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[ASBESTOJ] .

French: Apefonie, — Germiar: Ashest. —- linliaw: Amfeni,
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Ashestos, although Kuown tu the un-
ients as @ scientific curiesity sinee they
were able in make u non-in{lammmnabte
cloth from a substance believed to be of
vecetable orizin, had no conmerntal irn-
portance until the lust quarter of the
nineteenth century.

Then the unique fire-resisting and
insulating properties of the mineral began
to be exploited, and thereafter the expan-
sion i stry has heen remarkable.
The[multifarious uses|which are found for
ashestos at the present day would have
amarzed the pioneers of the industry.

The fibrous minerals commercially
known as ashestos are silicates, the silica
being combined with metallic bases,
mainly magnesivm or iron and, to a less
extent, caleium sodiwm or alumininm, The
term s a collective name applied to o
variety of silicate minerals which differ
from each other in chemical composition
and physical properties but resemble one
another in their finely fibrous nature and
the flexibility of the fibres, -

For practical purposes, all that goes
under the name asbestos in commerce 1s
either fibrous “serpentine, or a fibrous
mineral of the hornblende group, of which
the most important are crocidolite, amosite
and tremolite. Serpentine asbestos or
chrysotile is essentially a hydrated silicate
of magnesium, containing little iron and
almost no caleium. The hornblende varie-
ties contain less magnesium and usually
more calcium, aluminium and iron—cro-
cidolite and amosite being mainly silicates
of iron.

The field of utility of asbestos products
has rapidly expanded and to-day is very
large: mew uses for asbestos are being
constantly feund. The mineral, the yarn,
or the fabric composes, oris incorporated
in, a vast number of articles, ranging from
matches to filter pads, from paints to
roofing 1ilns, irom high pressure jointing
to electrodes, and from brake-linings to
insulating {clectrie, anti-noise) and [fire-
resisting materials in great variety.

As mentioned above, varieties awd [ unuecessary operations.
grades of ashestos differ widely in their This is done by a series of censhing
1
1L.L.O.: Occupation and Health
(Januzry 1933)
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chemical and physieal qualities, and these
considerntions eavry craabl waidht i tha
choice of an appropriate greds of vaw
matecisd foe the prueposs in visw, Ashoslos
Abre varying in qualibty is of worki-wide
disbribution, but over bwo-thimls of the
world production of comuercial fibre s
derived from Canada, Rhodesia, South
Africa, US.S.R. and Cyprus

About four-fifths of the world's produc-
tion of ashestos is unsuitable fur spinning,
and it is the discovery of industrial uses
for these very short fibres and the dusi-
like waste which Las been responsible
for the phenomenal expansion of the
industry as a whole. :

JixXTRACTION

Hitherto ashestos has been got almost
entirely by open-pit quarrying, but under-
ground mining will have to be resorted to
in increasing extent. in the future in many
properties.

Aflter the mother rock containing the
veins of ashestos fibre has heen drilled and
blasted, the loose long fihre together with
adherent small pieces of rock iz gathered
up and seni to the cobbing shed, where,
after drying, it is dressed (cobbed) by
hand, freed from adherent rock, graded,
screened, and then bagzed ready for the
market. This “ crude ¥ fibre still contains
a proportion of rock, dust, and short fibre
useless to the spinner, which is removed
in the preparatory processes in Lhe factary.

The broken material in the quarry after
the removal of the crude fibre, where this
is done, consists of rock containing the
chorter fibre and still {inar useful material,
and barren rock. The former is sent fo the
mill for mechanival treatment, and the
latter is dumped.

All grades of fbre othar thaa those sold -

inthe * cende ™ form, are praducad mecha-
nieatly in the mills. Thers the object
is to extract as mueh fibre oab af the roek
us possible, while avoiling hreaking up
the flre (and Lthus reduciog its vadue) by

o et
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ASBESTOS

operations, ab the sune time opening or
Nuiling oub the fibee and sereening oub the
“useless sand, The hibee is collected by
means of air suction at each stage, graded,
cleaned and bagred.

The asbestos so prodduced is classified
under an agreed defined svstem into
“ erude asbestos ™ and * milled asbestos”,
Crude asbestus consists of the hand.selec-
ted cross-vein materinl in its native or
non-fibrous form. Milled ashestos consists
of all grades produced by mechanical
treatment of asbestos ore.

These two classes are hirther subdivided
into nine standavd gronps, Crude asbestos
is graded into two groups (I and 2) and
milled asbestos into scven groups (3 to 9),
the determining feature being length of
fibre. In the case of milled fibre further
classification is made by means of the
standard testing machine, This machine,
of standard dimensions, comprizes four
boxes superimposed one on the other, the
bottoms of the first three boxes from above
downwards being wire screens of standard
dimensions and progressively finer mesh:
the lowest box retains the fine material
which falls through the three screens. A
weighed sample of ashestos (16 ounces)
having been placed in the top box, the
machine 15 mechanically agitated in a
standardised rmethod for exactly two
minutes, and the asbestos remaining in
each box is weighed. In this way the
proportion of Jonger and shorter fibres
in the sample is ascertained. The more
fibre retained In the first box and the less
fibre in the lowest, the higher the grade
and the greater the valne of the ashestos
50 tested.

In this way the seven groups of milled
fibre are further subdivided into & number
of grades. Thus in group No. 3 (spinning
and textile fibres), there are seven stan-
dard grades ranging from the specification
of 3—6—1—1 (minirum) forthetop grade
down to specification of 0—5—6—3
(minimum) for the lowest grade in this
group when tested in the ahove wav.

Asbestic or ashestine is a by-product
from the mills in the nature of o residue
containing a very low percentogs of short
fibre. '

Manuraoronine Processes
The asbestos, whethor crude or milled,
is now ready for dispatch to the factory,

Tor textile purposes only the longer and
better fibre comprizod In the stindard

2

|

gronps O (erude and spinning orades)
aie used.

Any oof these alone, or blended with
eavii other, or Mended with cotton fibre,
may e spuninto yarn.

Ashestus suituble Jor this purpose has
to Le crushed, if in the cruda state, and in
all cuses © apensd ™ or © fibarised ™ belore
it iz ready for carding.  Separating (to
reiave iron) and sieving follow crnshing.
but precede opening.

The subseruient carding, doubling, spin-
ning. and weaving processes procead
broadly as in the case of other textiles,
bub with essential medifications and res-
trictions cuuszed by the different physical
characters of the asbestos fibre.

