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Evaluation of Asbestos in Insalation
DR. WALTER C. MeCRONE
MecCrone Research Instituie, Chicago. IY.

The Eavircnmental Prolection
undertsken the cosrdination of s nationwide
effort to eliminate a possible threat to the health of
schoal children posed by the past uae of asbestos-
containing materials in the aation’s schoola. The
purpose. extent, and form of this effoxt can be best
ascertained by contacting the EPA (800/424-8065;
quhmD.C.ullmuM). 1tis therefore
important fo have the tools and technigues

available for rapid and dependable analysis of
insulating, sound-proofing, snd other materials
used in schools for asbestifortn minerals.

The task ofdumng up the nation’s achools
makes Hercules’ task of cleaning the Augean
sahlembhaSnnd-ypicmc.andthcaumn
be monumental. Each achool and each materialin
each schoal must be considered by informed
experts who can decide the best solution to the
problem. Removal is very costly and could, in
some cases, actually increase the hazard. Leaving

wdlcnughnlumuhonldh&omdnm
unless contraindicated, for example by
ﬁ-ul-‘liv or a high probability cﬂliwullance.
Then encapsulation (sealing im with spray
ﬁml-)uudaﬁm(wd:uinumngahwu'd
ceiling) shoald be considered Each situation
must, howsver, be eonsidered individually.
Anyone who must decide what to do muoat have
reliable information on which to base his decision.
In particalar, he must know the composition of
each possible asbestos-containing material
ldnll, bhe should know:
;-hﬂh::buﬁfnmmmmh;
m w! proportion;
3. what other substances are present (eg.
cellulosic fibers, mineral wool, other glass Sbers,
vermiculite, tale, perlite, distomaceous earth,
organic fibers, clays, glass powder, quartz,
gypsum,e tc.); and
4. size ranges for each substance.
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The third of these points is important because
some of these substances are already known to be
unhealthful and, the way matters are going. the
others may well be declared hazardous in the
future. Knowing what is present permits 3 more
intelligent evaluation of the overall situation and
may eliminate the need for a later more complete
analysis. .

Even the chemical analytical mbl is
formidable and many laboratories will be
involved McCrone Associates’ two laboratoriesin

nonfibrous actinolite, or fibrous and nonfibrous
ferrvactinolite.
Sampling

The first and a major problem faced by the
microscopist is sampling. Insvlation. espegally
in microscopic samples, is far from a uniform

material containing a precise percentage of fibers
throughout. The wide variation often found in the
results from different laboratories or even the
same laboratory can in most cases be explained by
sample variation. The initial sample should be
large enough to be representative and the
microgcopiat must make every effort to take a
representative milligram range sample. This is

very difficult.

A sampling procedure recommended by the
EPA that works very well for friable samples is fo
press a 35 mm film cannister campletely throug.:
all layers to yield & core of material This
cannister sh be carefully labeled and sent to
the Iaboratory. There each sample should be
divided in half (with careful attention to layering
if present). One-half (after drying and weighing)
should be placed in a small 100 ml beaker with
sbout 50 mt of 10% H;80s., Only the cementicious

. components will dissolve, leaving the fibrous and
oﬂurnmhutmﬁuuhm o Th

ther in suspension. The
latter can be sllowed to ssttle for seve.al minutes,
the solution deczanted, tnd water washed by

yesuspension

Finally, the washed particles should be
resuspeniled by agitation to give a uniformly
mized coniposition. A few drops can then be
vemoved by eyedropper and swveral onedrop
samples can be placed on wicroscope slides.
These, after drying, ean be used for microscopical
identification of the partizles present. To give
more quantitiative results the remaining sample,

remaining components.

When the budget dllows, the above procedures
would yield more acearate and more reproducible
quantitative resuits. In most cases, the budget
does pot permit the luxury of daing such a
complete job. .

Instead, the original cunce sample submitted to
the Ishoratery is ususily sampled at 10-20
spaced locations with fine forceps, and
the eccumulated sample is dispersed on a
microstope slide in an appropriate ipimersion
iquid. It is the variation in compasition of such
samples that ofien lewds to corresponding
varistions in amalytical results. One should
expect that repeat analyses made in this way may
vary by upta 50%. Any single 1-5 mg sampleofRen
i hestos in nnpln_enmnmml as

it

than classical optical crystallograpby. Any
microscopist not trained in mineralogy will find
dispersion staining far simpler and, indeed, the
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c;'i\ly method that can be'learned in a 35 day-

course of an one’s own in any reasonable time.
Are ashestiform minerals present?

