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A STUDY OF ASBESTOSRIS IN THE ASBESTOS TEXTILE
INDUSTRY

INTRODUCTION

Kevernl important propertics of ashestos have led to ite widesprend
uee 0 industry.  As everyone knews, it ia noncombustible and an
excellent insolatar againet hent and eleetricity. Fewer people =rem
{0 be awnre that it fibers nre sufliciently long and flexible to be carded,
apon, and woven like wool, flax, or cotton.  Utilizing theer propertics
of nsheatns, indnetries have been developed in this country which
rmployed more than 6,000 men and women in slightly more than 60
eetnblishments in 1035,

Another property of nshestoz has been discovernd more recently.
When nshestos dust is inhaled daily, year in and year out, a lung
disease termed nchestosis may develop.  In many reapects ashoatosis
resombles giliensia, but it differs from silieosic in aeveral tmpartant
particulare which will be discussed in the medient section of this
report.,

The firet record of n cnee of neheatosia seema ta hinve been made by
Maontague Mureny in 1900. The first compicta deacription of the
dicense nnd of the “curinus hodies™ seen in lung tizsue and sputum
appenred in 1927 when Coake (9) and McDonald (22) reported two
easew of asheatosis and listed their reasana fae belinving that nahestosia
hodies nrigrinate {ram ashestos fibers that reach the lungs,  The pub-
lication of their paperx aroused general interest in the subject and
numerous prpers appented roon afterward,  Hoffman (48) appears to
have heen the first American to enll nttention to the magnitude of
the nchestosia problem. In 1918 he reported that 13 deaths from
naheatosia had accurred nmong nsbestos textile workers, and about the
sume time Panceonst, Miller, and Landis (20) reported on 17 cases of
nchostasin,  Mill's {26) paper wns the first pathelogieal report on
scheatosia publiched in the United States, and in the same vonr, 1930,
Lyxnch and Smith (IR) reported on asheatosia bodies found in the
spntum of nsbhestne workers,

Deennar severnl satislactory liternture reviews of nshestosia hnvo
appeared in recent vears there seems to be no need to present & com-
plete Jiternture review in this report.  Some of the more useful litera-
fure rrviews have heen listed in the annotnted bibliopraphy. In
Merewotheor'a (25) review emphnsie i lnid an the relation of ndheatosia
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to working conditions. The elinienal aspects of the subjeet arn well
trented. Gloyne's (16) discussion of the pathology of wxbestosis is
particularly helpful.  Middletan's (47) Milroy lectures on pneutno-
coniosis contain a section on ashestosis.  Lghert (13) has summarized
the literuture reporty on 28 fatal cuses of ushestoste,  “Active pul-
monary tuberculosis was present in 6 instances of the lotal 28 coxes;
the fatal outcome was prinurily the result of tuberculosia in 3
instonces.”
OBJECTIVES OF THE STUDY

The Public Health Servico was requested by the Stute Boned of
Health and the Industrinl Cornisston (udiministtator of the Work-
men's Compensation Act) of North Curolina to assist them in mnking
an engineering and medicnl study of health hnzards in the asbestos
textile industry.! The objectives of this stusdy were threelold: (1} To
make a medical study of the effects of long-continued inhatotion of
ashestos dust on the human body; (2) to identify the mnnufocturing
processes that create dust and Lo recommend practices and, when
necessary, equipment that will pedues the dust exposure of workems:
end (3) to find out whnt concentrstinn of axhestas dust enn be (olerutod
without injury to hienfth.

1 Thi reprenetitd 006 of Ihe Arst uses of Ruclal Secarity funds e & duperative Jwujeet tuttio} an by the
Public Health Service and ¢ State henith dogmrtment.

METHODY .

'r)n' ey
tendth ol
by e )
this vy
Therelore
ynpert,

Tl st
curvey de
1t anebnde
the e
number o
fumuary -
nunde.
mraannt of
the ensu
niv nxnt ty
wicilow e
<hatic tuhe
dust enunt

Approxn
1= obliine
Avizonn o
{rlinn son

Nueh ol
nalwstonte
uf catten o
preparntiof
mavhine,
u‘nrulillg: e
deviers.

