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Sir leville Stack

hsbestos Internaticnal Asscciation .

68 Gloucester Place

London W1ln 3HL

England

Dear Jim:

fnclosed is a copy of an unsigned article titled "Automobile Erake’
Linings may be a Health liazard" that appeared in the April, 1978
issue of the American Industrial Hygiene Agsociation Journal. Alsoc
enclosed is a copy of the paper by K. Seshan referred to in the
article and corments on the article and Seshan's paper by Dr.
Lainewerer of Johns-sanville.

It would be appreciated if you would circulate these documents to
the Chairman of the Priction ifaterials Advisory Panel and tn other
associaticn members who might have an interest in the subject.

‘Gincereliy,

(Signed) JSohn H. Marsh’

/as
Enclosures — P

cC: J. P. Leineweber, Ph.D.
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t Johns-Manville

Sales Corporation

Ken-Caryi Ranch
Denver, Coiorado £5217
(3031 979-100C

September 5, 1978

Mr. John Marsh

Director, Environmental Affairs
Raybestos ifanhattan Corp.

100 Cakview Drive

Trumbull, CT 06611

Dear Mr. Marsh:

The circumstances surrounding the work by Krishna Seshan”
of the University of California on asbestos fibers s
released from brake linings is unfortunately very

typical of the irresponsible attitude tcwards environmental
hazards and asbestos fiber in particular. The pattern
includes initial release of the information in a
sensational manner to the press with a promise that the
complete work will be published at a later date in a
respected journal. This 1s followed by editorials in and/or
letters to the editors of other journals covering this same
material which was released to the press. When the work

is finally published, it is generally found to bear no
resemblance to the promises made in “the wriginal Teleases.
The allegations which were originally made are unfounded
and in fact, the final paper may leave a totally different
impression than was created in the initial releases.

The final publication by Mr. Seshan which appeared in the
Julv 1978 issue of Environmental Research is a relatively.
straight-forward discussion on thc use ot dark field
electren microscopy to study "deformed chrysotile'. As

he pointed out, however, the samples selected for brake- —
lining dusts did not represent the material which would

be present in the air and heavily traveled arcas. It is
typical of the dust to which workers in a brake lining
shop would be exposed

The most significant point about Seshan's article is

that there is no reference whatsoever to the health effects
of brake lining dust and particularly the health effects
that have been ascribed to deformed chrysotile fibers in
the advance publicity. Many of the newspaper articles
reported that experts at the Mt. Sinai School of Medicine
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had determined that deformed chrysotile was more biologically
active than normal fibers. This is totally incorrect.

In a paper by A. M. Langer, et al in the Journal of
Toxicoloov and Environmental Health, 4, 173-188 (1978), it

1s stated that: -

"It appears that the less mechanically
degraded the surface of the fiber, the
greater the biological response."”

The source of original opinion which was expressed by
Mr. Seshan in the press is completely unknown at the prescent
time. ?

In the editorial which appeared in the April issue of the
American Industrial Hveiene Association Journal, it is
claimed that Mr. Seshan's technique now resolved the
controversy which purportedly exists concerning the fate

of asbestos fibers during the normal wear of brake linings.
Some contend that the fibers are destroved, whereas others
contend that a high percentage of the fibers remain intact.
In all studies that 1 am aware of on brake lining dusts, the

so-called deformed fibers observed by Mr. Seshan would have

been included in the total determination of asbestos fibers
remaining after brake lining wear. The techniques, therefore,
do not resolve such a controversy if, in fact, it does exist.

In addition to Mr. Seshan's irresponsible handling of

the information prior to publication, there are many points
in his paper which indicate that he is not particularly well
qualified in the field of electron diffraction.

Very truly vours, R

-+ M
\E;W{?1{;&ﬂiuxéxu
JY P. Leineweber, Ph.D.
Technical Director

Health, Safety & Environment Dept.

JPL:jh

cc P. Kotin, M.D.
E. M. Fenner
D. Poutiatine
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ENVIRONMENTAL RESEARCH 16, 383 — 392 (1978)

e

On the Utility of Dark-Field Electron Miéroséopy in the
Determination of the Degree of Deformation In
Chrysotile.Asbestos: An Environmental Research

-

Application

Departmens of Materiais Science and Engineering, Materials and Molecular Research
D:vuwn. IAH rence Berkeley Laboratory, University of California,

«

Berkeley. California 94720
Received June 21, 1977

The degres of microcrystalline deformation in fibers of chrysotile asbestos may be distin-

. guished using high resoiution dark-field electron microscopy. This is demonstrated by com-
paring undeformed chrysotile with Union Intemationale Contre le Cancer (UICC) standard
referepée samples. The UICC sampies are shown to be pantially deformed as a result of
milling in the mixing process. Samples of used and unused brake shoe lining dust were
examined using this technique: it is showr that chrysotile asbestos in various stages of

deformation—siatively undeformed to heavily defor

vives in bile brake

drum dust. Such dark-ficld images can serve to identify the source of asbestos found in

environmental pollution sampies.

INTRODUCTION

There is a controversy in the literature whether or not fibers of chrysotile
asbestos survive in automobile hrake drm dnets two studies (Rohl er ai.. 1976;

Alste et al., 1976\ 1
Hickish aud Kaigt
chrysotile is conve
hraking process.
“As high resolutic
dégree of deformat
undeformed fibers
shown using this t
deformation—relati
in autcmobile brak:

S.

