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EFFECTS OF TIIE INHALATION OF ASBESTOS DUST ON
THE LUNGS OF ASBESTOS WORKERS

A Prellminary Slndy

Dy A. J. Lanza, Anulaal Medical Director, Wn.:.uu J McConxrLy, Assiate
ani Afedient Dircetor, and J. Wn LtaM Fruxet, Chemicf, Metropolilan Lifs
Insurance Co.

INTRODUCTION

In 1929 the Metropolitan Lifo Insurance Co. was approached by
officinls ropresenting the asbestos industry in the Unitoed States, who
wern desirnna of ascortnining whether nsbestos dust was an occupa-
tional hazard in their cstablishmonta and, if se, what was tho nature ;
of this hazard and what should be done to provent or control it. :

About this timo soveral articles had apponred in English medienl
journals deseribing a pnoumoconiosis due to asbestos dust.  While in
one ot two isolated instances the oecurrones of this type of pneumo-
coniosis had booa described in Amoriean journals, the industry itsclf
appeared to”bs quite uninformod of the existencs of any such
occupational discase,

The hozard of silica dust, with special reforonce to the lungy, has
long been apprecisted, and a great deal of study and rescarch has
beon applied to the problem (in tho metal mining and certain other
industrics) in Great Britain, tho United States, the British Do-
minions, and. in other countrics. The nature of the offects of silica
dust expressod in the term “silicosis”, with tho resultant extraor-
dinary prodisposition to pulmonary tuberculosis, is welk known.

"These effocts have boon associsted with thoe inbhalation of dust con-
taining {rco silica in varying amounts. The cifects upon the pul-
monary tissuo of dusts eontaining combined silica—silicates——ars
still a fertile ficld for investigation, but evidenco is sccumulating that
‘cortain of these dusts produce pathological results quits distinet from
truo silicosis.

The name “gshostosis” has beon applied to the pncumoconiosis
N caused by asbestos dust and it will be s0 usod in this report. Chem-

P Joally, the ssbestos of commerce is s hydrated magnesium silicate

: ~Mpﬁmiyof;ﬂm(eombmodsﬂm)u.lpemt.mn¢-
' nasia 43 percens, and water 12.9 percent, while ferrous iron and

o xﬁahlmp:mtmmdlqumhhu. This commerecial varisty of
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asheatos most eotnmonly enecounteeed is desizsnnlad as chrysotile and
is one of tha four varielies of the minernl serpenting, in which it
usunlly oceurs in seama.

It ahould ba barne in mind that silicnsis (and presominbly asbes-
toxis) dovelops very slowly, takine from 5 to 15 and even 20 or 25
yoeam (o beroma established. Thix rate of progres< is influenced
uminly hy the dosapo of silien whicl the lungm reeeive, and Ciin dos-
apra, in buen, dopemdn upon thren vacinblen  the amount of cilies in
the dunt, the quantity of dust in the air, nne the length of expocare.
Individual lchoaynnrmy might be included ns n fourth variable;
howover, littlo is known of tho variations in susceptibility in those
exposed to dust. It might well bo nssumed that similar variables
would influonee tho occurrones of nsbestosis,

In places where asbestos in mined or fabricated in North Amoerica
thern does not appear to bo present the clear—cut clinieal picture
which is so uncscapablo in communitics with a truc silicosis hazard,
such as hard-rock mining communilies. It may be that some of the
ashestos plants are of too recent origin far the typical cifects of a
silicate dust to bocoms manifest, but tins would net apply to the
older mincs or to all of the {wbricaling plants.

The industrial hesith servics of the Metropolitan Lifo lnsurance
Co. undartook the following investigation during the period [rom

. October 1929 to January 1031, which included:

1. A study of dust conditions in asbestos mines and mills in Cannda
and in fabricating plants along the Atlaniic Seaboard in the United
Staton,

2. Physical examinations of asbestos workors, induding X-rny

3. A study of dust exhaust systoms designed to oliminate asbestos
dust,

Data on the !nbrieat.ing plants only are included in this study and
aro designated in the report as plania A, B, C, D and }. This ir a
,,mlxmmnry roport. A more oxtonsive ct.udy of uxo asbestos industey
is now under way.

