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2. Since material lesving picking machines is productive of con-
siderable dust, storage rooms receiving such motensl should be ex-
bausted. Workers =bo must enter such rooms while matenal is being
blown should be equipped with approved trpes of respirators. No
materisl should be removed {rom storage rooms while the picking
machine is in operation.

3. Cleen air should replace the dust-laden air removed by exhaust
systems attached to the equipment. This requires. in event of recir-
culation of air. that dust concentrations entering ony room be kept 2t
levels comparabie to that found in outdoor gir.

4. Perioddic studies of the condition of the working environment
appear necessary to determine whether the control methods adopted
are constantly adequate. This requires that dust concentrations be
Jeterminedl for ench operation. Ventilation measurements are equaily
jmportant, The work of inspection and review shoull be performed
by personis trained for such studies.
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STATISTICAL DESCRIPTION OF EMPLOYEES
OCCLPATIONAL NISTORILS

At the start of the medical examination the physicians questione:
each worker to obtain & complete record of all the jobs at which he
hkad worked. This information was recorded on the portion of the
physical examination form reproduced in figure 27, After the basic
census data (name. oge. sex. color, and mantal stutus) had been
recorded the worker was asked how old he was when le first began
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FIGUAL 27 —FORMm USELD roa RICOROING OCLUPATIONAL MIBTORY

ielustrint work,  This figure was subtroeted from his prosent auee.

amid a line of questioning was bezun to elicit infonuation on the work
done in the intervening yenrx.  No occupntional history was recatded
as complete unnil all of this time eondd e necounted for by definine
entrics.  The job he held at the titne of the stdy was entered on the
tap line of the oecuputional history, topether with the numbser of
vears be had beld it the nne of the depaetnient in which Tue warkad,
atd any other pertinent daty thint could e abiained. Next. he was
waked wimt he bl dote peeviausdy, il asuin o eoinpicte entey was
nonde. The e of the fuetary wie ontered for each persl of ci-
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ployment in the asbestos textile industry. After sach job Lad been
accounted for, the worker was asked what he hnd done before that.

I{ a man had worked in an industry in whicly workers are known to
be-exposed to pneumoconiosis-producing dust, entries were mase in
the last column to show what materials he hondled and whetlier ar
not dust-control measures were in use. Information on previons
emplorment in dusty trades is of paramount importance in a study
such as thuis., Any cases of prolonged exposure to pneumoconiosis-
producing dust othier than asbestos must be treptec separatelv. )

After the field study had been compieted. an engineer assigned dust
exposure volues to eacly worker. following a procedure illustratesd in
tabile 1S, In assigning these values. consideration was gtven to each
jolia worker hal held in on asbestos plant,

The importance of the occupational historr in o study of this kind
van searcely be overemphasized. It is the connecting link between
the enzineenng and medical studies. The corrriutions betwaep
tuedieal findines and dust exposure that mulequate occupationai his-
taries make possible provide mesns for estmating the dust concentra.
tons to which workers mav be exposed safelv,

C Only 23 persons reported previous emplovment in an imdustry in
which workers are kuown to he expozed to Pneumoroniosts-prodricing
dust.  Such periods of employment usually were so shiort ther ne
deleterious effects would be expected. Twenty-one persons hadl
normal lung-field markings. Only one of these 23 persons L
asbestosis at the time of this study, & man who had worked Iy

in o foundry amd 10 years in asbestos textile plants”

COMPARISON WITH OTHER INDUATRIAL WORKERS

ears

Five-sixths of the employees were native-horn Aniericans of
Saxon stock and the remainder were Negro males.

Before beginning work in asbestos textile [actonies, more than 2o
of the 341 persons liad worked ut similar occUpAtions it cottnn or won
textile plunts. A large proportion of the emplovees had worked
on Iarms ectther before beginning industral work or i anteryvals by
tween pesiods of industrint cmployment.

About 15 maonthis before this stinly was beyun, Rpproxinmtely L
workers in thene asheston textiie factorion were repluced by workers
with little or no previons aabein expomire,  Althoush an oo was
nade o examine ws sny as po<sible of thewe former workers,
than Lall could be examined.
changes, the

Anelo-

leran
Purtly us a nwalt of tiese perannd
rroup of emplovess examined in this stody lad o une
weunlly duw avernee nge. There was an shioruaily laore prereentaze
of workers with liwa thn, dvearns emplovment in the nalusion festibe
imlastrv nnd ap ulmunnu!f)‘ annll pereentnee ol peraons wha Lol
worked 1 venrs oe more in this idustey
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The low ave-age age of this group of asbestos textile workers st
he kept in mind in making comparisons of Lienlth vonditions in these
factories with lhealth conditions in .American industey in greoeral

TasLr 22.=— Arerage age of while male sndustrinl wariews
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The averuge age of white male industrisl workers is Joss 1 1he
ashestos textile factorics studied tham it is in 14 othier industnies in
which the Public Health Service has made sunilar studies. White
males employed in asbestos textile factories average 32.1 venrs, wlute
{emales 30.4 vears, and Negro malew 32.4 yenrs ol nie.
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Correspondingly, the average length of emploviment ia the nsbestos
textile industry is relatively sbort. Ouly 18.8 percent of the emplovees
hove been empioved in the osbestos textile industey more than 10
years. In the 13 industries included in table 22 for which informatian
on length of employment is readily ovailoble, only two industnes have
os large & percentage of employees who bave worked less than 10 vears
This is partly accounted for by the fact that the asbestos textiie
industry is of comparatively recent ogigin in this country. Ouly one
of the plants studied had been in operation before 1920. :

MEDICAL STUDY

PROCEDLIE

A medical examination wos made of each worker empioyed in the
nsbestos textile factories of North Carolina durinz the winter ¢!
1935-36. A group of former asbestos workers was also examined in
order to obtain a complete sample of asbestos—exposed workers.
Otice workers and othier employees not exposei o gshestos dust were
included in these examinations: They are claszified as controis
Included in this controt group. which numbered 76 persons. were 27
persons seeking employment in the asbestos industry for the first
time.

Belore making any medical examinations the two physicinns made
an inspection tour of each factory in which this study was made in
order to familiarize themselves with the various jobs or occuprtions
involved in the manufacturing process. This is a necessary pre-
requisite for taking a usnble occupational history.

Space for examinstion and fAluoroscopic roonis and Lahorstory was obtained a' s
Jocation as convenient as possihie for all soncerned.  Animiprovised darkroon: was
used for fiuoroscopy and for processing the X-ray ilms.  1n an sdjoining rooro. the
modical examinations were made by two physicians approxisnately sacording to
the folluwing sehedule: Four persons at 94 m.;fourst 10:30a. m.;fonratlp n: .
four at 2 p. m.; sl four st 3 p. m. Jo other worda, about 30 minuice were e
quired per examination, The routine ased in the study of pulmooary tuberculiss
was foliowed in the examinstion of the chent Alwer the hintory aund physical
fudings 114 heen recorded, the group of four was fluarosanpsed and eliest rorntgene -
gramma weee taken. A few cxsininations were susde in the cvening, and athee
adjustnieiis were madde in the schoedule 80 a8 st 10 interfere tun wriotsly witle tle
work runtine of the emplovees.

At piant A, the wrine of workers was cwamined witl jartieular attention te
amnunt of silics ereretion.  bu addition to Vhis pretalutlee shushu, frnttie svatan 3
Lions werr fuade of the aputaiin of workers it phatits 38 mil C for precoey wl aces

{ast bacilli snd sslawtomin uxlics.
Cectione of the phveien) exntnination {orm wsind e this sty hisve

been ropraduced in soveml plaees in this hulletin asa means vl tdueat-
ine the informutivn that was ratleeted.
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PAST MEDICAL KLBTORY

Each person was questioned in order to find out whether he had

previously had certain diseases which are of importance in the study
of chest diseases.

PANILY AND PAST WMEDICAL MTTORY (mamr Gaty Bums Pemwreve +
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FIGURL 28 —F ORI UGLD POR AICONDING PaST ANC PRESENT MEOICAL HISTORY

Tabulntions of previous illness olid not nekicate that poeninon.

pleaeisy, respentory disewses atlrer thun the common eotd, dpsestne
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disturbances, or prolonged contact with an active cose of tuberculoss
had made people more susceptible to asbestosis. Frequent, disabline
colds were more common among persons with advanced pulmonarv
fibrosis than they were in persons with little or no fibrosis. but this
probably is a result of the fibrosis ratber than o predisposing influence.

STMPTOMS OF ASOLSTOIIS

The chief symptoms usually associnted with asbestosis are progres-
sive dyspnoea. cough. hemoptysis. emacintion, weakness, poor chest
expnnsion, curved finger nails or clubbel finger tips. chest pain. and
evanosis, In these respects asbestosis recembles silicosis. Eariv
cuses. of conrse, woulil have relatively few of these svniptomns end an
advaneed cage would have almost every symptom listed. The appens.
anee of these svmptoms can be explsined on the basis of & nore or jess
zenerat Bbrosis of the lungs and concomitant patholugicni changes
sueh as cmphysemn. bronchiectosis. and fibrous pleurisve. Tlie
wrdinal symptoms of asbestosis are cough and dyspnoca. These two
svmptoms occtirred together and in combination with other Smptoms
far tore frequently than one would expect on the basis of chance alone.

Tastz 24.=Number of persons who Aad certain paive of disorders. eompared . .1i
he nimbder who iouid be exrpecied to hare thew am the bass 0! chanee nianc.  Wher,

the J:flerences are statistieatly signipeand the observed numbers cpptas oa dalliiae,
1y
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As tnble 24 shaws, 94 of the 122 people wlio compluaned of dyspnoven
had w conzh also.  On the basis of chanee ulone, assumtng there was
nu ennsal connection between the two syniptonis, vne wonld expect
that 36 people woudit have both conditions.? Sctually, the vwo can-
ditions are found 1ngether. far more frequentdy tn that, s it s
tafe to axsume that there is same sort of caun| relation<hip. Sinalar
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some cases there is acanty, viscid expectoration. Severe paroxy:nis
of coughing occasionaily occur in cases of ashestosis having sertvus
disability. At such times highly tenacious sputum is raised.
Usually a complaint of dyspnoen was entered on the records only
when breatbing wos labored after an exercise test (sec p. 63) cornesl
on in the presence of the examining physicians. The hich percentaze
of persons with'dyspnoen who were able to be at work is undoubtediy
due to the sedentary nature of much of the work io asbestos textile
factories. :
Blool-streaked sputum occurred frequently among persons expose:l
to asbestos dust oithough there were only two active cases of pul-
monary tuberculosis in the group. These two cnses hiave not been
ineluded in tables 25 and 26 and figures 29 und 30. The absence of
pulimonary tuberculosis makes lLiemoptysis a more sicnificant finding.
Its prosence seems to indicate that bronchiectatic and emphiyzemataous.
processes ate poinz on in the jungs. The presence of asbestosis boudies
in the sputum (which will be discussed in a later section) vlso enn he
jnterpreted as g sign of disintegrative processes in pulmenary tiz-uv.
Weakness and luss of weight are clocely related symptoms  Indie-
pendently of age and other factors, these svmptoms increase in fre-
quency with increasing dust expusure. They are nccompatied by a
general bodily wppeurance not unlike that of fibroid phitlusi-.
Nineteen of the 447 asbestos-exposed people complained of u pain
in their chests whicl is best described by the term “substornal is-
tress.” It was vaguely defined nnd not as 8 rule very well lucalized,
end it scemed to be on ache or & feeling of oppressinn mather than a
sharp pain. It did not seem to be of curdiac origin.  Only ene of the
24 persons with a past history of pleurisy complained of a chest pain
of this kind. It appears that substernul distress muy be connected
with the cough or the dyspnoen that accompany ashestosis (table 24)
The symptoms of asbestosis are listed in table 25, where their
incidence is classified acconling to the total dust exposure of the
perums wifectedd.  For purposes of emnpanson, the emplovees of
ashestos textile factorics have heen divided into five groups, which
differed in dust exposure, one of them being u contrul group of ctiploy-
eos who were not expoacd to asbestos dust. A numibeer geprisenting
the totul dust expasure was nssigmed to ench dustexpmasl employ ee
by wuluplying the numbier of yeurs Lie had worked i the asbesios
industry by the avenmee dust coneentrution te which be pre<umaidy
hak been exposed.  Hix total dust expeaure is thus exprsssd
mitlion particle vears, 10w worker ad chanzad fron e oecupation
to unothier. a dust expocure value 1 nnlhon paeticle yenes was calen-
Iated for each oeenpution, il these svalues wepe wihihisl tewsether e
olitain his total dust exposure.!

————————
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The percentoge of workers who complain of cough. dvspnoes.
blood-strenked sputum, and other symptoms increases rapidly with
increasing esbestos-dust exposure. In all cases the percentape of
workers who are affected by s particular syinpiom is larger thon the
percentage in the control group. Two of the cases of dyspnoen founni
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in the control group were accompanied by hesrt delects severe enough
to hinve caused shortness of breath.

Tantr 25.—~Classifoation of present complainis accerding Lo the dust erposure of
the affecied persons
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these symptoms to the fibrotic changes thut occur in the lungs. Tle
tegree of fibrosis can be estumnated from the lung-field markings zeen
on X-ray examination, a subject which will be more fully discussei
in o later section. For the present it will be sufficient 1o say that as
s result of long-continued exposure to ssbestos dust the normal or
first<legree exnggeration of linear pulmonic markings become coar:e:
and more widespread (second-degree linear exsgzeration). Upin
longer or more intensive exposure e fine, interstitial fibrosis sets in
which gives & hazy, ground-glass appearance to the lung field (hrst-
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degrer ground gluss) and cventually almost comnpletely obacures the
fincur markings (second-deyree rround glass).

Asbestos=expomed people hiuve Leen classiticd into four group., -
cording to their lung-tickl murkings, and the pereentage of Perane
huving rertuin xyemptoms hus been enleulated for ench group,  lere
again, the incidenee of these s¥mptonis nerenses greatdy witl inepeas.
ing hibrotic chunee. Such n relation ix entirelv tn lee expected for
dysprnoea, since the disesse diminishies the volinie of the nue nvuilabie
for the resmratory funetion.  The Jueh inculenee of the ather <ymp-
(VIR ill the Lresenes of libmnr vlamees thot teove peeesressed o (e
ground=¢laas sture 13 additional evidence of degenerative clianses i
the longs.
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Tasrt 26.—~Closafication of preseni complaints according 10 lunp-field markings of
the affecied persona
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tion is part of o scheme that was used in a study of anthiracostlicosis
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pneunioconiosis-producing Just. During nedical studies of anthi.
cite muners, for instance, oil of the stoges represented in figure 32
were found. Among asbestos-exposed workers, on the contrary, no
case was found which had progressed bevond the ground-glass staze.
This constitutes a difference between asbestosis and silicosis that
Merewether 123), Lanza (18), and Pancoust (29), among others, have
commented on. Further investigation will be needed ta decide
whether this ditference is due to a peculinrits of asbestos dust or

il OF 2-0AY WTCHIRLTATIONS

AURE Sl 0 LFUCaAamtE

FIGURE 12.—SCHEME USED IN CLASMIPYING X-RAY MARKING §

whether it is due to the rare occurrence in asbestos textile mills of the
excessicely ligh dust exposures (100 to 300 million purticies per cubie
fout und more) found in cortain other dusty trudes.

