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PLAINTIFF’S EXHIBIT

A method is described for isolating nabeatos fibers contained in biolagical tisanes. It conatsta
in incinerating the biologleal marterial in activated oxygen at 150°C, and attacking the ash
by 1N HCI for 18 hr. The residus is then filtered on a membrane coversd with a carbon
Alm, Electron microscape exsmination of the deposit makes it possible to determine fiber
concentrations when the weight or volume of primsry materisl 15" Known, and to make sixs
analyses. By x-ray diffraction, the mineralogical noture of the gubestos is determined by
comparison with an sluminum reference dlagram. For x-ray diffrsctios, » micromethod ls
used, with an ush sample of about 10 . - o

These techniques are used for identifying and couniting.asbestos fibers in small frugments
of lungy or other organs, It was found that asbestos fibexs gemerally go along with other
. minerais which may be abundant. Mogt fibers found in Iung ars less than 5 um long. Counts
! on funga of agbeatos workary give concentrations often greater than 107 particles per gram of
dry tissue. The evalution of inhaled chrysotile sccms to be different from that of amphiboler.
{n the cxse of pleural mesotheliomn, a comparison of (ibers within ths (umor with fibers in
the adjacent parenchyma shows only slight differsuces in the particle sizes, but marked
differsnces in their aature, with a chrysotile enrichmeat in the pleural zone. Pleural plaques
were analyzed in the same way, Afver docalcification, many amnll sived sabestan Gbers were
found. The same lechniqus ix now being used for detarmining ingested particles. A groat
sumber of ebservations ning iber o » their natore and sizes, and the presence of
various clays minersls will be necsamary to establish the role of the different factors in the

formation of lesions cauned by the inhalation or the ingestion of asbestos fibers.

When one starts cn the problem of the iden-
tification and quantitative determination of
asbestos fibers in biological tissues, it is scon
found that the technique of preparation is
highly significant for the reliability and even
the validity of the analytical results.

Unlike asbestos fibers suspended in air or in
homogeneous liguids, which are free in the fluid
and thus can be easily colleeted, particles in
histological materlal are trapped In a tissue
which must be destroyed without alteration of
fne nature and physical characteristics of the
Particles and zlso without losing part of them.

————
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e2CEIVED TIME  wUN 15,

After comparing various methods, a techni-
que based on incinerstion, which was first
described in 1968, was adopted. It congists in
ashing the biological material in 2 plasma fur-
nace at low temperature (160°C) for & period of
2-8 hr, depending on the nature and the weight
of the sample. Under such conditions, the
organic matter is completely destroyed, while
asbestos bodies and naked fibers are wel.
preserved.

The influence of the ashing temperature on
the characteristics of the chrysotiie and amaesite
fibers was investigated. For that purpose,
ground samples of these minerals were sub-
mitted to the action of heat under the following
conditions: 150°C in activaled oxygen under
reduced pressure (5 mm Hg) for 9 hr; 450°C in
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15 air for 15 hr, then at 600°C for 8 hr. The latter is :ng;‘l%
‘3 the usual condition of sample preparation for 15060
" quartz content determinations in silicotic lungs. ame o
> The samples were then examined by electron A
b B microscopy and x-ray diffraction. In addition, a - e
|1 systematic study up to 1200°C was made. \ ; e
i 1 Chrysotile heated at 150°C undergoes no ap- S . ¥ sttack
I parent change, either morphological or Jde T —— o
t crystallographical. On the other hand, at 450°C ‘; gitv
5 the aspect and the crystalline structure of the I — e{}he»
: fibers are malrkedlg mocgiﬁ&d. If the éa UREIDI Imte ths o‘Ia Iin:a inﬂx r:; ;l‘t'(':;cdou pattern: first =
temperature i3 still further raised, the structure  Fio . Intenaily o g : -
changes rapidly, and at about 800°C chrysotile g%’ 002), 736 A: (x) (004), 3.68A; (~) MgO content (%! ::;'cz rcx
is transformed into forster'ite,_ MgaSiO.. . T of 1N hydrochlovie acid shows that the intensity szmple
Gp to 500°C, amosite, which is more resistant, ¢ 41,0 605 (786 & ) and 004 (3.68 A ) lines of the x- the by
undergoes no change. On raising the tempera- ray diffraction pattern decreases with the time i
ture [urther, there appear progressively the of attack and that there is a.correlation between mater
lines of hematite FeaOs, which is an indication of these intensities and the magnesium content of ple
the parcial decomposition of am_osxte. At 1000°C, (Fig. 1). The curve shows a flat portion between leurs
the {ines of amosite have disappeared com- 5 and 20 br. Beyond 22 hr a steep decrease in the attack
pletely. , , . line intensity is observed. J—
Combustion of organic matter is complete. Figure 2 shows the combined effect of heating ment
after a few hours at 150°C in an oxygen plasma, _, 150°C for 24 hr and treating with LN also »
while there remains a carbonaceous residue at hydrochloric acid for 1 hr.(up to the beginning of censic
450°C after a heating period of 18 hr. : i RE e iy
From these cbservations we were led to adopt: ; : S gr:
a technique in which the material is heated at Furth
150°C in active oxygen. 2d ©
Ash Treatment The
Besides asbestos fibers, the ash thus obtained 2 acid
contains various proportions of minerals, such carbe
as phosphates, sulfates, carbonates, and iron Thus
compounds. This mineral burden makes dif- cond
ficulties for several reasons: during the mem
microscopic examinatlon, it may conceal part of tron.
the ashestos fibers, in particuiar small fibers; fract
during the analysis of the component, it has a filtrs
dilution effect which in some czses—for exam- aeon
ple, pleural plagues—may be significant, susp
It is then desirable to eliminate most of the on &
mineral burden without damaging the asbastos Tt
fibers. The method adopted consists in attacking s ke
the ash by hydrachloric acid under mild con- elim
dizions, . X-ra
To dcetermine the optimum conditions of at- od
tack, the action eof hydrochloric acid on olice
chrysetile and amosite was studied. The reaults :
show that chrysotile attached by LN HCI at Elac
room temperature undergoes no vigible change. . g Difh
On the contrary, rapid destruction is observed — FicUrE2. Micrographs: fﬂlo‘:'g'“;*d :chlf_)’“’ﬂ“l’c';t ;5112":[-'(’:"]'
under the action of 12V I‘-ICi ~afte'r 80 min. 3 '(-3“ L‘ihl;'(\?:otlillc:tgir“h:fting :‘f’\ 451]-;&;;"0 and erchim; T
A more elaborate investigation into the action with 1A HCL
150 Det
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the flattened portion of the curve, the cor-
responding weight loss is 16%) and of heating a¢
450~600°C followed by acid attack under the
same conditions (weight loss 74%).

