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A SURVEY OF A GROUP OF EMPLOYEES EXPOSED TO
: ASBESTOS DUST*

9. B. MCPHEETERS
Charlotte, N orth Caroling

HE dangerous Just diseases, &re the cause of the distinctive pul-
Tsilicosis and asbestosis, are be- MONATY fibrosia called asbestosis.
ing widely studied ab present. Gardner writes that “these asbestos
It has been estimated that there are particles ar® phagocytosed as they are
more than 750,000 Slicotics in the caught on the irregular walls of the
Upited States while there are only terminal bronchioles. The phagocytes
_EMML the most part migrate directly into
{he 8sDESLO i in the world. the substance of the adjacent walls

In the United States in 1929 a tot d there stimulate growth of connec-
of 9,237 persons were said to be em- Give tissue cells. There results 2
ployed in the manufacture of ashestos ollar of fibrous tissue sbout the ter-
products other than gteam packing ninal bronchioles which contracts and
and pipe and boiler covering. While onstricts the tubes. The constriction
it employs & relatively small number produces collapse of the distal alveoli
of persons, the asbestos industry has (atelectasis). The collapeed ared be-
had & remarkably rapid expansion gnd |comes fbrous from mechanical causes
py reason of the widespread and varied (collapse induration). In asbestosis
uses of 1t8 products which include unlike silicosis there is little or 1o
wmatches, filter pads, paints, roofing, transport of dust into the lymphatic
high pressure jointing, electrodes, system and no nodule formation.”
brake linings, clutch rings and insu- «Iptervening units (between the af-
lating material In 8 great variety” fected lobules) not being involved still
the industry pccupies an jmportant, contain sir and permit the passage of

inereasing, and permanent place in X-TAYS- Consequently the roentgenc
qyr economic establishment. gram fails t0 ghow massive homogene-
Asbestos 18 des rhed—ehemics ous shadows.” The appearance on the
8 hydrs.ted cilicate of magnesia €on- film has been frequently likened to
taining  little iron and glmost 1o ground glasa.
caleium. 1tis & fbrous minerst which This paper reports the results of &
can be split up into flexible fibers for survey of 210 persons exposed 1o
spinning and weaving. When it i8 asbestos dust. The conditions im-
processed SOTO® of these fibers 8re posed upon the survey did not permit
tragmented. The fine fragments &I the thoroughness of study 1o be
inhaled by the workers, 1t 18 the desired, but all of the employees Were
particles gmaller than 10 microns which given 8 brief, general clinical examing~
«Received for publication January 7,1936. tion which included taking their past
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health and oceupational history and
a physical examination. No labora-
tory examinations were made. All
had 2 single film made of the chest.
The dust concentrations are not
equal in the various departments. In
the preparation department the proc-
esses of grinding, crushing, and mix-
ing are carried out. Here the quantity
of dust is greatest and consists almost

TABLE 1
NUM- | PEE
BER CENT
Total examined... ... ..........1 210
Normal lungs. . ......... .. ... 123 1 58 8

Pulmonary fibrosis, linear type.{ 9| 4.3
Hesavy linear shadows in the

cardiophrenic angle. ......... 11§ 5.2
Cardiovascular pathology. ... .. 24 111.4
Pleural adhesions. ... ... ..... 71 3.3
Azygoslobes.......... .. ...... 2] 0.9
Bony pathology................ 41 1.9
Pleuro-pericardial adhesions. ..| 5| 23
Bronchiectasis................. 3( 1.4
Asbestosis questionable........ 201 9.5
Asbestosis moderate. ...........| 25| 11.8
Asbestosis advanced...... ... ... 8| 3.8
Primary pulmonary tubercu-

losis:

Primary foei................. 6| 2.8

Calcified lymph nodes. ... ... 5] 2.3
Secondary puimonary tubercu-

losig:

Minimal. ............ . ... ... 2; 09

Moderately advanced...... .. 41 1.9

Far advanced............... . 0| 0.0

entirely of asbestos particles. In the
other departments the material proc-
essed 13 a mixture of ashestos and
cotton. Here the proportion of as-
bestos particles is less and the total
dust is also less.

