10/98/ 2001 15:58 312-996-78292

SCIENCE LIBRARY -
e e e o S

ENVIRONMENTAL RESEARCH 16, 383 ~ 392 (1978)

On the Utility of Dark-Field Electron Microscopy in the
Determination of the Degree of Deformation in
Chrysotile Asbestos: An Environmental Research
Application

K. SESHAN
Depariment of Materials Science ond Engineering, Matericls and Molecular Research

Division, Lawrence Berkeley Laboratory, University of Califoria,
Berkeley, California 94720

Received June 2, 97

The degree of microcrystalline deformaltion in fibers of chrysotile axbestos may be distin-
suished using high resolution dark-field ejcctron mycroscopy. This is demonstrated by com-
paring undeformed chrysotile with Uaion Jntcmationale Contre Je Cancer (UICC) standard
reference samples. The UICC samples are shown 1o be partially deformed as 9 result of
milling in the mixing process. Samples of used and unyused brake shoe lining dust were
examined usiag this techaique; it is shown that chrysotilc asbestos in various stxges of
deformation—rolatively undcformed to heavily deformed—survives in automobile brake
drum dust. Such dark-ficld images can serve 10 identify the source of asbestos found lo
environmental pollution samples.

INTRODUCTION

There is a controversy in the literature whether or not fibers of chrysotile
asbestos survive in automobile brake drum dust; two studies (Rohl ef al,, 1976;
Alste e1 al_, 1976) report that the fibers do survive and earlier work (Lynch, 1968;
Hickish and Knight, 1970) reports that they do not. The Jatter claim that the
chrysotile is converted to forsterite under the high temperatures attained in the
braking process.

As high resolution dark-field electron microscope images are sensitive to the
degree of deformation, they can be used to distinguish between deformed and
undeformed fibers and thus to resolve these two differing sets of results. Jt is
sbown using this technique that chrysotile asbestos fibers in various states of
deformation—relatively undamaged to heavily deformed and recrystallized—exist
in automobile brake drum dust.

SAMPLE SELECTION AND PREPARATION

Four samples were selected: (A) undeformed chrysotile ore samples from ser-
pentine outcrops of Calaveras County (California); (B) slightly deformed UICC
reference standards of Canadian chrysotile milled during preparation to reduce
fiber size (Timbrell et al., 1969); (C) unused brake lining dust, collected dusing
bumnishing prior to installation of new brake shoes; and (D) brake drum dust
collected from the front and sear brake drums of 8 State vehicle obtained dunng
brake shoe service (Seshan and Sauth, 1977).

Samples were transferred directly to Formvar-coated electron microscope grids
and coated with carbon on both sides.
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' 4 EXPERIMENTAL

't As the high resolution dark field method is described in great detail clsewhere

: (Hirsch ef 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-resolution dark-field method consists of tilting the incident beam .
so that the part of the diffracted ring passes through the optic axis of the micro-
scope (Fig. I1b). The lting is accomplished with the clectroruc beam tilt device,
Then an aperture collects intensity ouly from those crystallites diffracting into this
part of the ring, e.g., B (Fig. Ic).

Various factors involved in the interpretation of the diffraction patteras 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 Jattice 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 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 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 2ki layer are drawn).
The electron diffraction pattern represents the intersection of the reflecting or

i Ewald sphere (ES, Fig. 2ii) with these rings (Hirsch et al., 1969). This ought to
1 result in a senes of spots as shown in the -2kl layer line, Streaked patterns are,
i however, obtained from single fibers of chrysotile (Yada, 1967; Seshan and Smith,
i 197).
 t The explanation for the streaking probably lies in refraction effects and the fiber

shape (Yads, 1969); it could also result from the vanous faults produced during the
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Jic. 1. Jllustration of the high resolution dark-ficld method: (a) The bright-field image from s
sclected aren of a polycrystal, illustrated with two grains, A and B. (b) The situation after gun tilt: oaly
& portion of the diffracted intonsity is collected by placing the objective aperture as shown. (c) The
resulling high-resolution dark-ficld image with oaly favorsbly oriented grains, e.g., B showing dif-
fracted intensity or "lighting up.™
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FiG, 2. Tustration of the real and reciprocal latlice of a defect-free chrysotile fiber (1) and (U)
jdealized a5 & saries of concentric cylinders. The actual structure is 8 defected spiral sheet (Yada,
1967). The reciprocal attice of the idea] fiber iy then a series of equispaced conoentric rings along the
a* axis, & tn the 2k{ layer; when thesc rings interscet, the Ewnld sphere (ES) spots ought 10 be
produced as shown on the -2kl layer lise. However, streaks are observed (Yada, 1967), arising prode-
dly from the spiral shapc of the fibey defects and strains formed during the scrolling process. When s
fiver bundle (ibers of differsut orientations) is imnaged, the laycr lines are smearcd out, yieldiog e
typical ““arcuate’’ pattern as in Fig. 3b,