DUST STUDIES

Apparatus and methods of sampling.—Both the impingor (1) and
the electric precipitator (2) wore used for the collection of air samples
{or dusts at the broathing levals and in cloes proximity to the workmon.
Both of thess forms of apparatus are adaptod for this work, as thoy
are trsnsportable, easily sat up and adjusted for tha taking of the
air samples at the proper lavel, and are extremely efficient.

The impinger collocts the dust by espirating the air and then
impinging it onto a flat surfaco covered by a liquid in a container.

The liquid usod was distillod water, containing 50 pereent alcohol to

-
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prevent the solution of soma of tha dusis, particularly any silica
which might bo present.  Tho impinger was actuated by an eleetre
eally driven rotary pump and the rate of air sunpled wns mensured
by means of & resistanes typo of flow meter with an inclined manomo.
tor for measuring. the pressuro differenca.  Kneh mnplo represents
tha dust eollected from a volutne of 100 cubie feet of air.

The eleetrio precipitator is desipned upon the Cotirell preeipitator
principla uad for rocovering dusts and fumes commorcially. Thia
principle depends an-clectrifying tha dust particles by making them
puss through an electrostatic ficld and thus causing them to weillo
out upon a sheot of eelluloid. Thoe electrostatic field is set up by
nicans of & tennalormer opcml.ing from the lighting lines on 120 volis,
allernating current.  Air is drawn through the apparatus by a anll
rotary {an, run by a mo(or. the quantity being measured by a flow

‘meter.

Samples of dust brushed from beams and pipe lincs near the ceiling
also wero secured for chemical analysis.  All samples wero shipped to
thoe industrial hygione lnboratory of tho Metropolitan Co., and the
dust counts woro mado according to tho methods aceapted by the
United States Bureau of Mines and the United States Public Health
Servico (1). Particles in siza up to 360 microns in tho greatest
dinmeter wore counted.

Chemieal analyses were made for total (freo and combmod) silica
according to the acespted standard method of Hillebrand (3).

In the first plant studied (A) only particles 10 microns and under
in sizo wero countod. It has beon demonstrated repostedly thas no
silica particles exceeding 10 microns (n micron oqunls ons-millionth
part of & meter or one-thousandth part of a millimeter) in groatest
diameter enter the lung tissu ; for this reason, tho larger particles
usually are not considered when detormining dust counts. Lator, as
it nppoarod from somo of the published articlen (4) (English) that
asbestns particles much Iarger in sizo wern found in lung tissue, it wos
decided to count all particles and mako difTorential counts of all those
10 microns and under.!

Total particles per cubic foot and tho corresponding weight of the
dust in milligrams wore obtsined. Since no relationship botweon the
dust counts and the corresponding weights was found, the weighta
are not included in the tabulations in this report.

Table 1 shows by plants and by departments the maximum and
minimum dust counts in milion particles per cubic foot of air,
Although the counts in plant A arc of particles 10 microns and under,

——
¢ Sampies eolected DY bath the impinger sad the slortris precipitater were ssantad. In wirtitien,

h—n—umhn:m.mmdmmuh-—imu-mn
pletied a8 erdineics againgt the grobubfiity of scemrrence s abechss.
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and in the other plants are for all particles, dirrct comparison is
possible, as in no sathple taken were tho number of particies 10
microns and under less than 94 pereent of tho whole.

