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Determination of inorganic fiber density in
human lung tissue by scanning electron
microscopy after low temperature ashing

by BJORN GYLSETH, M.Sc.,! EGIL M. OPHUS, M.Sc.,?
and GUNNAR MOWE, M.D.!

GYLSETH, B., OPHUS, EM. and MOWE, G. Determination of inorganic fiber
density in human lung tissue by scanning electron microscopy after low temperature
ashing. Scand. j. work environ. & health 5 (1979) 151—157. The concentration of
asbestos fibers in lung tissue may give information about previous occupational
asbestos exposure. A procedure for the preparation, quantification and identification
of asbestos fibers in human tissue is presented in this report. The procedure is based
on low-temperature plasma ashing of dry tissue, examination of the ash by scanning

electron microscopy, and energy dispersive X-ray microanalysis.

The advantages

and disadvantages of this method are also discussed briefly.
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In 1929 Gloyne (8) demonstrated the occur-
rence of asbestos bodies and naked asbestos
fibers in human lung tissue of occupation-
ally exposed persons. Some authors have
tried to establish a relationship between
asbestos lung-burden and specific lung
diseases (3, 9, 21), and it has been concluded
that a definite dose-response relationship
could occur. In earlier studies light miero-
scopic techniques were used to demonstrate
and quantify fibers in lung tissue. However,
the optical resolution limit for asbestos
fibers is estimated to be 0.5 ym. Most
inorganic fibers found in lung tissue have
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a diameter far below this value and will
most certainly not be detected with this
technique.

More recently several authors (2, 12, 17,
19) have demonstrated that electron beam
instruments can be used to identify and
quantify inorganic particles; especially
instruments equipped with a selected area
electron diffraction (SAED) attachment
and an energy dispersive X-ray spectro-
meter (EDS) are powerful analytical tools.

Dry ashing seems to be the most conve-
nient and reliable method for decompos-
ing tissue. Temperatures exceeding 400
—450°C affect chrysotile asbestos by
liberating water. Furthermore some vola-
tile trace metals may be lost. Low-tempera-
ture plasma ashing seems to be the most
convenient method with which to avoid
these problems.

In this paper we report the use of a low-
temperature plasma asher and a scanning
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electron microscope (SEM) fitted with an
energy dispersive X-ray microanalyzer for
the identification and quantification of
mineral fibers in tissue from nonexposed
and occupationally exposed persons.

MATERIAL AND METHODS

Samples of lung tissue were obtained
during a postmortem examination of per-
sons with a known cause of death. These
persons included both nonexposed and
occupationally exposed workers. Other
samples were obtained from embedded
autopsy material.

The stored material was embedded in
paraffin wax, which was removed by
means of cutting, melting and dissolving
in xylene. Wet tissue (0.4—1.5 g) was cut
and dried for 48 h at 80“C. Tissue sections
of this size had a reasonable number of
fibers and not too much other material,
which could cover the fibers on the filter
area used in the investigation. After this
procedure the dried tissue was ashed in a
low-temperature plasma asher at tempera-
tures below 200°C (Tracerlab model LTA
505). Depending on the mass of dried tissue,
a complete ashing was obtained after 2—4
h.

The method was compared to wet diges-
tion with 5 %o sodium hypochlorite (com-
mercial bleach) using flung tissue from
rats. Digestion of rat lungs in sodium
hypochlorite gave an ash residue of 0.30 %/
of the wet weight. Low temperature ashing
gave 6.0 %o ash of dry weight and 1.2 % of
wet weight. Most of this ash consisted of
slightly soluble alkali and alkaline chlo-
rides, carbonates and phosphates. The ash
was washed with 0.1 N hydrochloric acid,
and after this treatment the residue
constituted 0.24 % of the wet weight.
These data are consistent with those ob-
tained by Jaunarajs and Liebling (10).
The slightly higher ash residue from hypo-
chlorite digestion may stem from undi-
gested fat constituents. Fatty spots on the
filter could be observed macroscopically.

After the low temperature ashing the
residue of human Jung tissue was 2.69
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+ 0.45 %o of the dry tissue weight and 0.28
+ 0.06 %o of the wet tissue weight. After
treatment with 0.1 N hydrochloric acid
only 20—25 % of the ash residue was left.
This residue was dispersed by ultrasonics
in water and filtered onto a 47-mm
Nuclepore filter with a pore size of 0.8
pm. After drying, pieces of the filter were
cut and mounted on carbon SEM stubs
with carbon cement and coated with gold
or carbon to make them conductive. The
specimens were examined in a JEOL
model JSM 35 SEM fitted with a PGT-
1000 energy-dispersive X-ray spectrometer.

RESULTS AND DISCUSSION

The fiber concentration ranged from less
than 1 X 10* fibers per gram of dry lung
tissue from children to 66 X 106 fibers
per gram of lung tissue from persons with
known asbestos-related diseases. These
values agree well with those found by
other authors (1, 3, 4, 7, 14). The numbers
of fibers shown in table 1 were obtained
from insulation workers with a complex
occupational exposure. Sample a was taken
from a person who died of pleural mesothe-
lioma, b from a person who had suffered
from pleural and lung fibrosis as well as
bronchial cancer, and, finally, sample ¢
from a person with a death diagnosis of
bronchial cancer.

