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Assessment of mineral fibres from human lung tissue
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Since the discovery that the inhalation of asbestos
fibres could cause pulmonary disease attempts have
been made to relate the level of lung damage found at
necropsy to the lung fibre burden. At first, studies of
asbestos fibres and bodies from lung tissue were
qualitative' 2; later the first attempts at quantification
used estimations of fibre mass.3 For many years stud-
ies of lung fibre burden have been based on the count-
ing of fibres by increasingly sophisticated techniques
but the published results have not been-directly com-
parable in many cases, and from the few inter-
laboratory comparisons that have been undertaken it
has become obvious that large variations in counts
may be produced from the same lung. At present
counts of asbestos fibres from lung tissue are
becoming very important in medicolegal cases all over
the world, often without appreciation of their lim-
itations. For this reason an international workshop
was held in Oxford, from 17 to 19 September 1984, to
discuss all technical problems related to the esti-
mation of the content of mineral fibres in lung tissue
and to determine what could be done to make results
from different laboratories more directly comparable.
This paper summarises the main points of discussion
and the conclusions reached. A list of workshop par-
ticipants is given at the end.

Sampling of tissue

The problems encountered in producing a fibre count
that is representative of any lung begin at necropsy
with the selection of tissue samples for analysis.
Blocks of tissue taken only centimetres apart may
produce fibre counts that vary by an order of mag-
nitude.4`9 Recently this variation has been examined
systematically in a small series of cases where blocks
were taken all round the pleural surfaces.6 10 It was
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found that the tissue sites with the minimum fibre
content were the apex and entrance of the oblique
fissure in the upper lobe and the costophrenic angle
and entrance to the oblique fissure in the lower lobe.
The location of these sites suggests that variations in
fibre count may be to some extent due to ventilation
differences. Where a single fibre count is required
from any case for medicolegal or epidemiological pur-
poses, it is suggested that the best compromise is to
take several tissue blocks from the peripheral and cen-
tral regions (avoiding major airways) of both upper
and lower lobes and to process these together to pro-
duce a single dust suspension for counting and anal-
ysis. It has been pointed out that, if a pathologist
examines several lungs on the same table, fluid from a
lung with a high dust content may contaminate tissue
from lungs with few fibres and produce serious errors
in fibre count. On some occasions a fibre count is
required when only small pieces of tissue from
paraffin blocks or biopsy specimens are available. In
these cases the likely errors should be explained when
results are presented.

Tissue digestion and fibre extraction

A wide range of methods has been used in different
laboratories for the extraction of fibres and asbestos
bodies from lung tissue. These include the digestion of
tissue by potassium and sodium hydroxide, hydro-
chloric acid, sodium hypochlorite, hydrogen per-
oxide, formamide, or enzymes such as papain. I'-24
In addition, some laboratories have ashed tissues,
occasionally at high temperatures but mostly at low
temperatures in nascent oxygen.253' Some of these
techniques on their own apparently do not produce a
dust suspension sufficiently free of tissue debris for
accurate counting, at least by electron microscopy,
and a combination of chemical treatments may be
necessary.32 Some laboratories use low temperature
ashing to clean up the specimens after the bulk of
tissue has been destroyed by some form of chemical
digestion. Even with this technique, however, fibre
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preparations may be contaminated with tissue ash
containing deposits of iron, calcium, sodium, potas-
sium salts, and phosphates and these may have to be
removed by washing the samples in dilute acid. There
are many pitfalls in the handling of extracted dust
preparations; appreciable losses of fibres may occur
during centrifugation and filtration and some fibres,
especially chrysotile asbestos, adhere to glass sur-
faces.33 -3 Long term storage or transportation of
liquid suspensions of fibre is undesirable as biological
contamination may make the preparation
unusable.33-3 Many laboratories use ether to defat
lung tissue before or after digestions or ashing. Some
claim that appreciable fibre losses may occur in the
ether phase but this point is disputed.17 27 38 It is also
claimed that the sonication of lung dust specimens to
disperse suspensions results in the breaking of fibres,
but in general this is not considered a serious hazard
if the energy used is carefully controlled. A level of
0.5 W/cm3 for 30 minutes is claimed to have no effect
on fibres and this length of time is not necessary for
fibre dispersion.27 39 Some workers suggest, however,
that this treatment may cause the separation of
chrysotile fibres into individual fibrils; sonication cer-
tainly appears undesirable when it is proposed to pro-
duce counts of ferruginous bodies, since it is claimed
that even mild treatment may remove the body coat-
ing. There is a great risk that lung dust specimens may
be contaminated by fibre containing reagents or
apparatus, and to detect this occurrence blanks
should be included with each batch of tissue sam-
ples.40 There is a particular risk that formalin or
paraffin wax (often used more than once) may be
heavily contaminated with asbestos fibres and new
glassware should always be washed in acid before use
with tissue extracts.