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

When bundles of Gbers are involved, the streaks are replaced by arcs (Figs. 2iv
and 3b), showing a strong tendency toward a texture and yielding the typical
“arcuate’’ patterns obscrved by several rescarchers (e.g., Rohl ef al., 1976). The
dark-field image obtained by imaging any part of the arc, as shown in Figs. 1 and
3b, should yield uniform intensity, if the crystal is homogencous. 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 ficld 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-ficld 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
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Frc. 3. Sample (A); natural chrysotile, (s) and (b) Dack-ficld and diffraction pattern. Notice the
unususlly bright and undemaged internal canals; the crysial is homogeneous and undeformed. A faint

outline of the objective aperture is scen in the diffraction pattern of Fig. 3b, (c) Mlustraics the blistering
as & result of exposure (o the beam. .

diffraction processes are operative: Notice that the canals are sometimes bright
and sometimes dark. In the crystalboe part, however, the intensity is uniform
and 1t is clear that these fibers are free of gross deformation.

Chrysotile fibers, like most sheet silicates, are beam-sensitive to 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 1o become blistered. 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

D
i

Frc. 4, Sample (B): UICC Standard Reference Canadian chrysotile, (a) and (b) Derk-ficld images
that illustrate that the ball milling during the mixing step converts the chrysotile into a fine-grained
polycrystal, The aperture is moved from one post of the ring to apother, resuiting in an catirely
different set of grains Jighting up. (c) The bright-ficld image from which litde information can be
obtained.
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focused to 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
q from other non-beam-sensitive materials, e.g., the amphiboles, has been dis-
1 cussed by Langer et al. (1974).

Dark- and bright-field images of deformed UICC standards (B) are shown in
Figs. 4a—4c). The effects of deformation are clearly seen in the dark-field images
i (42 and 4b) and in the electron diffraction patterns but not in the bright-field

Fic. $. Sample (C): Burnishing dust from an automobile brake dnim phior to inll'alhuon. (a) Dark
field, (b) diffraction pattern, and (c) bright ficid. Notice the well-preserved canal which ahow.z up (@e
dark-fieid image) in (a), indicated by the anow and arrowhead. This and the well-prese:tved diffeaction
pattern (b) shows that the fibers are not at deformed as the UICC tamples—a conclusion that cannot
. be infecred from the bright-field image (c).
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images (4c). The clear internal canals of the undeformed sample (A) arc 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
cffect of translating the aperture to a different part of the diffracted nng is shown
in Figs. 4a and 4b. The result is that “graias'’ in a different orientation *‘light vp''
or show diffracted intensity signifying that this is truly a diffraction effect.

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

Fic. 6, Sample (D): Brake drum dust after use in u statc vehicle, (a) Bright Gield and (b) dark field.
Although the dright ficld is not distinctive, the high-resolution dark ficld and the sclected arca diffenc-
lion patierns are remarkably different. The crysta) is quite inhomogeneous with very large gruin sizes:
this can happen for & varicity of rcasons (3ce text),
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chrysotile (Fig. 3). There are also small deformation domains which clearly re-
semble the UICC standard (B) samples. These fibers are therefore dcformed. 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 bright-field range.

Samples of heavily deformed chrysotile fiber found in brake drum dust are
sbown 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. 6c). The motued contrast of black
and bright areas could arise from one of several causes: severe surface deforra-
tion leading to uneven crystal thickness, conversion (or ‘‘grain growth’’ under
heat and deformation) to a large grain polycrystal, or transformation of Jocal areas
into a new crystalline phase (e.g., forsterite). Further investigation into carefully
deformed chrysotile is required to decide which it is. It is, however, quite clear
that these identifying effects are associated only with the samples found in the
used brake drum dust.

Undeformed and unaltered 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 calibrated using a
co-deposited gold standard, with the following results:

Uscd brake dust dinmeter (A) 262 134 1.49
Yada (1967) diameter (A) 2.60 2.30 1.46
hkl 130 220 003

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
dust; 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 com-
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
bas been shown that UICC standard chrysotile has undergone microdeformation
as a result of ball milling in the preparation step. The dark-field method may then
be used by environmental researchers to trace the origins of asbestos fibers.

