


2. Chemical Properties—Klemental Analysis by EDS

Azphiboles are nonstochiometric minerals and often contain substitutional
cations in varying amounts. Therefore, precise determination of their chem-
istry 48 difficult and positive fdentiffication based on chenistry alone is not
reliable. This may be partfcularly pertinent when dealing with asbestos
pinerals present 8s minor constituents in mineral samples.

Elemental ratios, which are sometimes used to distinquish between
asbestos types, often vary over wide ranges even in standard samples. The
presence of gold coating, which would tend to preferentially absord x-rays
from lighter elements more than heavier elements, may make the situation even
vorse. In view of these ambiguities, and due to fnherent practical difficul-
ties 4n obtaining representative quantitative EDS elemental analyses from
subnicroscopic fibers, the present Level II and level I1I protocols specify
the use of only qualitative EDS spectra, which are often very valuadle for
screening purposes in the fdentificatfon procedure. For exacple, in distin-
guishing between tremolite and actinolite type of amphibole, actinolite
usually contains Fe, but tremolite does mnote. :

3. Selected Area Klectron Diffraction (SAED)

The method of obtaining an SAED pattern of a randomly oriented specimen
45 usually described in the EM instruction panual, The general directions for
using the {nstrument to obtain and photograph SAED patterns are:

(1) Select the image magnification for the selected area.

(2) Bring the desfred field of view to the center of the
screen.

(3) 1Insert the appropriate field-limiting aperture (sccording
to the desired field of view) into the beam path.

(4) Obtain the sharpest field-limiting aperture shadow.

(5) Confirm that the desfred field of view fs in the field-
l{miting aperture. .

(6) Focus the specimen fmage; & photograph of the selected
area image can be taken.

(7) Obtafn the SAED pattern, remembering to retract the
objective lens aperture from the beam path. The SAED
pattern will be observed on the fluorescent screen.

(8) Select the desired camera length (the shorter the length,
the better for SAED patterns of asbestos taken at high
pagnification).

(9) Focus the SAED pattern sharply. The beam stopper is used
to intercept the bright center spote.
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(10) For photography, the illuzination {s expanded (condenser
reduced) after focusing the pattern, 80 that the pattemn
becomes barely visidle (indistinct). A manual time
exposure of approximately 20 to 30 s (maybe more
depending on such factors as specimen and film) is
required. The beaz stopper can be left in place or
repoved from the beam path 1 to 2 8 before closing the
shutter. A double exposure of the specimen {mage and the
SAED pattern can be taken 4f particle-to-particle spacing
is adegquate.

4. Use of Tilting to Acquire Exact Zooe-Axis SAED Patterns

Determination of tbe Tilt Axis—

In the side—entry type electron microscopes, the fnstrument tilt axis is
always fixed. BHowever, the position of the tilt axis on the viewing screen
shifts with magnification. Also, there {s always an angular rotation between
the fzage and the SAED pattern. It 4s highly desirable to know the location
of the tilt axis on the viewing screen and its relatfonship vis-a-vis SAED
pattern under the operating conditions to pake effective use of specimen
tilting for obtaining exact gone-axis orfentations. The following steps can
be used to locate the position of the tilt axis:

(1) A gold—coated EX grid with a standard asbestos mineral
specipen on a polycarbonste replica film s placed in &
tilt-rotation or doudle-tilt holder and {nserted at 0°
tilt {nto an aligned TEM set at 100 kv, 100 yA, 20,000X
rpagnification, and 20-ym camera length operation.

(2) The fmage is focused on the fluorescent screen, wvhich is
at approximately 16,000X pagnification.

(3) A circular hole in the polycarbonate replica is positioned
{n the center of the field of view.

(4) On tilting, the circular feature changes to an ellipse
" with the major axis unchanged, and ind{icates the position
(direction) of tilt axis at that oagnification. The winor
axis shows the perpendicular direction to the tilt axis.
A high tilt angle defines the tilt axi{s more accurately
than a small tilt angle. Figure AlS 11lustrates the effect
of tilt,.