It is accepted that the use of low temperature
plasma ashing normally produces higher fibre counts
than chemical digestion of tissues alone.27 It has been
suggested that this is due to the breakage of fibres
during the ashing process; but it is also claimed that
ashed specimens have much less debris and because it
is possible to see more fibres, especially the smaller
ones, the high counts are in fact the more accu-
rate.8 29 Possibly also no extraction technique is capa-
ble of recovering and displaying for counting all the
fibres originally present in lung tissue and all counts
may be to some extent underestimates.

Counting methods and procedures

After the extraction of the mineral content of lung
tissue the lung fibre burden may be estimated by
either phase contrast light microscopy, scanning elec-
tron microscopy, or transmission electron micro-
scopy. Most counts are prepared by pathologists who
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count the fibres in wet preparations by light micro-
scopy using the Fuchs Rosenthal counting cham-
ber.1' 24 This is done because of the simplicity and
availability of the method, although it does have
accepted disadvantages. Superior preparations for
light microscope counting are produced by filtering
dust preparations on to Millipore filters, which can be
cleared and mounted on glass slides. Not only does
this technique provide permanent preparations that
can be re-examined as required, but the improved res-
olution that is achieved is known to result in counts

41five times higher than those from wet preparations..
Phase contrast microscopy is used for light micro-
scope counts in most cases, but differential inter-
ference microscopy has been advocated as producing
a three dimensional image, which some microscopists
prefer.8

For scanning electron microscopy dust samples are
filtered on to Nuclepore filters, which are mounted
directly on scanning electron microscopy specimen
stubs and examined either uncounted or after being
coated with carbon or gold.21 262742-46 Nuclepore
filter preparations are also used by most laboratories
in conjunction with transmission electron micro-
scopy. In this case the filters are carbon coated before
the plastic of the filter is dissolved by chloroform
either by the Jaffe wick technique or under slight
vacuum aspiration.35 47 The filtered dust remains
attached to the carbon membrane and this can be
mounted on normal transmission electron micro-
scopy grids for counting. Some laboratories do not
use filter preparations for transmission electron
microscopy counting but deposit dust suspensions
directly on to Formvar membranes on transmission
electron microscopy grids. The choice of pore
diameters for the filters used in fibre counts is
important. While there is little fibre penetration of
Millipore filters, penetration occurs more easily with
Nuclepore filters. For these a pore diameter of 0.2 im
is recommended.8 48 49 Batches of filters would
appear to behave differently. Some have hydrophobic
areas that make filtration difficult and affect the even
distribution of dust, although it is claimed that this
problem may be avoided if filters are previously car-
bon coated and then wetted with an alcoholic solu-
tion. Other filters differ in their solubility in chloro-
form. Filter batches may also be contamined with
asbestos fibres from unknown sources and blank
filters must be counted with all batches of tissue prep-
arations to eliminate errors from this source.50 5'
Where data from lung tissue analysis are presented,
the analytical sensitivity and detection limits should
always be given. Most microscopists count and esti-
mate the size of fibres directly from the microscope
images produced by light or electron microscopy.
Some electron microscopists, however, have adopted
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the procedure of photographing the dust preparations
and counting and sizing from the photographic prints
(A Langer, personal communication). This technique
has advantages in that fibres can be considerable and
there is no tendency to count any fibre twice, but it is
more time consuming.
Many counting problems with all types of micro-

scopy related to the fibre density in the preparations
examined. If fibre density is too great, there is a ten-
dency for microscopists to miss some fibres and pro-

duce low counts. The recommended densities are 3-5
fibres/field with the Walton-Beckett graticule in light
microscopy and 10-20 fibres/transmission electron
microscopy grid opening or the equivalent area of an
scanning electron microscopy stub.52 Lung dust prep-

arations, however, have a very variable content of
non-fibrous mineral particles and on some occasions
an unsatisfactory low density of fibres has to be
accepted so that the other dust does not obscure those
fibres that are present. Some workers suggest that
fibre counting should be undertaken against a con-

stant background density of non-fibrous particles.
While some laboratories vary the dilutions of their
filtered dust preparations to produce the best com-

promise preparation for counting and sizing, others
do not and count a constant area regardless of the
fibre number found. With low density preparations
this has disadvantages in that overall counts may be
based on the actual finding of a very few fibres. For
counting purposes the usual definition of a fibre is
that originally suggested by the Asbestosis Research
Council in 1961 53 -that is, all mineral particles with
an aspect ratio greater than 3:1 are considered as

