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Asbestos Versus
Nonasbestos Fibers

Ulframicroscopic Criteria

Poul Gross, MD); Robert T. P. deTrcuville, MD, Sc D;
and.Martin N. Haller, Pittaburgh

To classify usefully fibrous dusts inhaled by urban populations, it is sug-
gested that they be categorized inltially as asbestos or nonasbestios fibers,
This' would supply information sufficient for statistical significance and re-
duce analytical requirements, saving time and money. The ultramicroscopic
criteria of asbestos fibers are ends which have profiles characterized by
step-like interruplions up or down from each other, as seen at 8 magnifica-
tion-of 20,000 or 25,000 X under the eiectron microscope, and » surface
view (scanning electron microscope at the same magnification) character-
ized by paralie! longitudinal lines that delineate the fibriis. The ultramicro-
scopic criteris of nonasbestos fibers viewed at 20,000 or 25,000 X magnifi-
cation are ends which have uninterrupted linear profiles, and a surface view
dovtild of longitudinal paraltel lines.

anous dust particles are ubiquitous.?
Many are of respirable size and can be
tecovered quantitatively from lungs with
ferruginous bodies that develop from some
inhaled fibers.2 The finding of ferruginous
bodies in the lungs of urban dwellers has
been interpreted by some to indicate pollu-
tion.of community air with asbestos dust.3-4
As an extension of this interpretation, it was
predicted that asbestotic pulmonary fibrosis
would result in urban dwellers who were
inhaling asbestos fibers fro?n the wearing

Subrmitted for publication Sept | '
pobm or publics Sepl|2. 1969; accepted

¥From the Deportment of Occupational Health,
Induatrin] Hygiene Renearch Unit. Univemily ol
Pilkburgh Gendunte School of 14blic Health (Dr.
tirom) and tho Industrial Hygione Youndntion of
Amerien, Ine. (Dr. deTroville), Vitbburgh, Haller
is o fellow of Mellon Institute, Camegie-Mollon
University. .

Reprint requesis to Industrial Hygiene Foundation

of America, Inc., 5231 Centre Ave Pittaburgh 15282
{Dx, deTreville). "; ) !
{

down of automobile brake-linings and from
the weathering of various asbestos-cement
products® It was even suggested that an
increase in the prevalence of Jung cancer
and mesothelioma may be attributable to
inhalation of such polluted community air.®
The concern aroused by this interpreta.’
tion stimulated an investigation which as-
certained that ferruginous bodies were not
specific indications of the presence of asbes-
tos fibers, since a number of fibrous dusts
other than asbestos could produce structures
indistinguishable from asbestos bodies.?
This suggested that the presence of pulmo-
nary ferruginous bodies in urban popula-
tions is not necessarily an index of atmos-
pheric pollution with asbestos dust. 1t s
imporiant to delermine 3 urban populations
the world over3-® are exposed to potentially
harmful asbestos dust and, if so, to what

extent. Such determination requires identi-
fication of the naked fibers and central cores
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showing smooth, convax surface devoid of longitudinal parsliel markings (x 20,000).
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q M : of ferruginous bodies and of
i - : _J has been accomplished by

: SRR fraction’® and electron micro
. sis,)! these techniques are L
time consuming. Furthermore,
scale investigation necessary t
tistically reliable data, extensi
above techniques could prove
. expensive, since it would tend 1
: the costly equipment involved
of trained technicians,

; Also, the necd exists for & r.
‘. would facilitate acquisition

; data rapidly and cconomically.
nication suggests a means to

needs. A proccdure, cssentially
method, is described for class
fibers and the central filamen
nous bodiecs into asbestos or
fibers. The cores of ferruginot
made accessible for such clas
{reeing them from the encrus
nous shell by chemical or physi
cither with oxalic acid or ultr
tions.