(5) A doudle-exposure photograph at 0° tilt and at some high
tilt angle, such as 30°, is taken of the focused circular
hole for reference. :

Tiltfng—for sone—-axis SAFD Patterng—

Quantftative SAED requires knowledge of crystallography to obtain useful
zone axis diffraction patterns from which precise mcasurepents can be made for
cozparison with known asbestos standards on file. Thus the Eethod of obtain=-
fng the visual SALD patteIn of randomly oriented specimens, 88 in level I and
11 analysis, is modiffed for quantitative SAED pattern analysis. It requires
tilting of the speciwmen to align major crystallographic directions with the
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electron beam. The zone axis 4s 8 line parallel to a set of dntersecting
crystal planes and nearly parallel to the electron beam. A gone-axis pattern
thus gives regular repeat distances and even intensities of spots throughout
the pattern.

Either a double-tilt or s tilt-rotation type specimen holder can be used
for obtaining zone-axis patterns., A double-tilt holder is often preferred
because tilt-rotation combination involves translational movement of the fiber
during tilting, necessitating constant adjustment of the specimen-positioning
controls to keep the specimen centered in the SAED aperture. On the other
hand, it 4s much easier to obtain an accurate measure of the degree of tilt
and perform systematic tilting with the tilt-rotation specimen holder. It is
only necessary to rotate the specimen (fiber) until the tilt axis (as deter-
mined earlier) coincides with a major row of spots and then tilt until a major
zone axis 1is paral%el to the incident electron beam. Alternstely, fiber axis
of the fiber can be oriented either parallel or perpendicular to the tilt axis
and then further tilting is used to obtain exact zone-axis orientations.

In order to avoid flip-flopping between fnage and diffractfon modes while
tilting, a recommended procedure 15 to defocus the diffractfon pattern (the
aperature becomes visible and the specimen/fiber can be seen in it) so that a
doudble fpage of fiber in aperture can be seen with a poorly focused diffrac-
tion pattern. The movement of the fiber can then be tracked in relation to
the spot pattern during tilting and kept centered in the SAED aperture by use
of the specimen-positioning controls (knobs) of the microscope. Sometimes &
larger aperture aids in the tracking-pattern recognition process.

An experfenced electron microscopist can readi{ly recognize the geometri-
cal features like Kikuchi lines or Laue zones {n the SAED pattern and use
these to obtain the exact zone-axis SAED patterms. A detailed discussion of
Kikuchi patterns and Laue zones and their utility in tilting experiments may
be found in any standard text book on electron microscopy. Use of the double-
tilt specimen holder 1s very helpful and less tedious in tilting experiments.
Bowever, all laboratories may mnot have both types of specimen holders avail-
able. A skilled microscopist can use either specimen holder without ruch
difficulty. Experience and skill are more fmportant factors in SAED analysis
than the type of specfmen holder used. '

5. Characteristics of SAFD Fatterus Eacountered fn Asbestos Anslysis

Successful application and exploitation of SAED analysis in asbestos
analysi{s needs prior knowledge of the general appearance and distingulshing
characteristics of other SAED patterns which are often encountered. The
following discussion summarizes some of the observed SAED features of asbestos
and other related minerals. This discussion is by no means comprehensive and
assumes that the reader is familiar with general crystallography and the
nomenclature pertaining to varous aspects of SAED patterms.

Yi{onesotaite #nd Stilpococlane—

These iron-rich non-asbestos layer minerals are often encountered 4n
asbestos analysis of specimens frouw certain geographic locations. Particu-
Jates of these minerals lie near their basal (001) planes. Stilpnomelane and
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pinnesotaite both possess large superlattices and their commonly observed SAED
patterns are easily distinguishable from amphibole patternms. The spacing (in
reciprocal space) is about half (for minnesotaite) or less than that for most
azphiboles. These minerals can be readily distinguished in Level I or level
11 analyses if 8 gold coating (optional) s applied to the specinen grids. A
visual inspection of the number of rows of spots fnside the (111) gold ring 1s
sufficient to distinguish minnesotaite and stilpnomelane from amphiboles.

Chrysotile—

Due to the cylindricsl lattice of chrysotile the SAED pattern s unique.
The SAED pattern observed is syupetrical about the cylinder axis, x, and the
spacing of the rows of spots is proportional to 1/a, where 3 1s 0.53 nz. The
post distinguishing features of the pattern are the flared spots of the type
(130) which occur in the firt layer lipe. The flaring &s due to the cylin-
drical lattice. A typical EDS spectra shows the presence of only Mg and Si
(Figure All). 3
Aaphiboles—Systematic Absences, Twinning, sod Doudble Diffraction—

