are absorbed without
producing any specific inflammatory reaction.
Nor-is much credence givén nowadays to the
jdea that organic dust perticles convey tub-
ercle bacilli ‘to the lungs nnd thus cause
tuberculosis. .

Metallic' Dusts :

Here the sittadon is not unlike that of
organic dusts. The prcv:lerce of pulrnomry
disease among workers in certain occupa-
tions exposed to metallic dusts gave rise to
the theory that metallic dust was 2 fruitful
source of tuberculosis. Such diseases as
“grinder's rot” were recognized clinically
long before the era of modern diagnosis and
laboratory research. Metallic particles in
the form of fumes may cause such reactions
as zinc chills or brass founder’s ague, which
are more in the nature of an allergic reac-
tion. The:pulmonary disease which aflicts
grinders and buffers is silicosis and not in
any way a resuit of exposure to metallic
dust. Metallic dust particles are mostly large
and heavy (that is, comparatively speaking),
consequently do not penetrate to the lung,
in many.instances, and when they do they are
either absorbed or ‘remain fixed and inert in
the tissues. From' an underwriting stand-
point then, the hatard of-metal dust is the
hazard of. such silica dust as may be asso~
cx:ted with it .

Coal

For m.my-yezrs there has been 2 belief
that
the average for wage earners and, on the
other hand, miner's asthma has been recog-
nized as an occupational discase of coal
miners. Here again, recent studies have
clarified the situation to 2 considerable ex-
tent, ‘

Bituminous or soit coal miners do not have
an occuptionzl pneumoconiosis of a disabling

Wik of

- racite seams are oiten found in country reck

-

miners had less. tuberculosis than .
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quality, Their lungs beconge pigmented irem -
coal dust, but thcy do nqgt develop 2 troe s
fibrosis. For anthracite miners, the pictare =
is quite different and the reason is that aa-
thracite mining includes exposure not caly
to coal dust but also to silica. Disablieg
minecr’s asthma was shown by the Uniwed. -
States Public Health Service study oi 1935 3
to be a type of silicosis. 10 which the e, ¥
:mthrzco—sihcosxs is properly apphed. Acsthe

which contains a <onsxderzble ‘amount of
free silia and, as in other silia dust ex--
posures, the development of pulmorary
fibrosis was Zound to .be proporticnate to the
amount of silia i the coal dust and the
length of exposure. The mc:dcncc of tuber- -
culosis among anthracite miners is very high ..
. Clinical .pulmonary tuberaulosis was found in .} ] -5
15 per -cent of those with early anthraeo =
silicosis and in 43 per cent of those with .3
advanced anthraco-silicosis. Service upwards &
of twenty to twenty-five years was isso- .
ciated with 2 tuberculosis rate of 14 per cent
~among regular mincrs and 37 per cesrameag
those with 2 number of years as rock work-,
ers.  Animal experimentation, with both
bituminous and anthracite coal dust, iree
from associated silica, productd no specific
reaction.
Non-Siliceous Minerals

There is no evidence that non-siliceous °
minerals produce any pulmonary disease . ¥ -
Gardner, at the Saranac Laboratory, tested 22
upon animals such substances as diamond,
aluminum oxide, nmlc. marble, gypsum, ga-- &
lena, chalcopyrite, iron sulphide, zinc sul-
phate, Auorite, and dolomite. The suiphides
and dolomite proved toxic but this affect is
outside of our present discussion. Non-silice-
.ous minerals proved inactive in animals ad
there is no clinical ‘evidence of specific dis-
;ase among \vorkers exposed to this type of

ust,
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Amﬁcnl Abrasives

Experiments with artificial abrasives
demonstrated the mcorrcctness of earlier
ideas that dust caused injury to the fungs.
-proportionate to the hardness and sharpaess:
of -the particles. Artificial abrasives. are.
among the hardest substances known. Neither
silicon carbide nor aluminum oxide produced
any reaction resembling silicosis in experi-
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mental animals nor do workmen exposed to
these dusts show any clinical symptoms or
X-ray appearanccs suggestive of silicosis.

Silicates
A considerable number of silicate. dusts
have been studied and their efiects 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 of them do produce does not
tend to progress. An exception should be
noted here regarding asbestos, whieh 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
silia dust exposures. The Public Health
Service studied some talc mines in 1935,
Only 66 men were exposed. Tuberculosis
morbtdxty and mortality rates were very high
in the county where the mines were located

-3and 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 quantmcs of any min-
eral dust, regardlcss of silica content, might
so overwhelm' the lungs that they could not
deal with the invading substance. Irrita-
tion, inflammation, and probably infection
would follow with disability 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 Jnown to cause 2 definite
pulmonary fibrosis which may resuit in dis-
ability and death. Most of the asbestos fab-
ricated in the United States comes from the
mines. in Quebec. Asbestosis, however, is

astestosis, but most of the fawi cses nave
Leen complicated by other disease such as
cancer and diabetes so that the exteat to
wivich tiic asbestosis was responsidle for
death is not clear.