Four samples we
pentine outcrops of
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fiber size (Timbrell
bumishing prior to
collected from the

brake shoe service (desnan ana Smith,

and earlier work (Lynch, 1968;
not. The latter claim that the
h lemperatures attained in the

e images are sensitive ‘to the

-pguish between deformed and
| differing sets of results. It is
#Aos fibers in various states of
+.ymed and recrystallized—exist

VEPARATION
' tysotile ore samples from ser-

(B) slightly deformed UICC
during preparation to reduce
lining dust, collected during
s; and (D) brake drum dust
State vehicle obtained during

Samples were transferred directly to Formvar-coa(cd ejectron mncroscopc gnds

and coated with carbon on both sides.
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384 X. SESHAN

EXPERIMENTAL
As the high resolution dark field method is described in great detail elsewhere
(Hirsch et-al.. 1969), only a very brief description is included here. An electron
beam striking a polycrystailine specimen with grains of different orientation (e.g.,
A and B in Fig. 1) is diffracted into cones, causing the typical polycrystalline ring
pattem. The high-resoiution dark-field method consists of tiiting the incident beam
so that the part of the diffracted ring passes through the optic axis of the micro-
scope (Fig. 1b). The tilting is accomplished with the clccu'on.ic‘ beam tilt device.
Then an aperture collects intensity only from those crystallites diffracting into this
part of the ning, e.g.. B (Fig. lc).
Various factors involved in the. interpretation of the diffraction patterns of
chrysotile asbestos fiber bundles are shown in Fig. 2. The actual lattice of
chrysotile is a defected, scroiled crystal with fiber axis along a (Yada, 1967). The

reciprocal lattice of this crystal should be some form of a spiral, equispaced along .

the g* axis. Zvyagin (1967) and Whittaker (1966) have studied diffraction effects
from concentric cylinders. How deformation and shear will affect the diffraction
patterns has not, to the author's knowledge, been studied and is under study here.

The simpier case of an undeformed defect-free chrysotile fiber, where the fiber
is idealized as a series of concentric cylinders, as first proposed by Whittaker
(1969), is shown in Fig. 2i. The reciprocal lattice then consists of & series of
concentric rings; shown in Fig. 2ii (only the two rings in the 2kl layer are drawn).
The electron diffraction pattern represents the intersection of the reflecting or
Ewald sphere (ES, Fig. 2it) with these nings (Hirsch er al., 1969). This ought to
result in a series cf spots as shown in the -2k} layer line. Streaked patterns are,
however, obtained from single fibers of chrysotile (Yada, 1967; Seshan and Siaith,
1977).

The explanaticn for the streaking probably lies in refraction effects and the fiber
shape (Yada, 1569); it could also resuit from the various faults produced duning the

e~ x - ¢
L] A 8 a 8 . B
m%mm 3 RN .

(&)

tal

{c}

Fic. 1. Nlustration of the high resolution dark-figld method: (a) The bright-field image from a
selected area of a polycrystal, ilfustrated with (wa grains, A and B. (b) The situation after gun tilt; only
a portion of the diffracted intensity is collecied by placing the objective aperture as shown. (¢] The
resulting high-resojution dark-field image with onty favorably oricnted grains, e.g.. B showing dif-
fracted intensity or **lighting up.”
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' DEFORMATION OF CHRYSOTILE ASBESTOS . 385
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Fic. 2. TNlustration of the real and reciprocal lattice of a defect-free chrysotile fiber () and (iD)
idealized as a series of concentric cylinders. The actual structure is a defected spiral sheet (Yada,
1967). The reciprocat lactice of the ideal fiber is then a series of equispaced concentric rings along the
a® axis, as in the 2kl layer: when these rings intersect. the Ewald sphere (ES) spots ought to be
produced as shown on the -2kl layer line. However, streaks are observed (Yada, 1967). anising proba-
biy from the spiral shape of the fiber defects and strains formed during the scrolling process. When a

, fiber bundle (fibers of different orientatiuns) is imaged. the layer lines are smeared out, yielding a
typical “‘arcuate™ pattern as in Fig. 3b.

gréwth of the crystal. The influence of these faults on the diffraction patterns and
their influence on deformation nesds fuither study.

When bundles of fibers are involved, the streaks are replaced by arcs (Figs. 2iv
and 3b), showing a strong tendency toward a texture and vielding the typical
*“arcuate’™ pattems observed by several rescarchers (e.g., Rohl ef al., 1976). The
dark-fisld image obtained by imaging any part of the arc, as shown in Figs. | and
3b, should yield uniform intensity, if the crystal is homogeneous. This is the case
to be expected only in the case of the undeformed fibers—and is consistent with
the experimental observations in Figs. 3a and 3b. .

RESULTS

Bright- and dark-field images of naturally occurring chrysotile (A) are shown in
Fig. 3. The dark field is obtained by imaging a portion of the diffracted intensity,
as explained above. The result is a uniform contrast, as would be expected from
an undeformed crystal.

The striking feature of the dark-field images is the great intensity along the
hollow canals and this needs further investigation. The intensity difference cannot
be explained on the basis of differences in absorption alone; it appears that some

JHM
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Fic. 3. Sampie (A): natural chrysotile. (a) and (b) Dark-{ield and diffraction ballem. Notice the
unusually bright and undamaged internal canais: the crysial is homogeneous and undeformed. A faint
outline of the objective aperture is seen in the diffraction pattern of Fig. 3b. (c) Mustrates the blisienng
as a result of exposure 1o the beam. . .

“dilfraction processes are operative: Notice that the canals are sometimes bright

and sometimes dark. In the crystaliiné part, however, the intensity is uniform
and it is clear that these fibers arc free of gross deformation.