The most commonly observed row of diffraction.shots found in SAED
patterns in amphiboles 18 in the y* or b* direction, representing the shortest
reciprocal spacing between the spots (18.4 A in real space). There are many
strong tone axis orfentations containing the y* row of spots. The lattice of
arosite, crocidolite, tremolite, and actinolite is c—centered, and for such a
lattice the h + k odd spots are absent along the y* or b* row. In practice,
hovever, weak spots may be present in forbidden positions due to the presence
of thin multi{ple twinning on (100), which cause streaking parallel to a*,
Often, reciprocal nets from both twins are present in the same SAED pattern.
In a twinned crystal, the number of {mportant diffraction nets containing b#*
{8 doubled, leading to the observation that the diffraction patterns appear
{nsensitive to tilt.

In some cases SAED patterns can contain spots from both twin individuals
vhich overlap. BEowever, not all th- epots present in the composite SAED
patterns are generated by the overla;ping nets; some spots may be present
because of double diffraction where a diffracted beanm from one twin becomes
the transzitted beam when it enters the other twin.

The purpose of the above discussion 18 to point out that elthough many
complicatfons exist in the analysis of SAED patterns, these can be overcome;
{fn a good goniometric tilting stage wmost amphiboles can be fdentified by SAED
analysis. .
A—osite— : :

The nearest reciprocal lattice section to the (100) direct lattice plane
in amosite is (301)* and it is also the most comronly observed section. Due
to the presence of the thin (100) twins, this section closely resembles (100)*.

Typical EDS spectra from amosite fiders (Figure All) show mainly Si and
Fe with scaller amounts of Hg and Mn. Mn is frequently observed a&s a substi~
tutional cation in amosite.
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Crocidolite— .

Most of the commonly observed patterns are ssymzetrical and cannot be
indexed easfly. However, they all show rows of spots separated by &
reciprocal repeat (R) corresponding to the fiber axis (0.53 nz).

The main elements observed in typical EDS analysis are Mg, 51, Ca, and
Fe. Na, which 15 usually present in crocidolite, may not be detected in gold-
costed specimens because of absorption, or because of overlapping secondary
peaks from the copper grid.

Tremolite-Actinolite—

Temolite and actinolite show a variety of SAED patterns which have very
sizilar appearances. In actinolite some of the Mg is replaced by Fe, with the
result that interplanar d-spacings of sctinolite are slightly larger than
trepolite. In both tremolite and actinolite, the main elemental constituents
are Mg, Si, and_Ca. Actinolite also contains some Fe.

Antbophyllite— :

Even though anthophyllite has an orthorhombic crystal structure, its
commonly observed patterns are similar to the monoclinie anphiboles. Antho-
phyllite fibers dehydrate more easily in an electron bean and are, therefore,
more difficult to study.

EDS elemental analysis shows the main constituents to be Si and Mg with a
small amount of Fe. :

6. Determinatfon of Caxera Constant and SAED Pattern Analysis

As mentfioned earlier, a thin film of gold is evaporated on the specimen
EM grid to obtain zone-axis SAED patterns superimposed with 8 ring pattern
from the polycrystalline gold film. Since d-spacings corresponding to identi-
fiable gold rings are known, these can be used &s an internal standard in
peasuring unknown d-spacings on an SAED pattern from a fiter. The precision
of measurement {8 as good as the quality of the photograph (or negative) and
usually the measurements should be in the order of 0.1-0.2 o with &n angular
tolerance of 0.5-1.5 degrees. The measurements can be made by several
methods: manually with a ruler, with a mechanical aid, or a densitometer,
etc. The patterns can be read directly on the developed negstive or on an
enlarged non—glossy print, .

In practice, it is desirable to optimfze the thickness of the gold film
so that only one or two sharp rings are obtafned on the superimposed SAED
pattern. Thicker gold film would normally give rultiple gold rings, but it
wvill tend to mask weaker diffraction spots from the unknown fibrous particu-
lates. Since the unknown d-spacings of most interst in asbestos analysis are
those which 1fe closest to the transmitted beam, multiple gold rings are
unnecessary on -zone-axis SAED patterns.

7. Detervinatfon of Cezera Constant Using Gold Rings

An average camera constant using multiple gold rings can be determined as
explained below. However, in practice, in most cases deteruination of the
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average capera constant {s not pecessary and thicker gold films are not
desirable. The camera constant, CC, 15 1/2 the diameter, D, of the rings
tipes the interplanar spacing, d, of the ring being measured and is expressed
86

cctam-t) = 222 x aqn)

The value of d for each ring can be obtained from the JCPDS file.