fibres even though it is realised that some are elon-
gated plates. This definition has been questioned
because fragmentation of non-fibrous minerals often
produces particles that fit this definition and also
because of evidence that the most dangerous fibres
have aspect ratios far greater than 3:1. Some have
suggested that the critical aspect ratio should be
changed to 5:1 or even 10:1, which would greatly
reduce the numbers of fibres to be counted; but this
change is resisted for two reasons. Firstly, the recog-

nition of an aspect ratio greater than 3:1 is quite easy

for microscopists, but even 5:1 and certainly 10:1
would require all fibres to be measured if they were

close to the stated ratio. Secondly a change made at
this stage would make it impossible to compare future
counts with those accumulated and published in the
past.

While the 3:1 aspect ratio appears universal,
different laboratories have different lower limits for
the length and diameter of fibres included in their
counts. This depends to some extent, but not entirely,
on the sensitivity of the instrument used.54 For this
reason, total fibre counts from different laboratories
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often cannot be compared. While individual labora-
tories will necessarily retain their established
procedures, it is recommended that in future all pub-
lished work should include as a minimum require-
ment stardard reference points, such as fibres > 5 gm
in length, so that comparisons can be made. Not all
laboratories estimate fibre size when undertaking dust
counts and their results can be misleading where the
proportions of very short fibres, now believed to be
relatively innocuous, are high. This problem would be
eliminated by at least classifying fibres into lengths of
<5 and > 5 jm. For research purposes at least, fibre
sizing is highly desirable. Many laboratories under-
take this but express their results as accumulated per-
centages. Many workers now believe that this is not
the best method of data presentation and
classification of fibres into size ranges would be more
easily interpreted and more valuable. While many
workers favour simple arithmetic size ranges it has
also been suggested that the boundaries of length cat-
egories should be logarithmic, to match the usual
length distribution, and should repeat at decade inter-
vals.

Analysis of fibre types

The main purpose of undertaking fibre counts from
human lung tissue is to determine the amount of
asbestos present, since this group of minerals has
definitely been associated with disease production.
Not all types of asbestos, however, are regarded as
equally dangerous.55 In addition, other types of fibres
are now produced and used by industry and many
types of minerals occur in a fibrous form in the
environment and may be found in human lungs. For
these reasons the detailed analysis of a selection of
fibres from each lung sample examined is no less
important than counts and fibre size distributions of
the total fibre burden of the lung. Important informa-
tion on fibre types is obtained by a combination of
polarised light microscopy and dispersion staining
light microscopy.56 57 These techniques, however, are
most useful for the examination of bulk mineral sam-
ples and, although they could help with the
identification of the larger fibres from human lungs,
analytical techiques associated with electron micro-
scopy have been preferred. Laboratories using trans-
mission electron microscopy can obtain electron
diffraction patterns that permit the specific recog-
nition of many fibre types,22 58 59 but the most usual
analytical technique at present is energy dispersive x
ray analysis, which can be used in conjunction with
either transmission8 59-62 or scanning electron
microscopy.645-46 While the elemental analyses pro-
duced by this system may be extremely useful, there
are problems that have to be taken in account.
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Chrysotile fibres lose most of their magnesium after
a period in lung tissue and even unleached chrysotile
varies in its content of contaminating elements, such
as nickel and manganese, according to the area in
which it was mined. Because of these difficulties, the
measurement of the 7.3 A electron diffraction pattern
obtained from chrysotile may be necessary for the
definitive recognition of this material. Crocidolite and
amosite pose problems of analysis since their electron
diffraction patterns are very similar and
differentiation by energy dispersive x ray analysis
depends mainly on the presence of a small manganese
peak (with amosite) or a small sodium peak (with cro-

cidolite) that are not always easily discerned. In many
instances positive recognition of a fibre may not be
possible; but in this case it may be possible to deter-
mine whether the fibre is asbestos or not, and this
information is important.

Relation between lung fibre burden and disease

Considerable effort is expended on the counting and
recognition of mineral fibres from human lungs in
order to relate this information to the occurrence and
severity of disease, but there is concern over the way
that data are often presented. Fibre counts are usually
expressed as a number of fibres per gram of dried lung
tissue; but the proportion of solid tissue in any lung
specimen varies considerably with disease, especially
where advanced fibrosis is present. For this reason,
counts of fibres from badly diseased lungs may
appear lower than in lungs with little fibrosis, even

when the total number of fibres in the lung is the
same. This probably explains an apparent anomaly in
the relationships between fibre and disease. While the
lower lobes of the lungs generally have higher levels of
asbestosis63 many workers have reported higher fibre
counts in the upper lobes.7 22 This problem is not eas-
ily solved. It has been suggested that results should be
expressed in relation to a fixed volume of lung tissue
rather than to dry weight; but for this approach care-

fully controlled inflation of all lungs would be
necessary-and in any case various disease states,
especially fibrosis, can cause contraction of part of the
lung.