Table 1 summarizes the various
types of pathology noted in the films,
Of the 210 persons examined, forty-five
were negroes. The films of one hun-

[dpr, rosg

dred and twenty-three, 58.5 per cep

were regarded as showing lung-fieldg .

that were normal, except for 4 smalf}
primary tuberculous focus ip One,
Of the 210 films, fifty-three, 259 per
cent, were regarded as showing definite
or questionable evidence of asbestosig,
of the fifty-three, 20 films were classed
as questionable. Had stereoseopic pe.
takes been allowed, it is believed that
this number could have been greatly
reduced. The indispensability of 3
competent roentgenologic  technie
needs to be emphasized. Thirty-
three films, 15.7 per cent, showed
|deﬁnite asbestosial; in twenty-five, 11.8
per cent, the process wsas moderate
in extent; and in eight, 3.8 per cent,
more advanced. In the remaining 34
films various types of thoracic pathol-
ogy were noted, none of which were
ascribable to asbestos dust.
Table 2 presents the normal lung

group and shows the distribution of *

the group in the various age-periods;
the incidence of cardiovascular sbnor-
malities seen in the films and dyspnes
according to age-periods; the number
with chest expansions averaging ap-
proximately % inch, 1} inches, 2}
inches and 3% inches; the total number
of employees in each department
whose lungs were normal, and the
numbers and lengths of exposure to
asbestos dust of those in the several
departments.

Table 3 shows the incidence and
extent of ashbestosis from inecreasing
pericds of exposure in the several
departments. In this table employees
are placed in the department where
they work at present. It is obviously
a practical impossibility to trace the
transfer of each individual from de-
partment to department and as the
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shows the distribution of
n the various age-periods;
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1 in the films and dyspnea
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expansions averaging ap-
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sbestosis from increasing
exposure in the several
. In this table employees
in the department where
t present. It is obviously
impossibility to trace the
each individual from de-
» department and as the

ol 18, n0. 4] EXPOSURE TO A
mansgement states that something
like 95 per cent of employees continue
in the department in which they began,
it has been assumed in the discussion
that the employee has been at his
present work throughout his exposure,
From this analysis it appears that
of 9 persons exposed for more than 15
years to dust concentrations effective
in producing disease, four, 44 per cent,

SBESTOS DUST 231

sufficient in a great percentage of
these cases to produce asbestosis,
Attention is called to the fact that
in the same department, that is,
where the concentration of dust is
the same, some exhibit the dizease
after a short exposure while others,
after much longer exposures, escape.
Nor is the incidence of disease always
as great among those who have been

TABLE 2
Awavrysis oF Group oF EMPLOYEES wITH NorMAL LuNea
ian
TOTAL
1624 years | 25-34 yoars | 3544 years | 45-54 years | 53-84 years
Number in each age period. .. 36 a7 22 8 2 123
Dyspnes...........cooevvian, 1 8 1 1 9
Cardiovascular abnormalities. 2 3 2 2 9
Chest expansion.............. 0-1 1-2in. | 2-3in, | 34 in. | Not re-
corded
Number in each grade........ 2 67 48 3 3 123
Years of exposure......... ... 1-2 2-5 510 10-15 15-20
Departmenta:
Preparation................ 4 1 5
Carding............cooennt. ] 4 4 2 18
Mule spinning.............. 5 1 4 1 2 13
Speoling................... 3 2 4 1 10
Twisting................... 11 1 5 1 18
Winding................... 18 1 7 3 30
Ring spinning.............. 1 1 2
Weaving................... 8 2 8 1 1 20
Maintenance............... 4 3 2 g
Total.................... 61 14 35 10 3 123

escaped asbestosis; of 32 persons ex-
posed for more than 10 years to
gimilar concentrations, fourteen, 43
per cent, escaped; of 70 persons so
exposed for more than 5 years forty-
five, 64 per cent, escaped, and of 28
persons exposed for more than 2 years
and less than 5, twenty-four, 85 per
cent, escaped. Prolonged exposure to
disease-producing concentrations of
dust alone does not seem to have been

exposed for equal periods in depart-
mente where concentration of dust is
greater as among those who work in
departmentg where it is less.