(a) Measure the diapeters (two perpendicular jocations) of the
gold rings in mz 86 precisely as possible (see Figure
Al6).

(b)' Measure as many distinct rings as possible to wininize
gystexatic errors.

(c) Example: if the measured values in mn are Dy, D2, D3, Dus
and Dg, these will represent, respectively, d-spacings of

4.079 4.079 4.079 4.079 4.079
’ —, and — A

s 2 g m ‘13

(d) The camera constants will be:

D, D,

cc, = }—x-"-;?sng-—z——x 2.355
D )
2 4,079 2

CCz - -i—x-———z——-—z—-x 2-0"
p )
3 3

cCy = 7—-: ﬁj%;g --i—-x 1.442
D, D,

e = x99 . " x1.23
b 2 /11 2
Dy Dg

cC - - X 34912 =-—x 1.178
s © 77 g 2

(e) The cacera constant for the SAED pasttern is the average of
cc,, cC2, CC3, CcC,, and CCs. Table 2 presents an exanple
of camera-constant deternination.
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TABLE 2. DETERMIKATIOR OF CAMERA CORSTANT (EXAMPLE)

Ring Dy readings Mean Dy d-spacing, 61 Camera constant
No. ¢ ) (om) ) C - DilZ x d
1 23.0, 22.0 22.5 2.355 26.5
2 27.4, 27.6 27.5 2.04 28.0
3 37.8, 38.2 38.0 1.44 27.4
4 44,6, 45.4 45.0 1.23 27.7
Mean Value of _ ECi _ 26,5 + 28.0 4 27.4 + 21.7

Canera Constant n A = 27.4 (mz-R)

8. Mcasuresent of d-Spacings and Interplanar Angles

The gold film, because of its small, randomly oriented crystallites,
produces a ring pattern superimposed on the SAED pattern from the fibers. The
dispeters of the gold rings correspond to known values of d-spacings, and this
provides an internal standard to correct for inherent uncertainties present
due to varistions i{n instrumental and/or operating conditions. Since the d-
spacings of interest on SAED patterns are vsually the ones that lie closest to
the center spot (transmitted beam), a camera constant measured from the first
gold ring in the direction of peasurement of d-spacings will usually give
better accuracy in computed spacings than the use of an average camera
constant. This method will account for any distortions i{n the symmetry of the
gold ring pattern. The zone-axis SAED pattern usually has several rows of
spots within the circular pattern of the gold rings. These rows of spots
contain fnforzatfon about the two sets of planes in the crystal structure and
the angle between them. The following procedure outlines the steps necessary
to obtain the distances between planes (d-spacings) and the corresponding
{nterplanar angle, 8 (see Figure Al7):

(1) From the spot pattern, determine the row with spots wost
closely spaced, and designate this as a horizontal row.
Draw a fine line to show the row through the origin, and
designate this the zeroeth row. Drav fine lines to show
the first and succeeding horizontal rows. For a few
horfzontal rows, weasure the mean spacing between adjacent
spots (or the minimum vector):

. Distance between spots m units apart
i m

X

wvhere m I8 chosen as an optf{mum nusber to minimize
measurement errors. The mean horizontal epot distance, X,
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(2)

(3)

equals the summation of Xy divided by the number, n, of
rows peasured. The d-spacing in A corresponding to this
vector is the camera constant divided by X, and 1s labdeled
d2. Table 3 presents an example of spot spacing
measurement within a horizontal row.

The perpendicular distance between two adjacent horizontal
rows 48 sizilarly measured. This interrow spacing, Z, 4s
the mean separation between horiziontal rows, snd equals
the distance between s number of rows divided by the
pucber of spaces. This distance 48 an additional vector
for comparison that coincides with the slant vector, d;-
spacing, when angle 8),2 is 90°., The row-spacing (R)
equals the camera constant divided by Z. Table 3 presents
an exacple of perpendicular spacing between horizontal
rows; Figure Al7 1llustrates spot and row spacing.

To obtain the d&;-spacing and corresponding angle 01,2, &
perpendicular 48 drawn to the zeroeth horizontal row
through the orfigin. A line ie drawn to the first spot to
the right of the perpendicular in the first row and
extended through the succeeding rovs. This line, called
the slant vector, forms the acute angle 6,2. The mean
spacing, Y, between spots on the slant vector can be
peasured by dividing the maximum distance between spots by
the nuzber of spaces between them, or by calculating from
the interrow spacing:

R

¥ sin 8)42

The d-spacing in A corresponding to this vector is the
camera constant, CC, divided by Y and labeled d;.