Fig. 1A-D shows typical naked fibers
and asbestos bodies found in lung tissue
from a mesothelioma patient. Lungs from
insulation workers, who certainly have had
severe asbestos exposure, often contain a
large number of diatom fragments as well.
This material stems from the insulation
mass, which may be a mixture of asbestos
and diatomaceous earth. These particles
are identified by their characteristic
monrphological appearance, as well as their
pure Si,, X-ray spectrum. An electron
micrograph of a diatom fragment is shown
in fig. 1E.

For the identification and quantification
of particles found in human tissue, some
experimental parameters have to be
considered carefully. In the following



discussion the main parameters will be
presented and the results from the in-
vestigation reported.

Magnification

The samples were investigated with a
random scanning across the membrane.
Fiber number determination was made
directly on the fluorescent screen in both
the fast (TV) and the slow scanning
mode. The magnification used for routine
examination was 4,500X. Fiber size
evaluations were made at 4,500X (length)
and 10,000X (diameter) magnification,
respectively.

The choice of magnification was a com-
promise between resolution and the filter
area evaluated. Two hundred “view fields”
were counted for each specimen, each
corresponding to a total area of 0.24 mm?2.
The fiber number varied from 10 to 200 for
the 0.24-mm? areas examined. A higher
fiber density on the filter is not rec-
ommended since other materials may
then cover the fibers. The thinnest fibers
are certainly overlooked at a magnification
of 4,500 X. However, if the optimal mag-
nification (10,000X) were to be used, the
analysis would be extremely time-consum-
ing due to the large number of fields
which must be surveyed to get a signifi-
cant number of fibers, and the method
would no longer be recommendable as a
screening procedure. The relation between
the magnification and the number of
fibers detected is shown in fig. 2 for two
samples with different fiber densities per
unit area. The sample with the highest
fiber density was taken from the patient
who died of mesothelioma, while the other
came from the patient who died of bron-
chial cancer.

Filtration

Due to the plane surface and the well-
defined pore size, Nuclepore membranes
are superior to other filter types for this
purpose. Filters with a 47-mm diameter
and a pore size of 0.8 ym were used. We
found that 0.8 um filters gave a better
image for fiber counting than 0.2 ym
membranes. This difference might be due
to the thinnest fibers being easier to detect

when they cross the pores of the mem-
brane. But using 0.8 um instead of 0.2
um might produce a risk of losing short
fibers. The retention of fibers was investi-
gated with the use of subpleural tissue
samples from a person with definite
occupational asbestos exposure. Two adja-
cent tissue samples were ashed and trans-
ferred to 0.2 ym and 0.8 um filters, re-
spectively. By number analyses, no statisti-
cally significant difference could be ob-
served between the number of fibers on
the two filter types. However, the distri-
bution in fig. 3 indicates that fibers shorter
than 3 um might be lost during filtration
onto 0.8 ym Nuclepore membranes. Some
fibers may be lost if they enter the filter
surface in the ‘“vertical” position. A fiber
nearly lost is shown in fig. 1F.

In the SEM procedure the filters can
be directly examined in the microscope.
With transmission electron microscopy
(TEM), however, significant losses may
result from the complicated procedure
of transferring the sample to the grids
after digestion and filtration (6). On the
other hand, the thinnest fibers are easier
to detect in the TEM due to the higher
resolution.

Many reports published in this field are
based on the wet digestion of the tissue
with concentrated alkali hydroxides,
hydrogen peroxide, or sodium hypochlorite
(commercial bleach) (10). The wet ashing
techniques are time-consuming, and the
risk of fiber loss is high. Concentrated
solutions may attack the fibers and thereby
affect the results. Furthermore, the liquids
used may not completely ash the tissue,
and some fatty residue may be left. This
residue has to be removed either by wash-
ing with organic solvents or by centri-
fugation and decantation. It has been
shown that fibers may be lost during the
removal of the fat residue (I. R. Riittner,
personal communication).

Identification criteria

According to the theory of Stanton et al.
(20), all fibers of a certain size may have
a carcinogenic potential. Chrysotile and
crocidolite asbestos have been shown to
be the most cytotoxic fibers (5).

Also man-made mineral fibers are cyto-
toxic. Therefore all mineral particles with
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G (30,000 X)

Fig. 1.

H

A, B, C and D reveal uncoated and coated fibers of various sizes from an insulation

worker who died of pleural mesothelioma; the morphological appearance, as well as the EDS
spectrum, indicated asbestos fibers of the amphibole type; C and D show coated fibers with
a different size of iron protein coating. E shows a particle identified as a diatom fragment
by morphology and the pure Sik, X-ray spectrum. F shows a fiber nearly lost during the fil-

tration procedure.