The pathology and X-ray appearance of
asbestosis are cntirely different irem silicosis
and in the absence of a definite history of
exposure over 2 considerable period of time
to asbestos dust, the diagnosis is dificult. A
great deal of success has been attained in
controlling dusts in the plants wnere asbestos
is fabricated so that it is not likely thac as-
bestosis will ever become an important in-
dustrial discase, as far as the number of
cases is concerned. -

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

" signs of any disability.

not* found among asbEIST MIACTS, Inost Of

whi quarries or pits, nor
:mmwms
whereb: mm%zﬁr ship-
ment an ed, but among workers i
fabricating plants. Only recendy has an ex-

arfitien—beerroter®dT6F this 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 ndt Gluse_asbest n
pmmanmmmr?s—bes—%s&;;oﬁe
{erio-eisewiere UaE i the Jungs..

any rai 3 e lungs.- If
its i nature of silica, the
effect 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 cases
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 coadition. There does not seem to be
any .prooounced tendency to tuberculosis in

Silicosis
It may be said that there is 2 very general.
accord among the leading investigators and’
research authorities in the opinions and con-
cldsions presented in the intemational con-
ferences on silicosis. Such differences of

opinion as.may be exprcsscd from time to

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

The eftect 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 braathed 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 actioa 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 a

tubercle infection, will influence his reaction ..

to inhaled silica.. Ttere rmay 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 condition. . '
In industry we find different types of silica
hazards. The severity of a silica hazard is
cstimated on the amount.of dust in the air
and this is expressed in miilions of particles
per cubic foot. The particles counted, are
those under ten miicrons in size, though the
present opinion is that it is the particle .be-
tween one-half 2 micron and three microns
that is mostly respons:blc for c:msmg the
discase.
Exposure to excessive quantities of pure
silica dust, 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 silica- damage to the
lungs, tubercle infection is almost incvitable,
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though ca2se3 wiii be seen oceasionaily
e cceed 0 3 faai termination without in
ticn.

.-\posu'c to mocerste ameunts of siliaa
dust where the par is counts are in excess
o' ten million docs not oceur ircquently a:

ke aresent time, thousn i¢ is cniyv in the ias:
icw vears that silica n.dusmcs have en-
deavored to cope with their dust preblem and
efectively reducs the amount. Such ex-
posures produce c.c....uclv disease in irem
C:_"l or icn to tweaty or Mmore vArs, I pre-
porzion to the aciual quantity of dust. ‘-.‘1.:
incidence of tubercuiosis is high and of those
wite die of their puimonary condition, 73 per
cent are tubercuious.

It is also possible to find degress of silica
exposure which, wiiie producing dednite siii-
cesis evident on X-rays. will not produce dis-
adility or death in 2n average working lile-
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
results obutined in industrial investigations
which are conclusive enough for those indus-
tries studied. Qur own impression-is that
even where the silia hazard is of a 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 intensined
very considerably. The evidence here is
meager. ~ Other substances apparently have
some mhxomng eect upon the actien of
silica, affecting the pathologiaal as weil as
the clinial picture. *

Prognosis

The prognosis is fair for a silicotic whose .

lungs are not extensively damaged and who
is free of infection. Such persons have an
increased stucepnbmty to infection and if
brought into intimate conmet with a case
of tuberculasis are very apt to become tuber-
cuafous also. Thie outlonk for the tuberculo-
silicotic is poor. Many cases are essendally
chronic and may live for yaars. Others show
rapid. progression and dic in irom one to two

years - aiter- their- infection becomes active. .
The importance -of tuberculous - infecticn

among persons exposed to silica dust brings
up 2 very impormnt underwriting considera-
tien, that is, where the worker in a siiica
occupation is in contact in his home with an
open case of tuberculosis.

The question is frequently asked whether
men who had worked in silica dust at ene
time but later changed to 2 job in which
there was no exposure to silia might be
considered. standard risks for life insurance
if they passed the usual insurance physical
examination. \While there are no insurance
statistics 1o prove the point one way or the
other, there is cvery rcason to believe that
a group of such men will not give a stand-
ard mortality. The usual type ot physial
examination will not deteet silicosis. The
only way to be sure is to secure X-rays of
the lungs of such applicants and have them
interpreted by some one who has specialized
in reading films of this kind. .

Silicosis is gradually coming under control.

