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

A Preliminary Study

By A, J. Lanza, Assistent Medical Dircetor, Wirtiay J. McConNeLy, Assist-
ant Medical Direclor, and J. Wittian Feuxew, Chemi:t, JMetropolilan Life
Iasurance Co.

INTRODUCTION

In 1029 the Metropolitan Life Insurance Co. was approached by
oflicials representing the asbestes industry in the United States, who
were desirous of ascertaining whether asbestos dust was an occupa-
tional hazard in their establishments and, if so, what was the nature
of this hazard and what should be done to prevent or control it.

About this time several articles had appeared in English medical
journals deseribing o pneumoconiosis duc to asbestos dust. While in
one or two isolated instances the occurrence of this type of pneumo-
coniosis had been described in American journals, the industry itseif
appeared to be quite uninformed of the existenco of any such
aceupational disease. '

The hazard of silica dust, with specinl reference *o the lungs, has
long been appreciated, and a great deal of st~ hd research has
been applied to the problem (in the metal and certnin other
industiies) in Great Dritain, the United o...es, the British Do-
minions, and in other countries. The nature of the effects of silica
dust expressed in the term silicosts”, with the resultant extraor-
dinary predisposition to pulmonary  tuberculosis, is well known.
These sflects have been associnted with the inhalation of dust con-
tatning freq silica in varying amounts. The effects upon the pul-
monary fizsue of dusts containing combined silica—silicates—aro
stll a fortile ficld for investigation, but evidence is accumulating that
rertain of these dusts produce pathologicnl results quite distinet from
trie silienss, ’

The name “nshestosis™ has been applied to the preumoconiosis
catised by ashestos dust and it will be so used in this report.  Chem-
ially, the ashestos of commerce is a hydrated magnesium silicato
consisting primarily of silica (combined silica) 44.1 percent, mag-
nesin 43 pereent, and water 12.9 percent, while ferrous iron sod
nickel sre present in small quantities. This conmercial varicty of
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esoesios niost comrmoaly eacountered is designated as chrysotile and

is onc of the four vorictics of the mineral serpentine, in which it
usually occurs in scams.

It should be borne in mind that silicosis (and presumably ssbes-
tosis) develops very slowly, taking from 5 to 15 and even 20 or 25
years to become estabiished. This rate of progress is influenced
mainiy by the dosage of silica which the lungs receive, and this dos-
age, in turn, depends upon three variables—the amount of silica in
the dust, the quantity of dust in the air, and thoe length of exposure.
Individual idiosynerasy might be included as a fourth varable;
however, little is known of the vanations in susceptibility in these
exposed to dust. It might well be assumed thet similar variabics
would influence the occurrence of asbestosis. .

In places where asbestos is mined or fabricated in North America
there does not appear to be present the clear-cut clinical picture
which is so usescapable in communities with o true silicosis bazard,
such as hard-rock mining communitics. It may be that some of the
asbestos plants are of too recent origin for the typical effects of a
silicate dust to become manifest, but this would not apply to the
older mines or to oll of the fabricating plants.

The industrial health service of the Metropolitan Life Insurance
Co. undertook the following investigation during the period from
October 1929 to January 1831, wiich included: .

1. A study of dust conditions in asbestos mines and mills in Cannda
and in {abricating plants along the Atlantic Seaboard in the United
States.

2. Physical examinations of asbestos workers, including X-rax

films.

3. A study of dust exhaust systems designed to eliminate asbestus
dust. :

Data on the fabricating plants ouly are included in this study and
are designated in the report as plants A, B, C, D, and E. This is :
preliminary report. A more extensive study of the asbestos industry
is now under way.

DUST STUDIES
Apparatus and methods of sampling.—Both the impinger (1) and

the electric precipitator (2) were used for the collection of air samples
for dusts at the breathing levels and in close proximity to the workmen.

Both of these forms of apparatus are adapted for this work, as they [\

are transportable, easily set up and edjusted for the taking of the
air samples at the proper level, and are extremely cfficient.

