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THE PRESENCE OF THIE ASBESTOS FIBRE IN THE 
LESIONS OF ASBESTOS WORKIERS. 

By S. Roobnovse Guoyse, M.D., DI, 
Latholoyist, City of London Hospital for Discases of the Heart and Lounys, Vicloria ) e 

Tur use of asbestos as a trade product has produced of pulmonary fibrosis. "I'he clinical and radiologieal featuy have been well deseribed by Burton Wood | 1 | and the morbid anaton by Cooke [2] and Stuart MeDonald [3]. A short investigation of he condition has been made by the writer, as recorded below . with a view 1o detecting, if possible, the presence of asbestos in the body during life. 

A New varity 
¢5 of this dise., 

The Buaw Asbestos Fibre~The raw asbestos is found in various parts of the world, and differs somewhat in composition in - different place.. The variety chiefly used in this mvesbigation has been blue fibrous ashesto. known as Cape asbestos. This raw material when gronnd up in a mortar with a httle water or saline solution, vields a fine blnish white, almost powdery, deposit. \s the ashestos docs not take up antline dyes and dog- not show up well unstained, under the mieroseope, the dark-gronui Ulumination technique was adopted for practically all examinations, The fibres stain faintly with both the Fontana silver and the proussian bl methods, but neither is adequate for purposes of identification. When examined by dark-ground illumination powdered ashestos is seen to consist of fibres of varying length wixed up with a varying amount of particulate matter of irvegular shape and often of reddish colour, which presumabls 
represents minute pariicles of ore. "I'he asbestos fibres are straight and highly refractive, and they vary in length, according to the thoroughpess with which the vaw ashestos has been ground, from fibres extending across the whole ficld of the wicroscope to fibres the length of an anthrax bacillus or even shorter. In the raw asbestos the fibres are held together in thick straight bundles, but whe n ground up the larze bundles are split into smaller and smaller bundles until eventually fine individual fibres are obtained. The broken-off ends of the bundle can also be scen like bundies of freshly ent reeds. No branching has been observed, bat frequently small pasticles of ore will stick in the fibres. pIving atb nirst sight a very rough resemblance to a filament of mould with gonidia. - When individual fibres are examined carefully they are often 
found 1o have an estremely fine <aw-like cdge ruther suggestive of the 
marks on a freshly cat plank. This saw-like edue does pot always extend the whole length of the fibre. Oceasionally, the free edee of the fibre 
will vibrate like the end of a fine <teel spring, whilst split ends and notches 
m the fibves may be found. The fibres show the ends broken off at varving angles, quite unhke the ends of baeilli or fangt cenerallv. Indeed, the appearance of the preparation under dirk-gronnd ilhonination gives the 
impression of sharp brittle metallie wire broken up at all sorts of :mf'."l-* and in all lengths. But the chiefl characterictie of a single ashestos fibre 
when viewed by this method is its marked refractivity., The whole fibre 
appears to be brightly illuminated like the filament in an electric bulb. 
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(ol when very thin the fibve has a bluish luminosity, whereas bacteria, 
cells, erystals, e, penerally show only a reflractive edge with the rest of 
e stracture in darkness, Fially, the ashestos fibre will withstand the 
peat of & Dunsen flawe and s not destroyed when placed in concentrated 
ailphuric acid, 

! To summarise, therelore, raw ashestos may be ground up into a fine 
powder, caleined in a crucible, and mounted on a slide as a wet preparation 

¥ aith concentrated sulphurie acid without showing any signs of destruction. 
* When examined by means of the dark-ground illumination method with 
1 g em. objective, a film thus prepared shows bundles of fibres and 
© ndividual fibres of varying lengths, The fibres are highly refractile ; 

they are straight and rigid ike steel wire and have often a very fine saw- 
hke edge, whilst the ends are broken at different angles and occasionally 
spht, and the finest of them have a bluish tinge. 