TasLs l.—AMazrimum and minimum dust cownly in million icles enhic fool
of ar. by plant and department parit per /

Past A Pam B PMaat C Tiast D Tinnt &
parte Mitilen Millten | oo Millionf her o | Mlllan
Trepartmment m vles m ;u- m [N m partle | rame -
e | Wt |, L7 ramee PP sam. {Cim Pies | elew ree
ples |'o S plen | S0a | e | oot | o | o | b | e
lakem | o jakem] T T Juaken | ToLT fiaken | THT O ol e
r X e
N
Prepamtion. . e coeeed ] 1 [ ] 12 -3 1o -m2
(sn'rmm.............. 3 134 ] mﬂ 0 | IH-134 18 -0
lun: (rame spinniag ol
Mua e SRR o] 3 I i 3| i ad §isia
1‘ ssessncacmant 3 Itﬁ‘ ,?'; 88t -2 . 1 yeu.?
\'nvirc............... 41 Yoo-2 4] 34 Hi-10 wiy -7 3 jloty 1
Fril dopmrtment. . .....] 6 | bmaddg ————
1AL, . on o 3 ¥4
Makied hrake band
. A -
1 jockxled I8 rpiosiae. 1 Inciudes brend looen Yeaviag.

Wherens tho dust in the proparation room is practieally all due to

ashestos, tho contrary is the caso in the other departinents, In the .

carding, spinning, and woaving rooms asbestos comprises about 23
pereont of the materinl used. Un special jobs the pereentago of
asbestos may bo higher, but in genernl the figure quoted is approxi-
mately correct, the other material consisiing principally of cotton.
In the insulating dopartments of plant A, asbestes is but 5 pereent
of tho total material used. In the molded brakelining and clutch
division of plant D, asbestos comprises about 25 percent of the total
‘material. Tho actual exposure to asbestes dust, therefors, is tonsid-
erably less than is indicated in the dust counts in table 1.

] CONDITIONS IN THE PLANTS
Tho processas in these plants wero very similar to those in cotton

mills in genoral. For illustration, the process in the prcpmtion room

of plant B is hero dotailed at length:
Asbcestos is rocoived in bags. Thaomempundupontheﬂoorand
the ssbesios is shoveled into pug mills and run for about § minutes