. Chrysatile fibers, like most sheet silicates, are beam-sensitive 10 100-keV elec-
trons (Langer er al., 1974; Seshan, 1975). Precaution must therefore be exercised

while obtaining the high resolution dark-field images, because upon focusing the :

B JHM 07639
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- DEFORMATION OF CHRYSOTILE ASBELSTOS 387
condenser, the fibers tend to become biistered. In the dark-field image shown in
Fig. 3a, precaution was taken to prevent any beam damage; the condenser was not
focused, and the beam was tilted in the dark field mode. The condenser was then

Fic. 4. Sample (B): UICE Standard Reference Canadian chrysotile. (a) and (b} Dark-field imay.
that illustrate that the ball milling dunng the mixing sicp cunverts the chrysofile into a fine-graing
polycrystal. The aperture is moved from one part of the ring to another. resulting in an entrcl,
different set of grains lighting up. (¢) The bright-ficid image from which little information can h,

obtamned.

JHM
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388 K. SESHAN

focused to obtain the diffraction pattern shown in Fig. 3b. The resulting beam
damage is shown in Fig. 3c. The use of beam sensitivity 1o distinguish chrysotile
from other non-beam-sensitive materials, e.g., the amphiboles, has been dis-
cussed by Langer er al. 11974).

Dark- and bright-field images of deformed UICC standards (B) are showa in
Figs. da—dc). The effects of deformation are clearly seen in the dark-field images
(d4a and 4b) and in the electron diffraction patterns but not in the bright-field

Fic. 5. Sampie (C): Bumishing dust from aa auteinobile brake drum prior 1o installation. (a) Dark
field. (b) diffracticn pattern, and (c) bright field. Notice the well-preserved canal which shows up (the
dark-field image) in (), indicated by the arrow and arrowhead. This 2nd the well-preserved diffraction
pattern {b) shows that the fibers are not as deformed as the UICC samples—a conclusion that cannot
be inferred from the brighi-field image (c).

. JHi,, 07689
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DEFORMATION OF CHRYSOTILE ASBESTOS 389

(=

" images (4c). The clear internal canals of the undeformed sample (A) are destroyed;
there appear small submicron (100 A) areas which light up as if they were grains or
microdomains of different orientations; consistent with this observation, the
strongly textured diffraction patterns of the undeformed fibers (Fig. 3) are
changed to those of a polycrystal. At the present the crystallographic and micro-
structural nature of the deformation is not clear and warmrants further study. The
effect of translating the aperture to a different part of the diffracted ring is shown
in Figs. 42 and 4b. The result is that **grains” in a different orientation “*light up™
or show diffracted intensity signifying that this is truly a diffraction effect.

To tsolate the effects of deformation during the braking process, unused brake
shoe burnishing dust (C) was examined (Figs. 5a and 5b). The bright-field image
(B) is not informative, whereas the dark-field image clearly shows some intact
internal canals (see arrow and arrowhead Fig. 5a) resembliing the undeformed

Fic. 6. Sample (D): Brake drum dust after use in a state vehicle. (3) Bright field and (b) dark field.
Although the bright field is not distinctive. the high-resolution dark field and the sefected area difTrac-
tion patterns are remarkably different. The crystal is quite inhomogencous with very large grain sizes:
this can happen for a varieity of reasons (see text).

JHM 07690
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390 K. SESHAN

chrysotile (Fig. 3). There are also small deformation domains which clearly re-
sembie the UICC standard (B) samples. These fibers are therefore deformed less
than the UICC standard samples (Fig. 4), as some intact internal canals can still be
seen. It is impossible 1o derive this conclusion from the bright-field range.

Samples of heavily deformed chrysotile fiber found in brake drum dust are
shown in Fig. 6 in the bright and dark field. Whereas the effects of deformation are
not evident in the bright-field image, the difference in the dark-field image is quite
striking. The crystal is inhomogeneous. This is reflected in the electron diffraction

— - pattern, now showing a number of spots (Fig. 6¢). The mottled contrast of black
and bright areas could arise from one of several causes: severe surface deforma-
tion leading to uneven crystal thickness, conversion (or *"grain growth™ under
heat and deformation) 10 a large grain polycrystal, or transformatiorn of local areas
into a new crystalline phase (e.g., forsterite). Further investigation into carefully
deformed chrysotile is required to decidé which it is. 1t is, however, quite clear
that these identifying effects are associated only with the ‘samples found in the
used brake drum dust.

Undeformed and unaliered chrysotile is also found in the brake drum dust
collected after use (sample D, Fig. 7). This was confirmed by electron diffraction
patterns which were indexed after the camera constant was ca}xbm!cd usmg a
co-deposited gold standard. with the following results:

Used trake dust diameter (A) 26 2.34 1.49
Yada (1967) diamezer (A) 2.60 2.30 ).48
hkl 130 220 005

There is also clear dark-field evidence that not all the fibers are deformed.
Figure 7 shows the dark- and bright-field images of {ibers found in the brake drum
sdust: the dark-field image resembles that ‘of the UICC chrysotile asbestos (B,
“ shown in Fig. 4) and those in the unused brake lining {C, shown Fig. 5), the **grain
sizes'" being the same as in the UICC samples. Based upon this observation. it is
concluded that a variety of products ranging from almost undeformed to cam- .
pletely transformed chrysotile products exist in brake drum dust.

DISCUSSION AND CONCLUSIONS

It is demonstrated that high-resolution dark-field electron microscopy can dis-
tinguish the degree of deformation in chrysotile asbestos fibers. In particular, it
has been shown that UICC standard chrysotile has undergone microdeformation
as a result of ball miiling in the preparation step. The dark-field method may then
be used by environmental researchers to trace the origins of asbestos fibers.

The dark-field images suggest that there are significant changes in the micro-
structure of chrysotile upon deformation, the cystallographic and microstructural
details of which are complex and are worthy of further study.