Asbestos yarn is woven into cloth [or
insulation, mattress coverings, filtering
material,fire curtains, fire-resisting clothing
ete. Also, woven material is manufactured
for belting for convevors, brake linings
and insulating tape. '

Asbestos millboard and  paper, and
asbhestos cement slieets, tiles, pipes ete.
are made irom short fibre mixed with
other materials.  Asbestos may be also
made up with rubber for use as jointing.
with bitumens for switchboard panelling,
with synthetic resins, and with paints for
a variety of purposes.

An important section of the industry is
that engaged in the production of ashestos
insulating materiads. These include fiber-
ised asbestos; “ 85 per cent. magnesia ”
{the remaindsr beinz asbestos fibre):
mattresses made of asbestoz cloth and
filled with asbestos fibre, or “ magnesia ”
or with other material: insulating compo-
sitions or plasters containing asbestos
fibre and a variety of other materials,
fiberised ashestos stilfened into thick sheets
or mouided into shaped slabs or sections,
ard “air cell ™ insulating material built
up from ashestos paper.

There are many other valuable uses of
ashestos in manufacturing processes which
need not be detailer here.

|P\15K.~_‘- T0 HEALTIC

A manipulation of asbestos fibre, by
hund (0s n sack filling or emptying,
Blending. sweeping aust shovelling)  or
moechnnbeally,  produees dust which, it
uncvittrelled, s often in dangerous con-
centration, The iuhalation of this dust
over a pordad of tirme respltsin the develop-
ment of alttbrosis of the lungg, a progvessive
replavensnt of The essentta] active func-
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produced, aids 13 Hereloae i the
samne vaegory as sificosis, which it re-
sembles in some respects while ditteriug
constderably in others.  Since asbeslos
has bheen of commercial importacce for
scarcely fifty vears, ashestosis is 1 modern
dizease.  In eontrast with silicosis we
cannot frace the listory of the baneful
effects of the dust hackwards over very
many vears.

The first recorded case of ashestosis was
that of a patient of Dr. Moxtacuz
Murnay who died in 1900 in the Charing
Cross Hospital, London.  Post-mortem
examination revealed extensive diffuse
pulmonary fibrosis with no evidence of
pulmonary tuberculosis. The records of
this case together with the pathological
specimens are still preserved. This man,
aged 34 ot death, had worked with asbestos
for saome fourteen years and stated that of
the ten men working in the cardroom
when le commenced, he was the only
survivor, all the others having died at ages
round about 30. Little more was heard
for a number of years concerning the
effects of ashestos dust on the lungs
except isolated reports in England and
France of high mortality among ashestos
workers, and a note by Marcuaxp and
RiesawL of the presence of unusual badies
in the lunzs of an asbestos worker.

‘This paucity of information was due
to varjous causes, Af that timethe investi-
gation end prevention of silicosis was
occupying the atiention both of Govern-
ments and of private investizators: the
use of radiography in the diagnosis of
diseases of the lungs was in its infancy;
and the industry was small as regards the
number of workers exposed to appreciable
risk.  Moreover, every new discovery
emphasised the Importance of silica in
the free form as the predominant factor
in the production of prevmonoconiasis,

Thus the real and accepted importance
of free as opposed 10 combined silica in
this respect tended 10 obscure the possi-
hilities that some at least of the silicates
might be egually harful,

Although, for these reasons, enquiry in
1910-11 by the Tactery Department of
the British Home Office hoth in Great
Britain and in Canada failed to produee
evidence of a risk from the dust sufficient
to necessitate scheduling processes in the

VEONIA,
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Tevolved in the wore dusty processes vwas

revuired,  rem thal date, hevelare, in

Greut fritein, active measures. aiftlinizh

|
{ inadequatc by present stondards, wore

faken to suppress dust in the more dusty
processes or the induostry.

In 1024, however, the matler was raised
again by the publication of a note by
W. X, Coour concerning the death of an
ashestos worker, the result, in Lis opintun,
of extensive pulmonary tuberculosis, Lo-
gether with a diffuse pulmonary fibrosiz
which he ascribed to asbestos dust. This
case was fully described hy Coone and
Stuart McDoxaLy in 1927, A few weeks
later H. E. SeiLER drew the attenlion of
5. R. A, MErEwETHER 10 an asbestos
worker in whom he had found signs of a
diffuse pulmonary fibrosis with no cvi-
dence of tubereulosis, and furtlier investi-
gation established the absence of any
infective or occupational cause other than
asbestos dust,

Thereupon in February 1928 a comypre-
Lensive enquiry in Great DBrilain was
undertaken and the results of this enquiry,
which was completed in October 1928 and
published in 4930, established the prescnece
of a serious risk in the industry,

In the United States and Canada the
Industrial Health Service of the Metro-
politan Life Insurance Company carried
out a similar survey hetween October 1929
and January 1931. Laxza, MacCoxNELL
and Truxer published the findings in
1935, These, together with the valuable
study by Frrrox, Noorey, Mirriurws
and Hovurz, published in 1935, ave the
only generzl surveys of the industry.

In Jtaly, LoviseTro published in 1930
the results of an enquiry, and G. Mussa
the results of clinical and radiclogical
examinations,

Germany possesses valuable data rcla-
tive to ashestosis based on clinical and
laboratory research, It.suffices to mention
the "works of Baavenr, Germis (1931),
Braenr (1933), Beinvwen (1934), Avwexs,
Korrrxudren (1957), ete,

Es<ENTIAL FEATURES oF Asnrsrtosis

Asbestosis, the pulmounary fibrosis of
arhestos workers, is insidious in its onset,
irregular in its conrse, and vagiable in its
mode ef termination. It is helpful 1o
visualise the disease as the slow srowth
of fibraus tissue (sear tissue) avound the

industry as dangerous, the Departinent
decided  (hat sappressinn of the dust

hronchioles wir smaller air tubes of 1he
lengs and Detween the air cells, wherever

fa)
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the inhaled dust eomes to sl in
contrast to silicosis the foraer s the
fnportact site of deposit of asbostos o
the Inngs, as was shown hy Ganpaen
and Coemmings,  While new [ihrons tissue
1= being latd down Tike o spider’s welh,
that, deposited earlier gradually contracts,
This {ibrous tissue i3 not only nseless as
a substitute for the air cellz, but with
cuntinued  inhalation of the ecnnsutive
dust, by its invasion of new tereitory and
consolidation of that already oceupied, it
eradually  and  literally strangles  the
breathing tissnes of the lungs,

Ashestozis 1z, of conrse, essentially a
local disease and therefore it Is ooly
when the fibrosis has obliterated that
reserve of Jung tissue normally present,
and encroached npon the remainder which
1s essential for the normal functions of
the individual, that svmptoms appear.
Then the appearance of undue shortness
of breath on any extra effort draws the
worker’s attention to the fact that his
health is not what it should be. The
other symptoms ol the disease, such as
cough, are equally unassuming and are
readily aseribed to some common and
trivial cause.