The impinger collects the dust by aspirating the air and then
impinging it onto a flat surface covered by a liquid in o container.
The liquid used was distilled water, containing 50 percent aleohol to
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prevent the solution of some of the dusts, particularly any silica
which mjght be present. The impinger was actuated by an electri-
cally driven rotary pump and the rate of air sampled was measured
by menns of a resistance type of fow meter with ag inelined manome-
ter for measuring. the pressure differeace. Each sample represeats
the dust collected from 2 volume of 100 cubic feet of air.

The clectric precipitator is designed upon the Cottrell precipitator
principle used for recovering dusts and fumes commercially. This
principle depends on electrifying the dust particles by making them
pass through an clectrostatic feld and thus causing them to settls
out upon a sheet of celluloid. The electrostatic field is set up by
means of a transformer operating from the lighting lines on 120 volts,
alternating current. Alr is drawn through the apparatus by o small
rotary fan, run by o motor, the quantity being measured by o flow
meter. '

Samples of dust brushed from beams and pipe lines near the ceiling
also were secured for chemical analysis.  All samples were shipped to
the industrial bygiene laborntory of the Metropolitan Co., and the
dust counts were made according to the methods accepted by the
United States Burcou of Mines and the United Stetes Public Health
Service (1). Particles in size up to 360 microns in the greatest
diameter were counted. s

Chemical analyses were mado for total (frce and combined) silica
according to the accepted standard method of Hillebrand (3).

In the first plant studied (A) only particles 10 microns and under
in size were counted. It has been demonstrated repeatedly that no
silica particles exceeding 10 microns (8 micron equals one-millionth
part of a meter or ooe-thousandth part of a millimeter) in greates:
dianeter enter the lung tissu ; for this renson, the larger particies
usually are not considered when determining dust counts.  Later, as
It appeared from some of tho published articles (1) (English) that
nsbestos particles much larger in size were found in lung tissue, it wes
decided to count all particles and make differential counts of all those
10 microns and under.!

Total particles per cubic foot and the corresponding weight of the
dust in milligrams were obtnined. Since no relationship between the
dust counts and the corresponding weights was found, the weights
are not included in the tabulations in this report.

Table 1 shows by plants and by departments the masimun and
minimum dust counts in million particles per cubic foot of air.

Altheugh the counts in plunt A are of particles 10 microns and under,
e ————————— e

P Samples cnllected hy hoth the impinger and the electefe precipiiator wera connted. la addditlon,
micraphatazraphs of these dust particles were enlarcod by beiog projected upon s sereen with a lantern-
$Uds nrejectar, (ha enlarced particies helag measured <ith & ruler, Koowing the cutlre entarcement (by
MU mensarementy, it was eaty ta caleulate the ariginal particle size (5). TIg tha uea wf 1w o 8
e itimee prabatility paper, the lagacttnins of tha fune'nn 1o da “mae oot
VIt enl s arefrnaten aramat tiee oo 1ot
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and in the other plants aro for all particles, direct comparison is
possible, a3 in no sample taken wers the number of particles 10
microns and under less than 94 percent of the whole.

Tante l.~Mozimum and minimum dust counts in million particles per cubic fool
of air, by plant and department
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TWhereas the dust in the preparation reom is practically all due to
asbestos, the contrary is the case in the other departinents. In the”
carding, spinning, and weaving rooms asbestos comprises about 2
percent of the material nsed. On special jobs the percentaze of
asbestos may be higher, but in general the figure quoted is approxi-
mately correct, the other material consisting principally of cotton.
In the insulating departments of plant A, asbestos is but 3 percent
of the total material used. In the molded brake-lining and cluteh
division of plant D, asbestos compriscs about 25 percent of the total
material. The actual exposure to asbestos dust, therefore, is consid-

“erably less than is indicated in the dust counts in table 1.

CONDITIONS IN THE PLAXNTS

The processes in these plants were very similar to those in cottan
mills in general. For illustration, the process in the preparation room
of plaat B is here detailed at length:

Asbestos is received in bags. Thesc are emptied upon the floor and
the asbestos is shoveled into pug mills and run for about 5 minntes
in order to crush and open the fibers. From there the asbestos is
shoveled into trucks and wheeled to hoppers with either horizontal
or vertical openers, similar to those used in textile mills. After passing
through the opener, the material is discharged into trucks. Waste
maaufacturing material is first run through 2 garnet machine snd

»
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discharged into trucks, which arc wheeled to the openers, and ths
materal is fed into these in the same manner as is the new material.
After being discharged from the opener, the material is put onto a
vibrating or shaking screen, where the long fibers are picked off by
a syction hood and blown into a bin to be used again
Tlhe short fibers {alling through the screen are eithier sold as such or
used in making an ashestos cement.