- ii:order to crush and open the fibers. From thero the asbestos is

cbvded into trucks and whecled to hoppers with either horizontal

of vertical openers, similar (o thoso used in textile mills. After passing

through the openor, the material is discharged into trucks. Waste

mﬁuhmgmmdhﬁn&mmoughumatwmm
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discharged into trucks, which are wheeled to the openers, and the
material is fed into theso in” tha aamo manner as is the new material
After heing dixcharged from the opener, the material is put onto &
vibrating or shaking sereen, where the long fibers are picked off by
a suction hood and blown into a bin to bo used agnin in testiles.
The short fibers falling through the screon are either sold as such or
used in making an asbestos cement.
Tho cotton is received in bales, opened, and nise rm through
vertical openers. It is discharged into teucks. The filled trneks from
the vertical and horizontal openers containing cither the ashestas
fiber, tho cotton, or the waste materind are taken Lo sepnrato stomgn
bina. As nceded, thoso materials aro weighed and dumped onto the
fioor in proportion to the mixture desired, and the resulting mixed
matcrinls are then passed throush a mixing picker. As this mixture
is discharged from the picker, it is sprayed with a light mineral oil.
Tho material is then taken Ly s mcchanical conveyar to the storaze
bin in the card room. Two of these mixing pickers discharge onto
this conveyor system, while a third machino is cquipped with a
suction device which conveys the materinl to & swrage bin in the
card room. The object of tho two systems is to facilitato the handling
of two grades of material ot tho same time. Tho third machino is
not cquipped with an oil spray. Tho object of the oil spray is pri-
marily to ontrap the small asbestos fibers and hold them enmeshed
in the cotton fiber throughout the proccsses of earding, spinning, and
weaving. Incidentally, it is apparent that it also diminishes the .
amount of dust. The matorial is saturated with about 4 pereont of '
oil at this point; but by tho time it reaches the looms, the oil had ;
diminished to less than 1 pereent. :
Whiloe mineral oil was used in the prcparnuon room of plant C, it
apparently was not as officacious as in plant B. In plant E oil was
not usod, nor was there any attempt at humidificntion or any-system
of dust exhausting. Carding ranchines were fod by hand. In plant A
there was & humidilying, veniilating, sad bheating system, while
plant B dopended on natural humidity. In plant E the carding
machines wero equipped with a duat-oxhaust system, but it was not
efliciantly used. In piant C earding wna dono in 2 buildings, 1 of
which was equipped with an air-conditioning systom, and in both
buildings the machines had exhaust equipment.
__Two plants, B and C, had srtificial humidity installations in their
\ lﬁnnmgroom In the former the tamperature was 76° F., rolative
.Fimidity 78 percent. One plant, C, had a humidifiention system in
‘the twisting dspartment and also in the weaving dopartment, where
the relative humidity was 76 percent with a dry-bulb tomperaturo of
60° ¥, as comparod with & relative humidity of 44 percont in the
\ wuvmg room of plant A,
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Aside {rom plant E, it would appear that thie dust hazard was not
excessive axcept in the preparation rooms of piants B asd C. The
dust counts aro interesting, too, whon considered in the fizht of the
permissible standard for granite dust, established by the United
States Public Honlth Sarvics (7), namely, ahout 10 million particles
(10 mierons and under) por cubic faot. Lowever, wo aro not justified
in npsuming timt beeauso available information sumresta thne nsbies-
tasin i & nilder disonse clinically than silicesis, the theeshold of
permbeibla dust counta s higher,  Asbestosia appoarn o be patho-
loienlly different from silicusis, and the axporience so fur dae net
warrant an attempt to doefine a standard of dustines for wsbieston
dust.

DUST CONTROL

Various measurcs, such as oiling, humidification, and loeal exhiausts,
tended to reduce the dust. Nevertheless, it wns ovident that they
were only partly succeasful.  If it is expected Lo control dustiness in
theso plants, final reliance must rest upon properly construeted exhaust
cquipment. In plant C in ono depactment an experimental instalin-
tion was sot up. Inspite of somo obvious faults, Lhis cquipment, on
tho basis of comperative dust counts, reduced: the dust by 50 pereent
and with further alterations will probably be 75 percent effectivo.
In this caso such a reduction scemed quite satisfactory. It is neither
practicable nor economically desirablo to install such equipment as
will mako the sir entircly dust free. The normal defousive mechanism
of the body takes care of 8 fair amount of atmoepheric pollution. It
is when the body is cxposed to an excrssivo amount of dust that this
defonse mechanism brenks down.

The application of exhaust equipment to textile machinary involves
considerable dsIﬁculty, especinlly whero the construction of the plant
is such that it is not possiblo to apply down-draft suction to the looms.

1t is desirablo to install exhaust apparatas in any plant on an ox-
perimontal basis first, and then chock its cfficiency by dust counts.
This practico will result in saving a necdless expenditure of money.

PIIYSICAL EXAMINATIONS

X.ray films were made of 126 persons (108 men, 18 women) working
in asbhestos plants in the United States. All but five of theso were
given physical examination. Tho cascs wero sclected more or lesa
at mdom from among those having more than 3 years of employ-
mont in the industry. It was soon obvious that the carly diagmosis
of ssbestosis must rest to s Jarge oxtent on X-ray pictures of the
chest. As in the carly stagos of ailicosis, tho clinical symptoms of
tho asbostos workers wore usually indefinite and inconelnsive. Tho
interpretations of those films are based on the readings of ono cont-
petent roemigenologist, but they have been reviswed by sovoral