Materials and Meth:

The classification of inhaled :
from Jungs!? is based on the fact
fibers are composed of compactly
fibrils, whereas nonasbestos fiber:
neous unita. Because of this diffe:
ture, the fractured ends of these
Ghers differ in a very important
of an asbestos fiber is irregular :
that of a bundle of fragile sticks w
) broken transversely. As might be
. : ferent fibers of the bundle break
different points. At an appro}
fication, therefore, (as describec
electron microscopy) the fractu
acnts an jrregular profile with »
: like projections and depressions.
steps being shallow and others de

. Seam———— contrast, inhaled transparent fix

‘ ! ; . asbestos but of similar diameter n
. - : homogenous in character, and, b
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' ( Fig S.—~Two poraltel gless fibers in apposition which show one-stép profile; paucity of stecs snd Another important difference

width of wninterrupted rectilinesr or curvilinaar profile indicates honnbeﬂm fiber (x 20,000). haled asbestos and nomasbestos
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of ferruginous bodics isolntnd from Jungs of
wrban dwellers in suflicient nunbers to yield
statisticolly significant data. |

Although identification of the contral fiber
of ferruginous bodics and o( naked fibers
has been accomplished by, electron dif-
fraction!® and electron mlceoprobe analy-
sistt these techmques are rious and

¢ time consuming, I'\xrt.hermore. for the large-

wale investigation necessary rto obtain sta-
ustically reliable data, iive use of the
sbove techniques could prove enormously
expensive, since it would tendito monopolize
the oostly equipment mvolved and the time
of trained technicians.

Also, the need exists for a method which
would facilitate acquisition: of necessary
data rapidly and economically. This commu-
nication suggests a means to satisfy these
noeds. A prooedure. essentially a screening
method, is described for classifying naked
fibers and the central ﬁlamepts of ferrugi-
nous bodies into asbestos or nonasbestos

fibers. The ocores of ferruginous bodies are
made acoessible for such classification by
frecing them from the encrusting ferrugi-
nous shall by chemical or physical means, ie,
cither with oxalic acid or ultrasonic vibra-
tions.

Materials and Method

The classification of inhaled, fibers isolated
from Jungsi? is based on the faét that asbestos
fbers are composed of compactly apposed finer
fhrils, whereas nonasbestos fibers are homoge-
neous units. Because of this difference in struc-
wre, the fractured ends of these two types of
fbers differ in a very important way. The end
of an asbestos fiber is irregular and resembles
that of a bundle of fragile sticks which has been
broken transversely. As might be expected, dif-
{erent fibers of the bundle break at somewhat
different points. At an approprinte magni-
fcation, therefore, (as described below, using
edectron microscopy) the fractured end pre-
sents an irreguler profile with multiple step-
like projections and depressions, some of the
stepe being shallow and others deep (Fig 1). In
contrast, inhaled transparent fibers other than
asbestos but of similar diameter are likely to be
homogenous in character, and, because of this,
t fracture so as to present uninterrupted lin-
ear profiles at the fractured ends: (Fig 2).

Anotber imporumt difference between in-
halod asbestos and nonssbestos fibers is also

bnsed on the multi-unit composition of ashostoa
fibers and tho unitary structuro of nonashestos
fibers. A surfnce view (scanning ecloctron micro-
scopo) of tho former nt a magnificotion of
approximately 20,000% shows longitudinsl, par.
allel delineation of individual fibrilx (Fig 3).
The sutface view of @ nonasbestos fiber is
devoid of such longitudinal lines (Fig 4).

To test the validity of these concepts, elec-
tron photomicrographs were made of the ends
of several chrysotile, amosite, and crocidolite
fibers, as well as the ends of a similar number
of glass, ceramic aluminum silicate, and silicon
carbide fibers, all of which had diameters with-
in a range of 0.1# to 2.0s. Without the observ.
er's knowing the identity of the fibers on the
photographs, the latter could be sorted easily,
quickly, and correctly into asbestos and n
bestos categories based on the above concepts.
A magnification of 20,000 or 25,000 appeared
optima! for this purpose.