‘The aggravated cases scen twenty years 330

(Continued on Page 1417)
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'INDUSTRIAL DUST HAZARD
(Continued from-Page 1413)
rarely seen now :ud the clinical picture

3.11:.: changed with the pmgress of dust-con-
i measures. Thc trend is tow:rds 2

This improvemmt- dcpcnds upon the main-
4enance of constant vigilance in detecting un-
‘suspected  hazards and in supervising the
» efficiency of dust control methiods aiter they
have -been put jnto effect. It cannot be ex-
B yected that this improvement will be reflected
B% I iasurance morulity until 2 considerable
2¢"period of time has elapsed.
The conclusion sccms warranted from
-Clinical and laboratory experience, then, that
R the only dusts which of themsclves might
.:luve sufficient cffect on the mortlity of
. workers exposed to thcm, so great as to re-
-qulre an extra premium charge for life in-
% sirance, are silica and possibly, asbestos.

e Life insurance men naturally will turm to
- ', mortality statistics forr confirmation of a
: .} poL-finding o at variance-with the commari be-
W lief, long held. that exposure to 2il kinds of
usts is productive of a.high incidence of
piratory tuberculosis. To the- layman it

“lief.. Nearly all such statistics show the
-men:.hty from respiratory tuberculosis among
workers exposed to 1 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
make allowance for. factors other than dust,
_whxch may influence the' morulity from
‘tuberculosis of men employed in these occu-
pumns, 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 morality
from tuberculosis among men in dusty trades.
Some dusty occupations are carried oa by
men recruited irom the lower income classes,
2mong whnom it is now known that apart en-
dtirely from exposure to a specific occup-
.ional hazard, " the death rate from tuber-

. et e o

culosis, is considerably higher than among
persons in the hlgher income groups. The
‘sclection of ccn:un kinds of work by the less
robust workers is reflected in the h:gn mor-
tality from tuberculosis of men in other
allings. Racial and n:monzhty groups tead
to enter ccrtain occupations, with the result
that the peculiar susceptibility or relative
immmity to tuberculosis of these stocks,
colors the mortality picture of men in such
occup:tions. These are but 2 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 afecting the morality
of men.in. specific occupations. Perhaps the
st statistical demonstration of the cfect of
dxf’icrcnt types of dust on mortality from
‘tuberculosis is supplied .by two:British au-
“thorities. Dr. Edgar-L. Collis and G. Udney
‘Yule. These authors selected for study,
from the occupations reported upon in ‘the

"-Registrar.Géneral .of England and Wzlcs_“
report on Occupational Mortality covermg

the years 1921-1923, two groups of occupa-
_tions—one exposed to silica dust, and the
other to non-silim incrganic dust The
_groups were so 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 Aigure (this figure is defined as the
number of deaths that would have occurred
in the Standard Population at the rates rui-
ing in the occupation) of the Silica Group
is no less than 5922 against 1635 for the
Standard Population, i. ¢, the mortality is
‘more than three and 2 half times the normal.
For the: Non-silica- Group, the Comparative
Mortality Figure, although actually slighty
higher than normal, at first sight hardly
_scems to differ significantly from the normal;
nor would one's judgment be much affected
‘if, instcad of making comparisen with the
Standard Population, one had used the
“Social Groups 1T and IV, for which the re-
spective Comparative Mortality Figures are

139.8 and 1642, But the summary figures
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 morality to the normal, though
greater than unity even in the lowest a3e
group, rapidly increascs as age advances. In
the Non-silica Group, the comparative mor-
tality is actually below normal up to age 33:
it rises just above normai in the followinz
age group; but as ages over 43, it is cen-
spicuously above normal”

* The facts regarding tuberculosis were ot
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 had
over twice the expected number of deaths.
The extraordinary high ratio of 1,150 per
cent was recorded for tin and copper iners, -
while sandstone masons, cuttess, and dressers -
had a ratio of 4+l per cent. On the other

hand, only the limestone masons, cutters, and

dressers of the five occunations censidered

in the non-silica groun exhibited a kigh ratio.

191 per cent.

Like the English tin and copper miners,
Americin- metal miners .are expesed o a: .
serious silica hazard-and have an inordinaze . ~
mortality from respiratory tuberculosis as
will be seen by reference to Table 1. In this
table are given the ratios of actuz! to ex-
pecied deaths from tuberculosis for 2 num-
ber of occupations exposed to dust and re-
ported upon in the joint Qccupation Study,
1928, and in the Qccupational Study, 1537.
both published by the Actuarial Socierr of
America and the Association of Life Iasur-
ance Medical Directors. [a the period 1613-
1926, the number of deaths irom respiratcry
tuberculosis among metal 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 even higher—over 11
times as many deaths were recorded for
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 mining class was rathar
small in both investigations. and consequently
the ratios are subject 0 2 large margin of

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

The sitcation as. regards iron miners is
interesting beciuse it was thought for 2 long
time that they had little or no exposure to
.silica. More recent studies show that there
ts-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-
titative conclusions therexrom.