The finn
inta twa ol
rotlon inte



¥

[N

A et

|

€ N,

Austy
ruhie
ha in

VeATR,
amitre,
cfore,
BRI Lo
wlire,
v few
mnel

arert]

|;nxia

T S
Saak

INCIDENCE OF ASBESTOSIS

Praceding scctions of this bullctin have streased the importance of
the X-rax findings in establishing & dingnosie of asheatosis. The
renenn, of ronrer, i that Xeray examination is the most direct menns
now available for detecting the primary effect of inknled fabeatos dust
an the hedy; namely, initintion of interstitinl Gheeais of lung tissue.
Classifiention of naheatosis intn n scriea of stages which fallaw ang
anather in their development ia a diffienit matter heenuse it depends
to a grent degree on the interpretation of reintively minor changes in
the hing-fiekl markings, Other investipators have encountered the
same difficulty.  Lanza, McCennell, and Fehnel (17) and Fuiton,
Donley, Matthews, and Houtz (15) ret up 8 category of doubtful
cases of nsheatosis,  Stage ] in the accompanying tabulation more or
less corresponds to their entegory of doubtful cases. It comprises
cases in which dingnosia rests largely on Xeray evidenco, Stage 2
representa enrly cnsaes of asheatosia, nnd stago 3 designntes moderntely
advanced casea. More advanced cnsea (stage 4) are relatively
infrequent.  Stage 5 was resereed for bed-ridden cnses,

Tarvy 41.—~Rrintion af asheetasin (a lung-field markings

Atages of aabwwrtonty
A sheetmate
X-rag findlogs atwent Total
1 2 2 4
.

Tatal . hir b1 »n (L] 7 449
Phaidegree Hnear . b PO, . . bodd
Rodvmt <togree itemy A " LI PO ™
PirN wirgron ponind e (] > «
Rpernw Agree RrauE gl LI RSOUo, 1 2

Table 41 llustratea the relationship of atages of nsbestosia to the
X-ray finding=. - Although dingnoses of early stagra of asheatosis were
ocensionally made in the nhaenee of definite ground-ginss lung-ficld
markings when cough, dyspnoen, and objective findinps were preaent
in sufficientiy advanced degree, dingnoses of the later stages of asbes-
Lasia wera nat mimda unless inmiatnkable ground-ginse markingn wers
preaent in the lung fields,

The incidence of ashestosis increngea rapidly with increasing dust
exposure. A fifth of the workers with an exposure of 50 to 99 million
particle yenrs, and hnalf of the workers having an exposure of more
than 100 millien particle yeam had asheatosis.  In comparison with
nnthrare-ailicoaia these are exesedingly low duatexposura valnes
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The relation of ushestosis to dust cancentration and length of cm-
ployment, in table 43, is of great practienl importanee beenuse it
shows whut working conditiuns nre most likely to entias wsbestosis
and how long & period of exposure may clapse before the disense
becomes evident.

TasrLe 42 —Relation of asbesturis to total dust exposure !

Milton paeitde yours
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' 90 parrons whoae $1Dreure CUUIG Ol ba & ised 19 with sctive ALY juns heve

beed sxciuded {rom iy table.