The dark-fie)d 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 et al., 1974). The utility of using this effect to distinguish chrysotile from
other n:n-beam-seusitive materials could be of value to environmental pollution
research.
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Fic. 7. Swmaple (D): Automobdile brake drum dust after use. (v) Dark field and (b) bright field, This
shows that rejatively undeformed fibers survive ia the drake drum dust. The grain sizes in the dark-
field imaget (a) are comparubic 1o those in the burnishing dust (Fig. 58) or the UICC samples (Fig. 4s),
indicating little deformation Juring use.

This preliminary study also shows the need 1o study details of the growth of the

chrysotile asbestos and the nature of the defects involved, if all the diffraction and
deformation effects are to be understood.
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.tuter of Health has relegated cancer control ‘and disease control generally to the

" a designation intended to. educate peoplé:to. "take. advantage of available resources to.-
_-prevent. needless suffering’and death.... Cause and.prevention research remains one of

© .our highest priorities,” .Carter. said, "becauae prevention offers the best hope for
‘ ultimate control .of cancer.' . " . £ ;# R W“'*~ LR ol

"4dssue a warning that "the.risk of cancer is increased when fried bacon or the ren-

.said early results show that: vater quality, in most~*ase. . 1s- £ar better than the

erch 22 1978 . .' ..‘--n"l‘i‘a‘ Mateﬂa’s NBWS . .sﬁfﬁgg 75::}
'YOXIC MATERIALS NEWS IN BRIEF =~ - D ERRERE Pt

. Cancer control and prevention has been lnr el 1 noted by National Inntitutes of
¥ealth,. UCLA Public Health Dean Lester Breslow told a national cancer conference re-

cently, and. supgested the govermment's. cancer prevention program be taken out of Na-
tional Cancer Institute. “Time after time in the past 25 years the National Insti-

back washes of the. institutes, failed to seek sdequate funding or teke leadership,
or literally squeezed it out .of the budget "~Breslow said. "Cancer control needs .
1:3 oun strong 'advocates,”’ .o ‘ ce B

‘- President Carter, meanvhile, has decreed that April is “Cancer Control Honth”

Cartn® e " . .v_‘ . -

- National. Cancer: Institute ‘has announced pﬁbiication of bionaaay reports ‘on’ dye
pigment dyarylanilide yellow and peaticides wethoxychlor, malathion.and trifluralin.'“
Ooly trifluralin was found to be carcinogenic =~ in the livers of female mice. A2l
Feny :eporta will be availnble next week from Office of Cancer Communications. ch

aedally hazardous, la T LS R ,f——_“w. SR as an-
swced. Seshon said . S W i

-esented, and when these fibers are released in the air, they expose repairmen to
bightened thrests of lung disesse and cancer. /- .- R :
Consumer  Product .Safety Commission would need additional funding of SS—mtlJion
0 3jwplement pending legislation ordering safety rules for cellulose insulation,
CPSC Chairman John Byington told a Senate Appropriations Subcommittee last week.
Byington also noted that 3if.the agency is required to desl with various chronic haz-
ardo ddentified in an emerging National Cancer Institute study, an additionsl $5-
1illion and. SO staff positions will be required. Byington asked that Congress appro-
priate $3.4-million more for CPSC than the $44. B—million President Carter had
vecutwaended in his budget.

Occupational Safety and Health Administration has named 11 members to a ‘new
standayds advisory committee on skin hazards. Committee was foymed to identify the
occupational exposures in industry which pose & hazard to the skin and to develop
a set of puidelines. for OSHA to use in drafting 8 proposed standards on skin hazards,
Department of Agriculture [ nitrosamine panel has recommended the department

dered fat from it are consumed."” The panel -called nitrosamines "a potent carcinogen'
aud said they-are consistently found in bacon treated in the howme. .
Kew Jersey's Department of Environmental Protection has released preliminary re-
sults of a statewide groundwater testing prograu witch is examining 500 wells for
selected organic compounds, pesticides and metalc. DY Commissioner Rocco Riced

¥Yederal drinking water standards,..although 20 violanc\.q wene found out of 250 wells.
Almost al) of the wells contained trsces of some of the Jhswdcals being campled,

with the msjority of wells contaminated by organic compounds locsted in heavily
populated industrial sreas and those contaminated by pesticides more prevalent in
sgricultural spots. State will similarly test.air and surface water, DEP said.