A great many- workers in mining occupa-
tions, it must be borne in mind, are common
laborers -among* whom we should expect 2

much higher. morfality from tubereulosis
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 mer:l miners
are extremely hlgh.

I"Coal. miners' in_ dzEermt sections oi the
country present an’ mtuuung contrast.
Among the bituminous miners, exclusive of
the Pennsyivania miners, the mortality from
tuberculosis was' over 134 .times that on
standard ordinary miners, 2 low ratio for
this -type of worker. .Pennsylvania miners,
Stithe- other .hand, most of whom were em-
pldyed in-the anthracite 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-
dable amount of- silica dust, which accounts
for. their relatively unfavorable position
No dusty trade has received morc careful

.'f'Underioritér.;, o

_iagency managers,

. home-oﬁice men:

For ‘the first time, the whole subject
. of safeguarding life insurance proceeds
-has been reditced 1o readable form and .

*'substance for easy don  and
., practical lppliation.

.:Safeguardmg G

" LIFE INSURANCE PROCEEDS
By W.' ). 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 dumbuuon of msunnee pro-
* ceeds.
<In the l-un-—t .l nlu(ry. many . sube
}«u are condensed. hno ::-w‘l: d\-.nf .:::
jnmp sum ;Ar-l. uo-d.h.u.- Taf. pelle

. sles, ete. .
. Althengh met.a salebook, it lo packed
{deas for every

with peverful uulag
wadarvriter te abserh late hls eww asales
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study in the United States than that oi

. gramte cutting. Long reccgmized as a dan-

gcrous trade. it has been found time and
again to ke a iwavy tell in deatins frem
tubercuiosis. The amount of free silia in
the dust breathed by these workers is very
large. I the years 1923 to 1936, ihe mor-
tality frem tubercuiosis among granite and
sandstone cutters was the rxg-cs: recorded
for any oi the 'groups of insured lives
studied. There were more than 25 times as
many deaths irom tuberculosis as expected!
whereas in the eariier years, there were
nearly ten times as many deaths as expected,
based on 2 small exposure. Marbléand lime-
stone cutters did not show anything like as
high 2 ratio 3s the granite and sandstone cut-
ters. There were tea deaths where one was
expected in the years 1925 to 1936,

It can be but regzeited that there are so
few mortlity statistics for occupations ex-
posed to dusts other than silia. Grinders
of metals, most of whom for many years
have been using composition wheels in place
of the old sandstone wheels, and consequenty
have had a little or no exposure to free
silica, experienced a relatively low extra
mortality from tuberculosis in both studies,
based, however, on a small exposure An
interesting point to be noted hese is that this
occupation also offers exposure tor metallic
dust It would appear that neither the dust
from the composition wheels ncr the meal
dust has produced excessively high death
rates: from tuberculosis. Busfers 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.z2rtifical stome workers

-"were reported upon in both the Joint Occu-

pation Study and the QOccupational Study,

but the number of deaths frem tuberculosis

was in ech instance less than the number
rcqmrcd for separate tabulation. This fact
in itself is significant, although it does not
mean ‘necessarily that the death rate from
tuberculosis was belaw the average. . Never-

theless, from the facts presented. in these.

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

Three groups of male workers exposed to
organic dusts are included in the table—
upholsterers, 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
mortalxty statistics are meagre and do not
permit of very definite conclusions regarding
the effects of ‘specific dusts. So far as they
go, they fully substantiate ciinical and labora-
tory findings regarding the imjurious char-

- acter of silica dust. The death rates from

respiratory tuberculosxs for men in occupa-
tions where there is a serious exposure to
silica dust are so high-as to lcave no room
for doubt that silica is the offending agency.

‘Contrary to dinical and laboratory find-
iags, however, the mortality statistics, pre-
sented by Collis and Yule, suggest that long
centinued exposure to non-siliceous inorganic
dust hag an"iniurious effect on the lungs as

t\'acrculos H “.\ 0!|g (“.:OSCU woriker S

age 45. About ail tha: can be said ¢ T
soint frem tie iimited American i R
ance company cxpericnce. is that the too.
cuiosis death rates fer grinders. meiad pci-
ishers, amé bufers who ars exjosed ¢ iz
organic dusts, most of which o nct ceome
a large percentage of siliea, are net g
having in mind the ecenemic siatus of Wt
workers as cempared with the average orgi-
nary policyhoider. Lime. cement, and artl
ciai store workers rad a quite faveraie
mortality. Tre very high ratio for smarbie
and limestone cutters, however, may be
gestive of some untoward infiuence D:.
L. U. Gascner at Saranac Lake. found tix
animals dus:ed with marble dust by inkah.
tion, developed lit:le raaction, but beme=:
temporarily more susceptible to infectex
with tuberculosis. The increased susceptitii-
ity was not marked.