Tasie 43, ~Occurrence of asbestosis in relation to dust concentration and length of
employment
PERCENTAQE WITIl ANBESTOS18
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The percentage of persons with asbestonis increnses greatly with .
creasing length of employment. Lanza, McConnell, and Fehnel (17)
reported a similar trend; their percentage values are higher than these.
There are two explunations for the sumll number of pecving employed
15 years or more. This group of nabestos textile fuctorics has heen
in operation from 6 to 16 yeurs, end because of the celutively short
life of the industry in this section of the country compnratively fow
persons have boon exposed Lo axbestos dust for & long time.  Another
explanation is suggested by the fuct that slmost thiree-fourths of the
workers employed more than 15 years bave the early stages, nt least,
of 8 disabling disease, asbestosis. Since there is no satisinctory way
of locating and examining persons who drop out of an industry be-
causs of disability incurred therein, the percentuge values of the
foregoing tables are necessarily minimal estimates of the prevelence of
asbestosis,
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The incidenre of ncheatosis increnses with inerenaing dist coneena
tration. In their report of a similer study earried on in Pennavivania
achestos textile Iartories, Fulton, Danley, Matthews, and Houtz (15)
found that R perrent of the workers expoceed to an average dust con-
centration of 5 million particles per enbic oot had ashestasi; 22 per-
cent of the 17.million-particle proup; and 57 pereent of the 44-million-
nartiele graup had nshestosie,

THRFSHOLD CONCENTRATION OF ASAZATOR DUST

Fram a practieal standpoint, one of the most important reanits of a
medieal and enginpering study auch as this is the definition of safe
working conditions in the indoatry oneer study.  Tdeslly, a threshold
eoncentention of dust ahould be the highest dust concentration that
wonkd not produce pneumaconiosis in originally healthy workmen
diring theie entire working life, The chief diffienlty in this atudy,
na in most of the earlicr stndies of the Public Health Service, is that
very few workmen nrn exposed for a long periad of time to lnw con-
coentratinne of nsheator dust.  Beenuse of the importance of tho
problem, it seema to be decirahle to use such data ns are ot hand to
define tentntive safe working conditions that may serve as standards
for the guidanece of factory manngers and engineers until mare rompinte
dntn nre nenilnble.

to s sannlyvein of (his kind the crren that. aceur at relatively law dust,
cxposurea are of eaperinl significanco because they indicats shat the
safe limits of exposure may be.  These cnces muat be examined indi-
vidually, as well as statistically, in arder to be sure that thero are no
unusital featurex thint would complicate statistical annlysis. Relow
2.5 million particlea per ecubie {not, the interpretation of table 43
offers na «liflienttion.  None of the 30 pereana expoecd ta duast con-
erntrationa below 2.5 million particlee per cubie foot had a ensa of
nshestosis, although, na & matter of fart, only 6 pereona bind heen
emplinyed more than 5 yvears.  Three doubtful ensrs of ashestosia {ell
in the range 2.5 to 4.9 million particles.

Reenuse cleanwcut enses of ashestosis were found only in dust con-~
centrations exereding 5 million particles per enhic {oat, and beenuse
thry wera not fonnd at lower dust concentrations, § million particles
per enhie font iy ba regarded tentatively as the threshold value far
asheatos—duat exposuee 1ntil betier data are nvailable.

Tn order in find out the levels to wlich nsheetns-dust coneenteations
liave been reduteed in practice, an engineering stndy (7) wos made in
nn naheetna textile fnctory in whiel dust rontrel equipment has heen
reeently installed.  This showa that means are already availahle for
reducing the dust expostre of & majority of nshestas textile workers
to trse than 5 million particles per cubie {nag,
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The data of table 43 provide a simple means of comparing ashestosis
with other pneumoconioses. In a previously reported study of the
Public Health Service (51) it was found that workinen in unthraeite
niines could be divided into three groups which differed with rexpect
to the nature of the dust to which they were exposed.  The pereent.
TasLE 44.— Perceniager of warkera expared (o certain ennerntraiinma 0f Asbeatons dusg

11 nabralog tertilr furtories sokere sl control meanuree are aned to s Lmsted cotent
und 11 factorics where effictive dust contrad 10 praetiecd

1
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7 Data (rom table 43.

1 Data fiorn (1.
ages of men having any stage of anthruco-silicosis (1, 2, or 3) have been
tabulated sepurately for ench group in relation {o avernge dust con.
centration and length of employment. In passing, it may be of in-
terest to call attention to the difference between the preuninconiosis-
producing power of the three kinds of dust cncountered in anthracite
mines. If one comperes groups of nien with the same dust exposure
and the same length of employment, in generel the percentage of men
with anthraco-silicosts incresses with the free silica content.