Justice Department has filed a $20-million suit apainst Outbosrd Marine Corp.,
Waukegan, Mich., charging the firm with discharging 2-million pounds of polychlori-
nated biphenyls into Waukegan Harbor and Lake Michigan. The povermment asked the
court to order the firm to clean up the accumulated PCBs.

I1linois Attorney General's office has filed suit against Amoco 0il Co., &nd
Mipco Pipeline Co, in an attempt to recover more than $838,000 in penalties and dam-
ages from the companies for two spills of xylene last December. The first spill oc-
cwrred near Danville when a pipeline transporting the petroleum by-product dbroke,
sllowing 700,000 gallons of the substance to leak into the Wabash River. The second
spill happened near Bumrick with only a few hundred gallons escaping, but vapors were
an atvons 3u the srea of the spill thut local residents hed to be evacuated. 0‘. y
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GRANTS & CONTRACTS

Environmental Protection Agency has awarded University of California, Riverside,
$112,000 to study chemical and mode of action of imsecticides; Texas ASM Research
Foundation, College Station, $85,000 to study baculovirus pesticides and identify R
markers for genetic studies; University of Miami, Coral Gables, Fla., $81,100 to
study storage and excretion of halogenated and nonhalogenated oxganophosphorous pes-
ticides in animals and man; Florida State University, Tallahassee, $36,838 to study
high sensitivity FT NMR studies of environmental toxic materials.

California Department of Food and &griculture, Sacramento, $500,000 for Cali-
fornia's pesticide enforcement program; Nevada Department of Apriculture, Reno,
$46,000 for Nevada pesticides enforcement program; Arizoma_ Structural Pest Control
Board, Tempe, $37,500 for Arizona pesticides enforcement program plan; Oregon State
University, Corvallis, $95,947 to study biosvailability of cadmium from a variety of
food-crops potentially grown on land used for sewage sludge disposal; California De-
partment of Food and Agriculture, Sacramento, $133,580 for certification and imple-
mentation of pesticide applicator programs in state of California;

University of Michigan, Ann Arbor, §33,532 for development of in vitro test sys--
tew for evaluation of teratogens; Cryptanalvtic Computer Sciences, Inc., Cherry Hill,
N.J., $47,975 to refine, verify and implement the substructural snalyses method (SAM)
for early~warning toxicity prediction; Interstate Electronics Corp., Anaheim, Calif,,
$444,960 for environmental impact statements on ocesn dumping sites; Development
Planning and Research Associates, Inc.,, Manhattan, Kan., $33,903 for development of
the economic aspects of guidance for applicants for section 301 (c) variances of the
Federa) Water Pollution Control Act; end North Carolina State University, Raleigh,
$72,163 to study cytrolopicsl effects of human exposure to potentially mutagenic en-
vironmental pollutants.

National Institute of Arthritis, Metabolisw, and Digestive Diseases has awarded
Mason Research Institute, Worcester, Mass., $59,176 for toxicological evaluation of
iron chelators.

National Cancer Institute has awarded International Apency for Research on Can-
cer, Lyon, France, $1,074,15)1 for evaluation of carcinogenesis risk of chemicals to
man; E.G. & G. Mason Research Institute, Rockville, Md., $629,450 for continuation of
carcinogenesis bioassay data support system to the bioessay program; and Brandeis
University, Waltham, Mass., $126,421 for production and detection of antibodies to
chemical carcinogens and other small molecules of interest in cancer research.

U.8. Army Medical Research and Development Command has awarded Mount Sinai
School of Medicine of the City University of New York, New York, N.Y., $110,000 for
continuation of research on purification of influenza virus polypeptide antigens and
studies of their immunogenicity and toxicity; and Midwest Research Institute, Kansas
City, Mo., $260,000 for continuation of research on animal toxicity studies of new
drugs. . -

FOR THE RECORD

o 50s_spill) rules and designnt;oas. Environmental Prot ection Agency. March
13 FR 10474,
Meeting April 3-4 in Washington, D.C., of Science Advisory Board's Environmental
Health Subcommittee to discuss report on pentachlorophenol contaminants. EPA. March
15 FR 10730.

Proposed exemption from tolersnce requitement for pesticide chemical sodium
chlorate. EPA. March 16 FR 10943,

Request for information on occupational exposure to ethvlene dibromide. Occupa-
tional Safety and Health Administration. March 17 FR 11248.

Phase-out rules for nonessential aerosol fluorocarbons. EPA. March 17 FR 11301,

Permanent standard for occupational exposure to dibromocnloroprqpane. OSHA,

March 17 FR 11514, END
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