Interpretations of lung fibre counts are further
complicated and confused by changes in lung fibre
burden that occur during life. Large amounts of
deposited fibres of all types are certainly cleared from
lung tissue in the course of several years, whether by
physical removal or chemical disolution-especially
in the case of chrysotile asbestos. There are many
reports of workers exposed mainly to chrysotile dur-
ing life who are found to have much more amphibole
asbestos (crocidolite amosite, tremolite) than chryso-
tile in their lungs at necropsy.28 62 One possibly very
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important example of this was found in Canadian
chrysotile miners59 61 where most of the dust found at
necropsy was tremolite, present in the original ore in
small percentages as a contaminant. Pure tremolite
has been reported from experimental studies to be
very pathogenic64 65 and perhaps chrysotile ore con-
taining this material should be used with particular
caution.
The removal of chrysotile from lung tissue with

time makes it very difficult to relate chrysotile counts
to disease and several publications have reported that
chrysotile levels in diseased individuals and controls
are similar.30 66-68 There is a suggestion that chryso-
tile fibres in the lungs of industrially exposed individ-
uals are longer than in those exposed to chrysotile in
the general environment,69 70 but this has not been
related to degrees of pulmonary disease.
Lung asbestos counts which, as explained, relate

mainly to amphibole fibres do appear to be correlated
with degrees of pulmonary fibrosis (asbestosis), but
there are wide variations in the actual figures.' 1 24 71
In some countries it is accepted that bronchial car-
cinoma should be considered to result from asbestos
exposure only if asbestosis is also present, so that in
such cases the lungs would always have relatively high
dust levels.72 This does not, however, apply to meso-
theliomas. While lung fibre counts in some cases with
industrial exposure can be extremely high and there is
evidence of a dose relationship in humans as well as
experimental animals,73 74 some cases of meso-
thelioma have counts that are within the range found
in the lungs of the normal urban population.76 7
Where this occurs there is now some evidence that the
length of fibres (not necessarily asbestos) in individu-
als who develop mesothelioma is higher than in other
people.78 In industrially exposed populations the
lungs from patients with mesothelioma tend to have
higher counts of amphibole fibres than those from
individuals who do not develop this disease, but
figures for chrysotile are similar for the two
groups.62 66 68 While this finding probably relates to
the dissolution of chrysotile within the lung tissue,
extremely few mesotheliomas have been reported in
workers exposed only to chrysotile, and we must now
consider whether these few were caused by tremolite
contamination of the chrysotile ore.79 Perhaps it is
not surprising that correlation between dust counts
and mesothelioma is poor since it is likely to be the
portion of the lung dust burden that reaches the pleu-
ral surface that really matters. So far, no information
is available on whether this differs with individuals
either in the mass of dust moved or in the proportions
of fibres of dangerious lengths. The suggestion of
Stanton his classic paper80 that the most dangerous
fibres are those over 8 pm in length and under 1 5 pm
in diameter appears to hold good, although informa-
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tion on the relationship between fibre length and dis-
ease is being refined.8' It has been reported that
amosite fibres need to be longer to produce pul-
monary fibrosis and pulmonary tumours in experi-
mental animals than to produce mesotheliomas after
injection.82 Further, amosite and erionite fibres over
5 pm in length produce few if any mesotheliomas after
injection82 (also JC Wagner, personal commu-
nication), but some tumours have been reported after
the injection of a chrysotile sample where most of the
fibres were under 5 pm in length.83 84 The
relationship between exposure to mineral fibres and
the development of mesothelioma is discussed in an
editorial article in this issue (p81).