There are several references to the beam sensitivity of chrysotile (Yada, 1967,
Langer er al., 1974). The utility of using this effect to distinguish chrysotile from
other non-oeam-sensitive naterials csuld be.of value 1o .environmental pollution
research. :

JHM
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Fre. 7. Sample (D): Automobile brake drum dust after use. (3) Dark ficid and (b} bright field. This
shows thit relatively undeformed fibers survive in the brake drum dust. The grain sizes in the dark-
field images (a) are comparable 1o those in the bumnishing dust (Fig. 5a) or the UICC samples (Fig. 4a),
indicating lictle deformation during use. B

This preliminary stu'd_v also shows the need to study details of the growth of the
chrysotile asbestos and the nature of the defects involved, if ail the diffraction and
deformation étfects are (o be understoad.
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Automobile brake linings may be

a health hazard . ..

Automobile brakes — normally associated with
averting danger — may, in fact. be producing
dangerous substances and releasing them into
the atmosphere, according to a researcher at the
University of California’'s Lawrence Berkeley
Laboratory {LBL).

The concern is being expressed by Krishna
Seshan, a materials science engineer at LBL's
Materials and Molecular Research Division, who
has shown that automobile brake drum linings
produce substances that may be hazardous to our
heaith. )

The substances that Seshan has been studying
are thin, single fibers of asbestos — so thin, in fact,
that even the most powerful microscopes
itluminated with visible light cannot detect their
presance. Looking through an electron
micrcscope — an instrument with as much as
10.C00 times the resolution of conventional light
microscopes — Seshan found that the minute
partictes of dust created by automobile brake
drums contain filaments of deformed “chrysotiie”
asbestos, a type of asbestos that many
researchers consider a healith hazard.

These tibers, according to public health officials,
may not be particularly dangerous to the average
citizen since peoote driving cars breathe, at mos®
only smail amounts of brake drum dust. T-

“hazard of chrysotile asbestos, say the~

to workers such as brake repairt
compressed air 0 blow asbestcs
brakes daily and may breathe as much
particies of asbestos in each cubic me

Many medical experts, most notably .
Selikoft of Mt. Sinai Hospital in New Y.
contend that chrysotile asbestos is hazart
lung tissue because such forms are minut '\\
rough enough to prevent the mucous coveri
the lung from gisicdging it. Once in the tw
asbestos never dissolves. And this substance

/-

often found n the iungs of factory worker.
consiruction workers, auto mechanics, office
workers and even in the lungs of spouses and
children of asbestos workers. i

Asbestos. is a mineral, says Seshan. And
approximately 90Q_miliion tons of this chrysotile
mineral are mined in the United States annually.
Much of it is milled or woven into_a blanket-like
material, then used to insutate cr fireproof
squipment such as steam pipes, roof linings and
ship hulls.

A-24

To date, Seshan estimates, about 90 percent of
the asbestos used in the United States is milled
under heat and pressure. And, because of these
processing methods, most of the asbestos we
breathe is deformed in some way or another. Stili,
many medical researchers in the U.S. have
ignored the healith problems connected with these
asbestos deformations, says Seshan. -

For that reason, Seshan, an expert in electron
microscopy, was asked by the California
Department of Healith's Air and Industrial Hygiene
Laboratory to help develop a method of identifying
asbestos fibers found commoniy .in air samples.
This investigation, claims Seshan, was the way in
which he was introduced to the heaith hazards of
chrysotile asbestos and how he eventually turned
to the problem of automobile brake drums.

-"-chording to Seshan, most ;utbmobile brakes
. operate by grinding pads against a lining of heat-
resistant asbestos, an action that introguces wnat
he terms “process defects” in the asbestos fibers
heated and ground against hot brake drums. Such
fibers had long been suspected by many scientists
to be a cons* \yent of brake drum dust. But other
resear-’ \ntended that the high friction
- raking simply disintegrates the
es no asbestos fibers at all.
ould be verified., because a
ue capabie of illuminating
ith their defects had not vet
n however, solved this
NG % SPECEl TICTG5TodY

o

esent in automobile
de ..auton — relatively undamayed to heavily

\‘r_oscooisls term a “dark
overed that some of
icant_damage.

deformed and recrystallized — exist in automobile

brake drum dust.”

V)

. /QQ w-zeY of observing small
()\ ’ ‘fracted or “scattered”
\ " Jed to iluminate the
not only confirmed

i .
project soon to be
ic journal, ENVIRON-
) . Seshan concludes “'that
c .apestos fibers in various states of
What this means. he says, is that some of the
asbestos in brake drum dust may be more of a

mare an A-26 .

Am_ ind. Hyg. Assoc. J. (29) Aond, 1978
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BRAKE LININGS/ASBESTOS . . .

health hazard than the ordinary chrysotile form,
because much of it is further deformed. And
deformation in asbestos fibers, say increasing
numbers of scientists, may piay a significant role
in causing lung disease or cancer.

ST “There are many factors that contribute to

environmental poliution,” says Seshan. “But
what we have shown is that brake drum dust

\

certainly introduces deformed asbestos into tt
atmosphers.” '

Samples for the research were prepared by G.
Smith of the California State Heaith Department
Air and Industrial Hygiene Laboratory. Lawren:
Berkeley Laboratory is operated by the Universi
of California under contract with the U.¢
Deparntment of Energy.

now it’s
Andersen
Sampiers

A-26

2

Andersen 2000 Inc., manufacturer of the
widely-known Andersen samplers and
control equipment line known as HEAF and
CHEAF, has sold the sampler division in its
entirety, including patents, tooling,
manufacturing rights and existing contracts
to Thomas P. Roth, who was President of
Andersen 2000 Inc. for the past eight years.
Mr. Roth announced that the sampler
division wiil be changing its .name .from
Andersen 2000 Instruments to Andersen
Samplers Inc. and thatplans are underway to
expand the product line as rapidly as
possible. Mr. Roth further stated that the
sales rate this yvear indicates that the
company will experience its test year since
inception. The new company is located at ~
4215-C Wendell Drive, Atlanta, Georgia
302386. Phones: (404) 691-13910 and (800) ___
241-68398.