The cotton is reccived in bales, opened, and also run through
vertical openers. It is discharged into trucks. The filled trucks from
the vertical and horizontal openers containing either the asbestos
fiber, the cottonm, or the waste material are taken to scparate storage
hins. As needed, these materials are weighed and dumped onto the
floor in proportion to the mixture desired, and the resulting mixed
materials are then passed through a mixing picker. s this mixture
is discharged from the picker, it is sprayed with a light mineral oil.
The material is then taken by a mechaniecal cenveyor to the stornze
bin in the card room. Two of these mixing pickers discharge onto
this convevor system, while o third machine is equipped with o
suction device which conveys the material to n sterage bin in the
card rootn. The object of the two systems is to facilitate the handling
of two grades of imaterinl at the same time. The third machine is
not cquipped with an oil spray. The object of the oil spray is pri-
marily to eatrap the snmmll agbestos fibers nnd hold them enmeshed
in the cotton fiker throughout’the processes of carding, spinning, nnd
weaving, Incidentally, it is apparent that it nalso diminishes the
amount of dust. The material is saturated with about 4 percent of
oil at this point; but by the time it reaches the lvoms, the oil had
diminished to less than 1 pereent,

While mineral oil was used in the preparation room of plant C, it
apparently was not as ¢fficncivus as in plant B. In plant E oil was
not nsedd, nor was there any attempt at humidification or any system
uf duat exhausting,  Curding machines were fed by liand.  In plane A
there was a humidifving, ventilating, and heating system, while
plant B depended on natural humidity. In plant I the canding
mzachines were equipped with a dust-exhaust system, but it wns not
elliciendy used. In plant C earding was done in 2 buildings, 1 of
which was cquipped with an nir-conditivning system, and in botb
buildings the machines had exhaunst equipment.

Twa plants, BB and €, had artificial humidity installations in their
spinning rooms.  In the former the temperature was 76° F., relntive
humidity 78 percent.  Onc plant, C, had a humidification system in
the wwisting department and nlso in the weaving department, where
the relative humidity was 76 pereent with a dry-bulb temperature of
602 I, as compared with a relative humidity of 44 percent in tho
weaving room of plunt A.

T beawbal
in enlies.
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Aside {rom plant I, it would appear that the dust hazard was not
excessive except in the preparation rooms of plants B and C. The
dust counts are interesting, too, when considered in the light of tha
permissible standnrd for granite dust, established by the United
States Public Health Serviee (7), namely, about 10 million particles
(10 microns and under) per cubic foot. However, we are not justified
in assuming that beesuse available information suggests that asbes-
tosis is o milder disense clinically than silicosis, tho threshold of
permissible dust counts is higlier. Asbestosis appears to be patho-
logienlly different from silicosis, and the experience so far does not
warrant an attempt to define o standard of dustiness {or asbestos
dust.

DUST CONTROL

Various measures, such as oiling, humidification, and local exhausts,
tended to reduce the dust. Nevertheless, it was evident that they
were only partly successful. If it is expected to control dustiness in
these plants, final reliance must rest upon properly constructed exhaust
equipment. Ino plant C in one department an experimental installa-
tion was set up. In spite of some obvious faults, this cquipment, on
the basis of comparative dust counts, reduced the dust by 50 percent
and with further alterations will probably be 75 percent cfective.
In this case such 4 reduction seemed quite satisfactory. It is neither
practicable nor economically desirable to install such equipment as
will make the air entircly dust free.  The normal defensive mechanisne
of the body takes care of a fair amount of atmospheric pollution. 1t
is when the body is exposed to an excessive amount of dust that this
defense mechanism breaks down,

The application of exhaust equipment to textile machinery involves
considerable difficulty, especially where the construction of the plant
is such that it is not possible to apply down-draft suction to the looms.