From this point the progress of the
disease is rmore rapid, since it is now
encroaching on  the remaining sonnd
tissue of the Jungs, already only just
suflicient to waintain the worker in his
ordinary daily astivities, Ultimately, if
no acute respiratory affection lus preci-
pitated a fatal termination, a stage is
reached whan tha lungs can do little more
than maintain life, and the shortnsss of
breath becomes extreme,

To a great extent the cutstanding
features of the disease are the mechunical
effects of this pervasive network of
fibrous tissue induced by the retained
ashestos dust. This prevents the proper
aeratina of the hlood, becomes an increas-
ing obstruction to the heart’s action, and,
in very advanced cases, the traction on
the basal masses of fibrous tissue which
have consolidated with the diaphragm,
pleura and pericardium, sl Turther
mechanically embarrasses an elready over-
burdened heart, l.awza and MeCoxxzenn
have drawn attention to the radiolngicul
evidence of enlargement of the heart in
asbestosis cases,

Usually the fatal fzsne is determined
by the onset of some acute infection with
which the remaining wdamaged  lung
tissue is quite unallo tn coper this Is

.
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ST el
-3 oleea, o sube
infeeliog, There 1s no
explencs thal th= existence of developad
asheatosis prodispesss [o the onseet of
such aeuie wfections, bul i an acube
mfection doss supervens, the presence of
the asbestusis saeousty Impairs the ehanee
of recovery,

Interenrrent attacks of ey plenrisy,
which ave pavtialiy responsible for the
considerable  thickining ol the plesra
which oceurs, are common, but usuallv
only causze slight and temnporary disable-
meif.

In the absenre of intercurrent infec-
tions the flbrosis may progress to an
extreme degxres; bronchiectasis, non-tuber-
cular cavitatinn, and spontaneous pneu-

mothorax mav oceur. Ultimately the
strain of maintaining the creulation

through the partially strangled  lungs
becomes insupportable and general dropsy
with an enlavged liver ushers in death
from slow heart failure,

The most important single clinical sign
is that of diffuse bilateral tmpairment of
the percussion nate; this is slight in degree

and asseciated with a slight sense of
resistance.  TL iz best elicited by very
light and rapid percussion of the back of
the chest from apex to base on each side,
This impuairment of percussion note is
more marked on the right side. The
auscultatory sizns are variable and depend
on the extent and nature of the underlving
‘changes in the lunys, on the extent of the
fibrosis with its aszociated pleural thicken-
ingz, the presence of intercurrent affections,
bronehisctasis, tuberculosiz, and on the
degree of compensatory emphysema pre-
sent. In the majority of cases the
respiratory murmur is weakened, senzrally
more o the richt side, and often still
more at the bhases,

Ashestosiz i3 a dry disease during most
of its course, in the absence of intevr-
current Infections,  This attribute, lo-
cether with thie ditfuse distribution of the
impairment of the pereussion note, makes
it a stlenl and naobtrustve diseass, cven
more &0 than in the case of siheosis, The
svmptoms exhiviied also closely respmble
sificosia and anny poss almost unooticed
by the subject for o comstderalidn period,
since =0 Lt fnconvenience reaultz. Lie-
tween S0 and GO perocent. of cases of
asbestosis complain of shicht ecough ol

Cm s oy A A ey 8 =

of undive shortness of breath on exertion

P R TR AP R AN

[

¥

e b

e s

3
z
if

2

-r

1

WRPETPLIT S ¥

PONHEPRE T

AP

b S

.

e TR

MR 2T

e A rd T

el e

Lk e

ey

o P

¥ v




and show a duskiness o stight blueness
of the lips, which contrasts with the
general palior of the face not uncommauly

S5CChH.

In comman with other forms of [

pueumoneconiosis the diagnosis of
the disease is fraught with difii- }
culty; particularly is this the case
in the early slages, in the late
stages when assoctated with pulimo-
nary tuberculosis, and in any stuge
il the disease is implanted on lungs
already the subject of empliysema,
or if some intercurrent infection has
SUPE[‘VEﬂed.

The fibrosis, although, diffuse
and bilateral, may be most marked
basally and on one side; less
commenly the bases may be more
or less emphysematous and the
maximum {ibrosis in the central
zone of the lungs; rarely the fibrosis
is most marked in the upper portion
of the lungs. These factors medify
the physical signs presented, as also
does the pre-existent state of the
chest, and of the lungs upon which
the fibrosis is implanted.

Radiograplic examination of the
chest should never be omitted. A &
high level of technique is required E:
which should be standardized. A
technique which will produce an excellent
film and demonstrate adequately silicotic
lesions may fail to reveal the ashestos
Gibrosis entirely, or more often will
reveal it only partially; in ihe Jatier
case the radiographic picture is not only
inconiclusive, but most misleading.