- .. . ‘ .....-,_ ) _,__._ 0104
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other: experienced in this feld.  The differences of opinion weee of
A minnr anturns, aned I.lu'm wns general agreement as to inlerpretstion,
The films wera read conservatively, taking into aceount the physienl
examinalion and the apge of the individunl, and were elnssed ns
positive only whon there wan ne major «Iisngrcomont. All examiners
were guided by their experience in silicosis and other types of pneu.
woconiozes,  The films elasied rs negntiva for nshestosis wers further
subdivided into  doubtful  and  negative,  Only  Lino enn el
whether the individuala clussed as doubitful nro progeessing towanrd n
delinile axbestosis,  Particulnr attention was foctssed on Lha presenen
or ubsenea af indieations of Lubereoloia, nnd in this respeet all the
reviewers of Uie filma wern in accond. With the unhappy experience
of ziliensis in mind, it was [olt that a greal dend of earn should ha
devated Lo uscortaining, i possiblo, whether or not ssbestasis pre-
dixposes to tuberculous infection.

The cascs of ashestosis were divided into two clasees, first stago
and socond atage. Tho first stege embraces those who show by
X-rny examinntion definito lung pathology suflicient in extent to
warrant & diegnosis of pnoumoconiosis, but who have no definite
symptoms. The sccond-stage cases nxhibit mere extensive lung
pathology and also definito syniptoms.

All theso individuals * wero actively enzaged in [actory work, and
it was not practieable to make any distinction on the basis of working
sbility or disability. - Had any individuals besn found who exhibited
oxtensive pulmonary involvement and marked physical disability
or total disability, they would have been classified as third stage,
but no such cases were fmund.

Of tho total of 126 X-ray examinations, 4 were diagnosed ns
sccond-degree asbestosis, 63 as first degres, 39 as doubt{ful, and 20 as
nepative.

Tharo in a dofinite incresse in the percentage diagnosed as positive
in relation to the ycars of exposure, as shown in table 20 Small

numbors make it impoesible to dotormine how far the factor of age

enters into this increase,
Tases 2—Classifcation of cases by yecrs of cxpesure
N Number
Years of expesun pmitive Peiive | Desbcin | Soutve
\ m—-i‘ ] ] ) D
BRTY™ "1 2et sntiznsus.

? 008 nbestan wurker o »
My .u.“u-n:'an-)g&ddﬁmmh—- old y-nl-
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Of the 64 persons pivon physical exnminntion and dingmosed as
having positive asbestosiz, only 8 worn entirely fres from aymptoms,
while 10 out of 37 with doubtful «..... 7 aut of 20 with negntivo ding-
nosns wore {ree from symptoms. Dyapnoea and cough ween the
svinptome most complained of, but none of Lthese ensen exhibited the
urgent oc avident type of “shart wind” aeen in true silicosin,  Severenl
of thoxe classed ot negntive atated that thoy wern “short winded
and ware ao recorded, hut too much ainphiasia should not bo plneed |
on statemenia of subjoctive symptoms.  During tha progres of the
siudy, physicians who wero praciicing in the communiticd whero
asheston workoms lived wors questioned and siated that they did not
_ find an unusual amount of tubereulonis among thews workers, The
contrast botweon this stats of affairs and that found in & community
with a silicosis hazard is notoworthy.

The incidence of tuberculosis (based upon X-rny films) in given in
table 3; 40 of the 67 oxamined had less than 15 yoars of smploy-
mont in the industry.

TasLs &~Ineidenes of (ubereuloris

Tositive | Deuhital | Kegutive

Tohecenlasis (honled), . Y 1 3
Tuherenionis (netive) 't L) 1
Tutal szomined -« » »

1 'This cone was diagressdl 8 Prolaiy octive ea the Xy fudinsa.
Table 4 gives information as to physical signs of chest trouble.
Tants 4.—Chest findings