Am. Ing. Hyg Assoc. ). (39)
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October 2, 1978

Sir Neville Stack

Asbestos International Association .
68 Gloucester Place

Londen ¥W1n 3HL

England

Dear Jim:

Inclosed is a copy of an unsigned article titled "Automobile Brake?
Linings may be a Health ljazard” that appeared in the April, 1978
{ssue of the American Industrial Bygiene Association Journal. Also
enclosed is a copy of the paper by K. Seshan referred to in the
article and corments on the article and Seshan's paper by Dr.
Laineweber of Johns-vanvilla.

It would be appreciated if you would circulate these documents to
the Chairman of the Zriction iaterials Advisory Panel and to other
assoclation members who might have an interest in the subject.

Sincerely,

(Signed) John H. Marsh’

/as
Enclosures — - -

cC: J. P, Laineweber, Ph.D.
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"\ Johns-Manville

Sales Corporation

Ken-Caryi Ranch
Denver. Colorado £6217
{3031 979-1000

September 5, 1978

Mr. John Marsh

Director, Environmental Affairs
Raybestos Manhattan Corp.

100 Oakview Drive

Trumbull, CT 06611

Dear Mr. Marsh:

The circumstances surrounding the work by Krishna Seshan”
of the University of California on asbestos fibers - - .7
released from brake linings is unfortunately very

typical of the irresponsible attitude tcwards environmental
hazards and asbestos fiber in particular. The pattern
includes initial release of the information in a
sensational manner to the press with a promise that the
complete work will be published at a later date in a
respected journal. This is followed by editorials in and/or
letters to the editors of other journals covering this same
material which was released to the press. When the work

is finally published, it is generally found to bear no
resemblance to the promises made in the original releases.
The allegations which were originally made are unfounded
and in fact, the final paper may leave a totally different
impression than was created in the initial releases.

The final publication by Mr., Seshan which appeared in the
July 1978 issue of Environmental Research is a relatively.
atraight-forward discussion on thc use ot dark field
elecrron microscopy to studyv "deformed chrysotile'. As

he pointed out, however, tite samples selected for brake--—
lining dusts did not represent the material which would

be present in the air and heavily traveled areas. It is
typical of the dust to which workers in a brake lining
shop would be exposed

The most significant point about Seshan's .article is

that there is no reference whatsoever to the health effects
of brake lining dust and particularly the health effects
that have been ascribed to deformed chrysotile fibers in
the advance publicity. Many of the newspaper articles
reported that experts at the Mt. Sinai School of Medicine
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had determined that deformed chrysotile was more biologically
active than normal fibers. This is totally incorrect.

In a paper by A. M. Langer, et al in the Journal of
Toxicolouv and Environmental Health, 4, 173-188 (1978), it

1s stated that:

"It appears that the less mechanically
degraded the surface of the fiber, the
greater the biological response."

The source of original opinion which was expressed by
Mr. Seshan in the press is completely unknown at the prcscnt
time. g

In the editorial which appeared in the April issue of the
American Industrial Hveiene Association Journal, it 1s
claimed that Mr. Seshan's technique now resolved the
controversy which purportedly exists concerning the fate

of asbestos fibers during the normal wear of brake linings.
Some contend that the fibers are destroved, whereas others
contend that a high percentage of the fibers remain intact.
In all studies that I am aware of on brake lining dusts, the
so-called deformed fibers observed bv Mr. Seshan would have
been included in the total determination of asbestos fibers
remaining after brake lining wear. The techniques, therefore,
do not resolve such a controversy if, in fact, it does exist.

In addition te Mr. Seshan's irresponsible handling of

the information prior to publication, there are many points
in his paper which indicate that he is not particularly well
qualified in the field of electron diffraction.

Very truly yours, : ——

E} f;) ?ZL PRSvIvERS A——‘U
J¥Y P. Leineweber., Ph.D.

Technical Director
Health, Safety & Environment Dept.

JPL:3jh

cc P. Kotin, M.D.
E. M. Fenner
D. Poutiatine

07683

\



ENVIRONMENTAL RESEARCH 16, 383 — 392 (1978)

v

On the Utility of Dark-Field Electron Micrascopy in the
Determination of the Degree of Deformation In
Chrysotile. Asbestos: An Environmenta!l Research
Application

CL . K. SesHaN

Department of Materials Science ond Engineering, Materials and Molecular Research
D:wsmn 141» rence Berkcley Laboraiory, University of California,
Berkeley, California 94720

- Received June 21, 1977
The degree of microcrystalline deformation in fibers of chrysotile asbestos may be distin-

. guished using high resoiution dark-field clectron microscopy. This is demonstrated by com-
paring undeformed chrysotile with Union Internationale Contre le Cancer (UICC) standard
referepce samples. The UICC samples are shown to be partially deformed as a result of

milling in the mixing process. Sampies of used and unused brake shoe lining dust were 'J
cx;mined using this technique: it is shown that chrysotite asbestos in varous stages of £
deformation—rzlatively undeformed 1o heavily deformed--survives in automobile brake
drum dust. Such dark-field images can serve 10 identify the source of asbestos found in
envir al pollution pl
. INTRODUCTION
There is a controversy in the.literature whether or not fibers of chrysotile
asbestos survive in automobile brake drm dier: two studies (Rohl er al.. 1976;
Alste er al., 1976} r and earlier work (Lynch, 1968;
Hickish aud Kanigt not. The latter claim that the
chrysotile is conve h temperatures attained in the
braking process. 3 i
*As high resolutic pe images are sensitive o the t
degree of deformai ~higuish between deformed and
undeformed fibers Jdiffering sets of results. It is
shown using this t Mos fibers in various states of
deformation—relati sfmed and recrystallized—exist
in autcmobile brakt
' S. PARATION
Four samples we ysotile ore samples from ser-
pentine outcrops of (B) slightly deformed UICC
reference standards during preparation to reduce i
fiber size (Timbrell lining dust, collected during '
bumishing pror to . s; and (D) brake drum dust
callected from the { : lslalc vehicle obtained during
brake shoe service (deshan and dmith, 191/) :
Samples were transferred directly to Formvar-coated eiectron mxcroscopc grids oo

and coated with carbon on both sides.
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384 K. SESHAN