TanLr 45.— Percentage of men Aaving anthrgeo-silicosis * ‘
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| prom table 30, ©. 76, 1'ubie Ueslih Bititotin Nao. 221
7 Lamm 1080 10 rpan camintined. .

As in asbestosis, the incidence of pneumoconiosts among anthracite
miners increases with incressing length of employment. There is o
much more definito incronso in the incidenco of unthraco-silicosix with
increasing dust concentration than thero ix in asbestosis, probably

et

- ———

s e at—

!N'l":l
traty
{a
crle
fivel”
r‘vnwi
T
b~
Ao
nndd o
YRR YT
[ ¢ R
mela
~tudy
denee
these
of th
Shult
nbleas
Crses,
neeoe-
ussyhn
the sn
study
el
ohsers
s b

iy -

275,
af the
i b
thay |
in lewe
(14,2
e
plover

Oth
natyeat
|u|r1('t
UM
neat.
rundo
in the
the (¢
nre e



T

e —— T T
H ﬂ-‘&-\r‘...-c.:;"-‘&'\-..\ it (1

Jinctasis
sof the
thiracitn
reeprel
) f-

Yoot

ot

& heen
orone
of in.
-
e
wsure
Lmen

vy et
oy
garnanand

ey

ver
-

"

i
)

Spesibe
PRI
with
mbly

g - e WO e
I o

93

heeasisr men were exppeerd tn o muech grenter rangn of duat coneens
trations in anthracite mines than in asbestor textile factories.

In eampanson with the three kinds of dust encountered in anthra-
cite minee, relatively law eancentrationa of achestos dust and rela-
tively short lenptha of employment in the asbeatan textile industrs
reanlt in pneumoenniosia.

There wne no free silien (quartz) in the cdust encountered in the
ashrstng toxtile fnetoriea,

Aerording tn 1able 43, 16.3 pereent of 60 {ormer nehestos workers
and 37R men and women smployed at the timn of the stndy in three
nahectna tectile factaries had ashestosia.  (Perwons who were not
expaced to apprecinble quantitica of asheatos dust have not been
incinded.)  FEight percent of the 378 workers employed at the time of
ctudy hatl nshestosis.  This does not complotely represent the inei-
dence of asheatasia beeanse ahowt 150 employers wore discharged {rom
these faetariea 15 months before tho preeent study wne made, Many
of the diselinnzed neheratar workers had ashestosis, as the reports of
Shll (31), DNannelly (12), and MePheeters (23) show.  Although an
atiempt wns made to examine a8 many ne possible of theee dirchnrped
cnsex, only 69 conld he examined, 43 prrone of whom had ashestosia
sceanling to the dingnoatie standards emploved in this atudy.  I1f one
nscumes that the number of perenns smployad in theen factories was
the smmne hefarn thean 150 peranns were dischiargzed as it was when the
ataedy was madde, and if one nxsnmes that 62 peeeent of all the dis-
rharzend enw Bind ashestosis, then 50 cnses of ashestosia cacaped
almereation.  Adding theae to the 73 that were found, dividing the
am by 447, nnd nenltiplytng hy 100 gives an eatimated pereentage ol
27.5. Thivix not an unusunl pereentagn vajus,  In aumorans atandies
of the dusty troden the pereentapn of workers with pneumecantosin
hns hoan fonnd to be hetween 20 and 25 peecent.  Two such studies
may be mentiomed.  Of 7,722 miners and men secking employment
in lead and zine mines at Picher, Qkla,, who were examined in 1927-28
(49), 21.3 pereent had silicnsis. In a atudy of anthracite miners (51),
“The prevalener af anthraco-ailicosis among the entire group of em-
plovrea was found to be abont 23 perernt.”