Its a typicul case of asbestosis the lower Lull of the ehest Neray filu
hes o fine, granulur appenrsuce which Merewether (23) aptly ohe-
scribes as “ground rlasa.”  Not infrequently, there is inore ldnnsis an
the right side than on the left. The presence of emphveemn in the

apices, which results in inercnse] nudiolucence, tends to examwerar,
the cloudiness of the bases of the by
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with puevineconioses ildueed he atlyee
mici® do not regnbarly shiow gy
charactenstic of nshestons,

L Baiphvaenm prscedes the

Clicst Xerave of imlnadnale
~i]iv:\t4‘~. \\'ith e 0\1'01-tiv-|; ool
Lasal Lozt of ibwoers ticie s <o

L anuersisiacd ohoty

QAP ™ = )



PN

.

.

¢ eamen

r.&

o6

Occasionally, in en esbestotic chest, the heart has n shag=v oytl;
when viewed roentgenographically, a phenomenon discussed hv ot
investigators. This seems to be of more frequent occurrence w|,
the worker has been exposed to dust containing s high proportion
fibers (the dust produced in twisting or broadeloth weaving, for
stance) than when he has been exposcd to short asbestos pariis i
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#neh s those prduesl in canling.  Further study woull b
in order to establish this poine.

Unlike silicosis, noctular and constrnere
asbestatic workers in the nlrence of tuherer
The principsl difference diseemible

HeCessary

shadvuwe are pnt found i
losis or athier infections
on rn Norav filin betwern an earis
and nn advanced stage of ashestosin lies il the oetaity of 1. RIS

class markinzs and (he sdegree to whiely 1he linea ploane menhanes-
have been obbiteminad, AMdumel fintalegree and cecndadosoe
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enrticular flm represents an enrly or an odvenced stage of pulntonary
fibrosis.

There is, of course, an increase in the prevalence of lung fibrosis with
advancing sge. Because ground-glass sppearsnce of the luny felds
which is indicative of fine, interstitial pulmonary fibrosis, is & 1mw0st
important diagnostic sign of asbestosis, it is necessary to evaluate thy
velution of this condition to nge and other rejevant factors.  From un-
published data collected by the Public Health Service, tabulations ol
jung-field markings in relation to age were made 0B two groups of men.
Une group compnised 229 men who had never been emploved in adiusty
trnde: the other group included $0 men engaged in Mining and resning
kuolin by wet methods. The percentage of men who have a second-
Jdecree exaggeration of the lincar pulmonic markings increases with
advancing age. It is significant, Lowever, that in the entire group
of 300 men there were no cases of ground-glass lunz-field marainz:
Other studies confirm this. Dreessen (43a) examined S0 pien exposed
to marble dust; 18 percent hod second-degree lincor markings, but nune
had ground-glass or nodular markings. Similar Jdata are available
(32 fur 201 men emploved in portland cement mills wWhu were -
amine. v Gardner and Sampson. No cases of grannlar markinzs or
of disc. .2, nodular fibrosis were founl.

In every age group the proportion of ashestos-exposed men whe bt
advanced stages of pulmonary fibrosis is greater than in the men s
exposed to asbestos dust. The percentnge of men with grouncl-ciass
lung-field markings ipcresses with advaoeing age. In view of the data
for the two occupational groups just discussed and of the relouen
between this condition and length of employment, it appears that the
reason why the incidence of this type of pulmonic mnrkings 1s corte-
lated with oge is that the older people hiave been exposed to asbestus
Tastz 27.—Relation of tung-field markings to age: Men scebing emplowment 14 4
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dust for the longest time. It would be Lnportant to know whether
susceptibility to asbestosis varies with age, but these data do not seem
to be extensive enough to test this point satisfactornily. -
Tlie prevalence of ground-glass lung-field markings increases greatiy
0¥ with increasing length of eni-
| plorment, as fgure 34 shows.,
The incidence of ground-giass
.t lung-field markings giso 1n-
creases with imeressing  dust
exposuse.
In fizure 30, which is based
on tabie 23, the Leizhts of the
vertical bars represent the pe:-
_centages of asbestos workers in
different exposure groups wha
AT e O (et veans had ground-zlass Tung-field
FIGURE 34 —RELATIONOF GROUND-GLASS "mrkln:"SO{ eithut first oz cecond
LUNG-F.€L0 Mamrings To LenaTw or  degree. The 76 controis huve
EMPLOVMENT. been excinded from this tabula-
tioo and a number of = - :kers whose dust exposure was not khown
Liave also been omitted. Mooy of the percentage values must be
viewed with caution because ther are hased on sinall numbers of
workers. This is particulariy true in the groups with more than
10 vears’ employmeant.
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- Considering the four .
pr——— e,
dust exposure groups |
one ot o time, there is :
a consistent and regular a9t
incrense in the porcent- ™o e
. o wosasry d %
age of persons with ad-
arreeren

vanced stages of lung .
fitrozis with incrcusing
length of emplovineat, ‘
Ace. of course, nlso in- I_’."_
ercnses with leweth of e T T rTit st
emp!o_\‘mvnt. but theso OWIY oL IRt n wm Lo Gah T LS PEE Ky PY
fibrotic clinnpes cannot FIGUAL I3 —RELATION OF GROUND-GLAES LunGe

: FIELD Manxitd§ YO DusT Exmosune
be uscribed to wdvane.

ing nge beeause, us table 27 xlhows, fibntic clianees of this decree aie
not to be expectert in workiuen of comparble e whu are nut expossi
to siliceons Just.

Obviously, there are grent dilferences hwtween imliviiluats in (e
tise that clipees from their fiest expamtite to nslwstos st ot the
titne thut fibrotie chuness ore evidlent an N-rav TN In
sosmie pereons this was mnel less than 5 venr atned 1 ethees 11 e s
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to be more than 10. Although it is impossible to account for these
slifferences entirely, it is possible that one fuctor may be the difference
in physical exertion that different occupations reguire. Inasedentarv
accupatinn. sheliow breathing might be adequate to meet a percon:
respiratory needs; such a person would inhole less air, and conse-
fnuently fewer asbestos particles. than o person engaged in vizorous
muscular work who was obliged to breathe deeply. Sowme of the
individual differences to be found in these data muy be due to differ-
ences in the total amount of asbestossdust inhaled.
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FIGURE 36 —INCIDENCE OF GRAOUND-GLASS LUNG-FIELD MARKINGS In RELATION
TO LENGTH OF EMPLOYMEINT AND DUST CONCENTRATION

TanLx 28 —Pragoriion nf asbesios textile workers seith ground-giass lung-Achl
markings
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It will be noted thnt the relatinn letween dust exposure ond the
eidence of sroundegioss Junedicll narkings is not o sunple e
Even if lenctle of cruployment i adiepeparded. as in fionre 35, the
incidenve of proundluss mnrkines iy propertionntely lower at 10 14
1 anlhen parieles Pee enbne foot tan st s at the nent lngher or
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Bext lower dust concentration. Althougl it is prebable that thecs
dificrences represent sampling errors due to small numbers of expose..
persons. it may be that asbestos fibers excite u different, and possibi
mmore severe, reaction than asbestos particles. If this were true, the
total particle count tabulated above would not be a compietelr
satisfactory measure of the pneumoconiosis-producing power of
asbestos dust.

It is not unreasonsble to suppose that the amount of pulmonar
fibrosis might be more closely related to the wetght of inhaled ashesto-
dust than to any other physicai property of the dust. The numibe:
of dust purticles can be used as a rough estimate of the weight of most
dus.s (luboratory studies have shown that the two quantities are
b’y correlated).  This may not be ns good n measure in the cu.e
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FIGURE 37 .~ RELATION OF OlAPHMRAGMATIC FiXaTION TO OuET Exmosymge
PERCENTASC OF PEREONS IN Eacw EXROSURE CROUP WO WaD K
OR Trimd DLBRET DiarPumaasmaTiC FIRATION MaS BLEN RIPRELg
HUIGHT OF YEATICAL BANRS.
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of ushestos hecuuse, a3 table G sliows, there are many long fibuers i 1he
dust suspewdel in workrowin air. The difficultics encounteraid i
mzasunng fibers have alecady been discussed (p. 23) and oudy wne
addittivnal point need he mentioned bere. A fiber 50 microns in
length is eapable of reaching the lungs (table 37); it would be connted
ns one particle in making dust counts, and v
mately 30 times the weight of o feazment of the sine iber vy
niicron in length, The 2 purticles woull have the mame inlluace
on the dust count, but one would cnrry 50 times as mnch ashestos (o
the 1un2 s the ather if bath were inhuled ond retnined. Uanforgn-
nately, measutements of 1))0 weisht of dust in the sir were nat e,

If they lind been, it i« pocaible that the relation between nabedtie;a
and dust exposure imeht hae been altered.

et it would have gppron.



-

61

DIAPERRACYH

During fluoroscopic examination of the chest the degree of move-
ment of the diapragm was observed and recorded. The percentace
of people with impaired diaphragmatic movement increosed with
increasing length of dust exposure, and the proportion of workers witl,
severe degrees of impairment likewise incrensed.

Tanrr 29 —Occurrence of digphragmatic Aration in relation to million pariicie yee>s
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This is shown in figure 37 where asbestos workers liave been divided
into five groups (one of them a control group), sccording to the tot.:!
amounts of asbestos dust to whicl they linve been exposed dunnz
their warking life. Only two of the 76 controls had ARY tnpainnent
of diaphirugmatic movement. For each group thie percentage wisl,
normal diaphryginatic movement, and slight (+), moderate (— <1,
ur severe (===~} dinpliragmatic fixation lias been culculuted. These
percentazes have been represented by the hieights of verticnl bars,

Severe forms of diaphmgmatic fixation acconpmpied  nidvaned
stages of hing ibrosis.  Among 295 persons with hestadesree linear
lung-field muarkings, 9.5 pereent had impaired diaphragmatic mos -
ment.  Of the 22 persons with second=derer, rround-glass fung-tivly
markinze, 68 percent had impaired dinphrugmatic exeursion.  This i«
a rensonable lnding. sinee lung fibrosis st thaphirzmaae

it
appear tn be part of the sunc process,
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Diaphrogmntic aboormalities, such as pegking, did not oceur to anv
significant extent in asbestos workers slthough they are comnion amonzg
persons with silicosis. Ig a study of granite workers curried on by the
P'ublic Health Service (45, p-87): *“Irregularitiesof the diaphragm were
rather constant. Forty percent of cases had evidence of it, and as the
condition advanced there wns an increase in chaoges of the diaphrac.
matic shadows. Tlere were instnnces in whick ongulation of the
diaphragm was in evidence, and others which showed indications of
extensive adhesions.” In a study of*antLiracite miners carried on by
the Public Healtli Service (31, P. 58}: “Decrease in the motibility of
the dizphraem as demonstrated by fluvroscopy was frequentiv
ohserved. - This malfunction, varying from slizht to practienl fixation,
mereised with the severity of the pulmonary patiwlozy. Not in-
treepuentiy adhiesions between the viseeral and diaphragmatic plewra
ol be «ern”™  OUn thie contrary, in ushestosis, witl) the exception nf
one nuan (hiz. 43, there was no roentzenocraphic cvidence of (lia-
phragmatic peaking., i appears that the linitation of movement,
which is a definite part of the symptom comples of n=hestosis, mav he
dvte to inclasticity of the lunss and binding of the lunz: 1o the pafietes
and the mediastinn] structures by fibrous pleuritis. (See patholozsical
section.)

PHYSICAL NINDINCGS

The objective svmptoms that are most frequently observed and jo-t
useful in establishing a diagnosts of asbestosis are generol nppearance
of ill health (particularly any sizns of loss of weight), the comlition of
the finger nails, and diminished chest expansion. These symptoms
obviously appenr late in the course of the discase, The usciul chest
signs seem to be limited to adventitious sounds. Diminishicd breati,
sounds, prolooged expiration and crackling riles over thie bases of
the lungs and interscapular regions acem to accompany aabestosis.
Various niles anid adventitious sounds were heard in the chests of
3 percent of the persons in the contrn] group.  Rilex were noted in
14 pereent of the asbestos-exprsed persons who had nonual lune.
fickl inurkings or who hud only fimtleyre lincar CXATSeraton,
However, in the gmnp of persans witl sronnd-glass eneafichl maslan .
(persons wha lud asbestosis), 49 pereent hud riles of wther mivent,.
tnus soundds.  In about two-lifths of tlie ey, riles peesisted iy
coucll,

Chunzes i the pereussion note are hned to evaliate, proluliy
Iecuuse the cotndision tending to ve aodidl note is weanterte e
by zencralized eruphyienn wiicl, Phnlicey hyper-asonntie, T,
aheenee of loenlizend arend of ronelomerate (ilsvmis nid Lo lized Abige
i which there itk cotpensatory cphysenn alinoogsy

-
ecanunts foe the Lick of e detinnge Giding.
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CEEST LXPANSION

Chest expsnsion decreases with increasing dust extaure amd with
increasing pulmonary fibrosis. Asbestos-exposed men were civiled
into- four groups mccording to dust exposure, and the averaze chest
expansion and the aversge chest girth at expiration were calculaten
for each zroup. Tbe same men were classilivd into four groups on the

PRYSICAL (ul‘llAYﬂﬁ
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basis of lung-fickd markings, and similur calculations were tande. The
deerense in averare chost expunsion cannot he attnuvuted to any lnek
ol targe=hested men in the sroups with bigl dust exposure or mla
vanced pulmonary fibewis,  On the contrary, the v eniee chest sirth
increases shehtly with inerendng dust exposure ated with awereasing
pulimonnry librosis.  Several Lwlors may banve vontabated e the
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latter plienomenon and the availuble data provide no nican~ fuor
discriminating between them. Since the trend is slight it mav he
disregarded. The ratio of chest eXpansion to cliest girth decreases wi:l,
increasing dust exposure and with increasing pulmonary fibrosis.

Tasre 30.—Relation of arerage chest expanmion 1o dust
worsers
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Chest expansion tends to decrensa somewhat with advancing e,
but the sverage chest expansion is less in esbestos-exposed men thun
it is in men of comparable age who Liave not been 5o exposed.

Tantr 32.—.deerape chest expansion of males
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may appear to be hypertrophied. -In other words, the general
appecrance of the chest is that of fibroid phthisis plus emplivsema.
Among the conditions that may reduce chest expansion are pleurai
sdhesions and the relative inelasticity of fibrotic lung tissue.

RISPIRATORY RATE

The direct effect of pulmonary fibrosis on respiratory rate may be
seen in table 33. Before the exercisatest the respiratory rate of males
with ground-giass lung-field markings wes higher, but not significantiy
s0, than the respiratory rate of males with first degree linear exagceri-
tion of pulmonic markings. The exercise test consisted of having
the subject stand with one foot on a box 14 inches high and to raise Lis
nther foot to the level of the top of the box 23 times in 30 secomis.
The respiratory movements were counted during a 13-second perinl
preceding the test, during 8 13-second period imumeiiately after exet-
cise, nnd duning o 13-second period 2 minutes after the test. Exercise
raised the respiratory rate of ail four groups of men, but the nse .
respirAtory rate was dependent upon the derree of pulinonary fibrosis,
the men with ground-glass lung-field markings beinyg affected muost.
After 2 miinutes’ rest, the fall in respiratory rate was again depemicnt
on pulinonary fibrosis. The respirntory rate returned most closely to
the preexercise rate in men with normal pulinonic markings or with
first-degrec linear exoggeration of lung-field markings. The retuin
to the precxcrcise rate was slower in men with asbestosis (ground-
glass lung-field miarkinps).