Amosite undergoes no visible change under
the action of kydrochloric acid,

Finaliy, the time of 18 hr was chosen for the
attack by hydrochloric acid. The time cor-
responds to the end of the flat portion of the in-
teasity curve of the diffraction linea.

The erfect of this treatment is twofold. As a
first reswit, the microscopic images become
mare clear. A second effect is an incresdse in the
concentration of asbestos fibers in the prepared
sample. The ash content of the material before
the hydroekloric attack varies according to the
mineral matter content (exogen dust or endogen
material): between less than 1% in parenchyma
or pleura, for example, and more than 50%in
pleural plaques, for example. As a result of the
attack by acid, the average weight loss in many
cases represents about a hundredfold enrich-
ment. Part of the iron of the asbestos bodies is
also eliminated by the etching, thus improving
considerably the quality of the diffraction
diagram, as can be seen in Figure 3.

Further Preparation for Electron Microscopy
and Diffraction Analysis

The residue from the attack by hydrochloric
acid is filtered on a membrane covered with a
cardon film obtained By vacuam evaperation.
Thaus the fibers lie flat on the membrane. A se-
cond carbon layer is then deposited, and the
membrane i3 cut into two fractions: one for elee-
tron microscope examination and electron dif-
fraction, the other for x-ray diffraction. This
fiitration method gives 2 much more homoge-
neous deposit than collecting a drop of aqueous
suspension, and there is no selection depending
on the size distribution.

The fraction intended for electron microscopy
'# lransferred to g grid, and the membrane is
eliminated by dissolution. The fraction used for
“-ray diffraction has also its membrane dissolv-
ed and it is incinerated in & plasma furnace for
2.iminaticn of the carbon films.

Clectron Microscope Examination and Electron
Oiffraction

There is nothing particular to say concerning

December 1974

FIGURE 3. Debye-Scherrer diagrams: (top) sshed a: 150°C;
{bottom) auhed 2t 150*C, washed with HCi.

the electron microscopic examination. Of
course, for the determination of particle
nunbers, it is necessary o know the quantity of
primary material, the surface of the membrane
ard of the mieroscope fieid under examination,

Electron diffraction requires the calibration

161
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of the diagram for calculating the interplanar
spacings. This is performed very simply by
deposition of an aluminum film on the prepara.
tion, by vacuum evaporatjon.

X-Ray Diffraction

In general, the quantity of material required
for x-ray diffraction is of 2 few milligrams, Tak-
ing into mccount the small sizes of some

biological samples, this method was adapted to .

analytical purposes for analysis of & volume of

initfal tissue of about 1 mm®, The weight 6 the +* -
final sample used after incineration is abgui€’10 ™

wg.

The diffraction diagram recorded
photographically in a flat chamber is in the
form of Debye-Scherrer rings which are more or
less punctuated, owing to the very small quanti-
ty of matter and to the size of some of the
mineral particles. The minerals are identified by
measurement of the ring diameter by a stan-
dard method.

Applications and Resulls

These methods are used systematically for
locating and identifying asbestos particled in
lungs and other organs. Owing to their gengitivi-
ty, it is possible to perform analyses on'gmall
samples such as surgical biopsies, expee-
torations, bronchial biopsies, even in the case of
samples with small fiber contents. Since the
methods are quantitative, it is possible to deter-
mine the concentration of fibers per unit weight
or volume of tissue and the size distribution of
the particles.