CC x sin 8,7

C
() = . -5

Figure AlB illustrates the relatfonship of di, d2, 61,2
and R. In some cases, the interplanar angle 61,2 may be
pore than 90 degrees (not shown in Figure Al8). *

Sur—ary of Data from Bach SAED Pattern:

(a)

The capera constant, CC, as determined from the gold
rings, normalizes the distances on the SAED pattern
regardless of such factors as magnification and tiltinge.
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TABLE 3.

DETERMIRATION OF SPOT SPACINGS (EXAMPLES)

Separation

Reading (zn)

Units

Mean spacing,

X, (R)

Spot spacing within 8 borizcatal row, dat

1 49 16
2 42.7 14
3 L ——

d-spacing 32%%%

3.006
3.05

3,028 = Mean

= 5,05 l

Perpendicular spacing between borfzontal rows, R:

) | 43 8 5.0375
5.0375 = Mean
d-spacing, R = -52%%;3 = 5,44 A
Note: It I8 prefereble that the camera constant

values used in computing d-spacings are measured
from the first one or two gold ring diameters in
the direction of d-spacing weasurement.
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(b) The paraceters of i{nterest are: .
e d-spacing of spots in 8 horfziontal row: cc/x = 42
e d-spacing of spots in the slant vector: CC/Y = -
e angle 81,2 formed between &8 horizontal row and slant
vector
e d-spacing corresponding to TOV separation as &an
additional parameter of interest: cc/z = R,

It should be noted that the use of camera constant in the forn used here
{n calculating d1, d2, and R, which are pmeasured in reciprocal space on SAED
patterns, automatically converts the calculated pumbers into real space
spacings, which are then compared to those from & sufitable standard file.

9. Identification of Toknovo Fibers

Unknown d-spacings (d) and d2), interrovw spacing (R), and {nterplanar
angles (8) measure from zone-axis SAED patterns of unknown fibers are
cocpared with corresponding known values tabulated in JCPDS powder diffraction
files, or those cozputed using Jattice parameters and crystal structures of
candidate asbestos pinerals, or with the values contained in an internally
developed file from standard specimens of candidate minerals. Tadble 4 is an
exacple of the I1TRI gtandards file (Jones et al., 1681). Figures Al9 to A22
are exacples of gone-axis SAED patterns.

Unknowns are matched &s closely as possible to the file parameters for
positive 4dentification. Bowever, considerable care and conpetent judgment
are required in Level 111 confirmatory analysis. For example, axphiboles are
usually nonstochiometric pinerals, and thus & perfect match may not be possi-
ble between the d-spacings and interplanar angles determined from unknown
fibers and those available from standard minerals. JCPDS Powder Diffraction
files do not 1list interplanar angles. Since axphiboles have low-symmetry
crystal structures, tabulated values of d-spacings and {nterplanar angles
would be extensive and very expensive to generate, and to get an accurate
patch may not be possible because these tables are derived assuming certain
lattice paraceters which may pot be the same as those of the unknown fibers
being analyzed. Given these ioherent uncertainties, {t would seem that use of
{nternally developed SAED files consisting of several readily accessible
orientations (by virtue of patural habit of amphibole fibers) from standard
azphibole species could elirinate a lot of tedious uvnnecessary work and yet
provide reliable data for cozparison and {dentiffcation of unknown fibers.

In practice, SAED analysis combined with qualitative EDS analysis may
help resolve certaln cases where a close match in d-spacings and interplanar
angles s not possible. FoT difficult specimens or SAED pattermns of contro-
versial nature, a second opinion may be necessary, especially if a legal case
{8 {nvolved.
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TABLE 4.