Taser 33.—Relatien of respiratory uu.to lung-ficld merkings in wmale asbesios
woreerg
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Siniilar relations were found in & studyx of anthracite miners. g
men with anthraco-silicosis the respirntory rute was definitely higler
than in essentially normal men before exercise, ufter exercise, and
ofter rest.

CLTIBING OF FIXGIAB AXD CTAVING OP Xalls

Masy asbestos-exposed workers, particularly those with Jonz dust
exposures, liad o deformity of the finger nails. The terminal phalanze:
may become 3o bulbous thiat the fingeg resembies tlie end of o Jrum.
stick. a condition conveniently described by the term clubbed fingers.
Usnally itis accompanied by a downwarrd curving of the end of the nayl.

The affection is almost always bilaternily svtntetrical and often
involves the toes ns well as the fingers. It is conunon in puimonary
tubereatosis,  In broncbicctasis, empyvema, ond congenital heart
disease it may I seen ia its most exaycerated form. Such exagcera-
ttonn, however, was compurativels rafe in this study. In a study of
2711 131 anthracite workers. the deformity, regandless of desree.
was observed in ubeout u third of the workers having untiiraco-silicosis,
but was present in ouly 4 percent of the contrnls, The veal sigoin-
cance of the affection has not heen determined. Nwiris and Lundis
(62) state that in all probability it is a magifestacion of longsstandins
toxemis nssocioted with phthbisis or bronchiectasis. The bronchice-
tatic and emphysematous changes noted in the nsbestotic fune at
autopsy probably n-count to a preat extent for the occurrence of thie
change in the workers with asbestosis.

Tastz 35.~Number ond percent of esbratos~erposed workere whn had clubbed fingers
or curved finger ngils. clasnfied by {ung=feld marking
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Five vontrols (6 peerrent) hund curving of the nails.  This Perecntace
wits much lugher (19.2) n the ashestos—exposed zronp. Thirtvenne
peeeent of the workers with fisste of recond=ietee gronnd-ciise
lanz-tield mnrkings bad this condition.

MEART DLFECIA
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workers (e,
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Heart defects were no more numerous than in industrial groups in
general. Thev were tabulated in reiation to dust exposure and
pulmonary fibrosis in the same wgy &8s the impsairments just dis.

-

FIGURL 13 —PuOTOMICROGAAPHE OF ABSEITOSS BOOIEE FOUND 18 Sou~_
E~LAAGED 330 Times Eaceery E WeaiCw I8 EnLanced 10 TimEs A Scal

RULED IN UNITE OF 38 MICRONS. Mas BEEN DRawn BLHI10C Ealn ASOL3YOS
. . BOOvY

eussad, but ne simple relutionships eould be fouml. X earvtul candin
{ sty Gnebuding cleetnweanliogrime) was made an ohe grvap
ashestos workers,  Many workeps with advanee eases ol asluecros

‘ had senmad hearts and e evidener was fornul wlheely weaded aeba
) Licuft IPnrsents L asdnestuos dust eXpr=nee.
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ABBESTOS CORNS

Asbestos corns are wartlike collositics, 1 mun to 5 man in cize.
usually located on the palmar surfoces of hanids or finzers and ocra-
fionally on soles of feet or on the legs (see tiz. 3%a). Their presence
on the palmar surfaces of the bands is expluined by the fact tha
workers. on breaking threads of asbestos, force tiny slivers of ashestos
under the skin where it initintes a foreign bodv response. This
response is characterized by hyperplasia and hyperkeratization
Table 36 shows that the occupations in which asbestos corns ure
most common are ones in whicl workers test the tension of movinge
threads with their fingers, or in which they are obliged to break
threads with thieir hands or to knot threods together.

T et 36 —Percentage of asbestos workers whn had esbesios corns. clarsifid *
occupation !
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¥ Lows Dot 1aciude 4 secvaliy diacharesd weriors.

Microscopically, Dewirtz (10) stutes that the corns present a picture
of clow clhironie local irritation. The liormy and Malpighian strats
al the skin nre incrensed.  Round-cell infiltration is noted particularly
in the pupillary layer of the dermis.  Ashestis ibers or ervetuls iy
ulen secn aned they are regarded by Dewirtz ns the ngent responsibie
fur the thickening of the rete mucosum, hysal lnvers, aml the ciant.
eoll formation. Glavne (16) hns also found uslsstoc iber in the corns
hut noted that ashestons badies of e tvpe nbseeved in ashestonn:
lunes and sputum were absent. The warkers Liave thenerlves exiled
(heae littlie tuniors “ashesto’ comns,"” or ushemtos warts,  Not .
froquentlyv the rorne heenne veev tender, particalariv when presay,
is applicd to themin the coures of hamllioy tools or s bunery . Gy,
geconnt of the puinn, the warkers wiil ALEempt te renise the spmeg!,
of mineral with o pen knife ar come nther sharp nstrnnent St

the fiber be meompletely retmovel, it geenrs watle 2eeater hvpenps
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because of the added trouma. Most of the workers so afflicted insist
that every bit of fiber must be removed before the corn is cured.
Only occasionally, however, is medical relief sought, and in such cases
Dewirtz (10} advises complete surgical removal.

LABORATOAY MINDINGS

ASBTSTOMS BODIKS

Unusual structures have been observed by several investizators on
histological study of the lung tissue of men who had died from as-
bestosis but no detailed description apnesred unul 1927 when Co-ice
(9) and McDonald (22) publisbed phiotonicrogrophs and discussen
the conditions under which ashestosis bodies ore formed. Their
papers eppurentlv awakened interest in thie subject and severai papers
on a:bestosis bodies appeared soon afterward.

The following review of the literature on ashestosis bodies s fur
from comnplete, but it will serve to indicate the kind of infonnation
that bas been put on -ecord thus far. There is guwml evidence to
show that these boclics vriginate os a cellulur response to an inhaled
ashestos fiher. The core of the body is an ashestos fiber wiuch is
surrounded by protein de: ‘its. Apparently asbestosis hadies are
formed only iu the lungs. ey have lseen recovered {rom the fece-
(36). sugeesting that they pass unchanged through the gustromntestinat
tract. Theyv bove not been demonstrated in the asbestos comns whici
form on thie hands of asbestos workers (10, 57a), por in the peritoneun
of experimental animals {57) into which the dust has been injected.
Gardner (37) found the **bodies” in thic lungs of dusted guinea pigs,
but {or some unaccountable reason found them to be sparse in sinu.
larly exposed rabbits. Tle bodies can usually be demonstrated in
the sputum of paticats with ssbestosis, although, according to Lynel,
and Smith (38), the sputum may be negative on repeated examinutions
even in wel-cstublished cases.  For cases of tlis type, lung puncture
(40) has been sugmested as a dingnostic procsdure.

Asbestosis bodics are variabic in form (fig. 3%4) und in size (table 37"
Chamectenistically, they are slender, elonzated, segmented structures
with bulbous emis which zive them a dumbbell or drometick stupe
Ocensionuliv, a forked or Yeslinped banly sucl us the une marked /1
in fizure 39 is encountered. .\ rosette <uch s the one illustrated "
the center of fzare 39 was ob<erved aniv onece in the exaination of
spotunt snmples fomn 251 perwns. Hoseties, howes ers are eotianen
in ~cctions of lung tissue. Stewart, Tutersall, and Hudidow 313

suy,

Wo anngwest 1t the Brshines o 3 12700 Cliings o el sof asbestosis toaliv s iy 10
eprbuan am bocee desetibesd s e et of desends grateae of b L
whethar By e proesss uf sunple suppurative T P R SN OO TR LT R T
CA-C A reanlt T IRSTTTYIN PR 1abu o0 vptoerre 1iofs ebsenre,  Bov snthn Bosse 2t oo £ itaecee.

alibe e cotm b be that Lhers sa gfary Al ity tisederlving ashacsiers

I
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FIGURE 194 —~ASBESTOS COMN ON Tuume OF 16-YEAR-OLD “on EvPiovra
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The nsbestosis bodies illustrated in figure 39 show some of the
variations i size and shape seen in sputum smears. Five of these
asbestosis bodies (4. C, D, E, K) were found on the same slide. This
sample of sputum was obtained from & 37-vear-old mule spinner who
had been employed in the asbestos industry for 7': venrs, exposed 10
an average dust concentration of 8 million particles per cubic foot.
Because he made no compiaint of any of the major symptoms of
asbestosis and because his lung fields were second-degree Linenr, no
diagnosis of asbestosis was made. The bodies labeled & and H came
from anothier mule spinper, & 37-year-old man emploved 2': years 1n
an average dust concentration of 7.9 million particles per cubie foot.
Except for a cough hie hod none of the symptoms of asbestosis and lus
lung fields were essentiglly normal.

In several photowmicrographs of the “1gsbestosis bodv,” the ssbestos
fiber may he seen clearly. The bodies are somewhuot fragile. and fraz-
ments (such as L in fig. 39) often occur. Unstained specimens e
golden vellow or golilen brown. They do not stain with the mbme
dyves ordinarily used in histology, but they stain blue {prussian-biuv
reuction’ when treated with potassinm ferrocvanide.!

Asbestosis bulies ean be demonstrated on sectioninee b T tissue.
Since they arise as a tissue reaction to an inhaled asbesta:  Ler, tharr
size is important becnuse it indicates the Jength of the nsbe:ios fibers
that may reach the lungs. The greatest leogth of the first 108
asbestosis bodies found during the study of prepared sputom speci-
mens was measured on camera-lucida drawings, Fvery asbestosic
body was measured and the frequency distribution of these measure-
ments appenrs below.

Tanstr 37.—Frequency distridution of the lengihs of the firsd 16> gabestonis bodies
found in spuium amears
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The asbestos bodies range in length from 10 to 129 sicrons: thejr
sverage leogth was 35.1 microns. After completing this seriy.s,
Troutine measurements were discontigued since this scemed to be
large enough sample to indicate the sizes of asbestosis bodies monst
frequently found. The largest bodyx found in subsequent study of
Sputum specimens measurced 184 microns in length. There seems to
be no completely satisfoctory explanation for the absence of ashestons
bodies measuring less than 10 microns in length.

Asbestos appears to differ from other pneumocaniosis-pruducine
dusts with respect to the size of the lurgest particle that mav reach
the lungs. Tle largest reported upper limit of size for rock dust in
the zold mines of South Africs and in the granite (48) end anthrucite
(31 industries in this country is 14 microns. The data of table 3°
are in harmony with g concept that lins been gaining support in
recent vears, namely, thut psrucles beyond 10 microns in fize reach -
the alveoli. Mcasurements indicate that the diameter of nir snvs
may be fromn 130 to 300 microns in adults, or, in other words. of sach
8 size that ashestos fiher or resulting asbestosis hodies mar Le readily
accomiaodated.

Asbestosis bodies were found more frequentdy in the sputum of
persons who complained of a persistent cough thao in the sputum of
persons without u cough. Tlus is a reasonable findinz, since the act
of coughing tends to raise materials from the lungs. Half of tle
56 people who complained of dvspnoea bad asbestosis bodies in their
sputum. Less than n Rith of the 205 asbestos-exposed people who diy
not make a complaiut of dyspnoea hLud asbestosis bodies in their
sputum.  Almost the same relationship holds for a complaint of
coughs.

Asbestosis bocdies were found in the sputum of 46.9 pereent of
persons whose conclition was diagnosed as asbestosis. A mueh smallor
proportion, 24.3 pereent, of ensentially normal 230stosexposl
persans liud asbestosis bodies in their sputum.  Tlus, it appears that
the presence of ashestosis txulica is evidlence of exXpoture to ashesto,
dust, but it is net neeessanly a diagnostic sizn of asbestosis.  Asbo..
tosis badics were found in the sputian of persons who lund been CNproag)
to nsbestos dust for as short n time nx 3 tnonthis.  Of the warker<
employed less than 1 year, 223 pereent had usluestosis Innlics in ther
sputom. A lareer nercentaze, 3R pereent, of workers ecmploved m.
than 5 yeaes Jeul these badies i their sputum. Jn evubuuting thieee
pereentuves it minst be remembered that they uee busesd o the exanni-
notton of w single sputum specimen from each individual, I wverai
spereimetts eosthd have heen colleeted nd exsmined, the- INIEEN e of

pereons with nchezincs beslios wonlil uhost certunly e much lagsher
Nao asbestosis bl

< were fod iy sputum sumples froan anv of o,
TG persons tosted wi,

WEere st eXPoed o psbestos duss
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The incidence of asbestosis bodies incrensed with increasing dust

exposure.

Taste 38 —Relation of dust concemtration

10 occurrence 0! asbestosis bodirs
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RESULTS OF TL3TS ON URINE

Each person cimploved in the three asbestos plants studicd was azked
to brinz 8 24-hour saiuple of unne in a metal container provided for

that purpose.

In addition to the standard clinical tests, the silica

content was determined by the methiod of ki

1 and Dolan 3917 Of

the 416 persous ¢

xposed to asbestos dust at the time of the study, unne

analvses ure available {or 403, and these resultsh

ave been kept sepavate

from the results of urine tests made on 67 per«ms whose waorlk Jid 1

expose them to usbestos dust.
Albumin was found in the unine of 10 of the
in the urine of 10 of the 98 white femuales; and 1

248 white males tested:
n the urine of 3 of the o7

necro males tested.

Onlv one sample of urine (from = whate tade

contained sugar (Benedict's test).

These rates of incidence ure nu

bigher than in the controls and, insofar os published data are avatlabile

for comparison, they seem to be 0o

higher thun the rates generaiiv

found io industrial populations.

Tawit 39 «=Relation of urinary

silica {0 dust egpraete
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dust-exposed persons fluctuate above and below the volue for the
controls. The tota) daily silica output was caleulnted by multipivin=
silica concentration by the volume of urine excreted in 24 hours;
these values (table 39) also show no simple relation to dust exposure.

Urinary silica analvses are available for two other groups of people
whose diet resembled that of asbestos workers in consisting largeiy
of vegetables. Tlie urine of seven maje college students living in the
same city averaged 2.6 mg per 100 ec (based on single speciniens. not
24-hour samples).  An earlier survey of an industrial plant in Ten-
nessce made by the Public Health Service showed thot the doilv
silica output averaged 29.89=0.20 mg, 2 value very close to the mean
<ilica oniput of nenexpoced nshestos workers,

Dict plays un jnporeant part in influencing urinary silica con-
centration us King and Dolan ¢39) have demonttrated on expenment.|
animals. \ predominantly vegetnble dict. with its hirh siliea content,
beads to o hich urinary silica output. It may be that the dictary
intnke of silicn was so great a3 to totally mask anv possible efiect of
silicate absorption throngh the lungs. In any ecase, the plienomennn
reperted by Kine and Dolan for gold miners (301 and by the Publie
Health Service (31) for anthracite miners, rRamely, a licher silica
excretion in men exposed to silica dust thun in nonexposed controis,
does not appear here.  The urinary silica concenteation of the asbestos
workers is higher than that reported for the two occupationn! groups
just mentioned, and this appears to be largels duc todietary ditferences.