Several facts were thus established by ex-
amining the lungs of workers with bronchiaj
carcinoma or pleural mesothelioma znd having
many years of dust exposure in the ashestos in-
dustry.

It was found in particular that asbestos fibers
generally go along with other minerals, such as
talc, kaolinite, chlorite, or quartz. [t often
happens that these attendant rminerals are in
fact present in greater concentrations than In
asbestos itself.

Size distribution determinations of in-
crapulmonary fihers show that most fibers are
less than b xm long (Fig. 4). With respect to this
observation, it is recalled that only fibers above
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Freuar 4. Size distribution diagram of Intrapulmonary
fibers,

5 um in length are taken into acecunt in at-
mospheric dust controls.

Fiber counts by electron microscopy on
asbestos- workers genarally give very high in-
trapulmonary concentrations even within the

-tumor, frequently from 10 to 50 X 10¢ particles
per gram of dry tissue. .

1t is notewarthy that chrysotile becomes rare
in. comparison with amphiboles in the lung
parenchyma, even in the case of workers who
had been expesed 3 much longer time to
-chrysotile than to amphiboles during their
professional life.

The reason for the disappearance of chrysotile
in the lung is not yet clear. It is thought,
however, that this i partly accounted for by the
rapid clearance of chrysotile which has a high
aolubility compared to that of amphiboles. To
confirm this, a comparative study of lung
clearagce with different mineral dusts was
carried out on rats, The animals inhaled dust for
6 hr in concentrations of 300 mg/m?, and groups
of animals were killed at different times. The
dust retained in the lung was determined by
colorimetry (Si determination in the case of
chrysotile). Figure 5 (parte of the curves with
the gentlest slope) shows that the rate o
alveolar clearance of chrysotile is significantly
different from that of other insoluble or slightly
soluble minerals.

Pleural mesotheliomas in ashestog workers
were examined in the same way. From a limited
series of examinations it appears that the size

Environmental Health Perspectives
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oxide; (0) quartz; (*) chrysotile.

. distribution of the fibers within the tumor is not
. very different from that found in the
- parenchyma (Fig. 8). On the other hand, the dis-
. tribution of the fibers seems to be markedly
; changed. A3 a matter of fact, in several cases of
i mixed dusts (chrysotile—amphiboles), there is a
. significant chrysotile enrichment in the pleural

tumor, contrary to the observations in the lung

. parenchyma in which a3 reported zbove, a
. relative amphiboles enrichment was found. It
* thus appears that the chrysotile Impoverish-
: Tent of the parenchyma cannot be accounted

for only by the dissolution of this mineral, but

© that there seems to be a preferential drainage of
: chrysotile towards the pleura.

Table 1 gives the number of fibers found

» within the tumor and in the adjacent lung tlssue

in three cases of pleural mesothelioma.
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Toble 1. Numbar of fibers N.

Number of {ibers N/ tissue N intumor
Case Luny Tumar Ninlung
i 17.4 X 10¢ 1%.6 X 10° 1.07
2 1600 X 10¢ X108 0.0038
3 34 X 10° 1.2 x to¢ 0.036

Many fibers are found in each case in the
tumor region. In one case there are as many
fibers in the tumor as in the lung.

Finally, fibrohyaline and cakified pleural
plaques were analyzed in the same way. After
concentrating as described above, many small.
fibers were found in several ecases (Table 2).

Table 2.
Number of fibers N/g dry tissue
Caae 1 Cusa 2
Flbrehyaline tissue 6% 10! 3.6 % 10 .
Culeified tissuc (length
of fibers 0.1-2 pm) 30 X 10 40 X 10*
Corresponding lung 10 x 108 1.6 x 10

By comparing the central calcified zone with
the external fibrohyaline zone of a pleural pla-
que, it is found that the fiber concentration is
greater in the calcified zone than in the
fibrohyaline zone,

Conclusion

These few findings illustrate the possibilities
of the method described for the qualitative and
quantitative determinations of asbestos fibers
ir lung tissues. Although the results steted refer
to iung analyses, the method i3, of course,
applicable to the determination of asbestos
fibers in any other organ or tissue, without ex-
ception, and in particuiar to the study of in-
gested particles. It appears necessary now to
total up count results and analytical data to es-
tablish the statistical significance of the
different factors, in particular concerning the
number, mineral composition, fiber size, and the
role of the attendant minerals in the formation
of lesions caused by the inhalation or ingestion
of ashestos fibers.
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294 BIOLOGICAL EFFECTS OF ASBESTOS

some way related to the presence of durable particles recognised optically; and that the carcinogenicity of
of fibrous configuration that are particufarly long at  these fibres has little relation to their chemical com-
or perhaps below the smallest diameter which can be  position or to their potential contaminants.

SUMMARY

Varjous structural forms of asbestos, fibrous glass and aluminium oxide have been tested for carcinogenicity on the
pleura of rats, Results from ail three materials indicate that carcinogenicity is related primarily to fibrous structure
rather than to physicochemical properties. A comparison of the dimensional distribution of fibres in those samples of
asbestos and glass producing high and low tumour incidence indicate that carcinogenicity may be related to fibres

below 2.5 pm in diameter and between 10 10 80 um in length.
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