The three occupations in which thers is
exposure to o:gznic dust had frcm two b
two and ore-half times the number of tobes-
culosis deatks expected. Even allowing ies
the economic position of these groups
compared with ordimary policyholders g=-
erally, the mortality is nigh. It is diZe=it
to see in the light of present clinical knowi-
cdge, how it is possible to aczcunt for tae
excess mornality on the score of darmge =
the lungs caused by such dust

Morulity findings, then, are stll oot is
complete harmony with dinical and laborn-
tory findings, But frem a practial usdes-
writing standpoint, it may be said ths: 2%
only dust which of itsedf might s
the total morulity, by increasing
dence of tuberculosis, as to require an
premium charge for life insurasee, is

Sree

silica. We have no moruality daz for 2=
bestos workers but, it may well be that -
posure to asdestos dust in larze quantSis
_will also be found o prodice a high ==:.

talicy,
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0 . UNDERWRITING ASPECTS - DUST HAZARD

.o . )
the same phyxician, that It was Enpossible Lo come to any de&nite eo-

.clusion and my, *this man &ed of asbestosis,” when bis’ previous

disability certificates showed Bat be bad myocarditis or high bloed
pressure or @ncer ot diabetes o7 pulmonary .tuberculesis,

The patbology and X-ray appearance of asbestosis are eatirely
dilfcrent from silicosis and In Be absence of a definite history of.c:-

-

posure ‘ovef a copsiderable peced of i -
i difficult. reat deal of success bas been attained in con-

Ning dusts in'the plants wiere asbestos is fabricated so that it is
ot likely that asbestosis will ever become an important indusri

isease, as far a3 the pumber of cases is concerned.

=157 ini G es the pregaesis
doubtful. We bave bad a xme3 group of cases under observatiea for
about ten years — there were wiginally, I think, some sixty odd men .
fn this group and ¥e ‘sl kare 6fty of therm wbhere we can get at
themn — and some of these skor 2 definite but sdow progression as far
as an be judged from the Xay flms. However, what the outcome
miy be rermains to be seex. Tlese men are all working and show
no signs of acy disability. T
In the meantime the plaes have been cleaned Up 30 that these

me2 are not exposed now o bordirate quantities of zsbestos dus:,
$0 it i3 difficult to say what would bave bee: -<he progress of their

disease had their working condions remained <be same.

SIICOSIS

It may be 33i¢ that there Is & very general aczord among the

Teading investigators and researd autbosities in the cpinions and coa-
dusions presented a1 the intermitional confesences on sicosis. (Jokaa- .

pesburg, Avrust,"1930; Geanvy, 'August.and Septembes, 1538) Such

dilferences of*opinion as may ke expressed from time to Uime do not
seriously 2flect the general acrement on the basic factors affecting
the cause, incidence, effects, 2=l prognosis of silicosis.

The effect of silica upon the hunps depends on the mature and

- extent of exposure. Ttat is to say, wpoa the quantity of dust in the

air breathed by workmen, the amount of free or uneombined slica

- in the Just, tbe size of the dunt particles, the presence of olher sub-

stances in thet dust wbich may modily tie action of silica, asd the
length of time or duration of erposure. Tbe individuad himsel! mus:
also be considered. D:eviously axisting diszase of the lungs, especially
a tubercle infection, will influexce his reaction to inhaled silica. There

* may be otber phases of suszepbility about which we know LitUe or

-
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far exceed those found for men in other pursuits, 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 substantxa.lly 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
1 number of men who had been exposed also to silica dust, is not clear.
ki There are no mortality data for nieri exposed solely to metallic dusts.
e . Recent statistical studies, like the earlier ones, show higher than aver- -
El - 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
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the occupations in which there is exposure to silica diFSGREES
of clinical knowedge, is.it possible to account for the excess
on the score of damage to the lung tissue caused by dust. .4 ..