Silics concentration increased with incrensing spacifie graviey.
The silica content is, of course, too low to influence the specifie
gravity dircctly. Instead, it appears that the two values may van-
concomitantly, amd that the drinking of large quantities of water,
for instanee, would lower both the specifie gravity of the urine sule.
requently excreted and its silica content as well.

Tantt 40.—Jtclntion af silica conteni af wrine tn specific gracity
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THE IMaGNUNIS OF ANPERTOSIY

In preceding sections of this hulletin the fichs enl evmiptains of
ashestosis liave been treated one at A time of tvo At 1 tine in vrder
to chiow their relatinnship ta dust expocure 10 this ondd e wa
folluning seetions 1he S\IDLOUL oy

Hlex of wabiestonis AN 1e rer tion 1
dust eaxposiiie will bae disctisse|.
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FIGUAL 40 —PORTIONS OF CREST X-Aav Fi 1B WHICH ILLUETRATE ToE SUCCLS.

$'VE CHANGES BAaOLCw~T ABOUT BY LONG-CONTINUED INma, aT.aA OF
ALBEITOS OusSY
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In order 10 show these markings on u laryer scale than would be
possible if the entire film were reproduced and to lustrate this svstem
of classification. £gure 40 has been prepared.

Symptoms.~Dyspnoes, cough, blood-tinged sputum. pain in the
chest, wenkness, decreased chest expansion. curving of the nnger nails
and adventitious chest sounds are symptoms which also occur in
silicosis. It is possible to differentinte puimonary ssbestosis from
silicosis by listory of exposure to asbestos, the presence of asbestons”
hodies in the sputum or lunge, and by the trpe and distsibution of the
X-ray markings. With reference to ashestosis bodies in tie spatum, the
data show that trey may appenr after 3 months’ exposurs.  Tley show
evidence of exposure to dust, but not cstablishied disease. Lynch and
smith £38) reported difficulty in demonstratung the bodies in on ad-
vanced case. ‘Tlie presence of rosettes as Ulustrated i fizure 39 Lias
been reported to be of greater dingnostic significance

No sdvanced cases of nsbestosis of the bed-ridlden typs were observed
in "he present study. Reports (13, 20. 24, 32) of ‘atal American
asbestosis cases whicl were relntively uncomplicatedi by the presence
of other disease processes nre essentially similar 1o v ports of wucem-
plicated Briticl cases (9. 14, 34, 38). Patients in the terninal stage
are usually reported to be emacinted. markediy dyspucec. cyanouc,
snd usually have a severe cough with wiry mucold spltuni.

REPRISZNTATIVE CASE MISTORIES

Plates mude from representative X-rax filins appsear as figures 41
to 51. Roentgenograms of a normal chest (fizure 41) and of a chest
showing advnnced silicosis (figure 42) Lave becn included for purposes
of comparison. 1n figures 43 to 51 whicl represent asbestotic patients,
en abstract from the cose history and physical examingtion accom-
punies the Xeray. In viewing these roentyenogramns it should DLe
remembered that the ground-giass lung-field markings that are
charocteristic of asbestosis are exceedingly difticult to photozraph
and reproduce. 1t will be noted that the distribution of the shadow.
is nut quite as gruernl as in silicosis.

————
o ek Iihe FPIRCI MR Rat SITIHIC Podutt (0 15 SPUTUM & SBTASBCHE BINerS, DUt 1Re) feeh Lo Aorfer
nud ok n ally {Fn olmsteg Vorlies.
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FIGUAL 1. ~NORMAL PULMONIC MARKINGS. WHITE MALE. AGK 23
Note the linear tvpe of pubinanic inarkings «

wally scvn in the clust maclgepo.
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FIGURE 42 —S1LICOTIC PULMONIC MARNINGE. WMiTE MALEL. AGL $1

Note crare nainlar appracanee. nith Liwinning cuatineenee i e shadows
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FIGURE ¢).—Cam v ASSCETOLIS. WHITE MALE. AGE 29

Occupatinnal histary. —=Capior (mainatom), 4 veurs: nondunty 1emdes, 37 venre

Estimaiad ust cxpvsure. =) 35.3 imllion 1anchs gact eubie fuut.  1hy Mg,
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FIGURE 44 . =EAALY ASBLETOBIB. WHITE MaLK. AGE J9.

Orcupatianal histary.—3lule spinner (sshesios), laat 1S vears; poving atteadant
(aabrstusg, 1 year: nondiety trades, N2 vears.

Elismawrd dust ezposre.—(a) Weihted aversge, 10.5 millivn particles per cutne
fout. (& Million particle vears, 164.2

sl medienl~=Shrapand wound nght parietal region of hemal, Octolwer 1915
ilatersl parumvina se a child.

Comdnrnts —Shalit weakies.

Ihysicrl e anmemution ==luterinaaliate build, (airte well souriahice).  MMeight. ue',
nehics: wesghit, 144 puosls.  Clhieat expansion, 30, incius,  Hhaesl preesante, pdu 82
Polae rate, N, 120, aud 54, and nespirstory rate, 1, 24, atnd 13 teesprectines
tafure, inmnddiately after, sl 2 tmnutes after (anctiousl cvteme W, Tngeee
gaediate vhinst tvpee wath slight merease so A= hanwter of elust. Few g e
sistent crackhing rilcs st raght hase, Aslmstos evrnn on Jutinear stietaee ol 1eft
wrpt., Siht evstwieas of hps anst nale. A dushy el eaet L s St onn
pegative {ur M tuls rvnlosie and satastie LOdice, L rnary sica, 3Lt qoer W) 0o
1234 houts, 285 .

Floorascrpu.~ Mnlerate 12=1 limitation of diaphraguntie exeutsion.  1hia
embeeately wmerawsl v sige and densty,

Norau = Nate the Restabegny SRy of enuttitlegbiion apps v, Bot adidiere
aVvine the Livvecan P tsicePhatonts, RN IR QUOCERT CCLIClar appaitanss to fang el
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Figung 43.=MOoOERATELY ADVANCED ASBLSTORIS. WHITE MaLC. AGE 46.

Ocrupativnal hisiory~LUnasicioth weaver (aabxatond, 7 yoars 3 mouths. Pre.
vivtiely in nondusty trlcs, 335 g.veam including 10 years as fanuer.

E&t‘mnnd rnat ez poaure. —(a) Werghted expasure, 15 tullion jmrticles per catne
fomnt, 101 Million partiete vearss 1002,

wedn ld.--TmuilIN\mn,\‘. 1015 Perrisr, right, Mareh 1425,

Compluints —Dry, Liacking morng cuugh for 3 vears prwlicning ghie
spntinn. Slight dvepnoes. 2 tie 3 venrs.  Blmal-tingsel sputin,

{*huseen] tLaminmlinn —Heght, T0' 2 inches.  Weght, Vi pwesteaels
sure, O A2 Pulae pate, 72, 0K, gl 685 respnrabney sabe, 240 2% nl 24 e (o,
imsiiatedy after, and 2 gunotes after (anetsonnl Curere ot Patient s
pheted only alwmtt Lalf of (irmerbast evereme.  Clust expanson, datel,  Niaigors
swwhat ronided.  Crackhing fiics buardd wver butls lungs o et Lreatinng,
aed thicse fariet alter cungh; 2+ cursed fingee nale; Sl g sibicg LRI TS
(RIS CRTITIC TN .

Fluaroerapy ==Tadt side of disphiransi inoses wsore fecly tlan ot 2= bputa-
i of rxeurmion, ex eIy on pght,
Nerern a=Nlen y Mvoiraligroe ghuini-gisss apwarane: edleteratinge nenal huear

Pubieauc snarkings. (L alos alipws P PORCER e o ILPus 100 Ll Gz odf |
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FIBURE 46.—~MOOEAATILY ADVANCED ASBESTOSIS. WHITE MaLL. AGE 40,

Occupational Aisiory.—Mule spinuer (asbestue), inst 13 vears: nondusty trades,
413 years; idle, 4'4 vears.

Fatimated dust unum.—r(:; Weighted average, 13.53 milliun particies per
eulue (ool. ,

(b1 Millin partwcie vear, 173.7, )
ast medical.—Intloenss and prevmanw, 1919. Froquent disalling colds.
Complainie. = Nyne.

1% yarcol coaminatinn.—lutcrmediate white male, licight, 300 incluw: weight,
136 ponnds,  Intenmediate elnst sluagn:: expansion. 2 awhes.  $ex, mnisieal £l
over harcn of hungs. Urinaey silica, 5.6 mg ez 100 ec t24-Luur vuIpit, 80 sug:.
Sputum unt examsd,

Fluoroscwjry. ~Ntumanl <liglit lignitation of diaphraginatic esenperon nshit and
left with firstadegrer dlitfue ground-glam appearance of the hing fchie,

Neray.=SNlhuws Bretalcgny granslar Appearnuee e addaterating thee Dyear
tmarkions. 12 illastrat= the line FENIar tilimin gamciated with Tl cwndataue
auel the tendeney to 1a- mnet denne at the bass of the lungs.

$1iugnasis == Aalnstosnss 3.
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FIGURE 47.=MODENATELY ADVANCED ASBESTOSIE. WHITE MALL. AGK 49.

Occupationsl Aistory.—Nule spinner (asbestos), 25 years, norking 10 tu 11 liours
8 dav; nondusty traddcs, 9 VRS

Fatimoied dust etposure.—(s),_ Weighted average, 7.9 million particies pee
eubiie foot™ (6) Million particle year, 221.2,

Paat mélieal.—Tvphoul fever at age of 11, Influenza, 1018, Dry pleuries,
vight in 1931 secons attack in 1935 ub keft. More than averspe pussber of ehert
cubls rach year, Ridoev eolie, 1931,

Complaints.=Slight dyapwsa. epocially in elimbing stair,  Xlight moeninge
cunch past 210 3 yenex pnebuctive of amall anwiunt of wiite frathe spstuo.

Physienl ezamenntion —=Tall, {aielv well<«derscloped snan. Heght T8 tiehas, and
weowht, 172 pumis,  Bhual prossure, 140 80, Fulse tate, RO, 18 aned ML LSS
stary rate. 24, 32, and 24 (rempectivelr befuer, immelately after, s 2 inntes
sftee Dnwunnal exeeesse teste. Chest is loug, anl well v chugasl with e aring
of tht crmtul Inardine.  Uhest expiansson, 3P jnchee,  Nuruerins etackline rades
At taaees on by bircatiute aned alter eangle.  Npatong (amghe spreviueng wis
weeatine foe aentelast bagille Siwl aslaetons dumlics. L rinary sdica, 5.2 g Mr
JOU e 123-unmae e, 2800 ).

Flovenacnpy =t huaphirmagus alineet Raed sl lung Bekls snterpreted as shmang o
first=lo@eee RrOMIChglines apcarance.

Nevay =Nate U e gramy o gronnd-glass appearance (Al well il
Lo the lawee twotlurde of enels lune teld.

$eaqnusis = Aalestonis 3,
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FIGUARE 43.=MODERATELY ADVANCED ASBESTOS!S. WaiTE MaLE. AQK ).
Octupational Aistory.—Brosdeloth Joom toom (astewtcs), 14 years: nondusty
trades, 7 vear.

Estimaled duat exposure.~(e) Weighted average, 40.7 million p@nielc- pwr
euhie fout. }lb‘ Milluu partickeTears, 439.7.
{1 ot

Hast regl.—Hilalernt (nacunimanie ae o child. Rinus discase for thc PA-t 2
veurs. Typhunl fever, 1911,

© Qumplumee —Drv, hackig, mnrning evuch productive of I ounces «f whisy.
viscid aputinn, 3=t 2 vears. Shartiues of breath, 2'; yeate,

Physicol cagmination —Fmry wellaieveloprsl, steiier. white man.  lvight, T2
inches: weiit, 16 yuointa.  Nlonal poromure, 104 70 ol rate, 63, T FYT RS
Howprratory rate, 24, UY and ) Ghadore, imaiatels aliee, and 3 piunies alter
futetional caerone 1ests, Uit as bk, shnker 18, Dapanswon, 17, anelas
$lvart sonints are distint wal & prlasene wecvtl Svined mstieew At areentigated.

Flnorosmpy =Praking ol tin daaphiragin buth sanhiw. 3 ¢ escufamen Mpw
forcest respuration.

Xoray.— Nute the hfurmite af siaphragin,
definte dAsformuty an the grapn, Tl
secvtd=hdny i i €raiy o grminnlog

Jragrvers. — Mot cly ady aicval aa

This enae i U anly oo slgon 1Y
fang fidede weme gotcrpmtmt e cho o
laas sycarance with CIRgAEY a0
Calimia (Qolawionm J).
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FIQURE 49.—ADVANCED ASBESTOSIS. WHITE MaLE. AGE 48.

Occupational Aistory ~—Mule spinner (sabestus), 17'; years (1': vears in samie
rouln with carting aciunes: 11 years be worked 31 houry a day ; sundusty trasiv,,
17 vears.

Estimoied dust dpllu'c.—((‘ Weighted average, 106 muillion particics per
enbic 0t (o) Milluus particle vears, 301.8.