With these appearances in mind attention was next directed to the 
finding of asbestos in persons exposed to the risks of the trade. 

Ashestos Corns.—The first and most obvious site for the fibres is the 
“ashestos cornsTM in the skin to which the workers are liable. ine 
ashestos filives penctrate the superficial laver of the epideris like thistle 

‘ thorns and produce a minate corn of hypertrophied epidermis around them. 
These fine ashestos fibres may be <o ubiquitous that they even penctrate 
the stockings of girl operatives and produce corns on the legs. The 
ashestos fibres ean be readily vemoved from the corns with a fine needle 
and when examined by dark-gronnd illumination they show the 
characteristic appearances ol the fibres noted above. 

Asbestos Filwes in Upper Respivatory Tract and in Sputwm . ~The next 
step s the demonstration of the asbestos fibres in the upper respiratory 
tract and in the sputim, Here the task is not so simple, because it is 
essential 1o eliminate any foreign bodies which may resemble an ashestos 
fibre. Accordingly, nose swabs, month washes and spota from ashestos 
workers were dealt with by the following technigue 

(1) Digestion with 10 per eent. antiformin solution Gn normal saline) 
which was filtered throngh an L3 Chamberland eandle before use in order 
to remove any nunute forcign hodies. 

(2) Centrifugation of the digested matervial, 
(h Caleming of centrifuged deposit in erncible to destroy all eellular 

debris, &e. 

() Preparing a wet preparation of the calemed deposit in cone entrated 
- sulphurie acid (a eontrol il of which should be examined to chiminate 
' the possihility of foreign hodies in the acid) and examining with ['.-in. 

objective by dark-ground ilumination. 

¢ By this means ashestos fibres were demonstrated in the mounth and 
' nose of two aperatives who had been at work in the factory within a few 

days of examination. The finding of the fibres in the sputune was more 
be difficult. These two operatives had no sputum, and it was necessary to fall 

< back on eases which for medieal reasons had been ont of the factory for 
some time. Sputum from sixoeases moall were exomined. In three 
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104 TUBERCLY [June, 1929 
asbestos fibres were identified, in three none was found. It is advisalfe always to put up a control slide of raw asbestos for comparison. 

Asbestos Fibyes in the Lutng.—Paraftin sections of the Inng of a case of pnlmonary ashestosis were cut and mounted on a slide in the usnual way. The Inng tissue was then deliberately destroyed by the addition of con. centrated sulphuric acid and the acid in turn replaced by water. Phe section was then covered with a thin cover plass and examined by dark. ground illumination. "Typical ashestos fibres were found. 'They were also present in the expressed juice of the lung in this case. 
Ashestos Fibres in Animal T'issues—Finally, as a confirmation of the method, a suspension of ground up asbestos fibres in sterile saline made from freshly re-distilled water was inoculated inteaperitoneally into the guinea-pig. A lymphoeytic response was produced in half an hour, and the asbestos fibres were readily demonstrated in wet films by means of dark-ground illumination, 
A guinea-pig was also inoculated, snbentaneously, with a stgpension of asbestos in saline solution, When killed twelve days later it was found that the asbestos was collected together in bluish-grey masses Iving in the fascial planes between the muscles of the groin at the site of inoculation. These masses were snrrounded with a small quantity of soft gelatinous adhesions but there was no sign of suppuration. = Sections of these adhesions showed them to consist of granulation tissne densely impregnated with asbestos fibres. The fibres were Iving in all directions, many of them being in small bundles like minute wisps of hay. No “curious bodies" were seen, but a few of the fibres appeared to be slightly bulbous at their extremities, The granulation tissue also contained large numbers of foreign body giant cells, many of which appeared to have phagoeyted sall ashestos fibres. These foreign body giant cells were a very prominent feature of all the sections. 