The cause of this lies in the fundamental
difference between the two tvpes of
fibrosis—the discrete nodular lesions of
silicosis_and the close network of asbes-
tosis. This difference is reflected in the
radiographic appearances of ashestosis,
which are revealed typically as a general
lack of translucency in the film together
with a fine pin-head mottling. This is
aptly referred to by Brrrox \Woop as
“the ground-glass appearance *: asso-
ciated with it is a shaggy appearance of
the cardiac shadow. While, as is the
case with silicosis, certain radiographic
appearances may he looked upon as
typical of the disease, frequently modi-
fications of, and departures from, the
typical picture occur. The radiographic
appearances of the develop=d or advanced
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stages of the diveases e Jistinetive,
although ws Paoseoast wod Povig o nass
maintain, they are not soeeitde fop dhat -
s, SR

N e L A

Fio, 1 bis. — Lung section (asbestuesis),

Radiogrems of ashes{os workers aro
very puzzling—more €0 than in the case
of silicosis—wlen it comes to assessing
the degree of asheslosis present, parti-
cularly in the earlier stages and wlso in
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wuorer, owingr oo Lhe sbedis cast by b shsobte certuinty oon o eithoee phesieal
thee Bireast ficsines JE s or ot crentest L-.\xulre'-.'n'h nwoor rdiedogieal vxaiinntion
value in Iiw i o s leatests foo D aluner wih :rwuhi ul hoth the preasivonn-
Jlasees or b0 Jive e tien of | condosie an b i) innzed with cerbainty
if p:.- ol some degree, al{.!mn;h
nob pacessliy to an extent sufiicisnt
to canse cither wrnp!em; Croany
di u.-mnmt Lo very diflicull cuses
wWhere  gross tuberculous  lesions
chsrurve the picture, then cureful
investization of the subject’s -

e
[

sure 1o ashestos dust, particularly "
as to the dustiness ol the Jrouess -
enguged in and the lenvth of ex- FaR
posure, will enable a correet decision N
to be reached. : v

This lutter point—careful stndy
of the actual exposure to ashestos
dust in each case—-is a valuable
aid in several ways, since, owing
to the immobhility of the asbestos
fibres once thev are occluded in the
smaller bronchioles, it enables an
estimate to be formed as Lo whether
much or little asbestos dust s
trapped in the lungs. Whether
much or little dust is incarcerated
in the lungs is of prime importance
in coming %o a correet conclusion as
to the outcome in individual casez,
particolarly  those in which the
exposure has been to a dense con-
centration of dust for between one .
Fio. 2. — Silicusis, and two years., Jn such cases the :

’ radiograms will Dbe negative since there ";.
has been no ftime I'or the fibreosis to s

develop, but if further rodiograms arve
taken of these cases during the ~ucceednw
three or four years. the appearance and
development of the fibrosis can be watched.
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As already mentioned, the first case of
asbestosis in which pulmonarey fibrosis was
noted at autopsy occuered in 1900, but
the first caze in which a full microscopical
examination of the lung was carried out
did not oceur untif 1927 Records of this
case were published by Cooke and Hire.
and McDavavy,

The pathologicel changes in the Junugs
may be considered under thiee headings:

PR

Fie, 2 bis, —- Luing section (ailicesis),

(1) The «Vterations which take phaca
radiograms of cnses of ashestasis together i1 the ashestos fibre alter it hias
with their clinical andl hielasteial historles o reachesb ihe Jungs;
and the autopsy findings (2) Thereactionsofthe Tane tissue; aod

In the light of present T dadae, there- (3 Comg li'-niiﬂns and zequele which
fo

fore, ashes losis eannot L (i, i r'mwi with
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The asbestus fibre, as found in the
respiratery passages of the workers, is a ,

highly refractile, fine, elastic rod, gener-
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lengilis, the shortest heing about the lenzil
of a tubercle bacillus, the longest extend-
ing across the whole field of the micro-
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Fie. §. — Asbestosis hodies (frechand drawings §/121h ohj.).

ally smooth but occasionally showing a
sharp saw-like edge, and ends hroken aut
varying angles. The fibres are of various

scope. Short forms are the commoner
and naturally are more likely to penelrate
to the decper recesses of the lung. The
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ASBESTOS

diameter of the tilhres hus wob yvol heen
determined, since th--y Gpgear L'.'ii)ulliﬂ‘.
of -phltmfr lonciselinally nto fiee el
Lnerconbtmlgm,..hrn alosk
Small bundles or sheaves wos quite cone
mon. In the lung these tibies beoone
coated with a eolloidul vellny pigment
which in the of time becouies
crenated to form irregelar seoments, giving
the ﬂppearaﬂ('e l,lf .'Inll"ltlh2 CTushaceans,
These curiously shuped bodies were first
noted by Mawcmasy and Rmsan, in
Germany, as early as 1008 and, ]lw’l by
Fanr and Feroel in 1914, but ‘e latter
was unable to deciie whether they were
a crystalline product of hoemoglobin er
whether they were o direct result of dust
inhalation; mno further altention was
called to them until 1927 when they were
described by Cooxe and Hir and
McDoxavp, in Great Britain. The last-
named suggested that they were almost
certainly a pradact of the asbestos.
GroyxE finally showed the asbestos fibre
lying in the centre of the body by dissol-
ving the colloidal coating with concen-
trated sulphuric acid whilst under dark-
ground illumination. These bodies have
never been found in the original asbestos
dust L,

E R
ITpAe I ey,

Culllse

1 Bxcer {1533 has made a thorcugh histological
and optical study of ashestos bodies. ;\u’ordm" to
this author, the metallic element vf the molecule of
hydrated magnesivm silicate is dissolved by the aciad
fluids of the body, leaving o silicic acid sheil. The
forin of the needles and their power of double refrac-
tion remains intact. The ashestos body 15 subse-
quently formed by absorplion of proteiis by the
needles of asbestos and subserquent coagulation in
the formm ol gel. The ziticie acld from the shell of
the asbestos needle becon:es (lxap&:hrll in the proteid
sheath of the asbestos body and becownes gradually
disintegrated. ‘Thers then occurs resorption by the
boily fluids of the proteid mass containing the silicic
acid.  Granuious hands of ferric oxide finpart to the
asbestas bodies their brownish celouring.

LoPPENHOFER (1023) considers that “the sheath
of the asbestas hodies is not of a proteid nature and
opposes BEGER'S theory as fo the formation and
destruction of the asbestos bodies.