The relationship between dust inhalation.and aciite pulmo' yEOMINIa se
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
rage , of certain occupations in the steel industry (29, 30). Exposure to dust -
os of - I is ‘associated with. some of these occupations and usually extremes of
ttton 1 temperature are also encountered with such other conditions as would
cent; N 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 i
1sion 1 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- g
¢ oc- . : 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 :
uber- : ‘ authors (31). '
‘1;;:: S It is further seen... that during the years from 1932 to 1935 when the de-
- - pression was at its he1ght, when air pollution from industrial flues was greatly
1sin decreased and when economic and living conditions were at their worst, there
was a great decrease in the number of deaths from pneumonia. However, the B
decrease occurred in females as well as males so that the change cannot be
’Amgi. -attributed to conditions within the plants, such as overheatmg and rapxd “
. are . chlllmg of the employees, ) v R _:_:A.?
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
rosed of dusts were implicated. Present day clinical and laboratory studies
plete . . .
ional. point to %hle serious damage to the lung txsstxe cau§ed 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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~ dust is not an important factor in the high incidence of tuberculosis in

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. o

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 to then
Whatever may be the explanation, clinical findings would Suggest

these trades. o S
FUNGUS DISEASES OF THE LUNGS =

Dust may conveéy 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 uncommonly 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.
v ~ 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 role of dust resulting (32, 33). The foundry industry has.
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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 (cmnﬁamlivimartal;‘ly Jigures) from respiratory tuberculosis of males
ages 20 lo 65 years in occupations exposed lo organic dust compared with that of all occupied
and retired civilian males laken as 1,000, England and.Wales, 1921-1923*

OCCUPATION ) MORTALITY RATIO
All occupied and retired civilian males........ -1,000
Wool SOrters.......covvvvviiineernnennnens e ettt ne i, eveees 1,065
Cotton blow room operatives—skilled......:.c0veienivierinenennnnn., - 7150
Rag grinders, wool willowers, €tc...........vivreeierreenniereennnnns 1,093
Cotton-card and frame (niot spinning frame) tenters................... . 1,057
Wool, worsted card, comb, or frame (net spinning frame) tenters........ 1,391
Cotton strippers and grinders and card room jobbers................... 796
Cotton spinners and piecers................ Cerereiaes e —eeaas 1,072 .
Wool and worsted spinners and plecers.............coovvvvunennn.n. e 898
Cotton—doublers, winders, warpers, beamers, etc.............c.ouue.... 869
Wool and worsted—doublers, winders, warpers, beamers, etc............. 510
GOt On WAVOS. . ...t eittteeneresrenrnensseserernsnensennennens ) e
~Woolen and worsted weavers..........o.cvvvennnnsn. e, “ 1,162
Weavers of other textiles..........cvivivheiuniiinrrneinnneeernnenns 904
Boot and shoe clickers and cutters..............ooviiiniiiinrnennnn. 1,820
Skilled boot and shoe operatives, not clickers or cutters.......oooiian.s. 1,821
Bakers and pastry cooks. . ....... e re b st aiaaa, 1,016
Tobacco factory operatives. ... ...uverenererenerevnnrernnns e, 2,002
Upholsterers, coach trimmers, and bedding makers. ........ PO 1,262
Drafters and brush makers............cooverieiniiirennevinennnnnn., ' 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

the rate 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.
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dust was injected into the peritoneal cavity of animals, the reaction was
inert. o : , :

In the process of welding, 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: welding (21, 22), although all these cases were symp-
tom free. ' Lo : :

One of the cases repo ted by Sander came.to autopsy following 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
under inorganic dust, are pertinent here. These mixed metal ang
" dusts from the composition wheels do not seem to have produced mo
tality rates from tuberculosis comparable in any way with those where 3
the silica hazard is severe. L e '

ORGANIC DUSTS

Until the action of various kinds of dusts upon the lungs was made the -
subject of experimental 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 presencé 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, 2 clinical picture
which could be compared with that associated with silica. i ‘ '
The late Doctor Landis of Philadelphia was one of 2 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 bad 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 coincidental 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 experiments by Miller and Sayers (15), when iron oxide
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430 A J. LANZA AND R. J. VANE

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 2 high
ratio, 191 per cent. Why these men should have so-high a ratio is not
cdear. 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), 2 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 2 half times the number expected.

In recent years, sandstone grinding wheels have largely been:replaccths:
" by composition wheels throughout industry. Tt is a fair assumptio;

therefore, that most of the grinders were exposed to dust from composis
tion wheels, silicon carbide, aluminum- oxide, etc., althoug undoibted
some grinders were employed where sandstone wheels are still in ut
This comparatively favorable result is at yariance with the. result for
grinders in ‘England and Wales (5) who had 2 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 1
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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 eleven occupations’ in-

cluded in elther the silica or the nonsxhca group. Because of our specml -

TABLE 3

Ratio of actual to expected deaths from respiratory tubercidosis among males ages 20 lo 65 years,
exposed lo specified kinds of dusis, Englami and Wales, 1921-1923*