The incidence of disesse increases
with the duration of exposure and
the concentration of effective dust, but
not directly or constantly, No length
of exposure or concentration of dust
produced the disease in more than 60
per cent of persons exposed in any



T I

A g

[ S

SR Ml i g s e T

. W o g e

B R A SR

L ek Wb Tihema ey e P

232 JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY  [Apr., :osbH

department. It seems to be true
everywhere, that some workers are
not affected however long the exposure
or high the concentration. These
facts suggest differences in suscepti-
bility, As to what deficiencies in
defense or possible reinforcements of
the attack exist In those in whom
asbestosis occurs, other than the

" recognized difference in the compe-

were made to observe the behavior of
respiration in response to the changing . Sl
ventilatory demands of graded phym. “t3
cal exercise. Dyspnea here means <

that the persons replied “yes” when

asked, “Do you have any shortness .

of breath under ordinary -circum-

stances?’ This “yes” is understood

a8 meaning that these persons when
engaged in usual activities were with

TABLE 3
ANALYSI8 OF EFFECT AND DURATION oF EXPosURE IN VARIOUE DEPARTMENTS

DURATION OF LXPOSURR
0-Z yeara 2-5 years 5-10 years 10-15 yearn 15-20 yearn
DEPARTMENTS 2o = Sl Ele Z2le
=3 8z 3 {EE 3§ 81s 1B 58|82
EEHHHEE e e D S EEE
U R R B BRI
z |z |52 |2 25|52 |2|SH[2 = 2| 52|32 S| &8al2] 8
Preparation. .. 3/ 3 7203 2 1 1 3
Carding........ /71 8| 6 2 13[ 5 1| 3[ 4] 7)1 3211 1 12
Mule spinning.{ 5 § 3| 3 8 6 2 3 2 1 2 2 5
Spooling. ...... 3 3 22 6 5 1 3t 21 1
Twisting....... 15{15 11 HT7L1 3| 2 1 1 1 2
Winding....... 20420 3t 3 H 8l 6 4 1| 1 1
Ring spipning.! 1|1 1 i 1 11 1
Weaving,. ....! 10{i0 5 4 1 128 91 1] 2 50111 3 11 b
Maintenance,..| 6| 6 5 41 5 3/ 1 1 31711 20t 1 3
Total........| 71170 1 28|24 21 2 70145( B12| 51 32(114| 7] 9| 2| 9 4} 2 2 1] 33
Number with
dyspnes..... 1 3 702 312 213 1
Cardiovascular
disease...... 31 2 2| 4] 2[1 25|11 24

tency of the protective mechanisms
in different individuals, no conjecture
is ventured.

As of [silicosis| dyspnea may be said
to be the characteristic symptom of
asbestosis. The dyspnea here re-
ported does not refer to more fre-
quent, more forceful or embarrassed
operations of the respiratory mecha-
nisms objectively manifest. No tests

greater or less frequency conscious of

an unaccustomed sense of inadequacy

attending the ventilatory process.
This experience was not infrequent
among persons with lungs roentpeno-
logically and by physical examination
normal, occurring in 8.1 per cent.
The experience was more than twice
as frequent among those with definite
asbestosis. Six of the 33 asbestotics
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gnﬂzognn:'ﬁgn 3
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1 1 3
711831201 1 1 12
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2l 5111 24
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and by physical examination
occurring in 8.1 per cent.
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nt among those with definite
. Six of the 33 asbestotics
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s b oper vonty, <tated that they haed
—ome =hortness of breath; three of the
25 modlerate casex anel three of the §
more advaneed.  But the most wd-
waneed eases showed no speetal respira-
oy effort during examination and

of the twenty-fonr with dyspnea
showed cardiovasentar pathology  in
the films and alse had high Dlood
pressure, but none of the five had
definte ashestosi<. Dr. Willlam S,
MeCunn rembieds us: “Respiration is

Fre. L.—=Maderate asbestosis.  Heavy pectoral museles exsggerate the appearance
“of fbrosis.