Generally, this means—}s chrysotile, amosite
(fibrous ' cummingtonite or grunerite), or
crocidolite (fibrous riebeckite) present? The actual
analysis proceeds by adding a Cargille refractive
index liquid (nD 1.550, high dispersion) to one of
the slide samples after complete drying. The
particles ghould be dispersed in this liquid by
tearing aggregates apart, using two fine needles
before covering with a coveralip. In this liquid,
chrysotile has distinctive shape—very fine
flexible fibrils {often curly) plus straight bundles
of such Sfibrils—and distinctive di i
staining colors*—usually blue-magenta parallel
to the fiber axis and blus perpendicular. Different
samples of chrysotile, however, may vary
somewhat indy, the wavelength at which ]
and liquid have the same refractiveindex.

to the length Asranges from about 440-560 nm and

of chrysctile
particles is often obscured by a covering of large
numbers of cther particles. This is especially
troubiesome because most such particles are so

;
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way effect. Sometimes a stray 8bril may
way out into the liquid to show dispersion staining
colora. It is always a help in such situa
e.xami.m the "mil.ky way” with

if

E
‘
:
}
1!
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corresponds to the & vibration dinction which
usually shows oblique extinction of about 15°;a2
600nm perpendicular to the length correspondstad
oo the view ghowing parallel extinction. Higher ar
lower values for any one of the three vibration
directions should mean higher or lower values for
all three Anx with most nilicate minerals,

. substitutional solid solution—in this case Fett '

with Mg"" —cancause @ .8, and + tovary. '

Although the refractive indices of amosite and
other amphiboles may vary over a wide range,
most of these minerals are not from commercial
sources. Nearly all amosite actnally used in
insulation commercially has the optical properties
given above. ’

If, in liquid 451 680 low birefringent fibers show
lower 25 colors clon_n together in the yellow to
golden magenta, crocidoliie is strongly indicated. .
If they show a negative sigi. of elongation (higher
Mparallel to the length) and blue absorption colors
with pleochroism

perpendicular), present.
confirmation can be obtained by mounting a third
sample in Cargille refractive index liquid 40:.20
&Mome 'mu)um.l:l:l ﬁcmwb::
magen to about
455 (golden yellow) perpendicular. Agsin, some
parallel movement of thes.8.» ¥ colors should be
We should éimphasixze that dispersion staining is
determination.

staining
s s e e
esn
m:dhmpl:ic .1;.:: Wilg':ldh.;ﬂ lllmpl:
:iulin views and :;‘:v:uh:wi?gm
extinction.

{iengthwise) showa As

magenia and & (perpendicalar)shows Aeca. 495

nm, also golden magenta although with more red.
Tremolite, actinolite, and ferroactinolite are

*The dispersion staining colors mentioned throughout this paper are those obtained by using

the central stop rather than the annular.

7
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parta of & continyous solid solution series in the
same manner as ths amosite minerals,
cummingtonite and grunierite. The name to use
for a given amphibale depends directly on the
optical properties, as shown in Table 1.

Identification of interfering substances

A few common substances show dilperdon
staining colors similar to thase of chrysotile, and
some are elongated as well. These include

these show staining colors in 1.550 and
All except talc and paper fibers show similar
to chrysotile. Antigorite in 1.550 high

dispersion
liquid shows Aefar y , paralle] to the length, about
465 nm (golden ), 2eforxand 8 crosswise are
ca mul;lll ::;mu) and 5’2.0 om (red-
magenta), respectively. Lizardite platelike
O e merpendisies o e plater it gvaarally
P ue, ar to
shows undulose extinction. The d and 7 indices e
in the plane of the plate and both show s near 570
nm lnht)l.n 1550 high diapersion liquid (red
magen

Talc fibers are derived by cleavage from large
tale plates; I have never seen rolled talc plated as
aimays very o yelloy (os 380 aumy parailel s
always very Ca. to
mmmmydnlhwk%nfu&c
perpendicular divection but,
show & =645 nm (hlue-green). Tapping gently on
the coverslip with a needle will usually bounce
these needles from the 360-360 nm view to the 360
645 nm view. This is a very useful technique for

Animal and human: hair may alsc have
refractive indices in the same range as chrysotile,
and if finely fibrilated, by selectric razor for
example, can be
fibrilated

1.55 (but lower) and the lengthwise index is much
higher, hence shows a yellow color. Usually also
the mosphology of paper fibers is distinctive.-

dispersion
liquid arze: paraliel, 429 nm (yellow):
3 410 nm (pale yellow), and 532 am

coated with & coloved (yellow, arangs to red) resin,

Tvis always 3 i

g s isotropic or very slighily hirefringent
Anocther unusual constitusnt found in several

recent samples is a polyester fiber. The very high
birefringence, uniform cylindrical
snd considerable langth make this sssy to

quartz and other mineral grains as well. distinguish. The iadices mw about 153
TABLE 1
Optical Properties of the Amphiboles
Rafroctive {ndices y-a Extinction Sign v
Mineral Q. - {aver.} angle  elonze'm optic o
arezolite 1.603-1.620 1.627-1.642 0.023 19-21 + - 86-80
actinolite 1.620-1.667 1.642-1.686 0.026  15-19 + - 80-70
Ferroactinolite 1.667-1.683 1.686-1.702 0.019 10-15 + - 70-65
Cuzzingtonite 1.633-1.664 1.654~1.687 0.022 15-21 + +  103-92
Crunerite 1.664-1.686 1.687~1.7229 0.733 10-1% + +, - 92-82
Riebeckite 1.654-1.698 1.666-1.712 0.014 10-20 - - 40-90
Anthaphyllite 1.606-1.648 1.626-1.670 0.02) 0 + *+,- 66-120
8
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perpendicular (less than chrysotile) and 1.71
parallel (greater than crocidolite).
ldentification of other possible nonfibrous
constituents of insulation