Fav sicdienl —Frapicnt chust eolils, Aerophagia for scverni veare.  Malsriy
nbout $U26.  fatluenza, 1929 and 1932,

Complainta.—Coueh, G years' dursting. fuwwilly muewhat improved sinee
ittt work in sabuwton.  Evvere paroxvsag of cough in qorning, causnnge b,
Ge vornit (Ropnentiy arl prduetive of sinatl it nf (L [F ¥y TITTE TTYPYOTT |
)'.,.[.1;.“- ey spateeny sateger [UEN, uncluinegel., l.u-l 13 W
ansowsabenl wenhaess badure guating work Scluni-m,

$hysernl s2nminateons —Shauber “[ariv wellabesclmed ganl pourislinl  wiote
wale.  Hosht, 65 aclas: weeht, G310 pavinis,  Hatlwr bt agrtow ehiest.
Clust exparson, ' anetes. Tactile amt vous freaniun stparentiv ol
Slodet gl nssinee loner hall of cach oo, \ aneeans PErsistent sbry
erachlit ostiv aver luner portious of lungs.  Fuint rvesth comtibs Lawer soge
lall fotit aned 10U 1= curving sof finger naela, Hhaul proware, 1245 30, Pulae
and resIPALEEY Pate. nepweetiveiv, T2, 100, sl 65 el N, 32, ated 28, twfore
itonnediately aftee, aml 2 yunntes after the funetoial evereie sty Masdoergree
dvejoany fuilawing thic exerriee, Urinaey siliea tesnale pmeinens, 2 mg jae (o)
€C.  Sputwn wngative (ap acuifaet havills and gelutimie lwaim,

Fluvsmwrnpy =2 = Ing od thisploragiscatic exenranm right and Wfe Hatlur jeac
radidueeney lwer Jaay tielda,

Xerary amNlims aeininllognyy grins Aepmenratee woith alowet sangdere sbliteres
Ao, of Bnene verkoge (o bzl Blitiagy 2 -,

foeaanensis — W\ Chlevntaldesdpiod aelmalinge
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FIGURT 30.=ADVANCED ASSESTOSIS, WHITE MALK, AGE 38,

Oceupetionsl Aistory —Preparation departroent (aalustomi, 14 sears; waniuey
tranics, 37 vesrs, :
Estimated dust ez poanre. — 1At} Werghtenl averagre, 389 elluds peariache qor
cubie fout. -(d) il pastichevrars, RN
Past medital == dlaxilary seni=es drasiant i VR, Toumad feve e av
Complainis.~—Dry evugh, 1) years, penaincine o 2 mptrnm of u
apututn over 8 porusd of 24 hemits, Liatinr avere dbsgaen, | v
walk very siuwly te prevent s sppimea, Chenomenal 13618 o) BIa0 830?70 b ol
years.
Phusien] caamination ==lleight, & el o
sure, 112 70 Munh-rste afte o lorgemee. ) EAPT I .
sate. 4%, 34, amd LY LU I DR ate . . e L *
excrcine tovtr, Patunt otognech 4. X .
escrenw, bt expiteensl 3 » RN
Rreatinng @ Labnonend mind ohint
gver the lowe? all oof latn
with the sttt wdnl = .
accuid.  Faert wrieed Bt Ll O e st a8 DR . . L
2~ eurvitg uf 1w Angee unle.
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FIGURL 31 —ASBESTOSS WITH FISAOID TUBEACULOSIS. WiTE MALE AQg 38,

Occupational Aistory.—Mule npinner (aabewlue), 11 years § suwomths; nonduxty
trares, 12 veary. :

Fappmnied dust um-n.-clnl Weichited average, 2.9 million particies 1T enbic

foot. \ (&) Miillion narticle vears, MU S,

s mevvoaleeTirvived sanstonum teatment for tulerenhmia § wnuths in
1930, Haud preaninna ans ehiikl.  Apprendectamy in (9146,
Complasnte.=Dry evnigh past § vears, worne at night,  Klight dvstetnaa, 8 veap,
Phwsient examinaliinn =Very thin man.  Weight, 13] (omkls. IHhael praseaun.,
100 7. Pulee rate, T2 MO, nned GN, NPT mate, M6, L6, mawl 20 tacdore.
imncslately aftee. and 2 annuts aflcr funeticnal exervise tent o, Adtbenn tegee
of etest. Sote delirnte ab ehest die 10 scrdivmin. Cleeat exprnaien, U snches
Breath sonuids are shghttv inersatl over tae extrem: LU LE S SY IO AR

dry riles nent sapracscanula fomaa.  Heart: The Pruliisemnie sevutnd ol ta snei
greater Lhan (he aortic mecuinl.

Fluweascw gy == Dinprhiragng nunes fmely agf
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1o aens byt
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INCIDENCE OF ASBESTOSIS

Preceding sections of this bulletin bave stressed the importance of
the X-roy findings in establishing & disgnosis of asbestosis. Tlie
reason, of course. is that X-ray examingtion is the most direct means
now availabie for detecting the primary effect of inhaled asbestos dust
on the body; namely, initiation of interstitial fibrosis of lung tissue.
Classification of asbestosis into a series of stoges which follow oue
another in their development is a difficult matier because it depends
10 o grent degree on the interpretation of relatively minor changes in
the lung-field markings. Other investigators have sncountered the
same difficulty. Lanza, MeConnell, and Felinel (17) and Fulton.
Dooley. Matthews, and Houtz (13) set up u eategurr of doubrful -
cases of usbestasis. Stage 1 in the accompanying tabalation & ore vr
less corresponds to their cntegory of doubtiul cases. It comprise
cases in which disgnosis rests largely on X-ror evidence. Stage 2

aresents eorly cases of asbestosis, and stage 3 designates moderately
usvanced cases. More sdvanced cases (stoge 4) are relatively
infrequent. Stage 5 was reserved for bed-ridden cases.

Tasix 41.—Relation of asbestonts 10 lung-feld urknﬁ

. l Biages of aabDesIOne
X.re) Sodinp W._:‘ . Touu
) l 1 | t | 31 !
¢
»l » "% : .
. -
uj slennoe R
eecesvanas 3| > : -

Tnble 41 illustrntes tlie relutionship of stuzvs of nabusiosis to the
Xeray fidings,  Although dingnoses of early xtuges of ashestonis wern
occusionnlly mude in the absence of definite ground-gluss Inng-tichd
murkingy when vough, dyspnoen, nil ubjective findines were present
in sulliciently advanced degree, dingnows of the later atages of asiue.
tesis were not tunde unless unmistukable groumdglass markings were
present in the lung fields.

The inciddence of aslustomis inerenses mapidly with inerensing e
exprsure. X ATth of the workers with na exposrre of 341 to 99 million

partiche vears it half of the workers having an exposare of more
than 160 ottt particle veues

bid nxbwestemis, i connpuicisonwnily
anthrareesilicisis these are

ereredingly low distaespeesure values
M
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The relation of asbestosis to dust concentration and length of em-
ployment, in table 43, is of greet practical importance becnuse it
shows what working conditions are most likelvr to cause asbestosis

and how long a period of exposure may elapse before the disease
becomes evident.

TASLE 42.—Relation of asbestoeis 1o tofal dust cxposvre b

. Millan parurie years

Dwscnasis . Traas
"';;“" 251040 3010 Orer 100
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Tantr 43.—O0ceurrence of asbestosis in relation (o dust concentretion and length ot
employment

PEHCENTAGE WITH ASREITOSIS
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The percentage of persons with asbestosis inereases greatly with in-
creasing length of employment. Lanea, McConnell, and Felinel (17)

Cpponcd u siiniar teend; their percentage values are higher than thee.
T

here are two explanations for the sinall number of persins emiployel
15 years or more.  This group of asbestos textile factorics hns been
in aperation frotn 6 to 16 years. and beeause of the relatively shue
life of the industry in thix acction of the country comparatively fow
persons live been exposed to ashestos dust for a Jong time.  Another
explanation is sugmzested LY the fact that ulmemt (hree-lonrths of the
workers cmployed more thun 15 years have the eardy stages, at least,
of i disabling disense, uslu~totis.  Rinee there is no stisfactoey way
of lucating wil examining perons whae sdrup out of an industey -
couse of disnhility ineurndd theasin, the percentage values ol the

forrzoinz tables are necesanrily mmimal estimates of the prevalence of
nsbestosis.
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The incidence of ssbestosis increases with increesing dust concen-
tration. In their report of a similar study carried on in Pennsyivania
asbestos textile factories. Fulton, Dooley, Matthews, aad Houtz (13}
found that 8 percent of the workers exposed to an average dust con-
eentration of $ million particles per cubic foot had asbestosis; 22 per.

cent of the 15-million-particle up; and 37 percent of the 44-million-
purticle group had ntmtos’igtﬂ7

THRESHOLD CONCINTRATION OF ASIESTOS otat

From a practical standpoint. one of the most important results of a
medical and engineering study such as this is the definition of safe
working conditions in the industry under study. [deaily. a threshold
concentration of dust should be the highest dust concentration that -
would not produce pneumoconiosis in originally heslthy workmen
duning their entire working lifeDThe chief difficulty in this study,
8s in most of the eariier studies of thie Public Health Service, is that
very few workmen are exposed_{or o long period of time to low con-
centrations of asbestos dust/_Because of the importance of the
problem. it seems to be desirable to use such data as are at hand to
define tentative safe working cor “itions that may sérve as standarcls
for the guidance of factory manas  :and engineers until more complete
data are available.

In an analysis of this kind the cases that occur at relativeiy low Jduse
exposures are of especial significance because ther indicate what the
2afe limits of exposure mnay be. Tlese cases wmust be examined indi-
vidually, as well ns statistieally, in order to be sure that there ure no
unusual features that would complicate statistical analysis. Bclow
2.5 million particles per cubic foot, the interpretation of table 43
offers no difficulties. None of the 39 persons exposaed to «dust con-
centrations below 2.5 million particles per cubic foot had a case of
asbestosis, although, as & matter of fact, only 6 persons hud been
emploved more than 5 vears. Three doubtful cases of asbestosis frl]
in the range 2.5 to 4.9 million particles )

[Because clean—cut cases of asbestosis were found only in dust con-
centrations exceecing 5 million particles per cubic foot, and beeinse
they were not found ut lower dust cuncentrations, 3 million Particles
per cubic fout may be regarded tentatively s the thrshold value for
asbestos-dust exporure until better data are availubic,

In order 10 find out the levels 1o which nsbestoa=luTt cvncentition
have been reduced in practice, an engineenny study (93 wis made in
an nsbestos textile factory in which dust eontrol cquipnient has heen
recently instollsl.  This sbows that means nre aleeady availabie for
reducing the dust cxposure of a mojority of Ashestof textile wawiers
to less thun 5 million particles per cubic foot.
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The data of tahle 43 provide a simple means of comparing asbestosis
with other pneumoconioses. In a previousiy reported study of the
Public Health Service (51) it was found that workmec 1o anthracite
mines could be divided into three groups which differed with respect
to the nature of the dust to which they were exposed. Tle percent-
TaAVLE 44.— Percentages of workers rxposed lo crriain concentrations of asbeator duwse

tn mbngon textude Sactories where dust control measures are vard 10 & dimitea eztent
and 1n sactorres where effectire dust control 18 praciiced
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? Dataftons ¢
ages of men having any stage of anthraco-silicosis (1, 2, or 3) have heen
tahulated separately for cach group in relation ro average dust con-
centration und length of employment. In pas ¢, it mux be of in-
terest to call attention to the difference betweer. .he pnecumoconiosis-
producing power of the three Kinds of dust eacountered in authrocite
mines. 1f one compares groups of men with the same dust exposure
and the same length of employment, io genersl the percentage of men
with anthraco-silicosis increnses with the free silica content.

TaABLE 45. == Percentage of men haning enthraco-nlicens ¢
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Asin ashestosis, the incidenee of pnewmoenninsis ninoe antheacite
e inereases with inercasing Jenzthe of cmpleviment. There is a
much more deltnite jneeense in the incidence of anthraeoesilioegs with
increasing dust concentration thon there is it walweatosis, profsihly
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because men were exposed to & much greater range of dust concen-
trations it anthracite mines than in asbestos textile factories.

In comparison with the three kinds of dust encountered in anthra-
cite mines, relatively low concentrations of asbestos dust and rela-
tivels short lengths of employment in thie asbestos textile industry
result in pneumoconiosis. :

There was no free silica (quartz) in the dust encountered in the
asbestos textile factories.

According 10 table 43, 16.3 percent of 69 former ashestos workers
and 375 men and women emploved at the time of the study ic three
ashestos textile factories had asbestosis. (Persons who were not
exposed to appreciabie quantities of asbestos dust have not been
included.} Eight percent of the 37§ workers emploved at the time of -
study had asbestosis. This does not completely represent the inci-
dence of osbestosis because about 150 employees were discharged from
these fuctories 15 months before the present stuily was made.  Mony
of the dischurged asbestos workers had asbestosis, us the reports of
Shull (31), Donnelly (12), and McPlheeters (23) show. Althougn an
ottempt was made 1o examine as moany as possible of these discharzed
cases, only 69 could be examined, 43 persons of whom hul asb- is
according to the diagnostic standnrds employed in this study. aue
assumes that the number of persons employed in these foctone  was
the same before these 150 persons were dischurped os it was wien the
study wos made, and if one assumes that 62 percent of all the dis-
charged cases lind asbestosis, then 50 cases of asbestosis escaped
observation. Adding thess to the ¢3 that were founil, dividing the
sum by 447, snd multiplying by 100 gives an estimated percentage of

7.5. This is not sn unusual percentnge value. In numerous studics
of the dusty trades the percentage of workers with poevmoconiosis
has been found to be between 20 and 25 percent.  Two such studies
muy be mentionesl. Of 7,722 miners and men seeking employment
in lead and zine mines at Pichier, Okla., who were examinesd in 1927-2%
(49), 21.3 percent had silicosis. In & study of anthracite miners (319,
“The prevalence of anthraco-silicosis atnong thie entire group of cin-
ployees was found to be about 23 percent.”

Other investigatars bave reported the incidence of asbestosis in
asheswos textile lactories. Lanza, McConnell, and Yelinel (17) re-
ported, “Of the total of 176 Xoray exuminations, 4 were disgmosed ns
accond-degree asbestosis, 6l as (irst degree, 39 us doubtful, wand 20 o<
negutive.””  The persons he studiedl “were selected mare or less at
rugdom from among theee having muree then 3 years of employment
in the industry.”’ Sinee Lanza did not examine oll the einplovees in
the factorics he stwbisl, perentace values calealatend fren bis dai
ure not dineetly comparabie with mue of incidene foe the present study.
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Fulton, Dooler, Matthews, and Houtz (15) noted that “Asbestosis
wns found in 14 persons (12 men, 2 women), or 23 percent of the
exposed group.” .

INCIDENCE OF ASAESTOSS IN DIFPERINT OCCUPATIONS

The percentage of persons affected by asbestosis varies in different
occupations. The numbers of persons employed io many of the
occupational groups are so small that caution must be exercised in
moking comparicons, but the data seery to be of sufficient interest
10 wurrant publication. Classified by departments, the preparstion
department has the highest percentage of asbestotic persons. Card-
ing is the principal occupation in this departinent. Although only &
of the 72 carders had been einployed more than 10 vears, 20.2 per.
cent had osbestosis. Eleven carders had advanced asbestosis. No
other occupational group had so large a proportion of advanced cases.

TAnLr 46 — Number ond pereenioge of vorkers haring asbesicers, classified occord-
g 10 depar(ment and occupalion
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In the spinning, twisting, und winding depurtment, the mule and
rine spiners huve o Ligher propurtion of asbestatie perons than the
aversee, 246 pereent. Twenty of the sixty-live mule and ring
spitners had been cmployed nwre than 10 veats,

A thind veoipation with an exerssive prevolence mte for aslastonis
is edoth weaving, in which 2506 pereent of the workerz are aifeeted.
Only of the 39 wirkers ud Lieen mnpln_\'ﬁl newre than 11 viears
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ABBESTOSID IN GRBAT BRITAIN A!‘D. IN THE UNITED STATIS

Lonza (18) has called attention to s point of interest, namely, that
British iavestigators have found asbestosis mare severe and menacing
than it was in the United States. He odds that this difference is
probably more apparent than resl. Lyach and Smith (20) have re-
ported 3 fatal cases wlhose duration of employment in ssbestos textile
mills was 11, 17, and 21 years in occupotions baving dust exposures
of the order of drv weaving. Stock (32) teported a fatal case in a
man 27 venrs of age who worked § Years as a carder in an asbestos
plant. Egbert (13) has alo gven complete findings of similur cuse
in 2 man 30 vears of age who hod worked 13 vears as a carder and who
died 4 years after onset of svmptonis and 3': years alter discon-
tinuing work. .

These examples of Amenican fatslities, some in yonnz individuals.
suezest that the period of dust expasure before di~ability or deuth
ensucs i< as short as is the case io silicusis.