no cyanosis and none deelared lack
of or impaired ability to earry on at
their jobs.  Amang the thirty-three
asbestoties, dyspnea was twice as
frequent in those under 43 vears of
age, 42.1 per cent, as in those over
15 years of age (214 per cent), Five

not a funetion of the Inngs alone hut
of the heart, blood and tissue ability
to abxorh oxvgen, and also to undergo
oxvgen want <uch ax the tralned
museles of athletes withstand oxygen
want,”

Decreased chest expunsion may be
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said to be the cardinal sign of azbesto-
sis. Amoeng the normal lung group,
56 per cent had an expansion under 2
inches, 44 per cent above 2 inches.
In the group with definite ashestosis,
69.6 per cent, had :1 of
less than 2 inches, 30.1 per cent, had
an expansion above 2 inches. The
proportion of those with the lower
degree of ecxpansion was increased
about 24 per cent among the ashes-
toties. Chest expansion depends not
only on lung distensibility hut on the
mohility of the hony and =oft tissues
of the thoracic cage and of the dia-
phragm. It is often astonishing how
training and practice can rapidly in-
crease  chest  expansion.  The indi-
vidual learns to exercize fully anatomie
capacities which were present prior to
the training.

From the forrgoing findings 1t
appears that the assumption that a
sense of air want and restricted chest
expansion are due to an existing as-
hestotic involvement of 'the lungs
roentgenologically manifest, <hould not
Le made too hastily.

Studying the compatibility of as-
bestosis with length of life and work
it is to be noted that:; One employee
with advanced ashestosis above the
age of 33 who had worked in dust
more than 156 years was still able to
work. One employee, 54 vears ok,
with advanced ashestosis who  had
worked in dust more than 10 years
was still able to work, Three em-
ployees with moderate ashestosis and
above the age of 1 who had worked
in dust more than 10 years were =till
ahle to work. Of this group of 3
ashestoties ahove the age of 44 (three
with moderate asbesfosis and  two
with advanced ashestoxi=), ong com-
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plaimed  of <hortness of breath,  Of
the eleven with moderate ashestosis
anel the three with advanced asbestosis
who had worked more than 10 years,
one, (7.1 per cent), complained of
shortnes: of breath; these fourteen
men had chest expansions which com-
nared favorably with the normal lung
group. Sixty-six and two-thirds per
cent of these 14 asbestotics had a
chest cxpansion under 2  inches,
whereas 56 per cent of the normal
wung  group had  the same limits,
But 78.9 per cent of those with definite
ashestosis who had worked in dusg
uncer 10 years had chest expansion
under 2 inches and 263 per cent
complained of shortness of breath.
The older persons, whether with nod-
erate or more advanced ashestosis,
appear better adjusted to the disease,
The average exposure for the entire
group with ashestosis was 10.2 years,
for those with moderate ashestosis
10.3 years, and for those with ad-
vanced asbestosis, paradoxically, 10.0
vears. If the entire group with as-
hestosis i divided into those below
and those ahove 40 vears of age, the
exposure  of those with  moderate
ashestosis helow 40 years of age was
9.5 yvears and ahove 40 years of age,
12.4 vears. For those with advanced
ashestosis the corresponding averages
were 9 and 11 years respeetively.
Advanced ashestosis may exist in
late age-periods with working ability
not impaired below the level of con-
tinued employability in the depart-
ment where the disease was incurred.
No very rapid development of the
disease was noted, Only 2 cases
oceurred where the exposure had been
les than 5 years. Ax a rule 5 or
more yvears of exposure was required
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rhe hisease No conglon-

Jesion= stieh as ovear

ETIRE
or NEssIve
L lromis where infeetion s =nperini-
l were Toumd in these ashestosis

el
The progression of the dixease

TR

A his grott

o very ~low,

losie seon in these fhus TE 00 cun be
gesumed that most of these infiltra-
tions formed in the kite ‘teen age or
hefore 25 years of age, then exposures
to ashestos dust varying from 5 to 15
years had produced no evidences of

TFia. 2

The evidenee presented as to the
offect of ashestosiz npon tubereulosis
q thix survey 1= somewhat lnited.
Apical tuberenious infiltration  wus
qoted in the films of 17 employeess
there wis 1o other evidenee of tuberen-

3 Addvnerd ashestosis, cruphasized at left base.
emphysematous.

Upper fung fields

aerivation to be scen in the flms.