It is desirable to install exhaust apparatus in any plant on an ex-
perimental basis first, and then check its efficiency by dust counts.
This practice will result in saving o needless expenditure of money,

PIIYSICAL EXAMINATIONS

N-ray films were made of 126 persons (108 men, 18 women) working
in asbestos plants in the United States.” All but five of these were
given physical examination. The cases were selected more or less
at random from among those having more than 3 years of employ-
ment in the industry. It avas soon obvious that the early diagnosis
of asbestosis must rest to a lurge extent on N-ray pictures of the
chest. As in the carly stages of silicosis, the clinical symptoms of
the asbestos workers were usually indefinite and inconclusive. The
interpretations of these {ims are based on the readings of one com-
petent roeatgenologist, but they have been reviewed by several
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others experienced in this field. The differences of opinion were of
n minor nature, and there was genernl agreement as to interpretation.
The films were read conservatively, taking into account the physical
examination and the age of the individual, and were classed as
positive only when there was no major disagreement. . All examiners
were guided by their cxperience in silicosis and other types of pneu-
moconioses.  The films classed as negative for nsbestosis were further
subdivided into doubtful and negntive. Only time ean  tell
whether the individuals classed as doubtful are progressing toward a
definite ashestosis.  DParticular attention was focussed on the presence
or ahsence of indications of tuberculvsis, and in this respect all tha
reviewers of the films were in accord.  With tiie unhappy experience
ol silicozis in mind, it was felt that a great deal of care should ba
devoted to aseertsining, if possible, whether or vot zsbestesis pre-
disposes to tuberculous infection.

The cases of asbestosis were divided into two classes, first stage
and zecond stage.  The first stage embraces those who show by
X-ray examination delinite lung pathology sufficient in exteat to
warrant a diagnosis of pnenmoconivsis, but who liave no definite
symptoms.  The cecond-stage cases exhibit more extensive lung
pathology and also definite symptoms.

A these individuals * were actively engaged in factory work, and
it was not practicable to nmake any distinction on the basis of working
ability or disability. [ad an}y individuals been found who exhibited
extensive pulmonary invelvement and marked physical disability
or total disahility, they would have been clessified as third stage,
but no such eases were found.

Of the total of 126 N-ray examinations, 4 were diacnosed as
second-degree nshiestosis, 63 as first degree, 39 as doubt{ul, and 20 as
nesnlive. )

There is a definite inérease in the pereentage dingnosed as positivo
in relatinon to the years of exposure, as shown in tahle 2. Small
nunthers make i4 impossible to determine how far the fuclor of ago
enters into this inerense.

Tanwr 2.—Classification af cusex by years of crposure
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A d s

Of the 64 persons given physicnl examination and diagnosed as
baving positive asbestosis, only 8 were entirely free from symptoms,
while 10 out of 37 with doubtful and 7 out of 20 with negative ding-
noses were free from syvmptoms. Dyspnoer and cough were the
symptoms most complained of, but none of these cases cxhibited the
urgent or evident type of “‘short wind " seen ia true silicosis. Severnl
of those classed as negative stated that they wero “short winded”
and were so recorded, but too much emphasis should not be placed
on statements of subjective symptoms. During the progress of the
study, phyvsicians who wero practicing in the communities where
asbestos workers lived were questioned and stated that they did not
find an unusual amount of tuberculosis among these workers. The
contrast between this state of affairs and that found in a community
with a silicosis hazard is noteworthy.

The incidence of tuberculosis (based upon N-ray flms) is ziven in
table 3; 40 of the 67 examined had less thun 15 years of employ-
ment in the industry.

Taore 3.—/neidence of tubsrculosis

| Positive | Doubtiul | Negative
‘Tubercuions (hesled) ool iiiiian . 7 t 2
Tuhesreulous (active) . LKt [ i
TR VLT TSU, T1 T sy AP Sy G Rt [ &7 kU] N
1 This case was diacnosd ag prabaldy active on the Xeray Nudines.
Table 4 gives information as to physical signs of chest trouble.
Tanore 4.—Chest findings
Ponitive | Doubtlyl | Negative
Physienl sipns of chest trouble. ... a- t11 n 37
N hysical 5iC0S e ncncaenvanans eavetonsaranvresansonvanvntrnryany k) = 13
Notezamiped.., u- 3 2 ']
Tatal = . . 87 9 ]

¢ At least G af thes2 <howel no evirdonee assacated with ashestosis,
11 of these not associated with usunal siens faried with sxucastosis,
3 G of these not 3ssaciated with usual sivos of asnestoss.