The cellular reaction to asbestos in living tissues will be dealt with in a later communication, 
The So-called * Cuvions Dodic %" —=The golden hodies ocenrring in the lungs of cases of pulmonary asbestosis have been deseribed by Cooke. McDonald, Simson (1] and Stewart [5]. No “ecurions bodiesTM were found in raw asbestos or in ashestos corns, nose swabs, mouth washes or sputum of workers. They were found, however, post mortem, in great profusion in the lungs of the case referred to above. It occurred to the writer that they nught be derived from the kieselguhr with which the asbestos is nuxed at a certain stage of mannfacture in sowme factories. Rieselguhr is a whitish or greyish powder which consists of fossil diatoms. These diatoms ocenr in many shapes—star-like, slipper-shaped. elongated, segmented forms, and so on, and @ comparison between these and the *curions hodies " sugwested that the latter might possibly be fossil diatoms from kieselguhr which had become shrunken and distorted by pressure and by the action of tissue Juices in the lungs, This view proved on further investigation 1o be erroncous. 

The point was settled by the following experiment. \ wet preparation of “* curions bodies TM in expressed lung juice was placed on the stage of the 
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THE ASBESTOS FIDRE 107 

jrk-ground illumination microscope and the position of a readily 
weogmsable group of these bodies noted. Concentrated sulphurie acid 
was then very gently ran under the cover slip, the “ curions bodies " heing 
sept under observation all the time. Slowly these bodies began to dissolve 
ind in the middle of their structure was a namber of typical asbestos 
ibres. At the end of "hall-an-honr practically all the wmaterial of which 
the “curious bodiesTM were composed had disappeared, leaving only a 
fuint ghost-like outline of the bodies with highly refractive asbestos fibres 
within them. There were several of these bodies in this particular group 
and the asbestos fibres lay at different angles within them. Dr. 1. 8. 'age, 
who confirmed this observation with me, made the suggestion that along 
the length of the fibres and in the angles formed between them there is 
lud down the material—possibly blood-pigment—which ultimately gives 
to the ““ curious bodies " their characteristic shape. At all events, it seems 
clear that whatever other material enters into their composition their 
hasic seaffolding is the asbestos fibre. The writer would therefore suggest 
that * asbestos bodies TM would be a more accurate description of the 
appearances seen than “ curious bodies.” 

.
-
 

CoxcLUSIONS. 

(1) Asbestos fibres ean be demonstrated in the corns from which the 
workers suffer, in the npper respiratory tract, in sputum in the lung, post 
wortem, and in animal tissues. 

(2) The so-called * curious bodies TM are derived from asbestos fibres. 
It is suggested that asbestos bodies would be a better mame for them 
than ““ carious bodies.” 

() In view of the marked prominence of foreign body giant cells in the 
sections from the guinea pig, it is important that tuberele bacilli should 
be demonstrated in sections of the human lung in cases of pulmonary 
ashestosis before assuming that tuberculosis is present as a comphcating 
factor, 

Lam greatly indebted to Dr W, Borton Wood, Dr. . Leonard Williams, 
and Dr. W. L. Yell for kindly sending me cases and material for this 
study, and to Mr. A. W. Smart, Chief Laboratory Assistant, for practical 
help. 
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Haemalysis, 
Considerable hacmolysis has been reported in 

several earlior hubble oxy gena’ors, hot the meth- 
ol per se need not be tranmalic. 

It is important to use a non-welable material 
such as polyethylene. Undonbted!y o flexible 
system holds advantages over the rigid syslems. 
Furthermore, il is important to break the foam 
effectively at the top of the oxygenator column, 
and no free G010 of the Blood should he allowed, 
In addition, fairly Tiege tubes should he waed in 
order 1o minimize hirbulenee, 

One and a half hters of freshly deawn ecitrated 
homan blood has been recirenlated 100 times 
thronzh the apparatus at flows up o 1 liters per 
minute, The haemolysis al the end of the experi- 
ments varied between 20 and 70 mg per 100 ml 
of plasma, the greatesl amount of hacemolysis 
occeurring with the highest blood flows, 

Table 1. 
Resulls of recicenlation with one liler of haman 
citvaled Flood 100 times throngh the machine af 
w flom rate of 1.5 Uminnte, using carbogen for 

aryqenalion. 