occumaion | A | e | e
] Silica Dust
All selected occupations..............oiiiiiiinenn., Lo 654 179 - 365
-Tin and copper mine—underground workers, not super- .
intendingstaff.................ccciiiiiiiie, .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..........oiiiiiiiiiiieii i 50 23, 217
Metalgrinders..........c.coiiiiiiiiiiiiinnenenanen, | 221 .60 368
Sandstone miners-and quarriers...... P N 36 17 212
‘Sandstone masons, cutters, and dressers.................. 150 34 - 441
. Nonsilica Dust:
All selected occupations............cooiiiiiiiiinaae., 162 | 150.3 . 108... .~
Brick and plain. tile makers, -moulders, etc., furnace and T ‘
crucible pot makers.........o.veiiriiieiiinnieniniins - .34 33.7 101
Brick, tile, etc., kiln and ovenmen...................... 15 22 68
Iron ore mine—underground workers, not superintending '
staff (Staffordshire and North Ridirg of Yorkshire)...... 13 24 54
. Limestone miners and quarriers..........c...ccvvvennn. " 39 - 38.6 | 101
Limestone masons, cutters; and dressers.................. - 61 32 191

* Compiled from: Registrai-General’s Decennial Supplement, England and Wales, 1921,
Part Il. 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
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INORGANIC DUSTS OTHER THAN SILICA, ASBESTOS AND COAI; 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 frec SHs
and other inorganic dusts. This is very strikingly brought out ing
study, based on the occupational mortality data of the Registras-GoreTal
of England and Wales (5), by Collis and Vule (16). These aut IOFS"
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:
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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 CM.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 eccupation.
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ally, - . . - employees; at ages 45 to 54, in 10 per cent;and at ages 55 to 64, in 20 per cent. i
low, - i _ No such rise with age occurred in any general population group for which com- .
ther, ' parable data are available. I , '
and ' The prevalence of tuberculosis was greatest among the rock workers. The - -
le 2. " next to the highest rate occurred among. anthracite workers who had changed :
9) 1. more than five years previously from very dusty to relatively non:dusty oc- .
. cai : - cupations in the industry. .The- third highest rate was exhibited among per- g
nea’ 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
1 to _ _ than in the control group (men whose dust exposure averaged less than 5§
Ina million particles per cubic foot) which showed a prevalence rate of less than
1 percent. . : ‘ ‘

When the-term-of service exceeded 20 years, more than 2 or 3 of which in-
-ystem _ volved exposure to-heavy concentrations of rock dust, about 37 per cent of
. 1 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
. g 14 per cent among the regular miners, but with a rate under 2 per cent among

‘atio k men exposed to less than 5 million dust particles per cubic foot of air.

nal to
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ol o Asbestos: Exposure to asbestos dust may produce a pulmonary fibrosis
- ' ' which, like silicosis, may cause disability and death but which does not - #5%
appear to carry with it a predisposition to tubercle infection and which

SUEEEY

Zgi . has a pathology quite distinct from silicosis. The circumstances under ...
161 _ which asbestosis will occur are not too clearly defined- and undbubtedl-j“’r""‘-"f“fﬁ"
Asso- there has been a tendency to classify as asbestosis cases in which the
“ociety ~ causal relationship of asbestos to the condition present has been assumed -
' rather than proved. | .
Our knowledge of ‘asbestosis is based on individual reported cases. l
1 that o “The actual number of fatal cases of asbestosis, supported by postmortem
+other examination, is too few to have any statistical weight but the disease
. mina- v - jtself and its pathology have been clearly demonstrated.. Gardner (13)
Ce (1) : believes that the action of asbestos dust, unlike silica, may be mechanical
were “ and not chemical. If this is so, it would well explain some of the con- \
nd by fusing aspects of this disease.. The cases described have originated in !
ustrial ' textile and other asbestos fabricating plants and not in connection with
“the mining of asbestos. Pedley (14) found that the tuberculosis mor-
(¢ was tality rate in Thetford Mines (whence 80 per cent of the asbestos used
't pul- in the United States is derived) did not differ materially from the rate
mining

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 miners is as high, if not actually higher,
than. the 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

' ' TABLE2 - - - :
Number of deaths and ratio of actual lo expected dgaths froms tuberculosis of the respiratory system
. Ordinary Department Mortality Experience of American Life Insurance Companies*

Coal Miners
‘ 1915-1926 1925-1936
OCCUPATION - " | Ratio
. . Actual | . percent
deaths’ actual to
) o expecte
Operatives not underground. . c..cooaieeeienen 14 159
Operatives underground 0 WU I
Total,.eeeeeooososrssases o ebereeeaeevaneee 125 | 157
Pennsylvania (mostly anthracite).......... t .-
Other localities (bituminous)......oocxxe-+ 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 Datanot 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 -
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high among 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 modxﬁed
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; tuberculosxs, over three times the normal;