COMPARISION OF d-SPACINGS FROM SAYD FILE
"ARD POWDER DIFFRACTION FILE (RXAMPLE)

Interna)l Standard File Data

Powder Diffraction
Pile Data (1975)

Interrow File
Axphibole Zone é; 42 [} spacing, R 4 d2 index
type axis (r) (R) (deg) 1) ) ) noe.
Anosite {100) 5.3 9.14 90.0 5.3 5.22 9.20 17-725
[301) 1.79 9.26 84.0 -— 1.76 9.20 17-725
{101} 4.88 9.23 74.0 5.17 &.84 9.20 17-725
> [(T01) 414 9.11 78.0 4.21 4.10 9.20 17-725
.f5101 5.22  5.13 95.0 -— 5.22 S.12 17-725
Crocidolite {100} 5.22 B8.97 90.0 5.22 5.20 9.02 19-1061
{101} 4.94 9.05 75.0 5.19 5.89 9.02 19-1061
[T10) 4.79 8.19 79.0 5.23 4.89 8.40 19-1061
[301) 1.75 8.97 83.5 - 1.76  9.02 19-1061
(310]) .12 5.12  96.0 —_ - - 19-1061
Tremolite [100] 5.04 9.03 90.0 - 5.07 8.98 13-437
(101} 4,83 9.03 75.0 —_ 4,87 8.98 13-437
(201)  2.59 8.97 80.5 - 2.59 8.98 13-437
{307) 1.72 8.98 83.5 —_ 1.69 8.98  13-437
Anthophyllite [100]  — — 90.0 5.24 5.28 8.90 9-455
[(T42) 4.56 4.56 60.0 —_ 4,50 4,50 9-455
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SECTIOR 7

ARCEIVAL SAMPLES

DISCUSSION OF PROTOCOL

Sazples that have been collected on filter substrates other than poly-
carbonate, or that have been collected without regard to filter loading
levels, are referred to as archival sasples. These sacples were usually
collected for other analytical objectives, such as for optical microscopy or
gravimetric analysis, for defined sampling periods without regard to concen-
tration levels in the air, or for collection of particles larger than 10 ym in
diameter. Such saxzples were historically collected, and are of value and
{nterest in determining the presence of asbestos fibers and/or structures.
Filter substrates designated as archival samples include glass fiver filters;
cellulose or modified paper filters; cellulose ester filters; other organic
. polymeric wecbranes, such as polystyrene, nylon, and polyvinyl chloride; and
all overloaded organic polymeric membrane filters.

The purpose of the preparation step is to transfer particles from a
filter surface to an EM grid with a minimum of distortion in morphology and
gize distribution. The nature of nmon-polycarbonate filter substrates or
particle loading makes it sometimes necessary to transfer a satisfactory
quantity of particles to a polycarbonate filter prior to transfer to the EM
grid. At present, only transfer to an EY grid from : polycarbonate filter has
been standardized.

A podified preparation technique is recomzended for archival sacples,
followed by the analytical methodology using level 1, Level 1I, or level IIIl
effort-—ith the understanding that these samples will indicate the presence
of asbestos, and secondarily the number, size, distribution, and morphology.
The results from sample to sacple are less precise due to problems in
standardizing the preparation procedures used for archival samples.

The archival filter samples are prepared for analysis based on the
inforzatfon sought, type of filter material, and particle loading on the
filter. The various preparation techniques for these f{lters include:

(1) Individual particle picking and/or reverse washing of the
filter, with subsequent filtration of the filtrate using a
polycarbonate filter.

(2) Collapsing the wembrane filter structure by exposure to
gsolvent vapor (surface fusion), to produce a more uniform
substrate for replication and grid transfer,

60



(3) Solubilizing filter material in selected solvents,
followed by separation of particulates.

(4) 1lowv temperature ashing (LTA).

Two preparatfon methods are recommended based on filter loading and type of
filter material: surface fusfon, and LTA.

DESCRIPTION OF METRODOLOGY

Because the greatest number of archival sanples have cellulose ester
substrates, this type of filter paterial 1s used in exanmples describing the
pethodologye.

1. Saaples with Adequate loading

Discussion—

As an example, samples collected on cellulose ester filters have been
received by a laboratory. Direct transfer of the particulates to the E¥ grid
{5 possible using acetone as the solvent in a modified Jaffe wick washer.
However, & question arises concerning indeterminate particle loss in the
transfer. Carbon-coating the cellulose ester filter prior to grid transfer
pinipizes particle loss. Eowever, this fmprovement in particle count 1s
offset by difficulty in visually observing and counting the fibrous particles
against a replica background of the uneven surface topography of the cellulose
ester filter, and by indeterminate loss of very spall particles hidden in the
crevices of the uneven filter surface. The NIOSH method of surface fusion
(Zuzwalde and Dement, 1977) is relatively relisble, and produces a more
consistent result, although the question of loss of the very small particles
has not been resolved. LTA, described later {n this gsection, may also be used
for these samples.

