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CHARACTERISTICS OF RESPIRABLE ASBESTOS FIBRES

V. TimBreLL, F. PooLey and J. C. WaGNER
Pnewnoconiosis Research Unit, Medical Resesrch Council, Llandough Hospital,

In z s.wudy of the characteristics of respirable
asbestos fibres we have examined:

i. The UICC reference samples;
ii. Luag szctions of rats exposed to dust clouds

of the UICC sampies;
il Indusurial asbesros dusts;
iv. Human lurg sections contaimng ashastos.
Since some of the fibres were very slender
and no: visible ir the optical microscope, the
examinztions were performed with both the
electron and optical microscopes.

FisRE SHAPE

Fig. 1 shows electron micrograghs of the
lung seciions of rats exposed to the UICC
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amositz,  crocidolite,  anthopbyllit=  and
Canadian chrysotile: an eleciron micregraph
for the UICC Rhodssian chrysotle is not
included as it shows features similar 1o the
Canadian chrysotile. The fisres of the 3
amphitcole dusts are straiga:, the obscrved
diameter bzirg uniform over the whele fibre
lengih. The amosits Sbres exhibit a rece-
angular section, crozidolite fibres am elliptical
or circular cross-section, while the antho-
phyllita fibres are thin flakes {some in Fig.
1c are thin enough to appear semi-
transparent, The chrysotle fibres preseat a3
markedly different appearance. The fibres arz

~ Fig. 1. Electron micrographs of lungs of rats exposed to asbestos fibres,

Crocidolite.
C: Anthophyllite.

1

B: Amosite.

D: Chrysotile.
o0
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Chancteristics of Respirable Asbestos Fibres
curved in a wide variety of shapes. They
consist of bundles of very fine fibres; the
undles are usually partizlly opened.

These featurzs of the various types of fbres
were reproduced in eleciro.. micrographs of
the samples (i) to {iv). The amphiboles wer
alwzys straight whereas the chrysciile were
almos: invarizbly curved. The chrysotils
fixres in the lung sections tended ¢ conform
1w the shape of the wissue walls.

In the rat and human lung sectioas each
type of fibre tended to occur in buachss, the
Joneor fbres being observed in the non-

cilizzed regions of the smaller air ducis.
. FiBre LENGTH

A wriking fez:ure of asbestos fibras in lung
sections 1s their considerable length, which
¢an greatly exceed the dimensions of the
particles of comract shape, such azs those of
coal or silica, in similar circumstances. Since
some of the fibres can bz longar than the field
of the electron microscope, the examinztions
on leagth were performed, mainly, with ke
optical microscope.

A second  impression  obtained  from
cxamining lung seciions is that the longest
fidres are usually found in the respiratory
bronchioles and alveolar ducts and thar the
fibres in the tissue are shorter. The validity of
this observatien has besn confirmed in the
present study by measurement of the length
Jdisiribution of the fibres in these regions.
Fiz. 2 shows the length disiribution of the
fibres in these 2 regions in lung sections of
3 rat exposad o the UICC amosize dust,
together with the lengih distributien of the
dust cloud. This shows that the fibre in
the terminal air sacs is generally shorter than
tha: in the air ducts, which in turn is shorter
than that in the dust cloud.

The feasibility of long fibres penetrating
th: lung and reaching the pulmonary air
spages, js explained by the fact that the falling
srevd of a2 fibre mainly depends on its
dameter and is sensitive to length.
A long fibre (if ; thim enough) can avoid
tuing deposiied onal setilement or
1} precipit B in the respiratory
and may te deeply inio the lung.
The observed concentration of long fibres in
th2 reepiratory bronchioles ;. explained by the
faz that the probability of a fibre inter-
tepitng the wall of an airway becomes
£reater with increass in fibre length and with
wvirease in the aisway diamster. 5onscqucmly,
whoreas interception is not important ia the
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trachea and larger airways, it is a very efficient
depositon mechanism for long fibres in the
smaller airways. The small airways progres-
sively flwer out the long fibres, so that those
in the air ducts are longer than those which
peneirate desper. Comparison of the length
disiributions which are shown in Fig. 2 with
those of fibres in lung seciions from rats
alowed to survive a longer period after the
end of exposure indicates that, with time,
the fibrs in the air ducts bezomes coarser,

suggesing a transportation mechanism which

is sensitive to fibre length.
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Fiezz DiaMETER?

The impression is obtained from examining
the electron micrographs in Fig. 1 (a-c) that
the crocidolite is a more slender fibre than the
amosite, which in turn is more slender than
the anthophyllite. Furthsr, the finest fibre
of the anthophyllite is thicker than that of
amosite and the amosite is thicker than that
of crocidolite. The samc impressions are
obtained from the electron micrographs of
the UICC dusts, and -Iso from the industrial

*Duc to 3 wechnical fault in the eleciron micro-
scope, the scales of fibre diameter in Figs. 3-13
are incorrect. The scale in each Fig. should be
corrected by multiplying by a factor of 0.635.

In the text, the vilues of fibre diameter should
also be corrected by the same factor.
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dusis and human lung sections when the
exposures are pure. Cne 2lso gets the impres-
sion that chrysotile fellows quite a diferent
patzern and must Le treated as a separate
category; as these §bres occur in bundles the
diameter cannot be accurately defined.
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The validity of these abservarions on the
amghiboles has been confirmed by measure-
ment of the diameter distribution of the fibres.
Fig. 3 shows the results for the UICC dusts,
Fig. 4 those for the rat lung sections, and
Fig. s from human lung seciions with pure

V. Timbrell, F. Pooley and J. C. Wagner

exposures. The agreement between the shapes
of the disiriputions in these 3 sets of results
is evident.