L SAETRY

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 pneumonia 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 mining 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 groupor 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 isl_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 chippers) had 16 deaths

" from tuberculosis where only one was expected. -

in the rates for the period 1925—1936"over'thatfoi"-'tﬁé*ffiﬁ%&*i@_ =
- Interesting confirmation of these high ratios by English data is pre- )

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-
cupations and the rate for insured persons generally. While the figures

are too small on which to base broad conclusions, they sugpeseEgEt men: 2

in silica occupations have not shared in the general decline in the
rate from tuberculosis. . It may be that there was actually gﬁx_r

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. '

Coal dust: It has long been known that coal miners are subject to

chronic 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 occupitions 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 chief occupa- .
1- . tions exposed to silica dust. o
. | . :
- : . TABLE 1 : _
re  Number of deaths and ratio of aciual to expecied deaths from tuberculosis of the respiratory system
re Ordinary Department Mortality Experience of American Life Insurance Companies*
- Occupations exposed to silica dust
in : '
ng : : 1915-1926 ) 1925-1936
. OCCUPATION ’ Actaal Rniot‘ Actuad Rl.tiot
V dﬂgl l%?u‘:elnto d:l‘t.lhl f:fuﬁ“m
: expected expectgd
. He Stonecutters—granite and sandstone........... 16 976 38 . 2,639
¢ | Chippers of metal—(not shipbuilding)........-- 8 615 |- 16. | 1,667
o Mine operatives—underground
re- Copper mine operatives...........cooevvesns 24 013 |29, 1, 38L s
‘on Gold and silver mine operatives............. 9 804 11 T 940 -
n Tron mine operatives.........cooenecees i 4 260 12 857
¢ Lead and zinc mine operatives.......c.o oot 11 1,833 - 3 —_
Ty, Other and not specified mine operatives...... t — 10 1,020
ngs * Compiled from: Joint Occupation Study, Actuariél 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 , S o
 eak . 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
‘;m_ 25,000 life years where 6 were expected, or about eleven times as many
lan- 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 .
Silica: Silica in the form of dust produces a definiteji

’
disease of the lungs, namely silicosis, a progressive fibrosis w
itself, may cause disability and death and which carries wit
disposition to tuberculous infection..... Silicosis results ftom 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 only 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. V

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

overwhelming evidence 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 Stales in

1930, the standardized death rate for tuberculosis was aver.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 are obtainable for a number of occupations.
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" " In 1908, Dr. Frederick Hoffman (1) wrote an article on the mortality
from consumption in the dusty trades. Ten years later, he produced
the well known Bulletin 231, The Mortalily from Respiratory Diseases
in the Dusty Trades (2), an important milestone in the hygiene of industry.

* In 1919, appeared the first and second prelifhinary reports of the.Com-
mittee on Mortality from Tuberculosis in the Dusty Trades (3), of which
" Committee, Doctor Hoffman was Chairman. An indefatigable worker
in many fields of public health, Doctor Hoffman’s name is thus linked

to the early authoritative publications in this country dealing with dust - ’
and pulmonary disease. The various reports of Governmental Com-

missions in South Africa, Australia, Great Britain and other countries
have also stimulated industrial studies and laboratory research into the
effects of many kinds of industrial dusts, especially those containing
silica. s _ e o o

At the present time, while no one would state that we have adequate
information about the effects of the inhalation of industrial dusts, we do
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
dusts are dangerous, the circumstances under which they are dangerous,

and the nature of their action upon the pulmonary tissue: We have.alsa...

3 SRR

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

dust inhalation in mortality and morbidity‘.‘,__;ecords,,..we:ﬁndsthatf;th
statistical demonstration of mortality and morbidity due to the inhala-
tion of dusts is anything but satisfactory or complete. o
This situatiop is the more regrettable because comprehensive mortality
_ and morbidity statistics would be of the greatest value in clearing up
many doubtful points regarding the effects of specific dusts and would
bring to light occupationsin 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
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
fthe b 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
! places, in mine, factory and mill, and the products of combustion, both
7,35, : industrial and nonindustrial, are liberated into the atmosphere of our
York ‘ _ communities with little restraint. In recent years, particularly, in- -
“5' _dustrial dusts have received much attention and much effort has been
"1‘;‘;‘8“‘ "+ put forth by industrial firms of- all 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 faxrly efficient protectwe_,,
1937, - iechanism. When that protective mechanism is subjected to severe
o stress for a sufficiently long period of time, it may fail. The extent to
Mo T ~ which such failure may be reflected in mortality experierice is, within
, J. ' 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 Associition, Los Angeles, California, June 23, 1938.

? Me ropolitan Life Insurance Company, New York City.
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