Warmolysis - 
" Leucoeyle Filwinogen 

mg 100wl 'fi o flmn{ %% 

Before .ivviaesns 0 2720 0.29 
After 100 passages 22 2610 0.29 

Table 1 shows the amount of hacemaolysi |, white 
blood el conm?t and fibrinogen analysis before 
and after one liter of oo eitvated Blocd ool 
oo veeitenlydod of a flov of L3 liter per minife 
ane hundrod times, 

Oxgaenaling capacily. 

The oxypenaling capacilty has been fested in 
vitro by one passage of venous blood through 
the system. 

I the model which o use in andmal experi 
ments, the eapacity s limited to 1500wl gy 
minute with a total extracorporeal blood ol 
of about 1200 ml 1t can easily be allered by iy 
ereasing the dimneter of the oxygenating column,, 

Table 2. 

Results of eight dog perfusions of 30 33 mipules 
duration (mean values). 

Flow rale ...ooinnes 63 ml pr. ke 
Venous O -saturation 57 % (33 65 
Adlecial Ou - salupabion 95 (93 95 
Arlerial COL pressure 250 mm My, 
Free haemoglobin .. 12 mg/100 ml plasma et vy 

Values 

Perfusion cxperimenls, 
Table 2 shows the vesulls of cight experimental 

perfusions of dogs weighing from 10 to I8 Filo 
grams. During the perfusions, eardiae venops 
Blood was aspivated from the opened right ven. 
tricle and relurned to the vepous reservoir, 

The present design is not to be considered o, 
final. Work is still in progress to improve the sy 
stem further. 

References: 

1) Schrocder, W.: Areh, exp. Path, Pharmak,, 1882, 
15: 364, 
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5) Ryya. 1. ., E. Kgosgoaard, E. Husfeldt & Fr. The 

Eetsen: * A Meart-Long Machine with a Dis posalic 
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Secand European Gongress of Cardiology, Stk 
holm 1956, 

ASBESTOSIS WITH PLEURAL CALCIFICATION AMONG 
INSULATION WORKERS 

By J. FROST, J. GEORG and 1. FLEMMING MOLLER 

Piduionaes disease due lo the inhalation of 
ashestos dust has been known for the Jast fifty 
vears. The first case was describied by Murray 
(1906). In Seandinavia, cases were reported from 
Norway and Finland by Wolff (1910}, 
Sehrompf (1911, Wegelins (1916) and 
Norvo (1916). 

From the Clinie Tor Occupations] Discases (Chiel: J. 
Frosty and the Radiological Departineat (Former 
Chicl: Peofessor P, Flemming Moller), Rigshospitalet, 
University of Copenhagen, Denmark, 

- .- LTRSS et G e e g L S— e ® e .- 

In Denmark, ashestos does nol oeewr in the 
natural stale, and comparatively few people are 
engaged in the processing of imporied asheslos 
Tve (19500 repocted one case of asbestosis, and 
Frast (1950) three cases. These cases ocenrred 
in factories making insulation products, brake 
Yinings, wnd fleoving malevial; the Jast case was 
a bagrer in oo shipyavd, 

The discovery of these enses led to closer super 
vision of faclories of this kind, Lagging work, ele., 
is usually undertaken by small firms, In Copen- 
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hagen, employees of sneh firms have theie own 
union, so it was found most convenient to carry 
oul examinations throngh the Union. As there 
were no statisties aboul oceupational hazards in 
this trade, the Union was interested in having its 
members examined, 