Pivysieni signn of chayt troubls.. '8 (1] [} 4
Nol e e 5 3 "
N, - a » ]
1 At loamt § &f thams showed ue evidencs annciatet with ashwatanls.
22 of (hams not ammociaiod with tawal siens fovad with asbesioets,
1g of these not amasisted with usnal sirus of as*=stonta.
What significance, if any, can be attached to the prosones of

eorns” on the hands of workers appesrs doubtful, as 18
Mmlxum(ﬂoucotu)mdwmtof&oothm
{doubtful, 7 out of 37, nogative, 2 out of 20) showed such corns.
.. Esch roentgenologist who reviewed tho X-ray films called attontion
hmmmmmmusmmdmdmd
enlargement of the heart, It is probable that this is & compensatory
dmbthetddthondworkputupontheh«ﬁinoﬂoru
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éli‘ht irritaat =ffect on the aucous zeabranes, its ;resence nsy be suspected by
2=an8 Jf smell. Zercestion of smell =aneers to diminish sith prolonged =»posure
or hign concuntrations. The obscrvafians 5>f Feirley tindieste thset conceatretions
2t the arcer”5§:19ln't;330‘ta 1 in 530 could rezdily te tylerated by workers for
orolonged p:riods without any warning subjective eyaptous. The fatsl sffects of
exposure to dioxan in Industry v~rs cleerly brought sut in Pnglend eaven yaar

£g0 rinsn five workers 'a «n eriificiel silk factory dled. Three a2teges hava

vesn aescribed, the first ULelng characierized by irritatisn of the neso-pharynx
snd Of the syes, but If the exposurs 1ls c¢oatinusd, ihe ilrritetion 1sy subside nnd
thus give rire to a false sense >f security. Syaptoms >f drowsinass, vortigo,
cod g}atric disturbances aasy be precent, but Lf a rest >f twenty-four houre is
taken at tals stage, these tend to pase off quickly.

Rith further continued inhalation, the second stage L= reachad. The
.gaatric gyaptoas become more ssvesrs and are associated wxith pain snd tenderness

in the abdomen and lumbar regiom. There nay be enlsrgsment of the liver. The
toird stage is characterized by acute heemnorrhagic nephritis, le}dlng to suppreseion
3f urine, urseaia, coma, and death.

‘ dention finally aizht be nede 9f one wore of the eolveants, nasely,
furfursl, which Ls the only aldehyde of importance &s & pyrorylin solvent. It
slso bzs recently besn used successfully as en ingredient im paint, varnish
end lacguer rezovers, Whea condensed vith phemol Lt glves resins anslogous to
bukelite. Lts odor 1s disagreesble to moet users snd its vapors sre irritating

‘--iend mey ba dumaging to tha 2yasaight.

The aeasures at our disposal for preventing toxic concentrations of
eolvents sscaping into the plant etmosphere fall withinm tarsa apecial flelds of
enxiesvor, the sxfety, englnesrimg and medicsl., S~fety aeasures aust be employad
‘egainst accidents and lrregularities in oparstion. Labels on cans and druss
f .
should indicate the hasserdous mature of the substance snd worksem chould be . 2340

instructed as to dangers. Parsonal prot:ctive devices, such as protcctive
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clothing, gogsles and respirstors should be orovided vhen nscessary.

Good houcegesaing and cenitary fucllities ere ss:tentisl and {nclude
fegregation 31 procssses, car2 2f splli=:d salutione, reecentscles for sgeked rags,
endle 5enef;£i;55tlllfzgﬁ, and orov'sions for showers, lockars, lunca roome, snd
drinking fecilities.

A turvey t3 determlne the .resence of lLo¥ conc-ntratisae under normsl
opurations ey be Indlceted., This lesds ue into ¢« field of deteiled technical
aork shich »e w1l not ciscues 5:re. The results, horever, give 'mportant informa-
tisn ragafaing the necessity of emsploylang local exhaust ventilation or giving
conslderation to substitutisn or entiraly enelssing the offanding nrocess.

dedical supervision t5 be effective presumes a «nowledge of the
physiaslogical ection af tas solvants !n use and sufficiently frequent physical
?xaainatlonn including specisl disgnostic methods for the Jatccticon of early

thtoxicatlon or dlsease.
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