Suxpivs and Divebey (1927), in a detailed study
ol asbestos bodirs contained in the lungs of & worker
who died of ashestosis, arcive at the following con-
clusions in regard to the mechanism of formation of
the asbestos bodies. The organic substance of the
Jatter is composetd of prao! piatter, 'The most
important element—34a per cent—ol the shell of
the asbestos body i5 ey o = The inorzanic part
of the shell Joes not come i tire inhaled duat, but
is &f cndogenous origin, coniny from the body aud
priucipally from products #3 froan the blood
pigmenl.  In the light of ih v, the Tormation
of ashestos bodies 5 not (s 3 Fonnected willt
the outbre2ak of litwe relation betwesn
the two proeesses is pin augbtful in view of the
fact that various auihors have fyiad theze bodies
in Jungs of peraons nnt suilerine frommasbestosis, and
even in Jungs reg from tieg On the eth-r v,
it is well known Lhat ih pradion of pabestosia
fibrosiz sheubd be eomrectod Wi e presence in the
tung of asbestus necdies 1tnels actinon on ihe pyl-
mynary tisue. On b ot interaiitind localizu-
ticn of the ibrpsis at e ool =1 arad 115 Inter extension
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ieacting to the oasbestes
preamleid o ab least twa Tactors:
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1

HERE AL

vy e by aeedledithe shape ol
v Bl whieh, for practical pue-
pioses, is destenetible, and

{2y I'he sx:lv_'u_w'us nature of the fibpe

The fibies ave for Lhe muost pary hield

v oab he distal end of the respieatory
brojehiobs ond i the alveolur duels

Here a erlinbr reaction tukes plice con-
sizting of the accumulation of Lioce pha-
goevies and the production of a uh;u-uc-
teristic coll, linown as the asbestosis giant
cetl, which, like other foreign body E,:i:mt
cells, ix probably not a cell but o collee-
tion of pactially degenerated phagocytes,
As the disease advances the lymyphatics
in the neighbourhond become Dblocked.
Lastly {ibrous tissue is formed round the
affected portions of the air passages, the
blood capillaries and venules, the inter-
lobular septa of the lung and in the pleura,
The fibrosis thus produced is diffuse and
readily distinguishable from the nodular
fibrosis produced by free silica. Meunwhile
the asbestos fibres become coated with a
golden-yellow ™ pigment which contains
iron and is believed to be derived frorna
blood proteins, to Torm the typical asbes-
tosis bodies referred to above. 1t is not
known how long all these changes take
to bring about, but Gannyen and Cux-
mixgs have shown that in experimental
animals small asbestosis bodies appear
at the end of two months but {ibrosisin the
walls of the branchioles was not noted until
the end of 500 days. At the end of about
two vears the disease can be recognisad

to thos2 parts of the uny most closely affecied Ly
respiratory movements, there anay be uccepted a3
plausible the theory of those wulhors who consider
mechanienl Irritation wmd 1he injuciss caused by the
long rivid neadles a3 o factor in the Tormation of
ﬁhm 313, The distribution of the fibrosis, moreosver,
seemas 1o jn-llh‘ the hypothesis which acecords a
primary insuence to rumr:l'wry wmevements o the
shrates necdles in the lungs,
inan aceantit of the mechunism of
3 bodies It:fr'I‘-;hnﬂ\t"\l’r--' 3
i .hr.-'- - sttlca hmlu 37

ol 4
i yites
stoles

l..-(-n
ratid in

"‘.»' \\rll "mlln s of oo ‘
vl aubjects whn diel of heard fadlure

oI rhewmnadizn and arterio-
exposure lo dnsi. The iron
Mg comtnon econnecting with pl-
td the ocal Wderation of hlowd

< dion of the

" be 2o related o
o may at len
1 hodies fesbeatos bodivs, sHee Bisbie i,
sinationgs),
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hy the naked ever Tt s proboebde that the

distase Lukes longer than (his o develen .

.

in man—at any rate Lo an extent sulficie:
to_canse radiological and elinieal signs

When thie Jungs are exandned by the
naked eye afer death they are soontn Lo
Targe and densely fibrotic] and the pleurn
covering them thickened with plaques of
old pleurisy. Often the lung is completely
adherent to the chest wall, snd in advanced
cases to the diaphragm with the formation
of a thick and extremely dense Jayer of
fibrous tissue,

This ancharing of the lungs particularly
to the diapliragm together with the general
increase of fibrous tissve in the lungs which
makes them firmer than normnal is the
probable explanation of a curious clinical
sign somelimes seen, L. R. A. Mgre-
WETHER noted that in some advanced
cases the apices of the Jungs may be easily
seen rising in the sunken supra’clavicular
areas with expiration, and descending
with inspiration.

On cut surface the characteristic appear-
ance is that of dense, blue-black polygonal
areas of ashestos, cellular debris and piz-
ment, corresponding to the secondary
lobules of the Iung and surrounded by
thick bands of inter-lobuler connective
tissue,  Generally there is a reddened
background of terminal bronchopneumo-
nia in the less affected portions of the
lung.  There are few naked eye signs of
disease elsewhere,

Of the complications and sequele of
pulmenary asbestosis four are out standing:

{1) Purulent bronchitis;

(2) Bronchopneumonia;

(3} Pulmonary tuberculosis, and

(4} Emphysema, with occasional rup-
ture of empliysematous hulle caus-
ing spontaneous pneumothorax,

The purulent bronchitis may he of long
standing. The bronchopneumonia is prac-
tically always a late event, and recovery
Yery rare. ‘The pulmonary tuberculosis
is chiefly of the caseous type with little or
no sign of repair and the emphysema
compensatory to the fibrosis.

In addition to these four main complica-
tions may he noted two which are Joss
eommon:

(1) Dilatation of the bronclial tubes
resulting sometimes in what is
known clinically as dry bronchiec-
tasis, and

{2) Carcinoma.
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The mumber of viae o0 0 s
deserthed 1< aand g t
Hehed that there B any 2ial e
vonnertion Tebwesen the S Jjeeiees

Fra. 4.

Fi16. 5, — Infra-red phintamicregraplis of ihe
asbexlosiz lunsg,

Bruinge and Hexny have proposed that
caucer, In order to he classified as of
industrial origin must fulfil the following
iwo conditions: (1) that the incidenco.
rate in the accupation under review should
exveed that in the general populaiion to
a sigaificant extent, and (2) thit in the
oceupation cowrerned  there should e
suflicient associntion of o worker with
a substance proved experimenially  fy
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Lhuve cwrcinogende properiies, o to

postolates cannnt vab be regieded oy
having been fuliil=d 10 the v of the

Fic. 6. — Lung section stainad with Laematoxylin,
eosin, and van Gigson, showing fihrons tissue
surronnding azhestos odies.

Fie, 7. — Section nf luaz, unstained, showing
asbrestos heslies,

iz suflicient

asbestos industey, bhut ihers is
cavaful observatinn

evidence to worrant
in the future.