Bridges 163) in the factory inspector’s reports of Gireat Britain L
shown {rom vear to vear (tahie 47) that the duration of employment
of fatal cuses with ushestosis is only half that of cascs with siliciw.

Tavrr 47.—Silicotis and asheatosis 1n Grent 1 ran
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Aore than 90 percent of the raw mineral used in the nunufacture
of ashestos testiles in this conniey aml Great Britain 12 Cancedian
chrysotile, indicating that very fitde differenee is 1o be expected thaa
the standpoint «f hisslorestenl reaction in te BWo tonnteies. A< nesr -
dust CORCERLTREIMS 1N the varisns spetptions of asbestos mvstbactm.
of British practice van b eongaspraatoad watle pesndt e asbatagnend an thie conns

. tey. no gEreater ditferenees are tonml thits esest i the tdeerent -

ti“ns “[ 'ht‘ ‘l“‘l.“.'““pl"i: !ln'\ in'loh. ‘l %ulll'l o lil, ltn'h'!ul.-. 1l
quite nedivible dnfereres eseet m thee puantfeatatiome sl Biwe dlame oo
llt'rt' o"d “bﬂ““l ““h "““ "'"‘lhll’ 0‘\0'|-|lllnll -" ;lsu.~|:t|.~tl ol nlll.lll- owil-
ing rubervulosts.
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PATHOLOGICAL FINDINGS IN ASBESTOSIS

Specimens for pathological study were furnished through the
courtesy of Dr. J. Rush Shull, Charlotte, N. C., sand Dr. H. F. Easom,
director of the Division of Industrial Hygiene of the North Carolina
Stwate Bonrd of Health.

The patholory of asbestosis is characterized by diffuse, interstitiai,
pulmenary fibrosis and hy the presence of asbestosis Lodies in the
hm"“ GCROAS APPERARANCE

In gross appearance the lunzs vary in colar from hrownish to pale
eray. Usually, they are nac distorted like silicotic or anthrarn.
silicotie Jungs unless an extensive amount of loag-standing fbrosis
is present.  Often the lunys are firm and heavy, but softer arens can
sometimes be felt on polpation. Crepitus depends on the mmnuvunt of
fibrosis. The pleura may be thickened and fibrous tags may be
scattered aver the surfnce. In the cases described in this report,
thickenine af the plewra and the prescnce of fibrous adhesions are
more {requently founil on the right lung thun on the left.  Adiesivas
to the diapliragm are sotnetimes present.

On section, small, dark gray, irregulariy shaped areas are seen on
the cut lung surface. They are ruther evenly distributed and they
are of approximately the same size. Visible strands of connective
tissue of varying size run through the lung parenchymn, forming a
more or less regular, fibrous network, and enclosing the dark prav,
nodulur areas and lung tissue which show alveoli. Areas of well-
uurked emphysemn are noted in the apices and outer portions uf thie
lower lobes, n fenture thut was referred to in the discussion of the
X-ruy findings.  The bronchi and bronchicles appear to be distendeid
and their walls are often thickened.  In one ense, this hronchicctasis
is wost murked in the upper lolie, particntarly in the npes.

Congestedd npens are sevaxionally seen an gnes ingpection of soe
of the lung wetions,  They ane prubably rerminal.

The bilae Tvmph nodes are not markedlv inereased in size.  Thev
are pinkish geay and contan abuout the usnal atmount aof uptieacotie
pizment found in a city dweller,

MICHRINMCOPIC APPEARANCYE

Fhe plenrs, when thickened, is nunle up eof adult Gihrous connective
tissue eells. The callagen ibees gre wssably well develvpued and smay
&lian ll}‘:lllllll,;lll"ll. Ill SONIC ~c el e the l'lii'kt‘ll\'vl I|l|~|||';‘ Is v asengbir,

140040
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the Liood vessels generalls being small capillaries. Arens of variable
size, containing anthracotic pigment, are occusionally found in the
subpleural connective tissue. '

Throughout the parenchyma of the lung o diffuse interstitial fibrosis
is present, which varies with the asbestos-dust exposure of the indi-
vidual. The areas of fibrous tissue are irregular or stellate in shape
and may contain small blood vessels. The cellular elements consist
of adult fibrous tissuc cells, fibroblasts, some collagen, and often
numerous macrophages. The strands of fibrous tissue represen. an
increase in the interlobular connective tissue. The fibrosis is usually
rather uniformly distributed throughout the entire lung. In sreas
of considernble fibrosis, atelectasis is noted due to the contraction of
the fibrous tissue. The alveoli occurring between areas of fibrosis are
menerally distended and show n moderate to marked emphysema.
The alveolar walls are thickened by fibrous tissue, and in some sections
hyalinization and the loss of nuclei occur. The alveoli are lined by a
sincle layer of epithelial cslis. The bronchint walls and the walls of
the bronchioles may be thickened, and o sligh- to moderate lvmphe-
cvtic infiltration is present occasionally. The smaller bronchi and
bronchioles are frequently quite distended. The walls of the :mall
blood vessels are thickencd, particularty the adventitia, which rontaias
an increased amount of fibrous tissue. Sections throuzh emphy-
sematous blebs show a fairly thick, fibrous, connective-tissue wall,
lined by g single layer of fint or low cuboiilal, epithelisl cells. Tiw
blebs, measuring us miuch as ¥ mm in diameter in the spechinens
studied, arc apparently of bronchinl onigin.

Asbestosis bodies are found in almost all parts of the pulmonary
tissue. They occur most frequently in thie arcas of fibrosis ond are
eccompanied by a greenish black pigment. They are slso noted in
the connective tisiuve about the small bronchi, in the alveolar walls,
and in the alveoli. Maerophnges and piant cells are usually present
whea the asbestosis boclies are found in the alveoli and often surronin
or engulfl the bodies. These cells also contain a considerable nmount
of unthiracotic pigmeat, and the dark preenish black pigment comn-
monly found in asbestosis. A brownish yellow pignient in lesser
amountsis also present.  The asbestosis bumiics occur in the Junzs ina
vuriety of shupes.  The most frequent is a bended rod with favee
ronnded ends. Spindle shapes with bended centers are also noteel.
Rusette formation is relatively frequent. There appears to Le n
relation between thie number of asbestosis bowdies and the amonnt o
pulmonary fibrasis.  1n one case in which there is exceedingly litdle
tibrosis, the asbuostosis lawlies are particularly numcrons, while in
another case, showing extensive fibrosis, they are quite infrequent.
These bodies are colden vellow in eolor and are stained Line with potase
st feerocvanide, showine the presenee of feene jron. With thas
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stain some fine biue strands bare been noted which are apparently
asbestos fibers in the process of becoming ssbestosis boddies. DBy the
use of polarized light, fine fibers are often demonstrated in the tissue
which ore identified as asbestos. These may be seen in the pen-
bronchial connective tissye, the interstitial connective tissue, the

N, -y .

Rt
T "e"ot-' it 3
A R

ce

FIGURE 33 ~ASBISTOSS BODY 1IN INTRA.ALVEOLAR CONNECTIVE TiSSuld PSBac.
TICALLY MO FIBROSIR tn THig Amga Casr M=21. MAGMPFICATION | DOOX
(ARmMY MEDICAL MUSEUM NO. 32233,

alveolar wills, and in the alvenlar spaet,  The Llue stainine fitwrs
and the astestosis duuliva nre ot visible when viewsl withe coosand
Nicol pasms. Qthee fine ervetalline mnterinl is sometitnes noted.
The presence of eomplicntine tuberentois 3s often diflicnlt to
demonstrate. Unleeas Casentingg s well defined, e tubesodes py
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FIGUAL 37 —C48€ H-21 SICTION OF MGMT LUNG ADVANCED AsBrIvOs'S
D:$TINOLD BAONMCMI AND AIR SALCES AT BOTw AGEx amO Bate O.rryuse
a, Fianos:S TAOUCHOUY LUNG SUBSTANGE anD ThICUInED Pt ra
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Case H-23
(Fs. Mo

Mair, Newro. aged 33 vears.

Corvne A dsuth = Prcumonis.

tiernpasional hiniory. —=Wyrked o8 clcaner atd sweeper iy the carriroom of an
Sabastus plant for 13 vears prior to death. Previousiy, roofer 1asphait). 13 year.

Eiomnted dust ezposure.~—-a. 35.3 wilhion particlea per cubic feot: 'd e,
part:cle vears. 4389,

Fluarnsenyy ==Nloderate (2—) lac of disphragpn righ' and loft; first degre
grunnd-giass apparance.

Nerap.=—Xoute abliteration of costophrenic angle on right.  Modcerate granylue
sppesrance rieht base.  Juterpreted as commencing gencralized fibrusis g, $9 .
Note the detunte evidence of SLrosis st the fight base aud obliteration of the
right enstophrenic angle,  This evidence of inercasd fibrosis and Ribrons picurisy
is aiso shown in Lhe necropsy material (Higs. 62 and 63,

Medical Mistory~=[ufluenzs. 1818 (duration. 2 weeks). Frequent colds.
Medical history pegstive until 2 weeks before death when he developed pneue
monia.

Physical ezamination —8lander, eolored male, Height, T0OY inchiee. Weight,
151 pounds. Long cbmt; right side slightly smaller. Eszpansion poor (11,
inches), Moderste dullness over bases on percussion.  Persistont erackling
riles uver beses of lungs. Palpation and fremitus, vegative. Faint lweatl,
sounds over hasen DBloud prewsyre, 140:00. Pulse rate. ¢8, 80, mid 6S. Ro-
spiratary rate. 28, M, and 24 (before. immediately alter, and 2 minutes after
exercivc).  Blight transicnt dvspnoes Luumediately after exerciae). Asbestosic
bodicy in sputum.  Crinarr silica, 3.3 mg pey 10U £e (33 g per 24 houm,

Dingnnars.==Alerately advanced sahentosis (siage 3) 33 monthe Infure deatls,

Puthidigical craminnting ahouvd muderately advanecd ashwwtuwis. A anwicrate
degree of ditfuse palonner Abrosis and cmphyseins was noted aconnanied by
many aslastosia lenlive,  Acnte dilfuse pscusonitia s finaent,

Chomiral eraminntion of lung tisawr.—Naniple [ Rght luog—ash 2.68 fetreent,
silica 0.3 pereent, wiliea i ash 163 pereent,



107 .

. Figunt 39 =C
~nisY X.-Rav
OF Casg M-2) 1% MOmTYwE B
s fcromg Dgav
]




- v

FiGumg 60 —=CASg

W23

108

RiGWY Luna EuTing PLgunal Bueract CovEmgo
8y Dgnsg Fimaous Taas



. 110

° FIGUNE 62 —CASE M 2) SECTION OF MICHTY LuNG MODTRATELY ADvasnceD
¢ ASBCSTOSS F@aOUS ANLAS AND EMPRYSIMA UniFORMLY Qisvm.gorz0
..‘_ THROUGHOUT ThHE LunaG SuUBSTanCE
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SECTION OF LEPY LUNG SHOWS LESS 1RVOLVEMENT
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Cast H-2§

174, 64 and €S

Male. nhite. aged 27 vears,

Cawse or drorh — Lohrat pneumonia.

Ocenpational Autory.—~Began work st age of 10 vears. Broadcloth wesver
‘@ibertuse. ) vesr. Tenck driver. 3 months. Brosdcloth neaser *asherios . -
yvears. Truck driver, 3 vears. Broadeloth wesver ashestos:. ¢ vears

Werghted average Just ezposnre.~49.7 million particies pes eubic foot. or 3479
miliion particle vears. ie

Medrcal histary.—Past history negative. Had influenzs. prior to deash. whick
developed into pneumonias.

X.ray czamanarions —Fi:  made 18 1nonths and § month (fig. 64 hefore death
showed first-degree ground ;iass which was iaterpreted as commencing genwralized
fibrosis.

Merical ezamination.—The principal abnormalities found on plirvasical examina.
tion 1S months before the death of the patient were second-degree curved nails,
second-degree cvanosis, and decressed fremitus on both the right and left qide.
The heart sice and heart sounds were normai; blood pressure, 120 74, On erercise
the puise rate rose from 88 10 116 and 2 minuten later had fallen to S4. The
THDIrAlory rute rose on exercise from 18 to 30 and returned 10 22. The patient
had a ehest qirth at expiration of 37'; inches and & chest expansion of 2 inches,
He was & thickchested man 68% inches tall, weighing 188 pounds. Filteen
months helore desth thia case was disgnosed as early asbostosis (ntage 21,

Haihologreal ergminetion showed early asbemtosis. A diffuse interstitial 8hirosis
with little emphyseras and bronchioketasis and numeryus asbewtonis budic
notet.  Lobar poeumwnia was shawn to e the eause of death,

Chrmicel ezaming/ing of lung tiraus —~Bampie (roun right tune—ash 2.34 twreent,
silica 0.21 pereent, silica In ash 8.42 percent. Rample trom left lung==aah 244
perrent. ailica 0.27 perevnt, wiliea in ash 11.17 perecat.

Was
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Ficung 65 —CaBC H-23 SECTION OF MIGWT LunG CARLY ABREISTORIS U,
FOAMm DiSTRIBUTION OF FIBROUS ARLAS THROUANOUT LUNG SuBSTANCE
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SUMMARY OF MEDICAL PINDINGS

A medical examination was made of each emplovee in three ssbestos
textile plants employing 423 men and 118 women. These persons
were much younger than the average industrinl empioyee and they
bed been employed in this industry for relatively short lengths of
time. Almost half of these workers hail been previously emploved
in cotton or woolen textile mills. Only 23 persons had been em-
ploxed in a trade in which workers are known to be exposed to inor-
ganic dust, and only 1 of these 23 persons had pneumoceniosis. For
this reason. it is believed. asbestos-dust exposure can be held respon-
sible for tlie coses of pneumoconiosis that were found in these three
factortes.

Asbestosis is a fcrm of pneumoconiosis causcd by long-continue.d
inhalation of asbestos dust. The primary etfect of asbestos dust on
the boadr is to set up an interstitial, pulmonary fibrosis. This may
be 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-rox filin the

shadows cast by this type of fibrosis resemble ground glass in appear-
ance and usually extend over the lower portions of the lung fields.
frequently being heavier on the right side. TUhlike silicosis, nodular
fibrosis has not been detected in asbestos workers. '

As in silicosis, the chief symptoms of asbestosis are progrossive
dvspnoea, variable cough, substernal cliest pain, decrcased chest
expansion, emaciation, weakness, clubbed finger tips, and curved
finger nails. Nost of these symptoms seem to be the result of the
pulmonary fibrosis sot up by inhaled asbestos dust, and the con-
comitant patholugic changes, such as emphysena, bronchicetnsis, and
bronchiolertasis, which ean be demonstruted at autopsy.

The pereentage of persons allected by asbestomis or by any aue of
these symptoins depends upon the dust exposure.  In all euses the
percentaze of persons allocted by any given sign or semiptom of natses.
tosis is greater than in control gronps of industtial workes who were
not exposed 10 inorsanic dust,

A characteristic of asluvitomin is the limling of anlwstinis badies in
the lunge and in the sputum,  Although it does not appear from these
data that o findine of sshestosis bidies ean lus used ta retahbliddy o
dlinzinnis of ashestimia, nevertheliss it is ovidenes ol pabeestos sy posare.