Asbestos or ferruginous bodies

The relationship of asbestos bodies to pulmonary dis-
ease and therefore the importance of counting asbes-
tos bodies extracted from lung tissue are still under
discussion. The lungs of most subjects with asbestosis
do have sufficient bodies for them to be found during
routine histological examination and these are useful
aids to diagnosis. In occasional patients with pul-
monary fibrosis, however, asbestos bodies cannot be
found, even after exhaustive light microscopic exam-
ination of tissue, although subsequent electron micro-
scopic examination of extracted lung dust produces
extremely high fibre counts.69 Many years ago it was
suggested that the coating of asbestos fibres protected
the lung tissue from the harmful effect of the dust,85
and some still claim that the highest asbestos body
counts are found in cases with no fibrosis. It has been
reported that the proportion of fibres that are coated
may be relatively constant and that asbestos body
counts are related to fibre counts, at least with light
microscopy. This does not appear to be universally
true, however."7 Only a small proportion of the total
fibre burden of the lung ever becomes coated, proba-
bly no more than 1%; but the proportion increases
with fibre length and for some amphibole types it is
claimed that all fibres over 80 pm in length become
coated.'7 In human lungs most of the asbestos bodies
extracted can be shown to have formed around
amphibole fibres,4586-88 and this has led to sug-
gestions that the coating of chrysotile fibres is rare
and that asbestos bodies will not be useful in the diag-
nosis of asbestos related disease if only chrysotile
exposure has occurred. Chrysotile fibres readily
become coated in some species of experimental
animals89 and can be detected in this form in the
lungs of chrysotile miners.90 The paucity of coated
chrysotile fibres in most human lungs therefore
probably relates to the break up and dissolution of
chrysotile fibres in general; it has even been claimed
that coated chrysotile fibres are more subject to chem-
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ical dissolution than uncoated ones.9' If counts of
asbestos bodies are to be undertaken, it is important
to remember that after some extraction techniques,
notably ashing, the asbestos body coating may be
extremely fragile and easily removed by sonication.

Interlaboratory counting variation

Over many years techniques for the counting of
asbestos fibres from airborne samples have been grad-
ually refined. A standard method for light microscopy
has been available for some time and is now in wide-
spread use,92 and there has been good progress on the
standardisation of counting methods for use with
scanning electron microscopy.93 Nevertheless, differ-
ent counters in one laboratory and particularly coun-
ters in different laboratories are known to be capable
of producing widely differing results, and much effort
has been expended to improve this situation. In Bri-
tain an informal light microscope comparison has
developed into an official scheme sponsored by the
Health and Safety Executive (HSE) for the catego-
risation of laboratories carrying out asbestos count-
ing.94 Satisfactory performance in this scheme is a
requisite for laboratories seeking accreditation from
the national testing laboratory accreditation scheme
(Natlas).95 Informal international comparisons are
also in progress. An international comparison of lab-
oratories counting man made mineral fibres has used
both light and scanning electron microscopy.96 For
all these schemes two to four-fold differences have
been found between competent laboratories counting
standard specimens. Continued circulation of speci-
mens can reduce the range of count somewhat but it is
accepted that variations in counts will continue to
occur. This means that the main value of inter-
laboratory comparisons will always be to quantify
and minimise variability rather than to eliminate it.
So far there has been little attempt to correlate figures
for lung fibre content produced by different laborato-
ries, although there have been some small scale com-
parisons between workers using similar techniques
that are encouraging.97 In a recent exercise seven lab-
oratories extracted and counted fibres from the lungs
of six individuals exposed to asbestos,98 using tech-
niques that included both light microscopy and scan-
ning and transmission electron microscopy. While the
ability of different laboratories to recognise cases with
high or low fibre levels was good, correlation between
the actual counts was poor, even between laboratories
using similar techniques. Thus laboratories may be
internally consistent in their results but at present
apparently comparisons between the counts from
different laboratories are dangerous.

It has been recommended that to improve the accu-
racy of counting an international counting trial, simi-
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lar to that in progress for airborne dust,94 should be
set up and standard specimens should be circulated
for counting. This scheme will be organised from
Edinburgh and will take place in three stages. At first,
artificial samples prepared from pure asbestos will be
circulated to explore the intrinsic problems of fibre
counting per se. These will be followed by lung dust
extracts to study the problems of fibre counting
against a background of non-fibrous material.
Finally, homogenates of lung tissue will be circulated
so that variations associated with the tissue digestion
process can be examined. Samples for light micros-
copy counting will be circulated as cleared and per-
manently mounted millipore filters, while for electron
microscopy Nuclepore filters will be circulated, either
uncoated or already carbon coated. A tissue homoge-
nate is preferred for trials of digestion techniques
since, although homogenisation may reduce the mean
fibre length, it is hoped that the material supplied to
different laboratories will have a uniform fibre con-
tent. In the first instance primate lungs experimentally
exposed to asbestos will be homogenised, human lung
homogenates being examined later. It is hoped that
the initial set of trials will enable problem areas to be
identified, but small circulation of specimens may be
continued on a long term basis to provide a continual
reference of interlaboratory counting variations.

This workshop was sponsored by the North Atlantic
Treaty Organisation and the British Asbestosis
Research Council.
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