EXPERIMENTAL
As the high resolution dark field method is described in great detail elsewhere
(Hirsch et al., 1969), only a very brief description is included here. An electron
beam striking a polycrystalline specimen with grains of different orientation (e.g.,
A and B in Fig. 1) is diffracted into cones, causing the typical polycrystalline ring
pattern. The high-resoiution dark-field method consists of tifting the incident beam
so that the part of the diffracted ring passes through the optic axis of the micro-
scope (Fig. 1b). The tilting is accomplished with the electronic beam tilt device.
Then an aperture collects intensity only from those crystallites diffracting into this
part of the ring, e.g., B (Fig. lc).
Various factors involved in the. interpretation of the diffraction pattems of
chrysotile asbestos fiber bundles are shown in Fig. 2. The actual lattice of
chrysotile is a defected, scrolled crystal with fiber axis along a (Yada, 1967). The

reciprocal lattice of this crystal should be some-form of a spiral, equispaced along.

the a* axis. Zvyagin (1967) and Whittaker (1966) have studied diffraction effects
from concentric ¢ylinders. How deformation and shear will affect the diffraction
patterns has not, to the author's knowledge, been studied and is under study here.

The simpler case of an undeformed defect-free chrysotile fiber, where the fiber
is idealized as a series of concentric cylinders, as first proposed by Whittaker
(1969), is shown in Fig. 2i. The reciprocal lattice then consists of a series of
concentric rings; shown in Fig. 2ii (only the two rings in the 2kl layer are drawn).
The electron diffraction pattern represents the intersection of the reflecting or
Ewald sphere (ES, Fig. 2ii) with these rings (Hirsch e @l.. 1969). This ought to
result in a series cf spots as shown in the -2kl layer line. Streaked patterns are,
however, obtained from single fibers of chrysotile (Yada, 1967; Seshan and Siaith,
1977).

The explanation for the streaking probably lies in refraction effects and the fiber
shape (Yada, 1969); it could also resalt from the various faults produced during the

8 .8
AN N\ .

.

4

te}

Fic. 1. Nustration of the high resolution dark-Geld method: (a) The bright-field image from a
selecied arca of a polycrystal, illustrated with two grains, A and B. (b) The situation after gua tilt: only
 portion of the difffacted intensity is coilecied by placing the objective aperture as shown. (c) The
resulting high-resolution dark-field image with only favorably oriented grains, €.g.. B showing dif-
fracted intensity or “‘lighting up.”
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Fic. 2. Mustraton of the real and reciprocal lattice of a defect-free chrysotile fiber (i) and (ii)
idealized as a series of concentnic cylinders. The actual structure is a defected spiral sheet (Yada,
1967). The reciprocal lattice of the ideal fiber is then a series of equispaced concentric rings along the
a® axis, as in the 2k! layer: when these rings intersect. the Ewaid sphere (ES) spots ought to be
produced as shown on the -2kl layer line. However, streaks are observed (Yada, 1967), arising proba-
biy from the spiral shape of the fiber defects and strains formed during the scrolling process. When a

, fiber bundle (fibers of differznt orientatiuns) is imaged. the layer lines are smeared out, yielding 2
typical “"arcuate™ pattem as in Fig. 3b.

gréwth of the crystal. The influence of these faults on the diffraction patterns and
their influence on deformation needs further study.

When bundies of fibers are involved, the streaks are replaced by arcs (Figs. 2iv
and 3b), showing a strong tendency toward a texture and vielding the typical
**arcuate*" patterns observed by several researchers (e.g., Rohl ef al., 1976). The
dark-field image obtained by imaging any part of the arc, as shown in Figs. I and
3b, shouid yield uniform intensity, if the crystal is homogeneous. This is the case
to be expected only in the case of the undeformed fibers—and is consistent with
the experimental observations in Figs. 3a and 3b. .

RESULTS

Bright- and dark-field images of naturally occurting chrysotile (A) are shown in
Fig. 3. The dark field is obtained by imaging a portion of the diffracted intensity,
as explained above. The result is a uniform contrast, as would be expected from
an undeformed crystal.

The striking feature of the dark-fieid images is the great intensity along the
hollow canals and this needs further investigation. The intensity difference cannot
be explained on the basis of differences in absorption alone; it appears that some

JHM 07686
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386 . K. SESHAN

Fic. 3. Sample (A): natural chrysotile. (a} and (b) Dark-ficid and diffraction pattern. Notice the
unusually bright and undamaged internal canals: the crystal is homogeneous and undeformed. A faiat
outline of the objective aperture is 3een in the diffraction pattern of Fig. 3b. (¢} [Hustrates the blistering
as a result of exposure 10 the beam. . N

"diffraction processes are operative: Notice that the canals are sometimes bright
and sometimes dark. In the crystalliné "part, however, the intensity is uniform
and it is clear that these fibers are {ree of gross deformation.

