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p Health Service through the Division of Sanitary Reports and Statistics, 
t to the following authority of law: United States Code, title 42, sections 

71, 30, 93; title 44, section 220. 
. It contains (1) current information regarding the prevalence and geographic 
‘distribution of communicable diseases in the United States insofar as data are 
obtainable, and of cholera, plague, swallpox, typhus fever, yellow fever, and 
thmwmmm‘mm; (2) articles re- 
Iating to the cause, prevention, and control of discases; (3) other pertinent infor- 
mfiumfinmflufihmmwndwewflkhfll&. 

The ®Pustic Heavra Reponts is published primarily for distribution, in ae- 
cordance with the law, to health officers, members of boards or departn.ents of 

other persons directly or indirectly engaged in public health work. 
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Public Health Service, Washington, D. C. Lers should remit 
to the Superintendent of Documents, Washington, D. C. 
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EFFECTS OF *‘HE INHALATION OF ASBESTOS DUST ON 
THE LUNGS OF ASBESTOS WORKERS \ 

) A Preliminary Study 

By A. J. Laxza, Assistant Medical Director, WiLLiam J. McCoxxeLL, Assisi- 
ant Medical Director, and J. Wittiam Feuser, Chemil, Aetropolitan Life 
Insurance Co. 

INTRODUCTION 

In 1929 the Metropolitan Life Insurance Co. was approached by 
officials representing the asbestos industry in the United States, who 
were desirous of abcertaining 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 hod appeared in English medical 
journals describing a pneumoconiosis due 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 itself 
appeared to be quite uninformed of the existence of any such 
occupational disease. 

The hazard of silica dust, with special reference to the lungs, has 
long been appreciated, and a great deal of study and research has 
been applicd to the problein (in the metal mining and certain other 
industries) in.Great Britain, the United States, the British Do- 
minions, and ih other countries. The nature of the effects of silica 
dust expressed in the term vgilicesis”, with the resultant extraor- 
dinary predisposifion to pulmonary tuberculosis, is well known. 
These effects havp been associated with the inhalation of dust con- 
taining free silica in varying amounts The effects upon the pul- 
monary tissue of dusts containing combined silica—silicates—are 
still a fertile field for investigation, but evidence is accumulating that 
certain of these dusts produce pathological results quite distinet from 
true silicosis. The name “asbestosis’ has been applied to the pneumoconiosis 
caused by ashestos dust and it will be so usad in this report. Chem- 
ically. the asbestos of commerce is a hydrated magnesium silicate 
consisting prunarily of silica (combined silica) 44.1 percent, mag- 
nesin 43 percent, and water 12.9 percent, while ferrous iron 
nickel are present in small quantities. This commercial variety of 

11054 —33-—1 (1) 
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mateommonlyaeounteredkdeai‘nlhduchrymtfl?m.d 
is of the four varieties of the minerak ine, in which it 

occurs in seams. 
should be borne in mind that silicosis presumably asbes- 

y : ) develops very slowly, taking from 5 to'l and even 20 or 25 
" years to become established. This rate of is influenced 

| oge, in turn, depends upon three variables—the amount of silica in 
dust, the quantity of dust in the air, and the length of exposure. 

lflividudfliuymruyn‘ghtbehdudedu.bufihvflble; 
however, little is known of the variations in susceptibility in those 
exposed to dust. It might well be assumed that similar variables 

In places where asbestos is mined or fabricated in North America 
there does not appear to be present the clear<ut clinical picture 
Mimwpbkineommunifien‘ith.tme:flicosishzud. 
such as hard-rock mining communities. It may be that some of the 
Mplmtsmof&oomentoriginforthctypiuleflecuo(t 
silicate dust to become manifest, but this would not apply to the 
older mines or to all 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 1931, which included: 

1. A study of dust conditions in asbestos mines and mills in Canada 
and in fabricating plants along the Atlantic Seaboard in the Cuited 
States. 

2. Physical examinations of asbestos workers, dncluding X-ray 

\ A study of dust exhaust systems d&;igne‘ u‘\:flmu asbestos 
: ata on the fabricating plants enly are incldded in this study and 
are designated in the report as plants A, B, C, D, and E. Thisisa 
! 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 
gre transportable, easily set up and adjusted for the taking of the 
air samples at the proper level, and are extremely efficient. 