Other inveatigntars hiave reported tha incidenco of sabestosis in
nshestos texiile Inctorics. Lanzan, McConneil, and Fehnel (17) re.
ported, “Of the totsl of 126 X-tay cxaminations, 4 were dingnosed as
second-degree achestosiz, G3 aa first degrae, 39 nx donbiful, and 20 a«
nepntive.”  The pereons he atndind “wera selocted mors or leas at
random fram amang thoae linving more than 3 years of amployment
in the induatey.”  Sineo Lanza did nat examine afl the employees in
the fartariea he studied, pereentage values enleulated from his dats
are nnt direetly coinpnrable with rate of incidence for the present atudy.
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Fulion, Dooley, Matthows, and Houtz (15) noted that *Asbextosis
wre found in 14 pervons (12 men, 2 women), ur 25 percent ol the
exposed group.”’

INCIDENCE OF ABUZNTONW IN DIFPERENT QCCUPATIONY

The percentace of persons aflected by ashestasis varics in different
oceupations.  The numbers of persons employed in nny of the
occupationul groups are so small that vnution must be exerersed in
muking comparisony, but the data scemr W Lo of sufliciont interest
to warrant publication. Classified by departments, the prepurntion
department has the highest percentage of ashestotic persons. Cuard-
ing is the principal occupation in this departinent. Although only 8
of the 72 carders had been employed moro than 10 yewrs, 20.2 por-
cent had ashestosin,  Eloven carders lnd ndvanesd nsbestonix, No
other occupationnl group hind so Inrge u proportion of ndvanced cases.

Tantz 406.—Number and percenlage of warkers having arbestuals, classified accord-
g {0 departmend and vecupntion

Numtwr with askmions

Depertmeat a0d ocrupation e with s
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Gpianlng, iwisting, s2d winding......... svuassvangen s [ PO DO

Mule and ring spin
Twisters..........

Yarn ancokrs asd
Cordery.

Fisbst
I londwrars. and .-
Fortneed uadd (iUt . ooennacesse If... . 1 “ <
- S adind
Buperictendencs and utility............. N 3 [ 1 [
Shippot and oalande Wabee. . " e @ N "
Oftice and olhwes. . ooane.. - nonnsee evsron envacupsan . H . L o u

In the spinning, twisting, and winding deportment, the mule and
ring spinners hnve a higher proportion of asbestotic pervons than the
averoge, 24.6 percent. Twenty of tho sixiy-liva muie md ring
epinners lind been employed more than 16 yeurs.

A third occupation with an excessive prevalence mie for nabestosia
is cloth weaving, in which 25.6 percent of the workers are nfected.
Only 3 of the 43 workers hind been employcd more than 10 yenrs.
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~etnags . ARDESTOSIS IN GRFEAT BRITAIN AND IN THE UNTTED STATEN
~f the Lanza (18) has ealled stiention ta a point of interest, namely, that
Britich invcstigators have fonund ashe<tosia more severe and menacing
than it was in the United States. He ndds that thia difference is
. prohahly more npparent than real.  Lynch and Smith (20) have re-
""_“: . ported 3 {ntal easee whose duration of employment in nshrstos textile
’ milla waa 11¥, 17, and 21 years in nccupntiona having dust exposures
Sl of the order of dry weaving. Stack (32) reported a fatnl cnso in a
_"”‘“‘l man 27 years of age who worked 8 yvenrs as a cnrder in on ashestos
- M plant. Fghert (13) has aleo given complete fiadings of ‘similar case
. Cm.“' "=-in a man 30 yvears of age wha had warked 13 vears gs a earder and who
')"1-" & died 4 yenrs mier onset of symptoms and 3% yenrs nfter dncnn-

. p::r- tinuing worlk,

o These examplea af Ameriean fatalities, somo in young individunals,
cnses. suggest that the perind of duat exposure before disability or denth
1ccoed- . ensies is aa short s is the fnse in siliensia.