)
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Only 1liree vases of asbestosis, all of them disgnosed as doubtful or
bordertine vases, were found to be exposed to dust concentrations of
less than 3 million particles per cubic foot. (These three individuals
had dnsi exposures of about £ million particles per cubic foot.) Above
$ million particles per cubic foot, numerous cases of well-marked
ashewtunis were found. It would seem that if the dust concentration
in nabestos factories could be kept below 3 million particles (the
engineenng section of this report has shown how tbis mayv be ac.
complished), new cases of asbestosis probably would not appear.



ANNOTATED BIBLIOGRAPHY

To facilitate reference to the papers listed in this bibliography. a
brief note has been appended to each citation which indicates the
kind of information that may be sought for profitably. So far as
possible. no information that ean be gained from the title bus been
repented in the sanotation and consequently the length of the note
is no measure of the merit of the article.

In the interests ol completeness. a number of papers hisve been listed
here which were not referred to in the text. The papers on lung cancer
a3 4 possihle complication of asbestosis are 8o cxample. No cases of
lungz eancer were found in this study, but it oppeors that it would be
o profitabie thing to look for whenever autopsy materiul is available

for study. For that reason papers dealing with the subject have
been included, :

..

ENGINEERING REPORTS

1.  Annual report of the chief inspector of factories andl warkshiope for England
and Wales. H. M. Stationery Office. London. Eustand. 1910,

Contains & section on ohservations made hy Dr. Collis on the effects of

exposure 10 asbestos dust on 40 workers in an asbestos textiie factory.

2. Bloomficld. J. J.. and J. M. DallaValle. The determination snd control ol
" {ndustrisl dust. Public Health Bulletin No. 217. 193S.

Discusses generally-aceepted methods of dust quantification and methods in
use for controlling industrial dust.

3. Hatch, Theodore, and 8. P. Choate. Btatistical deseription of thie size prop-

erties of nonuniform particulate substances. Jout. Franklin lust. 20%:
360-357. 1929,

Gives statistical narameters foe the caleulation of totsl surfare area. volume,
and mass of & given distribution of nonuniforra Just partickes.

Fulten, W. B, R. L. lHouts, A. Dooler, and J. L. Matthews, Asheatnsia,
Part 1. The eullectivn and cuuuting of dust encountrnsl in aslesto
fahricating plants, Peunevivania Doept. Labur and Indastes Ball. 35
1924,

Distuseen the mcasurcuwent of aslieston dust il its physical propertios.
Eugiering sturdy of four planta.
$. Natch. Thendare, and C. A Mike, Tle minerabogical enngenttion of air-
bsorne fusmnlesy ddaist.  Jone. Tad. v, IN: O1-UT. 1936,
A petrograpliie stinly of airdmirne foummiry dust macvsnting Is gartecle e,
Compamtion of slust nqurted th vary with sise.

6. Huelibmt, C. 8., and C. R. Williamn. The mimeraiogy of sslasten slust.
dune, Bl HEag. 170 2N9.2ul quas.
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Dirciinas the cvemspamitinn of setthal shioed aamgoles abbansl i Caelories
annlactueing Adustio teNtilia 210l H1her astasion pruinets,

[ERAS]



-y

;

1.

8a.

§u.

10.

Te,
.

. Cooke, W. E. Pulinonary malestosis.  Brit. Mcd. Jour. 1927 (Vol. 2::

119

Page. R. T.. and J. J. Bloomfield. A study of dust eontrol methods in an
asbevion {abricating plant. Public Health Repnrts £2; 3713-1727. 1937
*This investigation included & study of atmosplieric dist cunecentratiuns i+
the factory workrooms, and & study of the exhaust systems stsed 10 re1n-L €
ashestos dust.”’
ABBESTOSIR

Alwens, W, Ucher Ashevtore der Lungen. - Munchener aed. Wochenswie.
$2; 1707-1R00. 1038

X-ray wnid medical study of 35 emplovees of 3 German ssbestos tertile
factory. 22 cases Of ashestosis were found.  Xeray evamination showesd
floceulent miarkings hut ne nodulation.

i Biasi, W.  Zur patholugischen Anstomie sier Lungensshestose.  Archiv
fur Gewertepath. und Gewerbehyvg. B: 130-135.  1n3s.

A 30y eat-whii man emploved 21 vears in an aslavtos faetury died of eircrlae
tory iusumiciency after sccking trvatment for shortnese of breath. (h
antopey the right side of the heart was eularged. There wene poh o
tlumions.  The filirveia +rcn ON KTUss iERCLION B1K) COLRPISE 6or, iirne
tolucics] examingtivn was miowt extousive 1 the fung hases,  Sansiosis ol
Byprden rdla have repurter on 1he asbestimin laxdics found i this ense-.

Burerch, Annemane.  Pneumunokoniose, Betufskrankinit wnd Fantevhiebie
gungapflicht.  Deutsche Jod., Woehenschre, o7 1J00-1102; 12471234
1931. ‘

A dVevearld man. emiployed 26 vears in an ashestos factary. sought treate
ment for dixabling dyspnoca, eardiae tnsutliceney, awd enongh.  Clintenl
awi X-ray findings characteristic of arbestinis gre descrilasl in ot}
Dicd as & result of right ventricular insuthicicuey. Post-murtem exusne
ination revealed pulmonary fibrosis, marked hypertrophy and dilatstion of
the right ventricle and little hrpertrophy of thie left ventricle.

1024-1025. 1927.

A 33-yvear-old womsn emploved in an asbeatus factury ever an 1%\ ear
perusd “complained of cvugh, drapnues, rxpectoration, and Jassivuele.
Au X-tay plate showed extennive fihrusis, Dore marked in the right bune.
two calearevus glands al the root of the beft lung, and two snial} calennane
pacticies in the hase of the Ieft loner loln On Autgmy, denes pilenry
sdiwsions were found.  “On aeetion the [right] Jung is mvn to Int fitireea-cd
sl to 8 larrc extent airkwe, the lung tismine ining replecnd by Hlsrssens
timue.”  Calearmans masws and anas of cemution sl cavitation weee
fominl.

Dewirtz, A P, Adlwstwarzen.  Areh [ Deriat. u. Byph. 161: =3, fa,

Dexeription af the localization aud the gams and Listulogital appeArasees of
saln=iug Curia,

Dovwwellv, 3 Puloswiary ashastoas. Nuser. Jonr, Pab. Healtls X B T o
1281, 3933

Parual review ol peves isis slbimesev mtions sess (e dlimnee,  Tnchinks ciame eopninte
on thew tutally disslibel jmte ot takoen Irvin e mrus o 13 e 14 tiins-

chest qlatests AW bst 1 oof e 15 Lael @t sopsr Tinme Javens Wit poid-
mnary tulneralings,

Daoseective J. Pobanaiary asde-stoie-
Bive #8232 32n 1w,

Daeeeriptionn o Nerin Bl of 150 30t aqren warky .

invidenes and prsgnosis.  Joate i

QAT = St
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13. Egbert, D. S. Pulmonary ssbestosis. Report of & ease with necropsv

IR N

16,

17,

L5

Sndings. Amer. Rev. Tubere. 31: 25-34. 1835.

Autopsy report on case dencribed by W. B. Soper (Amer. Rev. Tubere. 22
371-364. §930). White, 30-vesr-old male emploved as an ashestos
carder 13 sears complsined of dvspnoes and blood-stresked sputum.
No cough. Examined and X-raved on ts0 occnsions hefore death el
resulted from eardisc failure. On sutopey “diffuse Bbroxis of lunes 1n:-
volving particularis upper lobe of right acd portion of gpper lobe of lelt;

arrested tubercuiosis; asbestrsis bodies throughout lunge; few in trachec-
bronchial lymph nodes.”

LCliman. P. Puimonary ashestonia: Its elinieal, radiologieal. and natholog.
ical fcatures, snd assucisted risk of tubercuious infectiun. Jour. lud.
Hye. 13 163-183. 1933,

A 43-vear-old man emploved in the cardroom of an sshestas factory 9 vears
became disabled on accounnt of dyspuoea. acevinpanied tv dey, irmtaune
congh and progressive anorexia, loss of wesght, and elubhing of fingers
X-ray and climeal exaniination, At autopsy this case wis dliagnsctd ae
“advanced pulinonary ashestosis. compheated by tuberriions pleurisy.”

A 31.vear-old waman emploved 2 vears making ashestos tnatirress lweasne
dvapnneic, wasted, and evanutic. Died of tubwreniosis. Autopsy finid-
ings are presentud. .. ’

. Fultan, W. B., A. Dnanlev, J. L. Matthewe, and R. L. Honte. Asinatownrs

Part 11, The natore aud amonnt of dust encountered iu asleestos faheie
cating plants. Part [I1. The effects of cxposure to dust eneonnitered s
ashestos (abriesting plants on the healtl of & group of workers,  Petinerl.
vania Dept. Labwe and Industey Bull. 42. 1933.

Report of a mudical examination of 88 workers. Bibliography of 125
papers.

Gloyne. 5. R. The morbid anatomy snd listology of asbestimia.  Tule-rele
16: &43-431; 49)-497; 550-338. 1833. .

Detailed description of pathologital findings and review of literature.

Lanza, A. J., W. J. McConnell, aud J. W. Felinel. Effeets of the inhalatinn
of asheatos dust an the lung of aalwatas workers.  Public Jivaltl Rupnsrts
30: 1-12, 1935. Reprint No. 1663.

Brief deneription of the finvlings of an engineering aml medieal study made
i a1 asinetos teatile plant.  “Neray Slus eerc marde of 14 persons.”

Lanzs. A. J. Adwcstraia, Jaar. Amer. Ml Asave. 106: Jin-309. 100,

Brief ddeseription of same of the arly olvarrvatione on the disase jarten.
larly an mcn iu uitesl States.
genobogy, :

Lavim e, Dimcniiri, Prilmsnisey aalxtimin.  Rororrle of the loterue
tiuna!l Cunlemeuans an Nilicvaas tnehd at dedianemmbinieg, Aug. 13-27, ton,

Alen nutew i elinirsl eture amd facnte

Stuckies and Repwirts, senen Pl Hvgo, N 13, e, AW JkM.
Authut's niscrvatione son "workers Lamilling PR aslnsmlom atel B<duata
smixed with evllon or other vogetabibe dusta.  Comnelinbes That at lsset 5
yeags of exirmuty rvginal 1o paninee pueimaeaiions: dinset ratue e
taern guuantits of dist inhabsl amd pieceionvonimie, W effesstzabohie bk

eas snav devehge i T ot O sears sl Ghe shacas: £ah vatwe death afvee
B vears” heavy enjemnne,



- memm

‘e s

121

20. Lynrh, K. M.l W A, Snith, Pulmonary asherstosis I1. Ineluding the
Tpnett ol peare eam, Mt Hev, Tubere. 23 643-600. 1831,

White smb, W senen abl. cnploved as an ashestos earrer 11 Years. sought
eslical 1h-atnnent for chest pain, Joss of weight (23 1b.) and shortness ol
bevutli. N-oray rxamination on 3 occasiuns during s S-vear period show i
amtihng in both lungs. Died ws & result of slow, cardise failure. On
autupny extemmive fihrosis, emphysema, and Lronehicetasis were found.
Tutwrrnluss mas absent.

22 MeDeanbl. Stuart.  Histologr of pulmonary ssbestosis. Drit. Med. Jour.
1022 (vol. 2. 1027-1026. 1927, °

“The interstitial fibroeis is such a9 might be expecied as & Teouit of 8 rOnI-
binatiun of a pnenniocouiotic tonditiun and & ehrousc tuberculous fifece
tion.” The puusibility that asbestusis bodies sy have been of piant or
amimal orimn may he excluded. “The hypotiicsis silvaneed ia that these

© lumhes sre portions of asbestos fibtes in the procr~s of alteration anii
aborptian by hydrolysis, either by direct cheinical scrion of by ensviies.™

23, McPhoeters. 8. B. A yurvev of a mroup of eiplovecs exposed ta 3ehicpiy
dust. Jour. Ind. Hvg. 18: 229-219. 1636, Reports “the resnits of 3
survey of 210 persuns exposed 10 ashwetos dust.”

24 Martz, L. Asbestoris and Tuberkulose der Lungen. Zeitschr. L. Tulxrk.
70 11-15. 1935 . -~ )

Ashnctnnis evtnplicated by tuberenlovis was funnd in A vearewshl wennan
employed in an asbestos factory during s 12-vear poeriend,

25. Merewether, E. R. A. A memoranduin on astastosis.  Tulserele 15: =N
109-118; 152-139. 1933

A comprehcusive review of British studics of ashestosis, including ecvnumie,
mineraiugical, and medical historieal facts, musin features of the Jdieeasc,
asbestosis bodies, correlations with dugt exposure, risk of tubLcrenlows,
preventive nreasures, and compenaation.

26. Mills. R. G. Pulmonary sabestosis: Feport of & case.  Minnesota Mad. 13:
495-499. 1830.

A 3&yearold man exposed to asbestos dust {u a mine 17 Vear previaonly
was admitted to & bospital where he died of heart Llock, Aarkedl hung
Bbronis was found on autopsy. Asbostos Sbers and asixwtneis Luslics were
found oo micruscopic examination.

27. Mumas, Giovannl. Clinieal sud radiclogical netcs 08 PRCUMOCONinmie Jin:
te aslwsio  Hilicrwisvereountla of International Conference hdd ot
Juhantesborg, Aux. 13-27, 1030, Kilics and Raqnorta, Sotive 1 (lndl.
Hygdo Na. 13, . 2,

The X-rax alusws “arbmrization distributesd bilsterally in the bilar and ju-pie
bilar sones which in numt advanecd caers Ut rabily revluevs Eransgur.
ey, Retetifses twte is inbitration of the lees,

2%, Olivee, Thomae,  Clinical agueta of tulroonary aslestimic,  Jirit, M..i.
Jume, 1027 (Vb 20; 026- 4427, 1027,

Cane hiintorrns oof “tuwer wrnwen wh ane (in mbsjortn o palineaiary acle st
on agul I mtdl tin uther 39,
20 Panewast, 11 K, TG Mitler, amd 1, R M. Jamidie, A Penigennhegic

study oo thae sifirta of Wit (ulialation Ugmus the nags  Terane Aewa
Amer. Py srans 33 9Tojon 1217,
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The X-rav aspects of 137 individuals exposed to orzanie and jnorganie dust
are presented.  Of the group exposed to inoreane dust 15 were ashestos
workers. Bhadows simost invariably first appeared in the right lang on
8 level with the hilus ehadow. The aupesranee of 1 shadows is reported
“softer and lees sharpiy defined” in ashestos workers. A gund Jeseription

s given of the three stages which the authors fecognize in the progress of
puenucunioas.

. Schuster, Norah H. Pulmonary ashestosis in 8 dog.  Jour. Path. and Baet.

L 31-757. 1930, .

A dog kept in an aabestos (actory 10 vears “had suffered for two vears (rom
tonugh and dvspnues. aid for six monthe frow pmeressive wasting. The
dyspnoes becaine so distreasing that he was destroved.”  Ou exsimination
of the lungs diffuse Abrusis. bronehiectaais, phagoueyvtomis, and asicatos
fibcrs were found. Asbevtosis ixalies were not {uund.