Four of these apieal tuberculous in-
Bltrations were fowud in azhestoties,
fwo with moderate and two with more
advanced processes, Nix lesions with
elinieal significance were phserved: 2
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nininal and 4 moderately advaneed
(Amernean  Sunaterinm A==octtion
Classification).  One moderately ad-
vaneed lesion was fonnd Do man 24
vears old who had been exposed to
asbestos dust in the winding depurt-
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garded Tmscll s i good healih,
One of the moderarely wdvesd Je-
sons was fond inoan employvee 37
vears of age who had worked in the
winding department for 9 years and
showed no evidenee of ashextosts, A

Pro. 3. —Tateral position.

mient for 6 years. The lesion appeuared
“soft” and unstable; 7 ere was, how-
ever, no ovidence of arcompanyving
axbestoxis. The disease i this nwod-
erately advanced caze was clinieally
nuantfest,

though the ecmplovee re-

(N¥ame ease as e, 20)

thivd cmployee wirth o moderately ad-
vinceed tubercnlons festion had worked
in the twisting department for 10
vears hut had no asbestosiz, The
fourth, an employee 3% vears of age
who had worked m the weaving de-
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moderately advanced |e.

und in an employee 37

who had worked in the
rtment for 9 years ang
‘idence of asbestosis, A
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Fig. 2.)

e with a moderately ad-
ulous lesion had worked
ng cepartment for 10
il no asbestosis. The
ployee 37 years of age
ked i the weaving de-

ﬂl- !81 na. “

ment had moderate asbestosis.
The tuberculous lesion in this case
could satisfy rigid criteria of a healed
lesion. Three of these lesions were
active and were gccompanied by ch.m-
cal manifestations. The one lesion
associated with asbestosis was healed
and the employee apparently was in
good health. One of the two minimal
lesions was in a man 24 years of age
who had worked 15 months in the
twisting department and whose films
did not show agbestosis; one in & man
37 years of age who had worked 12
years in the winding department and
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The films were studied to discover
any accentuating effeet of a focus of
tuberculosis on the surrounding as-
bestosis. No convincing evidence of
such an effect was seen. Tuberculosis
and asbestosis were coincident in
only 5 employees. The average dura-
tion of exposure for the five was 10.4
yvears and for the entire group with
asbestosis 10.2 years. No accelerating
effect of tuberculosis on asbestosis
could be inferred.

Twenty-four films showed abnor-
malities of the heart and aortic shad-
ows {Table 4) and eleven of the

TABLE 4
Grour OF 24 EMPLOYEES WITH ABNORMALITIES OF TEE HEART OB AoRTIC SHADOW
AGH
15-24 years | 26-34 years | 3644 yoars | 4554 years i 55-60 years

Number of employees in each age-

period...cooio i 0 7 9 5 3
DYSBPREA. .o ovveeeeeii i (1} i 2 1 1
Hyperfension........c.oooveennns. 0 6 8 4 3
Years of eXPOSUIE. .. ... ...... ' 02 2-5 510 10-15 15-20
Number of employees, ............. 4 2 9 9
AsbestosiB. ... 3 )

had no asbestosis. One of these
minimal lesions was apparently healed.

It is felt that no evidence of an
aggravating effect on tuberculosis by
asbestos dusting is to be found in
these cases. Omnly one of the six
clinically significant lesions was ac-
companied by asbestosis and that
lesion had every appearance of being
healed. The incidence of pulmonary
tuberculosis (2.8 per cent), is regarded
as covnparable to the incidence in
many uther industrial groups in which
the association is close and prolonged
and whose general standards of living
and hygiene are not as good as might
be desired.

twenty-four abnormalities were found
in the 45 negro employees. A Wasser-
man test was not allowed. Ten of
these negroeg were under 45 years of
age and one over 55 years of age. In
this group of 24 employees with
cardiovascular changes, three had =a
normal blood pressure and the rest had
hypertension. Five of the group with
cardiovascular abnormalities had def-
inite asbestosis, three of these were
negroes under 35 years of age (Table
5).

