Article 4 - Dusts, Fumes, Mists, Vapors, and Gases

CRYSTAL-AGGREGATE
PATTERNS OR ARRANGEMENTS

//N.\Asbeslihrm

Columnar

SINGLE-CRYSTAL SHAPES

S -
N

i
S scicular
See "Asbestiform™ Fibrous

above.
=1

Fiber
/ @ Lamellar
Fibril

ﬁ% Bladed Radiating

Reticulated

OO Lamellar

FIGURE 1: Particle definitions showing mineral growth habits.

From the U.S. Bureau of Mines

For the purpose of regulation, the mineral must be one of the
six minerals covered and must be in the asbestos growth habit.
Large specimen samples of asbestos generally have the gross
appearance of wood. Fibers are easily parted from it. Asbestos
fibers are very long compared with their widths. The fibers have
a very high tensile strength as demonstrated by bending with-
out breaking. Asbestos fibers exist in bundles that are easily
parted, show longitudinal fine structure and may be tufted at
the ends showing "bundle of sticks" morphology. In the micro-
scope some of these properties may not be observable.
Amphiboles do not always show striations along their length
even when they are asbestos. Neither will they always show
tufting. They generally do not show a curved nature except for
very long fibers. Asbestos and asbestiform minerals are usually
characterized in groups by extremely high aspect ratios
(greater than 100:1). While aspect ratio analysis is useful for
characterizing populations of fibers, it cannot be used to iden-
tify individual fibers of intermediate to short aspect ratio. Obser-
vation of many fibers is often necessary to determine whether a
sample consists of "cleavage fragments" or of asbestos fibers.

Most cleavage fragments of the asbestos minerals are easily
distinguishable from true asbestos fibers. This is because true
cleavage fragments usually have larger diameters than 1 pm.
Internal structure of particles larger than this usually shows
them to have no internal fibrillar structure. In addition, cleavage
fragments of the monoclinic amphiboles show inclined extinc-
tion under crossed polars with no compensator. Asbestos fibers
usually show extinction at zero degrees or ambiguous extinction
if any at all. Morphologically, the larger cleavage fragments are
obvious by their blunt or stepped ends showing prismatic habit.
Also, they tend to be circular rather than filiform.

Where the particles are less than 1 pm in diameter and have an
aspect ratio greater than or equal to 3:1, it is recommended that
the sample be analyzed by SEM or TEM if there is any question
whether the fibers are cleavage fragments or asbestiform parti-
cles. Care must be taken when analyzing by electron micros-
copy because the interferences are different from those in light
microscopy and may structurally be very similar to asbestos.
The classic interference is between anthophyllite and biopyri-
bole or intermediate fiber. Use the same morphological clues for
electron microscopy as are used for light microscopy, e.g. fibril
splitting, internal longitudinal striation, fraying, curvature, etc.
(1) Gross examination:

Examine the sample, preferably in the glass vial. Determine

the presence of any obvious fibrous component. Estimate a

percentage based on previous experience and current
observation. Determine whether any preparation is neces-
sary. Determine the number of phases present. This step
may be carried out or augmented by observation at 6 to 40 x
under a stereo microscope.

(2) After performing any necessary pre-preparation, prepare slides
of each phase as described above. Two preparations of the
same phase in the same index medium can be made side-by-
side on the same glass for convenience. Examine with the
polarizing stereo microscope. Estimate the percentage of
asbestos based on the amount of birefringent fiber present.

(3) Examine the slides on the phase-polar microscopes at magni-
fications of 160 and 400x. Note the morphology of the fibers.
Long, thin, very straight fibers with little curvature are indica-
tive of fibers from the amphibole family. Curved, wavy fibers
are usually indicative of chrysotile. Estimate the percentage of
asbestos on the phase-polar microscope under conditions of
crossed polars and a gypsum plate. Fibers smaller than 1.0
pm in thickness must be identified by inference to the pres-
ence of larger, identifiable fibers and morphology. If no larger
fibers are visible, electron microscopy should be performed.
At this point, only a tentative identification can be made. Full
identification must be made with dispersion microscopy.
Details of the tests are included in the appendices.

(4) Once fibers have been determined to be present, they must
be identified. Adjust the microscope for dispersion mode and
observe the fibers. The microscope has a rotating stage, one
polarizing element, and a system for generating dark-field
dispersion microscopy (see Section 4.6. of this appendix).
Align a fiber with its length parallel to the polarizer and note
the color of the Becke lines. Rotate the stage to bring the
fiber length perpendicular to the polarizer and note the color.
Repeat this process for every fiber or fiber bundle examined.
The colors must be consistent with the colors generated by
standard asbestos reference materials for a positive identifi-
cation. In n=1.550, amphiboles will generally show a yellow
to straw-yellow color indicating that the fiber indices of
refraction are higher than the liquid. If long, thin fibers are
noted and the colors are yellow, prepare further slides as
above in the suggested matching liquids listed below:

§1529 Appendix K

Type of Asbestos Index of Refraction
Chrysotile n =1.550
Amosite n =1.670 or 1.680
Croidolite n=1.690
Anthophyllite n =1.605 and 1.620
Tremolite n =1.605 and 1.620
Actinolite n=1.620

Where more than one liquid is suggested, the first is pre-
ferred; however, in some cases this liquid will not give good
dispersion color. Take care to avoid interferences in the
other liquid; e.g., wollastonite in n=1.620 will give the same
colors as tremolite. In n=1.605 wollastonite will appear yel-
low in all directions. Wollastonite may be determined under
crossed polars as it will change from blue to yellow as it is
rotated along its fiber axis by tapping on the cover slip.
Asbestos minerals will not change in this way.

Determination of the angle of extinction may, when present, aid
in the determination of anthophyllite from tremolite. True asbes-
tos fibers usually have 0 deg. extinction or ambiguous extinc-
tion, while cleavage fragments have more definite extinction.

Continue analysis until both preparations have been exam-
ined and all present species of asbestos are identified. If there
are no fibers present, or there is less than 0.1% present, end
the analysis with the minimum number of slides (2).

(5) Some fibers have a coating on them which makes dispersion
microscopy very difficult or impossible. Becke line analysis or
electron microscopy may be performed in those cases.
Determine the percentage by light microscopy. TEM analysis
tends to overestimate the actual percentage present.

(6) Percentage determination is an estimate of occluded area,
tempered by gross observation. Gross observation informa-
tion is used to make sure that the high magnification micros-
copy does not greatly over-or under-estimate the amount of
fiber present. This part of the analysis requires a great deal
of experience. Satisfactory models for asbestos content
analysis have not yet been developed, although some mod-
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