. ®eiler. H. E., and M. D. Gilinour. A earpe of pulmonsey asbestosin.  Brit.

Med. Jour. 1931 (15 1112-1114. 1931,

A J2.vearobl man empluyed 23 vears in 3n asieatns factory ae 8 carder,
dry-cloth weaver, and in the mauufaetinre of willluard. songht treatoent
for “rung’, hresthiessnens, loss uf weight, and lassitude, Radingraphise
esaminalivn revealed a diffuse fine mottling of & silicotie nature ~preant
throughout Hoth lungs. - The patient who is the wibjeet of 1hcae notes
has dir? and the fact that pathobegical exathination siwwed that death
‘was dr . <olely ta esrdise (ailure secundary to haek presanee restilting frum
the tnesnive goneralized fbrosts and frrespective of any addest infectnin s
at aduitiomal puint of intcrest in this case.”

Shull. J. R, Asbestosis: & roentgenologic review of 71 casen. Radinlugy
20 279-292. 1034

Results of medical cxamination of asbestos textile workers. Two sutupey
reports.

Stock, G. A. Puliconary ssbestosis. Med. Bull. Veterans' Adm. 10
126-129. 1933.

A 27.yesr-0id nusn, cmploved 8 years as an ashestos earrder, was admittcd to
8 bospital Leeanm of shoruicss of heoath et chest pain. He was tider-
weight snd had poor chent cxpansion. No pilmonary tubereuksis hneent,
“The prmtunortem diagicmes were: Pneunwmia. arite fohar: preumen.
niowia, 81l Jotwes of foth lungs; plenriay, ehronie, Sheinmia, right, and ehrinie
fibeinous with adinwinas, hft; interhotmr, beft; Bypevtenphy miel dilatatu
ol the hearts a)qmanticitin, elironic.” Histohkancnd CRRIInaten Pevealed
sxlnwtionss Indicw and Blitvmia.

Nthawelw, 1. Boricht Oler dewr Fall von Lunget-aslewtosie, welelnr slep
Ardwit sbea Hlerrn B, Meger sngrumie liemt.  Viedwow's Aerhiv, 1. pathe
sheginchic Anatuimne w. Phivaiohugic 2R 3504- 0%, 1Ly,

3evearenhl iman crapbeved in n Gorlaan asin=iom favtaey 20 cears il

o ddympmuea, bemeitn siml hme of wright.  Netar cvannistsess sl
Bover, thoreubent snrkings in Wiiddie ainl honre puartise of fose tnlls.  §deal
of Iwart faitune.  On autopmy, foumt Bbevania, ruipdis mrinna, 20l aslastomie
Iealice.  Noaigns of tubnerinlimia,

White, T P Prdawmary asteshissie, Trane, Ml N, Ntalee o Norhl,
Cardling, 1835 279-M2. 19353

A Phevear<dd man cugstonsd 9 Vnee i At asdasaties il aeighit paduenl

treatumet aa Neeratt ul shettnees of Levatls, sestagiremdin®ios v eesnaghs, oneel
shight b oof werght,  Adl SO tlones fngreaseed 1St eniy fe T meid o,

v wee -
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OII Noene a9 veate later "?lif Jung Bebie are negatine fur
tilwrenbess  The ssaminatioon shows & marked. widespread finrowe
thirnglems destls cinats whiets reaches the penphery. The heart outhue
in entiredy adecunsl by dense brosis and the esrdio-phirenie angles are
wdditrratesl.”  The exact heart measurements cannot be determineti he-

cnu~ of tin shmgginess of the beart outline hut the heart is definitels
enbarged.”’ )

3. Weinul, W. H..aud D. 8. Page. A case of puimonary ssheatosis: Death fran

36.

3.

3

3.

tniwrenlueis two years alter first cjpusure to the dust. Tubercle 11
157-138.  1930.

A 21-vear-old worcan emploved LS months as a spinner in sn astwetos (actory
songiit treatment (or “anoresia, wenkness, wasting. anr pain in the nuibt
nide of the chiest of three montha' duratinn, She denied having congh or
expeetoratinn,  There was nn radiographic evulence ol pacinuedamusis.”
Ou histoliical exasnination of the lungs, “in the fow anetions exammed o=
which tuberenivue lesions were not present, the ssinston loxgriher wmith
a large quantity of black piginent was generaily surrinnnicit by & latle
fibrous tissuc, hnt there was no groas Bbrosie”  Asleton Blwre and ne-
hentusis butlics were founrd.

. Wond, ®, D, and S. R. Gleyne,  Pulinonary ashestieis] & revew ol ane

Lundred cascs. Laucet 227 125 1303-1385.  1934.

Of 100 ashestas worl =1 who sought miedical tastment. 53 had anevanpdic
catisl astwntunis. 3 ad asbestosis with active tulwrenlusic, 3 hiad a--
hestasis with vimorescent tuherculosis, and 17 were diaguerasd as dimibitfud
cascs of asinatosis.  “Septic dronchitis, bruncho-pucamana, arl pul-
Rinary tuberculosis are the commonest temmnal cuinphicutions of e

dixm-l'
ASBESTOSIS BUDIES

Glovne. S. R.  The presence of sshestosis hoclica in the facees e 3 cawe of
pulmounry fibrosis. Tubercie 12: 138-150. 1931,

“The farces were pinulsified with four or five timew their volume of 5 per cent
furnialin in waline. The emulsion of the (sceve, wheu eentetfuaes], was
found to contsin & seanty number of ashestosis bodies.”

Cloyne. 8. R. A method of stalning the asinwiosis luslicn founnl oy tla:
sputum of asbwestos workers. Jour. Ind. Hyg. 13: & 8. 1031,

Denerilum teehnipus crploving Prussian blve gl sninwsainm sulbile.

Lynch, K. M. awl W, A. Buwith.  Aslvstosts Juwlics in sgmitias aml b,
Juonur, Amer. Ml Samse, 03: W00=6il. 1830,

Aslistisin ioddien {illustrated) were recovenyl frosm the ungs of two neduat.e
workers and from the nputinm of [our asdawtis workers.

Page. R. €. A study of e sputinne fon pubissinary astestomis. Xiocr donr
Mol Neid, 181 H-00. 103

Clitinpes of asduatcmia hunluse were found in Uhe gpuatia of 1 astastie wirkers
with advancal asluwtgnia.  Aslastosis lesiiwe weee foatmd e wll Tt 1 40
the 31 camre aturinsl.

. Stewart, M. .. sl A C. (Taddow.  Demanstmation of the gaernbiar leninwe of

pPulnuenary aslacticie (“galretimie Vnmliew'"s in seaterial sdibaunst bov luswe
ponciune aod in G apatans,  Joour, Path. and Hact. 3801720 ek
Aslusatemic lunbien were fonnd 1 material alitanush by l°‘l'-f""l'-l"|w L
fiena woth @ baelhiow sensdlee.  Pastrent wie s Shmteneashl mastiniie, o tapedessaeh oo
s ashueston Lactors B3 vemes, wlwe Lased evmgly, ols sppvncis. misd bese vt wesgiet
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41. Stewart, M. J., x. Tattersall, and A. C."Haddow. On the neenrrenee of
clumps of asbestons bodien in the sputum of ashestos workers. Jour.
Path. Bact. 33: 737-741. 1932, .

A clump of asbestosis bodies was found in the sputum of & 3l-vearoid
Woman employerdt 11 vears in an ashestus factorr. bhe complained of
fough, dxspnoes, and snorexia. “The rdivgraph showed diffuse f1c
striation throughout the lower third of both lungy.” Died of bronecha-
preumania. On autoper, “There was notable diffuse Sbrowis of the grester
(basal) portion of both Jower lohes. The non-GLrosed tissue was somew hat
¢mphyeeniatous.” Ashestosis bodies were most RuerULs in the densely
fbrosed areas. No evidence of tubereyiuais.

4ls. Sundiws, X., and A. Brgién. Der Staubinhait eiver Asiwstosisiunge und
die Beschaffenheit der sorenaunten Asbestusukérmercnen.  Archiv fur
Gewerbeneth. und Gewerbehyy. 8: 26-50. 3033

Quantitative mitrochemical anslvais of sshestonis bodics isulated from a
hnman lung shiowed that the gel surrounding thie asbestom At eonausied
largviy of ferrie oxide, phosphate, an orgenic substaner whowe chemicsl
COMMAILION SuRgests that it is g protein, and water. Clicaweai analyeis and
N-ray examination uf cores of ashestosin hodies indiested that the cheuncal
ompusition of the sslestos fiber remained unehan,cd.

"OTRER PXLTMOCONIOAL

#2. Cortis, A. 2. R. The hesith of cement wi et Indust. Mol 6: 105-200,
1937.
Results of & medical survey of 201 men ¢xposel to dust i A cemnt auil.
Morhidity data for 31 plants.
43. Dreessen, W. C. Effects of certain silicate dusts on the lungs.
Hye. 15: 66-78. 1933
“The silicate duale of tremolite tale and slate induce o Si1n:, diffuse, bilateral
fibroais of the Jungs which ia definitely demonstrabie in tie Xeray.™
432, Dreewmen, W. C. Effeet of inhaled martde dust ag obw-rved in Vermont
marbic fsiahers. Public Health Reports 49: 724-732. 194,
“Although aride dust when inhaled in the foneentistivne iere olmerved
{lows than 26 willlon partieles per cubic (oot} produeey 8 mild bilateral,
lincar filrronis bn {1 u-reent of the 80 mes X<ravevl) no srriemas g changeg
Wwere neted and thcre was no disability due to tie dust, eveu after nmany
yearw of exponure.”
44, Drewmen, W, C, and J. M. DallaValie. Tle effieta of expueite Lo titger in
twn Georgin tale anills and s, Puldie Huuith Repmwsn 50: 1932942,
1035 Reprat 10, . :
Eugiims-ring and inedienl study of the ndatin Intween dust ¢
et renee of fuciinimunums 11 (1 workers,

45 Do, W, Cooand 1.0 dovns, Antheammilicvmin, Jonet. Annce. Myl
Asmuc, MIT: W7%1100, 100,

Risulta o & puslical cxamioation of 2,711 cssproset aml 1483 dinglilead
autheacue imitners,
6 Hoflinan, VoL Mgty from aepirstey diseams 0 ddiet v 122k~ tasre
Eanic aluatal. Hull, °. 5. Br. B, Ml Neoy 2808, s 130 w0, 1)
Givem Liewed gumsnaens of Hus etfirte of ¢xjnmun 10 t00rg2rue ddusts, evangoleod
from savupiatiogl Wortahiny datn asadabie se 19EN.

Jdour. Ind.

Sjmwmere el

‘re o
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47. Middioten, ¥, L. Indusirial pulmonar: disease due
dust. Lanewt 231: I-9; s0-64. 1930,

Part § deals with silicosis, Part II with siliestosis (ineluding asbevtoniz:.

Rusacll, A. E., R. H. Britten. L. R. Thoaipson, and J. J. Bloom#field. The
bealth of workens in dusty tendes. 11. Exposure to siliceous dust (gracute
indwtry), Public Health Bulletin No. 187. 1929.

Ab engineering, medies!. and statistical study of the eflects of expasure 1o
Sranite dust on werkers,

Ssyers. R.R., F. V. Merivether, A. J* Lauzs, and W, W, Adsmz. Silicous
sud tuberculosis Among mibers of the thstate distrier of Oklanuena,
Kensar and Muscun, I. For the vesr ended June 30, 1928. Buresu of
Mives, Technical Paper 843. 1033,

Results of mectical and roentgenographic examiustions of 7,722 men emploved
in lead and nine mines.

80, Sayers, R. R, Riliecusia. Public
print 1624,

Discussion of the historical. medieal, and Sugineering aspects of »ilicosis. .

Seyers. R. R.. J. J. Bloomseid, J. M, DallaValle, R. R. Jones. W', C. Dr~.
sen, D. K. Urundage, sud R, H. Britten. Anthracossilicuss among hani
coal miners.  Pyblic Health Bulletin No, 2. 1933,

edical and cugineering study of incidence ol pneumocuniovis in relatios ta
dust exposure Among 2,700 antbracite miser,

. Thoapeon, L. R, D. K. Brundage, A, E Rueell. and J. :
health of workers in dusty trades. . Health of worisers in a Portlar.!
teruent plant.  Public Health Builetin No. 175, 192s.

Intludes an eugineering study of dust eonditions in & cement plant. reconl.

ol respiraory silmenws, and paysical Saniiustions of s large group of
workers.,

to the inlhalation of

48.

49.

Heslth Reporis 49: 308-602. 1934. Re.

L1

“oonficld.  The

CANCER ARD ASNZETOSIS

Eabert, D. 8., and A. ). Ceizer, Pulinonary
Anier. Rev. Tubere. 34: 143-150. 1538,

$2a. Sdbestosis and carcinonia.

marde,

Solw: of the befg tung.

Gloyue, 8. 1L Npamona eareinoms of lung oeeurring in
v Tulwrreie 17: 610,  (uds.

Daseription of malignant limisna notes] jn two cane,
sl wmat reevetrized in life, Tlwy alwowend POk b evlis, herstnnsativa,, a0
ovll snsts,  The nintha palvanend akuig the bnmehial mutima by ey,
timwms Angerike podngationg.  Tlee KPURTha BYRC 0 3 (Rt of 1
Juug wliere tiye anlnwlisis wan nuite sfvagend,

CGlovwe, & 11 Oat rell enreinanma of tusg sorrnrning i astaytionia:
Tularele t8: 10-101, 19345,

Tarpical, extivmiye
empshavent oo

Balntimis: ta.

le'lun'-mn WMt ainaall

84,

[ 2. 1Y

Snlastinia wag found un auteqmy ol & M0y caeaidd pgn
3R the storgse o gt neat of 80 aslesiee favtoes . 8
(LT L E PNTIRPY P the sse of o wolf 4ol wove fonngnb i the pacerganraf 12009000
el Gl j“.‘.' bdu of the b ft lllll.. Attt uie o atl §in e, Ve gamswith

B ee® v ey - e



. -t 8-

83,

§9.

b

(0]

62,

.

. Garduer, L. U, and D. E. Cummings. Studies on
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Was soft, pinkish white, and fajrly well demarcsted. |t grew outward
from a ceuter in & compact mass. dastroying luug tissue a1 it progressed.

- Lynch, K. 3., and W. A. Smith. Carcinoma of lung in sebesto-silicosis.

Azage. Jour. Caneer 2¢: 84~04. 1838,

Case report of white male, sge 57, who had been cotton wearer 22 vears and
wraver in ashesios mill about 21 vears. Aas result of exposure, he had ex-
Seraive Bbrosis of Jungs end pleurs with emphreema. beronchiectasts. and
eardiac embarrssament.  In sddition to the diffuse Sbrosis, the authary
noted formation of hralin ibrous nodules tharactenstic of silicosis. The
puimonary cancer appesred to originale from one of the branches of the
bronchus to the right lower lobe, where squamons wetaplasia of the living
epithelium was observed. Tl.e duration of the cancer could nut Le speci-
fied, but it did not antedate the Sbrosia.
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