Waring and Black in an admirable
paper discuss, ‘“The Syndrome of Ob-
struction in the Lesser Circulation”
(Am. J. Med, Sci.,, May, 1934) and
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xive as its clinical features, cyanosis,
dyspnea, polycythemia, and right ven-
tricular preponderance.

The blood was not examined in the
cases here described and no electro-
cardiograms were made. Cyanosis
and dyspnea were not observed in any
of the 5 asbestotics with cardiovascular
disease. In view of the pathology
characteristic of asbestosis, namely,
constriction of the terminal bronchioles
with no perilymphatic or perivascular
fibrosis as in silicosis, less obstruction

tpr. igee

tions in the group does not appeay 4
be excessive,

To make a scientific appraisa] o
the effect on the employees in thy
plant of exposure to asbestos dug
it is necessary to know how mapy
employees during the 15 to 20 yeary
covered in the study have died or gyt
and how many of these bad asbestosjs
This knowledge is not available. Cey.
tainly it might add greatly to the
gravity of the picture. The most that
could be done was to note the effeet

TABLE 5
AsersTos18 WITH CARDIOVASCULAR LBSIONS

ooz | mmoms | wmemm | mmoms | wumorm h
in
Age....oe 44 53 27 30 30 [IE
Race. ......cocvvane. White White Black Black Blaek
Blood pressure...... 174/96 170/110 158/104 130/92 134/90
Yesars of exposure. .. 13 8 7 10 7
Asbeatosia........... Moderate | Advanced Moderate Advanced ; Moderate
Dyspnea...........- No No No No No
Chest expanaion.. ... 2.5 in. 1.5 in. 1.5 in. 1.51in. 1.5 in.
X-ray pathology....| Enlarged | Enlarged Enlarged Enlarged Enlarged
aortid sortic aortic heart sortic
ghadow shadow. shadow. shadow. shadow
Enlarged Enlarged Both ven-
left ven- right and tricles en-
tricle left ventri-| larged
cles
of the lesser circulation would seem on those now present in the plant,

to be expected in asbestosis than in
silicosis and consequently less strain
on the right heart.

The frequency of resp itory intec-
tions was investigated. Fach em-
ployee was asked, “Have you had
severe colds, ‘flu,’ or pneumonia and
how often?”’ None said they had had
pneumonia, six said they had had
“fiy,” eight mentioned having had
colds since being exposed to asbestos
dust, and one spoke of having frequent
coldsThe reported respiratory injec-

after varying periods of exposure.

SUMMARY

1. In addition to duration of expo-
sure and concentration of effective
dust, it appears that individual re-
sponge to the inhalation of asbestos
dust is an important factor in the
production of asbestosis,

2. Asbestosis is infrequently found
before 5 years of exposure to industrial
concentrations of asbestos dust. In
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thi- group even under dusting which
continted 13 years or more, the disease
Jill not progress to an extent of
involvement attended by marked clint-
w1l manifestations or disability.

3. Roentgenologically advanced as-
hostosls was not incompatible svith
ability to work at the process in which
it was incurred. Continued work
ontailing exposure to disease produeing

concentrations of asbestos dust slowly
increases the extent of fibrosis and so
i« to be advised against.

1. The evidence presented in this
«tudy warrants the opinion that with
the reduction of dust concentration
now feasible by available dust elim-
inating devices, the incidence of sig-

nificant ashestosis  would in  time
approach the vanishing point.

5. No activating or aggravating
effect of asbestos dust or asbestosis on
tuberculosis was observed.

8. The evidence of this study, as
to the effect of asbestosis on the lesser
circulation, is inadequate for forming
more than impressions. It does not
suggest any marked tendency on the
part of asbesto:is, with the degree of
involvement observed to obstruet the
lesser circulation.

7. No increase of respiratory infec-
tions was reported in this group.

B. There is some evidence which
suggests that asbestosis develops more
rapidly in younger persons than in
older.
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