The impinger collects the dust by aspirating the air and then 
impinging it onto a flat surface covered by a liquid in a container. 
The liquid 1:-ed was distilled water, containing 50 percent alcohol to 

3 Jasuwy 4 

prevent the solution of some of the dusts, particularly any 
which might be present. The impinger was actuated by an electri- 
cally driven rotary pump and the rate of air sampled was . 
by means of a resistance type of flow meter with an inclined manome- 
ter for measuring the pressure difference. Each sample represents 
the dust collected from a volume of 100 cubic feet of air. 

The electric precipitator is designed upon the Cottrell precipitator 
principle used for recovering dusts and fumes commercislly. This 

pass through an electrostatic field and thus causing them to settle 
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. Air is drewn through the apparstus by a small 
rotary fan, run by a motor, the quantity being measured by » flow 
meter. 

Slmplesofd,s&bnnhedfmmbumsmdpipelinswlhetfiq 
also were secured for chemical znalysis. All samples were shipped to 
the industrial hygiene laboratory of the Metropolitan Co., and the 
dust counts were made according to the methods accepted by the 
United States Bureau of Mines and the United States Public Health 
Service (1). Particles in size up to 360 microns in the greatest 
diameter were counted. - 

Chemical analyses were made for total (free and combined) siliea 
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 exceedinz 10 microns (a micron equals cne-millionth 
part of a meter or one-thousandth part of & millimeter) in greatest. 
diameter enter the lung tissu ; for this reason, the larger particles 
usually are not considered when determining dust counts. Later, as 
it appeared frond some of the published articles (4) (English) that 
asbestos particled much larger in size were found in lung tissue, it was 
decided to count jall particles and make differential counts of all those 
10 microns and under.! 

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

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

* Samples collected by both the and the slectri were In sddition, 
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and in the other plants are Possible, as in pe sample tak Microns g 

Whereas the 
asbestos, the ¢ 
carding, spinning, and weaving rooms asbestos 

In the 
comprises about 25 sed. On specig] jobs the Percentage of 

asbestos may be higher, but in general the figyre quoted is approxi- 
mately correct, the other materig) consisting prinripn”_\' of cotton. 

In the insulating departments of Plant A, ashestos is but 5 percent 
of the total material used. I the molded brake-ligine and cluteh 
division of plant D, asbe-tos comprise 5 about 2§ Pergeut of the togq) 

fiatc - The actyq) €Xposure to ashestos dust, li 

S Saturated wigh, about 4 Percent of 

but by the time it reaches the loom:s, the oil had 

diminished to less thap | percer: "hi i il was yseqd in the Preparation room of plant C it 

apparently wqg Dot as efficacioys 4sIn plant B. |, Plant E oj was 

Dot used, nor was there any attempe g¢ h'.-midntir;.t;vu OF any svstem 

of dust v\huu;ring. Carding machines weore fed by hang In plane 4 

there Yas a humi 'I}in;, ventilating, and heuliz:g S¥stem, whije 

plant B depended on n 
1y, In plang E the carding 

Machines wore i 
Ust-exhanyse S¥stem, but it wae not 

Fflif‘h‘“?l}' used. In{plant N carding wag done in 2 bui“:’ng&. 1 of 

which wys “quipped with gp air—vundumuin; S¥stem, and jp both 

builnlin;_\' the machines had exhyayse equipment 
Two plants, B and C, had artificial } Spinning rooms. Ip the former ¢ hlu:m!lr_\‘ S pe 

1efefore, is consid- 
ss than js indicated iy the d Ust counts jniy e 1. 