G and H demonstrate the significance of the Au-layer; the sample was

taken from the mesothelioma patient; H shows a schematic drawing of a fiber crossing the
membrane pore and laying on the plane filter, respectively.
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Fig. 2. Relation between number of fibers de-

tecled per unit area and the SEM magnifica-
tion.

an aspect ratio greater than 3:1 are count-
ed. In this study an energy dispersive X-ray
microanalyzer was used to aid the identifi-
cation of fibers. The fact that Mg2* leaks
from chrysotile in tissue both in vivo and
in vitro makes it difficult to use this
method for the identification of chrysotile
(11, 13). The normal appearance of the
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Fig. 3. Fiber length distribution at a magni-
fication of 4,500 X in two adjacent tissue
samples from the mesothelioma patient after
low temperature ashing, treatment with hydro-
chloric acid and filtering. On 0.2-4ym mem-
branes 554 fibers were evaluated. The corres-
ponding number for 0.8-ym membranes was
925 fibers.

typical long, silky chrysotile bundles seen
in environmental and standard samples
has not been detected in tissue samples.
This lack may be due partly to the rapid
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Fig. 4. Fiber diameter distribution of 110 ran-
dom fibers in a tissue sample from the meso-
thelioma patient. The evaluation was made
at 10,000 X.

Table 1. Variation of results after repeated
counts by one and two persons, respectively.

No. of No. fibers/
Sample Examiner g dry + SD
ook tissue
a Person 1 4 36 X 106 2.8
b » 1 4 9.6 X 106 0.6
c » 1 4 9.5 X 106 0.9
(82 » 2 4 9.0 X< 106 0.9

pulmonary clearance of chrysotile and
partly to the tendency of chrysotile to
split into thin and short fibrils which
can only be identified by the hollow
central core seen in TEM (15, 18, 22) at
very high magnification. The signal-to-
background ratio in EDS is poor for small
particles (< 0.1 ym) due to the interaction
of the electron beam and the substrate,
and thus making the identification this
way is still more difficult. After leakage of
Mg2* from chrysotile, these fibers might
be recognized as anthophyllite. We have
only classified fibers as chrysotile when
the fiber spectrum consisted of Mg and
Si peaks only and when these peaks
approximated the intensities of chryso-
tile standards. In this study 90 % of the
fibers were classified as amphiboles
(mostly crocidolite) through their EDS
spectrum and the typical splitting into
straight fibrils.

Fiber-size determination

The standard criterion used for the evalua-
tion of asbestos fiber concentration in an
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environmental sample is the following:
Fibers thinner than 3 ym, longer than 5
u#m and with an aspect ratio greater than
3:1 are counted.

Most fibers found in lung tissue are
thinner than 1 #m and shorter than 10 ;um,
as shown in fig. 3 and 4, respectively.

As to the size evaluation, one should
be aware that the specimen is coated with
a thin layer of gold (100—300 A thick).
An indication of the thickness of the gold
coating is demonstrated in fig. 1G-H. The
fiber core crossing the membrane pore is
approximately 650 A, while the part of
the fiber resting on the membrane has a
diameter of approximately 1,000 A (fig. 1G).
This phenomenon is also illustrated by the
schematic drawing in fig. 1H. It certainly
affects the classification of fiber diameters
of less than 0.1 ym and might result in a
displaced diameter distribution.

Fiber concentration

In most papers the number of fibers in
lung tissue samples are related to the
weight of dry tissue. However, some
authors relate fiber number to tissue vol-
ume (em3) (3) or to fiber weight (16).
Especially, specification of fiber number
per unit volume must be quite tedious,
and the risk of introducing errors is high.
Tissue including bronchioles and veins will
be of different density than parenchymal
tissue. Furthermore, the tissue investigat-
ed is often infiltrated with tumors, and
fibrous and emphysematic tissue is of
different density than normal tissue as
well. Likewise, fiber-weight determina-
tions are very tedious, since exact calibra-
tion against standards must be performed.
Furthermore, a variety of fibers is found
in most tissue samples, and this variation
makes the calibration still more difficult
and time-consuming. With these consider-
ations as a basis, we recommend that re-
sults be presented as number of fibers
per gram of dry tissue.

Potential inhomogenities in fiber distri-
bution were investigated in an examina-
tion of pieces from three different parts of
one membrane. No statistically significant
differences could be observed. For these
three samples we found 2.5, 2.2 and 2.5 X
107 fibers per gram of dry tissue, respec-



tively. The variation in repeated counts
on other samples is presented in table 1.
The standard deviation is satisfactory for
these analyses. Besides, there is no statisti-
cally significant difference between repeat-
ed counts by two persons (1 and 2) (p <
0.05 level).

Our study shows that scanning electron

microscopy in combination with energy
dispersive X-ray microanalysis after a low-
temperature ashing procedure is suitable
for identifying and quantifying inorganic,
nonvolatile and acid-insoluble fibers in
human lung tissue.
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