After consultation with the Union officials, we 
hegan examinations in 1953 by selecting workers 
who laul heen in the teade for twenly years or 
more. The Copenhagzen Union of Tosulation Wor- 
kers had about a hundred members during the 
thirties. These men often ehange from one firm 
to another and are employed on all Kinds of in- 
sulation work, Before 1930 or so, Lagging material 
chiclly consisted of Kieselguhe and magnesia, 
mostly mixed with ashestos, or of ashestos ropes, 
ar, in the ease of hoilers, matlresses filled with 
ashestos Mok, 

Sinee about 1925 the use of rock swool and glass- 
wool has aradually come to the fore in the in- 
sulation of hot-water pipes, ele. A special process 
for the insulation of ships' walls, i.e., spraying 
with powdered ashestos, has heen used to a cer- 
Lain extent, 

The Union urged all the workers who had been 
in the trade for more than twenly years to sub- 
mit themselves for examination: 31 altended; 3 
didd not. The ocenpational history was recorded, 
and o detailed elinieal examination was earrvied 
onl with Xevay of the ehest (frontal, Tteral and 
oblique positions). ) 

Fhe average age of the subjeels was 52 years, 
vanging from 1 1o 70; the period of exposure 
averaged 27 years, vanging from 20 to 15 vears. 
Six o of them complained of shortuess of breath, 
which they considered abmormal for their age. 
Al of them were workineg foll time. 

RESULTS 

Roentgenographic examinations revealed ab- 
normalities in 22 cases. 9 cases showed definite 
signs of pulmonary ashestosis, varving in degree 

ustally a fine mottling or nodulation. In no 
less than 19 eases abnormalities of the pleura 
were foumd, These ehanges ransed from obliter- 
med sinnses and plenval adhesions 1o extensive 
thickening of the pleura with ealeification, 

he plenral abnormalifies were hilateral in 12 
cases; unilateral in 7. Caleification of the pleura 
was Liliteral in 8 cases; umilateral in 3. 

Parenchymatous lesions of the lungs alone were 
found in 3 cases, and i 6 cases combined with 
pleneal lesions, 3 of which were ealeifications., 

In a few cases the abnormalities of the pleura 
were soo widespread that no definite diagnosis 
could he made vegarding the conditions of the 
Tnngs. 

COMMENTS 

It was o sorprise to find 22 sobjects with ab- 
normalities of the chest oul of a ftolal of 31 
examined, Ouly one of these stated that he had 

. 
2 4 

suffered from any lung disease, i e., pleurisy with 
effusion 18 years previomly. . 

While it is generally observed that ashestosis 
of the lungs is accompanied by pleural thickening 
and adhesions, we have only been able 1o find one 
reference to pleural ealeification in this connee- 
tion, (Jacoh & Bohliz 1953). 

Caleification of the plenra is a vather rare 
finding in vadiological esaminations of the chest. 
The incidence among unselected cases s esti- 
maled by Pateh & Perrvy (1952) to be less 
than 0.2 per cent, Floyd & Hephurn (1939) 
found 28 in 15,000 examinations, and Kristian- 
sen (101 15 in 10,000, In selected groups, con- 

e 

‘ 

Fig. 1. 
Insulation worker, age 70 years, exposure 45 years. 

Biluteral plencal caleification, 

Fiy. 2. 
Insulation warker, age 37 yeoars, cxposuie 38 years, 
Extensive plenral ealeification over lower Too-thinds 

of the Tnngs., 
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ining many essservicemen, Ulrieh (1030) 
found 16 oul of 5,700 (cliology: bullel wounds, 5§ 
cases; pleurisy, H eases; tuborenlosis, 1 ease; 
prueumonia, 1 ease; nnknown, 4 eases), and e h- 
rendt (1920) fonnd 12 oul of 966 subjecls (elio- 
logy: bullet wounds, 5 cases; lubereulosis, 7 
cases). Head (1931) considers tubereulous plen- 
vitis and hemothorax the only canses definilely 
known 1o produce ealeification of the pleura, 

Pateh & Pervrey point out that ealeification 
is usoally wnilateral, but bilateral in the so called 
idiopathic cases (approsimualely 20 per conl of 
all enses). 