CONDITIONS 1y 1145 PLANTS The Processes in these plants were Very simily mills in genery] For il!ustmtinn, of plant B js here detailed a¢ leng Asbestos is received in bogos, These are emptied y 
the asbestos js shoveled into pug mills and in order to crush and shoveled inte trucks and wheeled ¢o hoppers wig, either horizonty] 

or vertical openers, similur to these used in textie mwills. Afier p:m?sing 

through the oPener, the materig] is discharged into trucks. 
manufacturing material is first pyy through 4 

ir to those in cotton the process iy, the pre paration room, th: 

pou the floor ang 

bumidity installations in their 

run for aboyt 3 minutes 

'€ temperature y ¢ 6 F, relative 

pen the fibers, From there 

reent. QOnpe plant, C had » humiduiruu'-!. s¥stem in 

the twisting departmen; and also in he Weaving deparyy, “uot, where 

the relatiye humidil)‘ Was 76 perceny with g dry-byl, temperature of 

69° F_ o compared wit), 5 relative bumidity of 1 percent in the 

Weaving room of Plant 4 

; 

the ashe<tos is 
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Aside from plant E, it would appear that the dust hazard was not 
except in the preparation rooms of ts B.and C. The 
ts are interesting, too, when consid i light of the 
e standard for granite dust, estab the United 
blic Health Service (7), namely, about 0 ion particles 

and under) per cubic foot. However, Wwé are not justified 
ing that because available information suggests that asbes- 
a milder disease clinically than silicosis, threshold of 

dust counts is higher. Asbestosis appears to be patho- 
logically different from silicosis, and the experience so far does not 
warrant an attempt to define a standard of dustiness for 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. In plant C in one department an experimental installa- 
tion was set up. In spite of some obvious faults, this equipment, on 
the basis of comparative dust counts, reduced the dust by 50 percent 
and with further alterations will probably be 75 percent effective. 
In this case such a reduction seemed quite satisfactory. It is neither 
practicable nor economically desirable to install such equipment as 
will make the air entirely dust free. The normal defensive mechanism 
of the body takes care of a fair amount of atmospheric pollution. Tt 
is when the body is exposed to an excessive amount of dust that this 

efe, echanism breaks down. 
ThaMpplication of exhaust equipment to textile maghinery involves 
nsi@@rable difficulty, especially where the co n of the plant 
sudh that it is not possible to apply down-draft n to the looms. 
It is desirable to install exhaust apparatus in any plant on an ex- 
erimental basis first, and then check its efficiency by dust counts. 

is practice will result in saving a needless expenditure of money. 

PHYSICAL EXAMINATIONS 

X-ray filn -« 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 was soon obvious that the early diagnosis 
of asbestosis must rest to a large extent on X-ray pictures of the 
chest. As in the early stages of silicosis, the cliuical symptoms of 
the asbestos workers were usually indefinite and inconclusive. The 
interpretations of these films are based on the readings of one com- 
petent roentgenologist, but they have been reviewed by several 

7 Jasuary 4 1588 
others experienced in this field. The differences of opinion were of 
a minor nature, and there was general agreement s to interpretation, 
The films were read conservatively, taking into account the physi 
gxu.m'inntion and the age of the individual, and were us 
pouhvo‘only when there was no major disagreement. All enmufl 
were qnded by their experience in silicosis and other types of pneu- 
moconioses. _Th films classed as negative for asbestosis were further 
subdivided inta doubtful and negative. Only time can tell 
whether the individuals classed as doubtful are progressing toward a 
definite asbestosis. Particular attention was focussed on the presence 
or _nbsence of indications of tuberculosis, and in this respect all the 
reviewers of the films were in accord. With the unhappy experience 
:f sflt:ec:d;in mind, it was felt that a great deal of care should ba 

evo! ascertaining, if ible, whe i dis'l;_):ses to tuberculous mfec‘::: R st 
e cases of asbestosis were divided into two classes, and second .sugz. The first stage embraces those ‘b,ofi::::'?; i 

X-ray examination definite lung pathology sufficient in extent to 
warrant a diagnosis of pneumoconiosis, but who have no definite 
symptoms. The second-stage cases exhibit more extensive lung 
patholegy and also definite symptoms. 
. All these individuals * were actively engaged in factory work, and 
it was not practicable to make any distinction on the basis of “o;kil‘ 
lblllly' or disability. Had any individuals been found who exhibited 
extensive pulmonary involvement and marked physical disability 
or total disability, they would have been classified as third sta but no such enses were found. s 