Tur Dronrex or Asnestos Duest

Within certain Ligh and Iow limdts, 1he
concentration of as<he.tos dust in the oir
of workrooms s Lhe delermiming Tactor
in the enzet of Lhe disewss and wlso, within
limits, concentration of dust wnd Jengt]

ot

10

B S U S P S

eodehernvine dhe nendenne tates
the by

i sl HIEE]
v B vooes can pesuld b b divelop-
raent of o deries of ashestosis sutiicient
bt conse ot Commonly, howaver
cises of definite ashestosis are not dizen.
vered on enaminalion within five yvoors of
cofil-cing work, althoush o few are
faund.,  Ameoung those working whe have
been cinpiovved for between five and ten
voars 1n Lhe abzence of prevenbive measures
the inctdence rate 1s appreciuble, and after
ten years of such employment a steep rise
in the tncidence rate occurs. The incidence
rates for the periods of employment 0-4
years, 5-9 vears, 10-19 years, and 20 years
and over, armnonzst 1,512 workers examined
by the British Silicozis and Asbestosis
Medical Board were propoctionate to the
figures 1, 3.G, 30,4, 53.2. )

Altlough the incidence rate amongst
those with less than five vears exposure is
so low, such exposure may be by no means
neghgible. The fact is, as suggested above,
that work in a dense concentration of
ashestos dust over a comparatively short
period will lead inevitably to the develop-
ment of a profound libresis, providad that
the worker lives Jong cnough for it to
develop. As Ganovxes and Cranvisas have
shown, the fibrosis takes time 1o appear,
it fact there is a lar of some five hundred
days before microscopienl signs: are de-
monskrable; it is much longer before the
fibrosis matures and clinical and radio-
Iogieal signs are apparent, Correlation of
the facts conecerninzg parlicular cases of
asbestosis with Lhose concerning  the
relative dustiness of the processes at which
they worked leads to the conclusion that
this © period of maturation ” of the fibrosis
is not raduced below a certain minimum
period, however hich the concentration of
chust in the air breathed may be,

Stintlar considerations also show that
below o certain concentration, develop-
ment of a disabling degree of ashestosis
vill mol oecur within the space of an
aversge working lifetimae,

Ii wpyesrs, tHherefore, that a ecrtain
it © Eheosis-produocing amonnt ™,
as itanay he called, oF ashestos dust st
be tragyed T the Tunes in order Lo canae
s o sertous anount of lheesis,

thul o eertiin “ malnration
mizt clapse hefore that amoant
thrcsrs ds develaped,

UVatal cases of asbestosis have resnltaed
vionn exposure as short as two yenres or
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eveba Hile des<g althoust the Slal bene
IETEY Lo j\:-\'!}n,m'h{ fur By Venrs,

Feds important (o censidar whal js the
cwvount ol dust which witl prodacs [his
resull o converselys vind 101 nennt
of dustowhich from the praciiea] point of
veew eas beinhsdel with dneosnniin,

Efferts e leing meslol patallv by
Aterivan investicelors (AW, [ PUirox
and otheas), to establish o terms Uie
cancentration of dust In the alr which can
Lo pernitted with saleiy . Tn Great Britain
the probien his been appreached from a
dilferent angle, that of determining what
processes are safe rather then an exact
ligure for concentration of dust. E. R. A,
MerEwernEr came 4o the conclusion
* that in order to prevent the full develop-
ment of the disease among asbestos
workers within the space of an average
working lifetime, it is necessary to reduce
the concentration of dust in the air of
workrooms to a figure below that pertain-
ing to spinning at the time over which
these cases were exposed 7.

Particulars of cases seem 10 show that
with exposure to high concentrations of
dust the minimum period of time which
mnst elapse between the commencement
of exposure and the production of a serious
degree of ashestosis is approximately seven
vears—made up of the period of exposure
during  which  the fibrosis-producing
amount of dust is taken into the lungs and
tle maturation period during which the
fibrosis develops-~these periads, of course,
overlap.

This period of approximately seven
years, “ the asbestosis produetion period”,
as it may be called, is the minimum, and
few cases mature in this period; in succes-
sive years, however, depending on the
dustiness of the process engaged in,
more cases inature. In the more dusty
processes, in the ahsence of adequate
preventive measures, the asbestosis pro-
duction period is commonly eleven years,

When asbestosis of serious extent lias
matured the worker is unduly short of
breath on any extra exertion, has a little

fThe Induslrial Hypiene Divizsion of the Nationul
Iustitute of Health (United States) bas examined
(1wil) 540 persnns In asbestos textile plants, An
“ 18 of data shiows that the maninmm eancentra-
tion of ashes{oz dust to whicli workers may he
caposed  without euntracting ashestosis is in the
rrichibourliood of 5 midion Dparticies per eebic fool
atd iU was delermined by aAppropriate technien)
measures of control 1hat the dust coneenfration
vonlld ke reducod 1o fess than 2.5 million particles
Lot cthie fuigd,

avamoss of U fipe and alsa o Bl dryv
eoush ey b the momings. He tinds
Bunsell disho Died Lo climb sloirs or valis
up hilis, But s vemaing gt werls apat
ustobiv s st coevions wbout the slafe of
hig headt)h,

The mont of Qi Blement pradued is
surprisinghe clBeht for o mmber of YR,
This is partly dne to e eharactor of 1he
disease and partly {0 the natwe of tha
work whish, in the najority of processes
i 2 irddustey in which there is'a vis) of
is, does not involve nuch pliyvsical
exerticn,  Thase cfected may, and oflen
do, ronlinue at work with occasional inder-
missions latierly, due to exacerhations of
bronchitis ele., until the condition js far
advanced, although increasing inconve-
nience from shor(ness of hreath is expe-

rienced. '

Usually these cases cease work a year
or more before death, but sometimes a
terminal bronchopneumonia, or other
acute infection, commences while they are
still at work, and there is no long period
of invalidism.

It is remarkable to what extent Lle
lungs can be affected by asbestosis and
yet life in a fair degree of comfort remain.
The reserve is, however, so slight, that the
addition of any burden to the systemn in
the form of a disturbance of health which
would only slightly inconvenience a normal
person, may overcome the remaining re-
sistanee and precipitate a fatal cutcome,

For these reasons and from consideration
of the features present in the recorded fatal
cases, the view must be accepted that the
existence of even a moderate degree of
ashestosis is a serious and ever present
potential risk to Iife.