Chrysotile fibers, like most sheet silicates, are beam-sensitive 1o 100-keV elec-
trons (Langer e al., 1974; Seshan, 1975). Precaution must therefore be exercised
while obtaining the high resolution dark-ficld images, because upon focusing. the
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condenser, the fibers tend to become blistered. In the Jark-field image shown in
Fig. 3a, precaution was taken 1o prevent any beam Jamazge: the condenser was not
focused, and the beam was tilted in the dark field mode. The condenser was then

gy R
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Fic. 4. Sample (B): UICC Standacd Reference Canadian chrysotile. (a) and (b) Dark-field imay.
that illustrate that the ball milling dunng the mixing step cunvents the chrysotile into a fine-gramng y
polycrystal. The aperiure is moved [rom one part of the rng 10 another. resulting in an entuct,
different set of grains lighting up. (¢} The bright-field image from which little information caa h.

obtained.

M
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388 K. SESHAN

focused 10 obtain the diffraction pattern shown in Fig. 3b. The resulting beam
damage is shown in Fig. 3c. The use of beam sensitivity to distinguish chrysotile
from other non-beam-sensitive materials, e.g., the amphiboles, has been dis-
cussed by Langer ef al. 11974).

Dark- and bright-field images of deformed UICC standards (B) are shown in
Figs. 4a—dc). The effects of deformation are clearly seen in the dark-field images
(43 and 4b) and in the electron diffraction patterns but not in the bright-fieid

Fic. 5. Sample (C): Bumishing dust from an autofnobile brake drum prior to instailation. (a) Dark
ficld. (b} diffraction paftern, and (c) bright field. Notice the well-preserved canal which shaws up (the
dark-lield image} in (a), indicated by the arrow and arrowhead. This and the well-praserved diffraction
patiemn (b) shows thar the fibers are not as deformed as the UICC samples—a conclusion that cannot
be inferred from the brght-field image (¢},

JH., 07689




— DEFORMATION OF CHRYSOTILE ASBESTOS 389

images (4c). The clear internal canals of the undeformed sample (A) are destroyed;
there appear small submicron (100 A) areas which light up as if they were grains or-
microdomains of different orientations; consistent with this observation, the
strongly textured diffraction patterns of the undeformed fibers (Fig. 3) are
changed to those of a polycrystal. At the present the crystallographic and micro-
structural nature of the deformation is not clear and warrants further study. The
effect of translating the aperture to a different part of the diffracted ring is shown
in Figs. 4a and 4b. The result is that ‘*grains’ in a different orientation **light up™*
or show diffracted intensity signifying that this is truly a diffraction effect.
To isolate the effects of deformation during the braking process, unused brake
shoe burnishing dust (C) was examined (Figs. 5a and 5b). The bright-field image
(B) is not informative, whereas the dark-field image ciearly shows some intact .
internal canais (see arrow and arrowhead Fig. 5a) resembling the undeformed t

™

Fic. 6. Sampie (D): Brake drum dust after use in a state vehicle. (a) Bright ficld and (b) dark field,
Although the bright field is not distinctive. the high-resolution dark ficld and the selected area difTrac-
tion patterns are remarkably different. The crystal is quite inhomogencaus with very large grain sizes:
this can happen for a varcity of reasons (see text).
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390 K. SESHAN

chrysotile {Fig. 3). There are also small deformation domains which clearly re-
semble the UICC standard (B) samples. These f{ibers are therefore deformed less
than the UICC standard samples (Fig. 4), as some intact internal canals can still be
seen. It is impossible to derive this conclusion from the brighl~fcld range.
Samples of heavily deformed chrysotile fiber found in brake drum dust are
shown in Fig. 6 in the bright and dark field. Whereas the effects of deformation are
not evident in the bright-field image, the difference in the dark-field image is quite
striking. The crystal is inhomogeneous. This is reflected in the electron diffraction

—-patiern, now showing a number of spots (Fig. 6c). The mottled contrast of black

and bright areas could arise from one of several causes: severe surface deforma-
tion leading to uneven crystal thickness, conversion (or **grain growth™ under
heat and deformation) to a large grain polycrystal, or transformatior of local areas
into a new crystalline phase {e.g., forsterite). Further investigation into carefully
deformed chrysotile is required to decidé which it is. 1t is, however, quite clear
that these identifying effects are associated only with the samples found in the
used brake drum dust.

Undeformed and unaitered chrysotile is also found in the brake drum dust
coliected after use (sampie D, Fig. 7). This was confirmed by electron diffraction
patierns which were indexed after the camera constaat was ca)lbrated usmg a
co-deposited gold standard with the following results:

Used brake dust . diameter (A) 62 a3 1.49
Yada (1967} diameter (A) 2.60 230 1.40
hkd 130 220 005

There is also clear dark-field evidence that not all the fibers are deformed.
Figure 7 shows the dark- and bright-field images of fibers found in the brake drum
sdust; the dark-field image resembles that ‘of the UICC chrysotile asbestos (B,

# shown in Fig. 4) and those in the unused brake lining (C, shown Fig. 5), the *‘grain

sizes’" being the same as in the UICC samples. Based upon this observation. it is
concluded that a variety of products ranging from almost undeformed to cam- .
pletely transformed chrysotile products exist in brake drum dust.

DISCUSSION AND CONCLUSIONS

It is demonstrated that high-resofution dark-{ieid electron microscopy can dis-
tinguish the degree of deformation in chrysotile asbestos fibers. In particular, it
has been shown that UICC standard chrysotile has undergone microdeformation
as a resuit of ball milling in the preparation step. The dark-field method may then
be used by environmental researchers 1o trace the origins of asbestos fibers.

The dark-field images suggest that there are significant' changes in the micro-
structure of chrysotile upon deformation, the cystallographic and microstructural
details of which are complex and are worthy of further study.

There are several references to the beam sensitivity of chrysotile (Yada, 1967:
Langer er al., 1974). The utility of using this effect to distinguish chrysotile from
other non.beam-sensitive materials could be of value to cnv1ronmema] pollution
research.