Of the tetal of 126 X-ray examinations, 4 were di sed as 
sccun(.i-dcgreo ashestosis, 63 as first degree, 39 as doubtful, and 20 as 
negative. 3 3 ) 
_ Thereis a defiglite increaze in the percentage diagnosed positi in r(:u(ion tl:p'tl;r vears of oxpmurr as shswn in ublt.‘.:. Sm:;' 
numbers make itl impossible to determi p ' Shinbers maleh i,i(-m:s& rmine how far the factor of age | 

T‘f“ 2.—Classification of cases by years of exposure 
— + - - 

' Number 
Yoars of exposure Pv':::"m _ —_ itive | 

L 
Pos:tive | Drotolul Nepative 

Over 1S yeurs. . ... | ‘ Fre | 10 to 15 years. .. A . = :fl: k1 ”' 3 & to 10 years R » | Y H H Uuder 5 years LS a 3 ;‘ ; 
Total evimined E——— | » i L. ! L} v 

i Part time. 1 pot continuous. 

? One asbestos worker (second stage) retired of Nis gwn scourd, because of okd aga, 10 yesrs 
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baving positive ssbestosis, only 8 were entirely 

‘of those classed as negative stated that they were “ghort winded” 
‘and were so recorded, but too much emphasis should not be placed 
on statements of subjective symptoms. During the progress of the 

8 

Of the 64 persons given physical examination and diagnosed as 
free from ayfnpmo'm-, 

out of 37 with doubtful and 7 out of 
were free from symptoms. Dyspnoea’ ugh were the 

most complained of, but none of th exhibited the 
silicosis. Several t or evident type of “short wind " seen in 

study, physicians who were 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. T.ho 
contrast between this state of affairs and that found in a community 
with a silicosis hazard is noteworthy. ) 

The incidence of tuberculosis (based upon X-ray films) is given in 
table 3; 40 of the 67 examined had less than 15 years of employ- 
ment in the industry. 

TasLe 3.—Incidence of tuberculosis 

Positive | Doubtful ! Negative 
| 

Tuberculosts (healed) . 7 ‘I’ z 
Tuberculocis (active) 1 - - 
Total examined 7 

1 This case wus diagnosed as probably sctive on the X-ray fnlings 

Table 4 gives information as to physical signs of chest trouble. 
f TasLe 4.—Chest findings 

1 signs of chest trouble . 
FSCA) RIEDS. o cneeemnae 

i e 

1 At least 6 of these <howed no evidence associated with sshestosis 
12 of these not associated with ususl sivns found with asbestosis 
36 of these not nssuerated with usu.l signs of ushestosis 

What significance, if any, can be attached to the presence of! 
«gsbestos corns” on the hands of workers appears doubtful, as 18 
percent of the positives (12 out of 61) 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 faet that these films indicated a very unusual incidence of 
eulurgement of the heart. It is probable that this is a compensatory 
enlargement due to the additional work put upon the heart in efforts 

9 Jesoary & W8 

to pump blood through the fibrosed lungs. It is possible that not 
sufficient attention has been paid to the effects of the pneumoconioses 
upon the heart. 

Many workers had changed from one department to another fi : 
(mmoneplmwmt.herdufingthei:ymolemploywh } 
asbestos industry. Since only the amounts of dust collected at the 
fimeofthisnrwyinthavuiomdepamnenhamho'n,tbaoi. 
no way of the average amount of dust in the atmosphere 
inhaled by these people over the years of their employment. Conse~ 
quently, it is not possible to correlate individusal cases with definite 
amounts of dust exposure. 

INSURANCE CLAIMS 

To throw light on the relationship between asbestosis and pulmo- 
pary tuberculosis, an snalysis of death claims and total and per- 
manent disability claims was made in regard to com:panies carrying 
group insurance and having available figures. 