Since a worker with developed ashestosis
may still remain at work and be little con-
cerned as to the state of his health, the
question may well be asked  Is asbestosis
a serious disease ? 7, Lo this question,
unfortunately, the answer is emphatically
119 )_es ”.

ASBESTOSIS AND TURERCLLOSIS

Proofl of this is now not difficult to find,
as examination of data from the known
fatal cases and comparison with similar
data concerning Fetalities from silicosis
provide ampie cvidence.  Fatalilies from
ashestosis and ashestosts with tuberculosis
have now been reported from a number of
countries.  Of these the British figitres are

11
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ASBEST(O3

the most complete, since the dizease has
been compensatable since 1 June 1031,
The following ficures are ubstracted from
the Annnal Report of the Chief Inspector
of Factories for 1933,

Table 1 gives particulurs of 702 dealilis
from silicosts or silicosis with tuberculosis
and of 82 from asbestosis or asbestosis

TATLE 2
Duration
- Aver-l of emiplovinent
h};‘(}“‘ aze in veurs
Driscase Or" - oage
deaths d;tm Loun- (Shor-|Aver-
! gest | test  age

Pottery:

Silicosis . . 139 3 580 G620 2.8 ] Bu
Silicosis with

tuberclosis. | 164 | Su1 | 63,0 5.0 | 364
Sandstone:

Silicosis . 78 | 5nA 1 AT.0 0.0 | 383
Silicosis  with

tuberculosis . 88 ] 5.0 50,0 100 35.0
Grinding ol ine-

tals:

Silicasis . 6 | 5611 36D 150 343
Siticosis with

tuberculosis, TAOL A0y 25 3L

Sandblasting:

Silicoslz . . . 13 [ 4451 200 4.0 107
Silicozis with
tuberculozis, 36 ] A4S 200 2.0 8.4
Manufacture of
SCOUTINKE Povy-
fters: . i
Silicosis . . . 8 337} 3T D0 HR
Silicosis with
tuberculosis, o g 2.4 L
Miscellanenus; .
Silicosis . . . 24 .00 G0 200
Siticosiz with
tuberculosis. 28 WA A0 o025

with tuberculosis. In tahle 2 the cases
of silicosiz and of sificnsis with tuberculosis
are distributed aceording to the industries
concernedl.

12

Duration of
emplovment
in vears
Dizeaze
Lon-{3hor-Aver-|.
gest | test | age
Silicosiz . . . Sit 53.8 § 82.0 2.3 35.1
Siticosis  wilh "
tuberculosis . | 381 | 324 ] 6701 2.0 ; 317
Asbestosis . . 52 [ A1 270 15 125
Asbestosis with .
tuberculosis . 20 | 37 39.€r| 0.5 0.3

It witl e abserved that:

(1} The average duration of smplay.
ment in the asbestos industry suj-
ficient to cause a fatul degree of
azbestosts was 124 vewrs 5 cone
pared with 35,1 veaes for all cases
of silicosis, The actual average
length of exposure to asbestos dust
was, however, still less,

The shortest Tength of exposurs to
azhestos  dust  which  ultimately
caused death from fibrosis of the
lunes was 1.5 vears.

Asbestosts is comparable with the
most serious silicosts risks with
respect to lenyth of exposure which
will canse a fatal degree of fibrosis.
Although the numbers in the as-
bestosis group are small it will be
noted that in 36.6 per cent. the
disease was accompanied by tuber-
culosis, while in the silicosis group
50.7 percent. were accompanied by
tuberenlosis. suggesting a less close
associalion bhelween asbestosis and
tuberculosis than is the case with”
sificosis and tuberculosis,

Further confirmation is found in the
after history of the 95 cases of asbestosis
and the 5 cases of asbhestosis with tuber-
culesis found by E. R, AL Merewernen in
his original enquiry in 1923, Of thase
100 cases, although a number have mi-
crated from the industry and Lave been
lost sight of, 23 are known to have diag,
12 frora asbestosis, 9 from asbestosis with
tuberculosts, and 2 from other eonditions
in both of whom a considerable degree of
asbestoszis was found on autopsy. Of the
remainder a number are partially or wholly
disabled on account of the disease.

As 1mentioned previcusly, the risk to
Jife associated with ashestosis is a complex
onez. Primarily the fibrosis and the re-
suiting mechanical embarrassment of the
pulmenary circulation develop in step with
ench other. The supervention in an indi-
vidual with asbestosiz, therefore, of any
disease which adds to this strain brings
with it a greater risk to life than would
be the cuse in a normal person.  Amongst
such diseases, infections of the respiratory
teact, and especially bronchopneumenia
and tuberenlosis, hold fiest place.

The visk from  tuberculosis requires
special consideralion because of s -
oopted dmportance in ashestosis as in
stlicosis and becanse of s infective natura.
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The dnterartinn of ashostogis wn! fohoe
culusis iz of morent in delernin e hath
the real imporlance of ashestosis s op
Helesivin] visk and wisn the seope and poo-
]I(lI‘]l‘ t‘{.l‘t‘l.’tl.\'tj!lt‘sﬁ of ]\‘.'1"jL‘1’.':l‘Fi ‘hf'n'\'v_-.'lli\'('
Miseinres. Phere are o nnmiboy of azprects
to this relationship which Lave o le
clearly delined end s vet the data are
msiflicient,

Garrxenr and Cummines, as o result
of thetr experimental work on cuinea-pigs,
luve established a point of the trealest
naporiance, namely, that a primary tuber-
culous tufection is inlluenced uily o a
Lmited degree by inhualed asbestos and
that the tendency to Lealing by fibrosis is
marked. They emplhasised tle contrast in
this respect belween the eifect of ashestos
and of free silica, with which the Lendency
was overwhelmingly towards the produc-
tion of generalised clironic tuberculosis
of the lungs and viscera,

These same workers found in another
group of experiments where the tuber-
culous infection was implanted on to an
existing asbestos fibrosis that the stimu-
lating effect on the tuberculous infection
was more marked than when the infection
and mhalation of asbestos were instituted
simultaneously, but the ultimate outcome
had not yet been ohserved, They also
slated that the combined action of ashestos
dust and tubercle hacilli in the lung pro-
duced more fibrosis than did either agent
acting independently.

In a subsequent paper, Buntox Woop
and GLOYXE reviewed a series of 100 cases
of asbestosis which had Deen under their
ohservation. In this group they found
30 cases with pulmonary tuherculosis,
21 being active and 9 obsolescent. They
pointed out that the group with obsoles-
cent tuberculosis empliasises the fact that
obsolescent tuberculosis in the human js
not necessarily reactivated by ashestosis.