JHM
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after use. {a} Dark ficld and (b} bright field. This
shows that relatively undeformed fibers survive in the brake drum dust. The grain sizes in the dark-
field images (a) are comparable to those in the burnishing dust (Fig. 5a) or the UICC samples (Fig. 4a),
indicating little deformation during use. .

This preliminary study also shows the need to study details of the growth of the
chrysotile asbestos and the nature of the defects involved, if al} the diffraction and
deformation effects are to be understood.
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Automobile brake linings may be

a health hazard . ..

Automobijle brakes — normally associated with
averting danger — may, in fact, be producing

dangerous substances and releasing them into -

the atmosphere, according to a researcher at the
University of California’s Lawrence Berkeley
Laboratory {LBL).

The concern is being expressed by Krishna
Seshan, a materials science engineer at LBL's
Materials and Molecular Research Division, who
has shown that automaobile brake drum linings
produce substances that may be hazardous to our
health.

The substances that Seshan has been studying
are thin, single fibers of asbestos — so thin, infact,
that even the most powerful microscopes
illuminated with visibie light cannot detect their
presance. Looking through an etlectron
micrcscope — an instrument with as much as
10.C00 times the resolution of conventional light
microscopes — Seshan found that the minute
panticles of dust created by automobile brake
drums contain filaments of deformed “chrysotile”
asbestos, a type of asbestos that many
researchers consider a heaith hazard.

These tibers, according to public health officials,
may not be particutarly dangerous to the average
citizen since peopie driving cars breathe, at mos?
only small amounts of brake drum gdust. T+

- “hazard of chrysotife asbestos, say the-
to workers such as brake repairr
compressed air to blow asbtestos
brakes daily and may breathe as much
Erucles of asbestos in each cubic me

Many medical experts, most notably .

Selikoff of Mt. Sinai Hospital in New Y.
contend that chrysotile asbestos is hazart
lung tissue because such forms are minu (\\
rough enough to prevent the mucous coveri,
the lung from disledging it. Once in the lut
asbestos never dissolves. And this substance

]
~

7.

often found in the lungs of factory worker
construction workers, 3uto mechanics, office
workers ‘and even_in the lungs of spouses and
children of asbestos workers. ~ o

Asbestos. is a mineral, says Seshan, And
approximatety 90Q_million tons of this chrysotile
mineral are mined in the United States annually.
Much of it is milled or woven into a8 blanket-like
material, then used to insulate cr fireproof
equipment such as steam pipes. roof linings and
ship hulls.

A-24

To date, Seshan estimates, about 90 percent of
the asbestos used in the United States is milled
under heat and pressure. And, because of these
processing methods, most of the asbestos we
breathe. is deformed in some way ar another. Still,
many medical researchers in the U.S. have
ignored the health problems connected with these
asbestos deformations, says Seshan.

For that reason, Seshan, an expert in electron
microscopy, was asked by the California
Department of Heaith's Air and Industriai Hygiene
Laboratory to help develop a method of identifying
asbestos fibers found commonly .in air samples.
This investigation, claims Seshan, was the way in
which he was introduced to the health hazards of
chrysotile asbestos and how he eventually turned
to the problem of automobile brake drums.

-"—xccarding to Seshan, most ;,utbmobile brakes

. operate by grinding pads against a lining of heat-
resistant ashestos, an action thatintroducas wnat
he terms “process defects” in the asbestos fibers
heated and ground against hot brake drums. Such
fibers had long been suspected by many scientists
to be a cons“\xem of brake drum dust. But other
resear”’ \mended that the high friction
- Yaking simply disintegrates the

es no asbestos fibers at all.

ould be verified. because a
ue capable of illuminating
ith their defects had not vet
n however, soived this
{ng a special microscopy

¢

\ g

Yoscopists terrm a “dark

3 Y of observing small

' fracted or “scattered”

‘Yed to illuminate the

not oniy confirmed

| -Jesent in automobile

overed that some of
icant damage.

project soon to be

ic journal, ENVIRON-

. ., Seshan concludes “that

c .opestos fibers in various states of

de ..ation — reiatively undamayed to heavily

deformed and recrystaliized — exist in autormnobile

brake drum dust.””

&
N

What this means, he says, is that some of the
asbestos in brake drum dust may be more of a
more on A-26 .
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BAAKE LININGS/ASBESTOS . ..

heaith hazard than the acdinary chrysotile form,
because much of it is further deformed. And
deformation in asbestos fibers, say -increasing
numbers of scientists, may play a significant rote
in causing lung disease or cancer.

" *There are many factors that contribute to

environmnental poilution,” says Seshan. “But
what we have shown is that brake drum dust

certainly introduces deformed asbestos into 1
atmosphere.”

Samples for the research were prepared by G
Smith of the California State Health Departmen
Air and Industrial Hygiene Laboratory, Lawrer
Berkeley Laboratory is operated by the Univers
of California under contract with the U.
Department of Energy.
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Andersen 2000 Inc., manufacturer of the
widely-known Andersen sampiers and
control equipment line known as HEAF and
CHEAF, has sold the sampler division in its
entirety, including patents, tooling,
manufacturing rights and existing contracts
to Thomas P. Roth, who was President of
Andersen 2000 Inc. for the past eight years.
Mr. Rath announced that the sampler
division will be changing its name from
Andersen 2000 Instruments to Andersen
Sampters inc. and that plans are underway to
expand the product line as rapidly as
possible. Mr. Roth further stated that the
sales rate this year indicates that the
company will experience its best year since
inception. The new company is located at ~
4215-C Wendell Drive. Atlanta. Georgia

30238. Phones: (404) 691-1910 and (800) __

now it's
Andersen
Samplers
T 241-5898.
A28
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