However, the method is not free of possible
error. According to the findings of J. P. Lei-
neweber, PhD, (written communication, Octo-
ber 1969), the ends of occasional asbestos fibers,
particularly those substantially thinner than
14, may cause them to be categorized wrongly.
For such fibers, higher magnifications and use °
of the scanning microscope is ndvised.

Comment

A basic criterion of asbestos fiber identi-
fication is its tendency toward longitudinal
splitting. Initially, there was uncertainty in
some photographs in which several fibers
known to be glass (one thick and one or two
much thinner) were found parallel and in
close apposition, giving the appcarance of
possible longitudinal splitting (Fig 5). The
profiles of the {ractured ends wcre interrupt-
ed also. However, the interruption consisted
of only one or two steps; and there was
sufficient width of uninterrupted linear
profile to allow differentiation from asbes-
tos. As the diameter of the fiber in question
decreases, the component subunits also be-
come smaller so that the magnification must
be increased to visualize them. The chance
for error appears to increase with substan-
tial decreases in diameter below 0.1u. How-
ever, inasmuch as the average diameter of
naked fibers isolated from lungs of city
dwellers in our experience is about 24 (un.
published data), we believe the chance of
error will be small.
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If a fiber is classified as “asbestos,” it will
be desirable to confirm this and determine

whether it may have been derived from in-.

dustrial products, which are chiefly chryso-
tile, amosite, or crocidolite fibers.. Other
forms of asbestos such as tremolite or actin-
olite are thought to be the general urban
population’s chief nonoccupational expo-
sure. In parl, such exposure comes from
cosmetic talc, eg, as found in cosmetic and

dusting powders. Talc is also widely used in
industry, eg, in rubber tire manufacturing,
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WHAT HAS AFFLUENCE DONE TO AMtERICA'!

The fact of affiuence itsell erodes much of the renonﬂz for commitment to the old
capitalistic values, It is hard to maintain commitmenta to ‘self-discipline and to achieve
in occupation if one is living in an environment of received abundance. It is significant
that the students who are involved in protest in their colleges are primarily from the
upper income levels, The students from lower income levels are less apt to be so
involved. The capitalistic culture, which Marx thought would be opposed primarily by
the working class is instead being confronted by a portion of the educated middle class,
not because of deprivation, but in part because of affiuence; not solely out of
self-interest or oppression, but because of the perception of j.he oppression of others. ]

This sentiment has strength because the emphasis on competition, success, and
self-discipline in the establinhed culture are in tension with its capacity to guarantee &

decent standard of living for the members of society.

he values of capitnliam are

scarcity values, not values for an affluent society. The puriton today is a deviant; the
emphasis is on self-fulfillment rather than self-control ns & centra! virtue. Sell-discipline
has come to mean the ubility to express impulses in one's ]privnte life while maintnining
a fully rational impervonal perspective in one’s work—Flack R: Volue conflicts und the
American middle class, in The Acquisition and Developmént of Values, Perspectives on
Research, report of a conference, May 15-17, 1968, Washington, DC, National Institute
of Child Health and Human Development, p 7.
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The transport of thanium diox!
shica, heated amorphous silica, »
the lungs to the hlilsr lymph nodes,
reaction of these organs, were si
treated and control rats,

BCG treatment increases the ¢
ngs of ail the dusts studied ar
in the hilar lymph nodes. Thus,
port from the lungs via the lymp
erated by BCG, and both “Inert”
dusts ere, to ® significant degree,
this route,

The combined elects of BCG
dusts fend to be more pronounce
snd less pronounced in the hile

then the sum of the separsle
effects.

E XPERIMENTS on rats hs
quartz dust  injected  intrats
BCG injected intravenously
animal have a less pronouncet
the weight of the hilar lymph :
sum of the separate effects ¢
and BCG, when these effects :
different animals}+* This is :
in the Jungs; on the contrary,
is numerically quite the opp
organs.!¢ There is also a retar
tion of quartz dust from the
hilar lymph nodes in rats trea
before the intratrachenl quar
tion, compared with control
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