In tle series of deaths analysed above
it was noted that asbestosis was asso-
clated with tuberculosis in a much lower
percentage Lthan was the case with silicosis.

J. Rusu SuvLyin an analysis of 71 cases
of ashestosis notes the presence of tuber-
culosis in 40, one of which showed a
hezled miliary tuberculosis,

Although it is not possible vet Lo answer
calegorically

(1) Does {le inhalation of asbestos
{a) witecedently, (5} coincidently,
(¢) subsequently to 2 tuberculous
mfection favemr e developinent

e A e e e Oy AT am, i T evp e v

1
ASLESTOS
of the taberonlous process or net,
ail
{2) What e e effect of thin [rresenen

el (2 asheht, () amoderae, (¢) qu
advineed deveee of ashesiosis on {1)
the Binplantation, (i) the develop-
ment oi a tuberculous infection,

these observations suggest that whuiever
the added risk to ashestos workers from
puirnonaey luberculosis may be (anid there
appears 1o Le sume), 1% s Jess {han that
associated with silicosis. It is worth re-
cording that in two cases signs of hoth
silicosts and asbestosis have been found
al autopsy, in one of whicl there was also
pulmaonary tuberculosis.

PrEveENTIVE MEASURES

The risk from asbestosis in the ashestos
industry is no less grave than the most
serious risks from silicosis in the silicosis
producingindustries. The preventive mea-
sures necessary, therefore, will be exten-
sive and stringent. The essential is dust
suppression in all processes to a safe Tevel,
which level may be determined by refer-
ence to a definite concentration of dust
in the air of the workrooms or by reference
to the amount of dust produced in a pro-
cess which has heen shown to be safe,
There are advantages and disadvantages
associated with each of these standards,
but space does not permit of their discus.
sion here. In Great Britain the second of
these alternative methods was adopted.
A Joint Committee of representatives of
the Factory Department of the Home
Oflice and of the Ashestos Textile Menu.
facturers agreed on a practical standard
hased on MEREWETHEWS suzgestion as
to the relationghip between the safe level
of dust concentration and that evolved
In spinning processes. - This Committee
concluded on the evidence tlien available
that

“For practical jrurposes, the conditions
arising from fiyerspinning * carried on without
exhaust under good general conditions may,
It seems to the Committee, be faken s tha
“dusl datum ™, .| 14, therefore, a particular
process appears to give rise to dusl in excess
of that associuted with such llyer spinning,
the Comnities regard the need for preventive
measgres as established,™

T The dist pradvetion in ring snuinge is abase
the safe leved and the Regulations requite 1he ira-
vision ef foczl exbaust veatilation o the Pricess,
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ASBESTOS

In Muech 132 o Coiingons-i o
of Regulations degjunad 1
dust prodiced inadl processes
the level of that © arising frn fiver
spinning curried on without exhaust nnger
gond gengral conditions ™ vaus diie faeve,

These Regulations apply the following
prinviples bo achicve thisstunlind: (1) Ap-
plication of eflicient loeulised oxiaiat ven-
tilation at dust producing pe (2) Bub-
stitution of enclosed mechunical meihods
for hand conveyance and fac dusty hanl
work generally. (3) Eifective enclosure of
dust-preducing muchines anl pliniet, (%)
Substitution of wet methods [or dry,
(3} Elimination of certain dust-producing
appliances.  (B) Effectual separation of
processes to prevent unnecessary exposnre

to dust. (7) Use of sacks of close texture
for internal worli in  the factory,
and cleaning of them by nachinery.

(8) Lfticient cleaning system. (9) Precan-
tions to prevent dust fromn ashestos in
storage chambers or bins entering the
workrooms. (10) Regular examination and
testing of ventilating plant; dust settling
and filtering apparatus not to be allowed
in workrooms. (11) Breathing apparatus
of approved type to he provided for per-
sons employed in certain operations,

The Regulations al:o  prolibit
employment of young per¥ons under
age of 18 in the most dusty processes,

the
the

In order to achieve the object of the
Regulations problems of ventiating en-

gineering of the utmost difficulty had to be
solved, particularly on the textile side of
the industry, where the application of
local exhaust veatilation and other me-
thods of dust suppression of a high stan-
dard to operations in which the necessity
for it had never been envisazed belore,
was required,

Other preventive measures in force in
Great Britain include the contro} of the
disease by periodical medical examination
of the workers, by whick those unfitted
by health rewsons wre prevented feam
entering the industry and cases of ashes-
tosis and of puimoncy tuberenlosis are
detected at the earliest posaille moment,

A practical snaxia of the wieatest value
iz that every tronsliion of liberised
ashestos in the 0 Coprosluces Just
whirh, if nat contrallal, j: dangerons,

COMPENSATION 1o Asnrarosis

Great Britrin vt dial auntey bo pass
special legisiation relafive o vinlpensation

|

|
Lader adl workirew oo
Soafber May 1931 inc:
cotinprelensive seleid
veder of 16 Ueeenihie
Order ¢f 11 Man
for serfons
wifeeimr wes liees cominy  within ..
suranes Jecislaion,  In the LUniled Stotes
the Law of 25 Moareh 1935 passed 1 North
Caroliita proviies fop comnpeinsation of jgsles-
tosis di et ain member of indusfries 1
Thea prableng of compensaling for psi-niiais
Was cotsitiersl by the Cortespon-lerce Comn.
mitiee on Industrial Hygiene of 1he Inbee.
national Lubour Office which, al iz laat
Ireeting in October 1935, decided 1n I
mend 1o the Governing Body tha folowine.
formnaia for inscription in the internutions
schedule; & Asbestosis, with or without
pulinonary tuberculosis, provided that ashes-
tosis Is an essential factor in causing the
resultant incapacity or death ™ wher, ot-cﬁr:-ing
amongst workers engaged in * indusicies or
brocesses recognised under nalional by or
regulations us invelving exposure to the rizk
of ashestosis ". The Comnmniltes maie the
further recommendation that © it is advizable
to recommend that those countries which so
far ave without adaquate Enowledge of the
question should carey out in the near Tuture
the requisite eaquiries and research  for
determining the extent of {he occupalionl
risk involved.”
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