Another fc.iuce to note is that these fibres
each have a definite minimum diameter: 0.06
am for crocidolite; 0.1§ nm for arcosite; and
0.25 um for anthophyliite. The distributions
for crocidolite and smosite have peaks at 0.25§
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nm and 0.55 sm respectively, The points in
the distridution .diagrams for anthophyllite
sbow consicerable scaiter and suggest a mulu-
modal distribution. _

he agresmant between the results for the
CICC dust and those for the rat lung sectioas
is not surprising since ihe UICC samples
were prepared to ceniain in the main fine
fibres of which a high proporiion would be
respiracle. The reason for the similarity shown
by the human lung sections and the other
samples was not so obvious. To examine the |
possibiiity that this was due to the fibres
of each :vpe of asbestos possessing a charac-
teristic diameter distribution, a comparison
was made of the UICC dusts subjected to
different mechanical actions. These included
the actual UICC samples, the raw materials
from which the UICC samples had been
derived by grinding, and the UICC dusts
which had been irradiated in an ulirasonic
bath. As the larger fibres in the raw material
would interfere with clectron microscopy they
were removed by elutriation. -

The diameter distributions of these fibres
arc compared in Figs. 6, 7 and 8. For
each type of fibre there is good agreement
betweenn the distributions. Since these are
disiributions by number, the removal of the

HWBUI0007042



Characreristics of Respirable Asbestos Fibres

larger particles from the raw material had its
greatest cffect on the coarse end of the dis-
tribution, but even here it was small.
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The human lung sections (for which results
are shown in Fig. §) were ob:ained from the
szme geographical locations as the UICC
dusis,  viz. crocidolite (Cape Province);
amosite (Transvaal); anchophvllite (Pazkilla,
Finlznd). Our recuits indicate that fibres from
3 given geographical location comminute in

# .50 B-20 attw tomd

2 definite fashion and even after different
‘raatments exhibit @ characteristic  fibre-
dinnerer distribution.

The dismeter distributions are most stable
At the lower end. This is cxpliined by the

123

fact that the agents which operate to remove
particles from the dust, for instance, the
dsposition mechznisms in the lung, show
least size difierential in the small diameter
region. .

The examinations of other amnhibole
samples including tremolite and actinolite
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have indicated that each tvpe of fibre has a
characteristic  diameser  disiribution  which
depends to a limized extent on the source. For
instance, Fig. ¢ shows the dizmeter distri-
bution of Aus:tralian crocidolite fbre. It can
be scen that this is similar to that of crocido-
lite from Cape Province but has a higher
proporion ¢f fine fibzes, and the finest fibres
are of smaller diame:er, 0.025 um.
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Examination of the frayed ends of the
chrysotile fibres has shown that these consist
of very fine fibrils. This siructure has also
been se:n in the main body of a fibre.
Measurement on fibrils which appear single
gave for the elliptical cross-section a range of
ratio of major to minor axes from 1 t0 4,
minimum value of minor axis 0.010 nm and
maximum vilue of major axis 0.040 um:
the mean value of the observed diameter was

0.02§ pum,

V. Timbrell, F. Pooley and J. C. Wagnee

IpEntiFicaTION OF Tyre oF ASBESTOS
Fisres v Lungs

At present there is no single methed whic
is  generaliy applicable for the positivs
identifcation of amphibole fibres i, luag
residues or scctions. Identification of fibre tvps
requires the use of evidencs from different
methods. The possibility of using ike
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diameter distribution as an aid to idantification
has been examined in a series of blind trizls
and a high success rate has been achieved.

The locaiion of the seciions in the lung
for this type of examination has been found
to be unimporiant. For example, Fig. 10
shows the results ¢f examining 2 differeat
sections of 2 human lung, one from the upper
lobs and one from the base of the Jower, Tke
individual diame:sr distributions which could
be drawn through the various sets of poims
would not be very different from the average
distribution shown. The s2me conclusion
applies to the results from 3 sections of 2
human lung shown in Fig. 11,

In examining a Jung section for identification
purposss, the presence of long curved
asbestos fiores is 2 positive indication that
the lung concains chrysotile. The presence of
fibres of 0.025 um diameier provides addi-
tional sirong evidence.

The mos: uscful application of the method
is for the estimation of the amphiboles. Sowe
examples are given to illusirate the method.
The sections from which they were derived
were oxamined without any previous infor-
mation. :

In Fig. 10, from the shape of the curve,
together with “the minimum diamcter of
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Characcristes of Respirable Fibres

¢.15 nm and the position of the peak it was
conciuded that the main exposure had been
(o amosite. This was confirmed by the indus-
tria! hisiory of ihe subject which showed he
m.d besn emploved in the amoesite minss of
-ne Transvaal. Some deviaton of the curve
f:om1 th: charzcteristic shape for amosiic
suzgested  exposure also to some  oilier
amphibele,

In th: case of Fig. 11, the presence of
fbe of o am diameter incicaied the
srosence of crocidolite, while tha widsh of the
curve znd the position of ine peak svggesied
an 2imest egual exposurs o amosite. 1he
:ndusirial history proved to be of a man who

13§

had been employed on lagging with crocido-
lite and amosite.

The next example, shown in Fig. 12, gave
a clear indication of exposure w0 anthophyllite.
The subject proved to be a Finnish asbestos
worker.

In Fig. 9. the distribution of fibre in the
human lung suggested a croaidolite exposure,
but with a suspicion that the source might be
differsn: from Cape Province which was until
then the oniy geographical location examined.
The subject subszquently proved 1o be a
women whe had worked during the 1539-45
war filling the canisters of civilian respirators
with a mixiure of Australian crocidelite and
Merino wool.
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