Bridges (63) in the factory inspector’s reparts of Great Britain has
. shown from yenr to year (table 47) that the durmtion of employment
of fntal rases with n<bestnsis iy only half that of cnscs with silicosis.
tacee .
amie Tanrty 47.—Silicaris and orhestaris in Crent Rritasn
__;' ' D|mu~n‘;::::ﬂomﬂt
4 - : | nm | AT
: :
2 A1) oase P 23 st
H LTS - S 4 S 31
5: . . N It » A L3 ]
% _ \ 5
H _ More than 90 pereent ol the raw mineral used in the manufacture
- . of nshestos textiles in this country and Grent Britain is Canadinn
T a : chrysatile, indicating that very little difference is to bo expected from
—— the standpoint nf hinlagical reaction in tha (wa conntrics.  As near aa
: dust eonerntrations in the varions aperations of ashestos manulacture
e of Britich practice can be compared with reaults obtained in this conn-
u try, no greater differences are found than exist in the inherent limita-
- tions ‘of tho dust-sampling devices. It would scem, thereforn, that:
and quite neglipible differences cxist in the manifestations of the disense
1 the here and abroad with the paseible exception of associnted orcomplicat-
ring ing tubereuiasia,
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SU\(MARY oF ’HF.'DICAL FINDINGS

A medienl examination vm.s made of each employce in three ashestos
toxtile plants emnploying, ’423 men nrul‘ 118 women. These persons
were much younger thagn the averege iudustrin]l employee and they
bad been employed in this industry for relatively short lengths of
time. Almost. hnlf of these workers had been previously employed
in cotton or woolen textile wnilla. Only 23 perwons had been em-
ployed in a trude in which workers are known to bo exposed to inor-
ganic dust, and only 1 of these 23 persons had pneumoconiosis. - -For

this renson, it is beheved, nsbestos-dust exposure can be held respono\"‘

sible for the cases of pneumoconiosis that were found in these three
factories.

Asbestosis is & form of pncumoconiosis caused by long-continued
inhalation of asbestos dust. The primnry cffect of ashestos dust on
the body i8 to set up an interstitinl, pulmonary fibrosis. This may
bo seen at autopsy, and reports on three cases appear in the patho-
logical section of this bulletin. This type of fibrosis may also be
detected by X-ray examination of the chest. On the X-ray film the
shadows cast by this type of fibrosis rescrable ground gluga in appenr-
ance and usually extend over the lower portions of the lung ficlds,
frequently being heavier on.the right side. Unlike silicosis, nodular
fibroais has not been detected in nshestos workers.

As in silicosis, the chiel symptoms of nsbestosis are progressive
dyspnoea,. variable cough, substernal chest pain, decressed chest
expunsion, cmaciation, weakness, clubbed finger tips, and.curved
finger nails, Most of these symptoms seem to bo the result of the

-pumonary fibrosis set up by inhaied ashestos dust, and the con-

comitant pathologic changes, such as emphysema, bronchiectasis, and
bronchiolectasis, which can be demonstrated at autopsy. '

The porcenage of persons nffected by nsbestosis or by any ono of
these symptems depends upon the dust exposure. In all cases the
percentage of persons affected by any given sign or symptom of asbes-
tosis is greater thar in control groups of industral workers who were
not exposed to inorganic dust.

A characteristic of asbestosis is tho finding of esbestosis bodics in
the lungs and in the sputum. Although it does not appear from these
data that a finding of asbestosis bodies can be used to establish a
dingnosis of asbestosis, nevertholess it is evidence of ashestos exposure.

(1186)
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Only three enses of nshestasis, all of them dingnosed ns douhtful ot

horderiine cases, wore found to be exposed Lo dust concontratiohs of

lres than 5 million particles per cubic foat,
hnd duat expasnres of ahout 4 millinn patticles por enbic foot.} Abave

million particles per cohic foot, numerous crars of well-marked
Tt would seem that if the dust econeentration
million pasticles {the

5

nshestosie wers found,
in nabeatne {nctoriee conld he kept below

{Thess three individanls

enginecring aection of this report has ahown how this mny bo ne.
complished}, new casex of nszbheatosis probably weuld not appeat.

This page and the preceding eleven (11) pages

constitute the Annexyre marked with the letter "It ‘
referred to in the Af‘{idavit of ' Bernard Daninic Brassil
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