TWhat significance, if any, can be attached to the presence of
*“asbestos corns’’ on the hands of workers appears doubtful, as 18
percent of the positives (12 out of 64) and 15 percent of the others
(doubtful, 7 out of 37, negative, 2 out of 20) showed such corns.

Each roentgenologist who reviewed the X-ray films called attention
to the fact that these films indicated & very unusual incidence of
calargemeat of the hicart. It is probable that tlis is a compensatory
enlargement due to the additional work put upon tho heart in efforts
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ta pump blood through tho fibrosed lungs. It is possible the: zat
sullicient attontion hies been paid to the effects of the pneumocoainges
upon the heart.

Many workers had changed {rom oune department to enother on
frami one plant to another during their years of cmployment iz 15e
ashestos industry. Since only the smounts of dust collected as 3l e
time of this survey in the various departments ars known, then s
nn war of knowiag the mverage amount of dust in tho atrmespdersa
intinled by these people over the vears of their emplorment.  Crzese-
quently, it is not possible to correlate individual cases with ¢a8
amounts of dust exposure.

INSURANCE CLAIMS

" Ta throw light an the relationsbip between asbestosis and mrinma-
nary tuberculosis, an aralysis of death claims and total and -ew
mauend disability claims was made in regard to coimpanies sewnviss
sroup insurance and having available fizures.

There were 2,099 Hves involved, with a total exposure of 7.85% Jie-
vears. The death claiins are so small in number that reliniie o~
“lusions cannot be reached from any subdivision of the figures.  Tiie
same is true of the sickness clairas under health insurarce, Tie
nimber of eluims for respirntory diseases is hizh in two of L Fincis
<tudied but low for the others, as compared with the Metm)mn'm
experienee of 1927, However, during the latter part of 192F naed sivn
first pact of 1929 there was an epidemic of influcnza.

The records of one establishment (plant B) showed thet o8 inf 43
death elaims and S of 10 permanent and total disability cluma wwre
ii=tedd as ddue to pulmonary tuberculasis.  This appeared te Bt i
erdinate amount of tubereulosis from this plant.  However. mmanar of
the emplovees were Negraes, and nlso tuberculosis ¢laims 1 o=
aibvhivh i this section of the country.  Kealizing the diffusirr fa
diarnasing . pnenmoconiosis and the tendency to confuar 9. with
tibereidosis, these claims were studied individually.  The yressia
wha had trented the individuals were interviewed, and the taspiial
aml sanatorium records, including available X-ray flege, svre
imvestivsted, with the following resnits:

1 ulh cluims:

A typist, not exposed to dust; died of pulmpzan ard
lnh-x(nnl tuberculasis. )

Colored male, age 27; worked in ashestos 1 goae und S
HHHIHI\, died of pulmonary tubereulosis {ollowing a he e
was in sanatorinm 10 months.  Also had a fone pls
m.mn_ No evidence of ashestosis.

Cotored male, ace 32; worked in asbestos plant T ooar 2ad
T mnmlu, died o pulmr)n iy tuberculasis after 1oz
bospital.  Cavitation both lungs: no evidenes

1 Bt
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4. Colored male, age 34; worked in asbestos plant 2 years and
G months, His physician believes this was n case of uncome
plicated tubcreulosis.  Was not inmate of hospital or sanatorium.
No information could be obtained on tha other two cases.

Total and permanent disability claiims:

1. Male, employed in ashestos plant 3 years. 1fis physician
states that hie first came under lis observation with an old es{ab-
lished case of tuberculosis about 2 vears alter nsbestos emplav-
rrlxenz.i started.  Also had tuberculosis of the kidney nnd cervicul

ands.
£ 2. Male, employed in asbestos plant 8 months. [lis phiysician
states finding of old fibroid tuberculosis with tubercle baeilli in
sputum. No X-rny available; but according to physician, us-
bestos bodies were found in sputum.

3. Male, 10 years’ employment. Two physicians who treated
him at different times nre now inclined to believe this man is nat
tuberculous, but hins asbestosis.