A special ainvestigation of workers esposed o 
dust was carvied oul by Smith (19,2). She 
found 35 cases of plevral caleification onl of 
8,779 subjects examined. Only fonr groups showed 
a definitely higher incidence of eateification than 
that among the avevage population, viz, workers 
expeoed o the dust in making bakelite insolators, 
(L5 per eenl), ealecimine (L7 per eenl), mica 
(LG pev ecent) and tremaolite tale (6.3 per coent). 
Tremolite tale iv oo caleiom magnesinm silieate, 
which steacturally vesembles ashestos 1 is known 
to canse poneumoconiosis, Caleimine is composed 
of whiting, ¢ly, tale, silica, mica and ashestos, 
Fonr cases of puneumoconiosis were found in this 
proup. Mica is a complex silicale of polassinm, 
aluminitm, magnesivm, ealeivm and Huorine. 
Bakelite was mised with tale and mica. No ecase 
of pneomoconiosis was found smong the workers 
exposed o mica or balelite. No pleural ealeifie 
calion was found among 261 ashestos workeye, 
S mi Ul suggests thal it is the eombined CApOshre 
to caleimm and magnesinm, Togelther wilh o dust 
producing plewval drritation, which provokes the 
caleilicalions, 

None of the workers examined by us have heen 
working with ashestos alone; all of them bhave 
been exposed 1o Kieselzule, magnesinm, rockwool 
and glass-wool oo, The last theee substanees do 
nol cause pneumoconiosis. Exposure to Kiescl- 
the is known to involve a risk, as several cases 
of pneumoconiosis seemingly caused by i 
substance hive been reported, According o 
Luton, Champeix, Bavel & Vallaud 
(1956) it is primarily a gquestion of the alpha- 
quinrtz content. Exposorve fo the amorphous form 
of Lieselmbe imvolves considerably less vish than 
does exposure 1o the flus-caleinated substance, 
nearly all of the silica of which may be in the 
form of alpha-quartz. The Kieselgule wsed in this 
country is not known to be flux-ealcinated, and 
sampleanalysis has not revealed the presence 
of alpha quartz, 

In onre cases the workers have been exposed o 
ashestos, which is known (o produce pneumoco 
miosis with plenval affeetion, and to Kieselgohr, 
mazgnesia, rock-wool and glass wool, Our findings 

thus give some suppor! to Smith's contenliog 
that the incidence of pleural caleification mey | 
conneeled with exposure o mised dust; bt 
should be emphasized that our subjects have nat 
been exposed to ealcinm, 

While smaller plearal thickenings and ag. 
hesions are a rather common finding in cheyt 
Xevays of persons nol known (o have had any 
lung disease previously or to have bheen exposed 
fo dust al their jobs, the findings of pronounge) 
bilateral plearal changes in the present series 
definitely point towards an ocenpational origin, 
The diagnosis of ashestosis may e made with 
confidence when these pleural ehanges are found 
tozether with parenchymatons Jesions of e 
Tungs. The ocenerence of similar pleural elianges 
without any definite ehanges of the lang proper 
may also, with reasonable cerlainty, be aceepled 
as evidenee of ashestosis in subj els known o 
have worked swith insulating matevial of the sornt 
wied by the workers examined here, 

SUMMARY 

B oworkers engaged Tor 200 years or mote in 
different Kinds of insulation works were ey 
amined for oceupational lung discase. They lowl 
been exposed Lo dust conlaining asbestos, Fie o). 
guhr, magnesia, flassowool and rock-wool, 9 were 
formd 1o have definite signs of pulmonary s 
bestosis. 19 showed abnormalities of the pho 
12 of these heing bilaleral, In 11 cases ealiifie s 
tion of the plema was found, being hikiteral in & 
of them, 
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