Possible additional conastituents of insulation
etc. include ground glaas, perlite (a heat-expanded
volcanic lava), diatomaceous earth, vermiculite,
and mica. Of these, ground glass, perlite, and
diatoms are isotropic and characteristically
shaped. Vermiculite, a clay, and the micas are
very thin, flat plates ofien nearly isotropic but
with turned-up higher birefringent edges.

Vermiculite will have indices less than 155 and

the micas above 1.55 and often above 1.605. If
colored brownish-gray the mica is biotite with
higher indices than colorless muscovite, another
common mica.

IRTS

Other matérials may well be found as time goes
on but the observations made during the
analytical procedure described above should
uncover such substances, since they will not fit the
data given here.

All things considered, a careful microscopist,
confident with dispersion staining, should have
no difficulty in identifying asbestos and moast
other substances associated with it.
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Asbestos and the Electron merompe
IAN M. STEWART ‘
Manager, Electron Optics Group, Walter C. McCrone Associates, Inc., Chicago, 1L

I first learned about this meeting two weeks ago,
when ] saw the provisional program. and my
immediate reaction was that the ACGIH was
Roing to wish on us in electron microscopy the
same “raw deal,” if | may call it that, ag they had
wished on us with light microscopy. 1 noted that
there waa to be a paper on the use of the scanning
electron microscope to characterize asbestos but
not one an transmission electron microscopy. 1
felt that this was similar to using phase contrast
microscopy o tackle a mineralogical problem
which is mare appropriately tackled by a
petrographic microscope, so I called Mr. Kelley to
ask him what he was doing to us. He very kindly
suggested that I come along and present my views
in the general discussion at this meeting and so ]
came prepared with one oy two alides to do this
When | arrived. however, Jim Ferguson told me
that | was to present my views a little more
formally, s0 here they are.

Criteria for Asbestos identification

Let me say from the cutset that I should not be
regurded as an anti-scanning electron microscope
man. There are many stiuations in which the
gcaning electron micyoscope is the appropriate
too! to use, but 1 do not believe that the asbestos
situation is n one of them. My reasons
for saying this arethat, like Dr. McCrone, | believe

electron microscope is nafortunatly lacking in its
ability to give crysiallographic characterization
from particles of the sizes which are going o be of
interest o us.

An additional problems in many scanning
electron microscopes is that of resolution
Although manufacturers currently will claim that
resolutions are better than 100 A° (10nm) for their
microscopes, they do reserve the right to select the
specimens on which they demonstrate this
resolution, and their samples are generally those

with very clearly defined features and very high
contrast. This situstion does not normally prevail
with asbestos fibera down to unit fibril
dimensions.

Having brought in the term “unit fibril.” let me
define it. This term is applied generally to
chrysotile asbestos. It is the smailest chrysotile
fiber which can exist as a single entity and hasan
& i digmater of A° (3035 nm).
Fibers of tnese dimensions are quite common in
environmental samples but onedoes generally see
larg:olﬁbal in the o :mul:
cantrol] procedures improve, it is to be hoped
the larger fibers will be leas prevalent in the
workplace, in which case we will have 1o
concentrate on the very fine fibers which are not
vizible and thus cannot be characterized by the
light microscope.

How then do we go abyut characterizing these
fine fibrils with the electron microscope? Aal
bave mentioned, the principal criterion is a
crystallographic one. Howevsr, one may
summarize the three main criteria for
identification of a fiber as asbesios under three

headings marphology, crystaliography, and
chemistry.

Morphology

Clearly, since you are interested in controlling
asbestos fibers, the particle in question must have
the morphology of a fibes. 1 will not at the p-esent
time go into the various semantics of defining a
fiber. But ] will say that, at this time, everyone
concerned with this problem is utilizing (I almost
said accepting) the federal definition of a fiberasa
particle with an aspect ratio greater than 3:1. Itis
quite possible that this may stimulate some
discussion. However, though one may argue the
semantics of a fiber from a mineralogist’s point of
view, the final criterion to decide what will be
called a fiber for regulatory purposes mustonly be
the biolegical significance of the particles’s aspect
ratio. Thisis a subject on which 1 am notqualified
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