4. White male, was reexamined at time of investigation. IHis
physician reports well nourished, husky looking, good color, no
cyanosis; no clubbing of fingers; diminished expansion; incessant
cough; X-ray shows fine mottling disseminated through Loth
lungs. No evidence of tuberculosis. Probably a second stage
asbestosis.

5. White male, 13 years in asbestos plant. Is now in sanato-
rium. An interesting case. His physicinn states that he bas ex-
tensive ashestosis and pulmonary tuberculosis; cavity in right
lung; sputum loaded with tubercle bacilli and asbestos bodies;
believes tuberculosis long antedated asbestosis. This patient 1s
progressing in a satisfnctory manner. -

It was not possible to locate the other three cases of total amd
permanent disability who had been dingnosed ns having pulmonary
tuberculosis. On the basis of the information obtained, the deaths in
desth-claims cases appear to be due to uncomplicated tuberculosis:
three of them were Negroes, who were probably tuberculous at the
time their employment in the asbestos plant commenced.

Of the 8 disability clzim cases, 1 was uncomplicated tuberculosis
and 2 were uncomplicated asbestosis who were put on disubility
because of & mistaken diagnosis of tuberculosis. In this same com-
munity we know of one death due to uncomplicated asbestosis in an
individual with many years’ employment in the industry?

CONCLUSTIONS

1. Prolonged exposure to asbestos dust caused & pulmonary fibrosis .

of a type differcnt from silicosis and demonstrable on X-ray films.
Clinically, from this study, it appears to be of a type milder than
silicosis.

2. Coses of definite cardiac enlurgement were frequently found to
be essociated with asbestosis.

t Personal communication,
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" 1t is recommended—
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2. That new emplovees be ex
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3. A prcdisposition to tuberculosis due to asbestos dust was not
m«hmtcd in this study.
4. Asbestosis as obsersed in this scries of cases had not resulted in
marked disability in any case. _
5. It is not known Low much esbestosis may add to the mortality
of pnenmonia and acute nontuberculous pulmonary infections.
6. Itis not pmrticnblc as yet to establish standards for the asbestos
(hm rontent of air.
. The amount of dust in t.he nir in the asbestos plants studied can
Le substantzally reduced.

RECOMMENDATIONS

Tt s recommended—

1.-That the industry seriously face the problem of dust control in

ashestos plants,

2, ‘That new employees be examined physically, including X-ray
examination of the chest, and rejected for employment if they show
tnberrulosis or pricunioconiosis.

That employees be examined phiysteally, preferably everv vear,
lut at least every 2 years, this examination to include an X-ray
examination of the chest.

That the industry sponsor studies on knawn cases of asbestosis,
as well a5 studies an clfects of ashestosis on the heart and circulation.
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ENDEMIC TYPHUS IN ALABAMA:!

By J. N. Baxer, M. D, Jases G. McArrivg, Ph. D, and D. G. GiLr, M. D,
D. P. H., Alabama State Department of Health, Montgomery, Jla.

I. INTROQUDUCTION

In a preliminary report made in June of this year before the Con-
{ference of State and Provincial Health Authorities, held in Wash-
ington, the authors discussed the epidemiological aspects of endemie
typhus as it occurs in southern United States. In that report it was
noted that there had been a rapid increase in tlis disease in certain
Southern States, as is shown in table 1. That other countrics have
experienced a similar rise in incidence is evidenced by the figures in
table 2. B

The distinction between epidemic typhus and the endemic typhus
of this country was first recognized in 1898 by Brill. He (1) found
in the United States o type of (ever which, resembling typhoid, gave
o negative Widal reaction. In further studies he (2, 3) deronstrated
its similarity to typhus, hut showed that it was milder in character
and less contagious, only one case as a rule being found in a Louschold.
Also he reported that it was niost prevalent during the {all of the year
instead of late winter or spring. In 1912 Aoderson and Goldberger
(4) proved that Brill’s disease was immunologically identical with
Mexican typhus, or tabardillo. Naturally this led to the belief that
it was louse borne. .

PP,
1 Read before the labomatory seciioa of the American Public Oealth Associaticn, Pssadenn, Calif.,
Sept. 3, 1934.
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1 Frora the Epidemiclopical Report, Lealth Sectiex
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