There were 2,099 lives involved, with a total exposure of 7,019 life- 
years. The death claims are so small in number that reliable con- 
clusions cannot be reached from any subdivision of the figures. The 
same is true of the sickness claims under health insurance. The 
number of claims for respiratory diseases is high in two of the plants 
studied but low for the others, as compared with the Metropolitan 
experience of 1927. However, during the latter part of 1928 and the 
first part of 1929 there was an epidemic of influenza. A 

The records of one establishment (plant B) showed that 6 of 36 
death claims and 8 of 10 permanent and total disability claims were 
listed as due to pulmonary tuberculosis. This appeared to be an in- 
ordinate amount of tuberculosis from this plant. However, many of 
the employees were Negroes, and also tuberculosis claims are gener- 
ally high in thig section of the country. Realizing the difficulty in 
disgnosing pnegmoconiosis and the tendency to confuse it with 
tuberculosis, thdse claims were studied individually. The physicians 
who had treated the individuals were interviewed, and the hospital 
and sunatoriumd records, including available X-ray films, were 
investizated, with the following results: 

Death claims:! 
1. A typist, not exposed to dust; died of pulmonary and 

intestinal tuberculosis. 
2. Colored male, age 27; worked in asbestos 1 year and 8 

months; died of pulmonary tuberculosis following & hemorrhage; 
was in sanatorium 10 months. Also had a four plus Wasser- 
mann. No evidence of asbestosis. ) 

3. Colored male, age 32; worked in asbestos lant 1 year 
7 months; died of pulmonary tuberculosis after 1 mon 
hospital. Cavitation both lungs; no evidence of asbestosis. 
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4. Colored male, age 34; worked in asbestos plant 2 years and 
His physician believes this was a case of uncom- 

ted tuberculosis. Was not inmate of hospital or sanatorium. 
o information could be obtained on two cases. 

and permanent disability claims: 
i " 1. Male, employed in asbestos plant 3 
! states that he first came under his observal 
' lished case of tuberculosis about 2 years asbestos employ- 

‘ment started. Also had tuberculosis of the Kidney and cervical 

2. Male, employed in asbestos plant 8 months. His physician 
states finding of old fibroid tuberculosis with tubercle bacilli in 
sputum. No X-ray available; but according to physician, as- 
bestosMbodJesde' o'm oundplm sputum.'l\‘r e - - 

3. , 10 years’ employment. 0 i who trea 
him at different times are now inclined tom man is not 
tuberculous, but has asbestosis. i ) 

4. White male, was reexamined at time of investigation. His 
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 both 
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 physician states that he has ex- 
tensive asbestosis and pulmonary tu is; cavity in right 
Jung; sputum loaded with tubercle bacilli and asbestos bodies; 
believes tuberculosis long antedated asbestosis. This patient 1s 
progressing in a satisfactory manner. 

It was not possible to locate the other three cases of total and 
permanent disability who had been diagnosed as having pulmonary 
tubgfeulosis. On the basis of the information obtained, the deaths in 

laims cases appear to be due to uncemplighted tuberculosis; 
of them were Negroes, who were pro berculous at the 

. His physician 
with an old estab- 

their employment in the asbestos plant need. 
the 8 disability claim cases, 1 was plicated tuberculosis 

| and 2 were uncomplicated asbestosis who were put on disability 
' because of a 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.? 

CONCLUSIONS 

1. Prolonged exposure to asbestos dust caused a pulmonary fibrosis 
of a type different from silicosis and demonstrable on X-ray films. 

- Clinically, from this study, it appears to be of a type milder than 
silicosis. 

| 2. Cases of definite cardisc enlargement were frequently found to 
t associated with asbestosis. 

- 3 Pensonal communication. 

11 January 4 M 
3. A predisposition to tuberculosis due to asbestos dust was not 

indicated in this study. 
4. Asbestosis as observed in this series of cases had not resulted marked disability in any case. 5 5 
5. It is not known how much asbestosis may, add to the 

of poneumonia and acute nontuberculous pulmnnrynlm 
6. It is not praeticable as yet to establish standards for the asbestos 

dusteonmt::r. i 
7. The am of dust in the air in the asbestos ts studied can be substantially reduced. . - 

EECOMMENDATIONS 

It is recommended— 
1. That the industry seriously face the problem of dust control in 

asbestos plants. 
2. That new employees be examined physically, including X examination of the chest, and rejected for e-mplo):ment if they s::: 

tuberculosis or pneumoconiosis. i Y 
3. That employees be examined physically, preferably every vear, 

but at least every 2 years, this examinstion to include an X.-rqy 
examination of the chest. 

4. That the industry sponsor studies on known cases of ashestosis, 
as well as studies on effects of asbestosis on the heart and circuiation. 
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