Procedure—

The NIOSH technique, a modification of a particle-transfer technique
developed at Los Alamos Scientiffc Laboratory (Ortiz and Isom, 1974), is
described as follows:

(1) A section of the menmbrane filter is cut with a scalpel, and
placed on a clean microscope slide with the sampled side
facing up.

(2) The cut section is fastened on all sides to the slide vith.
narrov strips of transparent tape.

(3) The slide, with the cut section, is exposed to acetone vapor
(not liquid) for approximately 10 min. The acetone vapor
collapses the structure of the filter and produces a fused,
relatively smooth-surfaced f1lm. The size of the acetone
vapor bath and time of filter response to the vapors are
critical in obtaining the desired smooth, fused surface;
each laboratory nmust determine fts own opt{rum conditions.

(4) The fused filter section is placed on the rotating stage of
the vacuum evaporator for carbon-coating.
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(5) A 3ux-diameter portion of the carbon-coated filter 1f

transferred to a carbon—costed EM grid in the modified
Jaffe wick ‘washer.

(6) Acetone is used in dissolving the fused membrane filter.

(7) Transfer to the grid ‘snd options for analytical efforts
vere described previously.

2. Ssaples with Beavy loading

Discussion—

As an example, samples collected with a heavy deposit of particulates
have been received by 8 ladboratory. These particulates may be organic in
pature (for example, pollen or soot), or of mineral matter. LTA is used to
recove the organic saterial (filter as well as particulates), leaving the
fnorganic residue. The residue is gently resuspended and dispersed in
filtered distilled water by ljow—wattage, short-time vitrasonificatfon. The
resuspension is then f{ltered onto a 0.1—ym (pore size) polycarbonate
filter. The dry, particulate-loaded polycarbonate filter {8 then carbon-
coated and transferred to EX grids for analysis as described previously.

Low texperature ashers are available with one, two, or four chanbers.
The following modifications ginimize contamination in using these units:

(1) A single chamber is dedicated for ashing samples for EM
ana;ysis.

(2) An in-line filter is placed in the oxygen supply between
the regulator and entry into the ssher.

(3) For models with direct access to ambient laboratory air om
cozpletion of ashing and return to acbient pressure, &
filter is placed in the inlet line to prevent laboratory
sir from being sucked into the chamber.

In using the gsir;le-chamber sethod, a blank test tube and the sample tubes (up
to four, for a total of five in a 10—<cm-diameter chanber) are placed in the
chazber lengthwise, with the opening facing the doorTe

The filtration step is also used in diluting the inftial heavy
particulate losding. Filtration of alfquots is not reconzended to obtain
different levels of loading on the new filters; a representative sacple from
each aliquot in the €{1tration of suspefsfons is difffcult to obtain.

Instead, for heavy loadings, different known areas of filter segments (one-
eighth, one-fourth, or one-half of the filter) ghould be ashed so that the
entire contents of the resuspension tube can be f{ltered onto efther a 25-mm-,
37-un~-, or &47-um—diameter polycarbonate filter for the desired dilution.

Distilled water is filtered through a 0.1—ym (pore size) polycarbonate
filter prior to use. All glasswvare is vashed with soap and water, rinsed with
acid, and then rinsed with particle-free distilled water. The dedicated asher
chamber {8 carefully wiped with danp lens papers '
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LIA Procedure—

The LTA panufacturer's instructions are followed since the pover required
for one, two, or four chambers, the mass (glassware plus sample) placed in the
chapber, and the des{red rate of ashing all vary. In general, the following
steps are performed:

(1) Each filter segment with a known deposi{t area is carefully
placed in a clean test tube (13 wm x 80 an) using a clean
tweezer.

(2) With forceps, the tubes containing the sample, and one lad
blank (unused filter segment of the same size and type of
filter material as the sample) are placed lengthwise, side
by side in the chamber, with the mouths of the tudbes facing

- the open end (door) of the asher chanber. The tudbes are
jaid in ghe center of the chamber within the region of the
coils surrounding the chamber. Up to four sample tubes and
one blank can be laid like logs inside the chamber.

(3) The pover'is slowly and carefully increased to prevent
“flashing”™ of the filter, which would result in loss of
saxple.

(4) The filter membrane vanishes in about 30 pin; ashing is
continued for another 2 to 3 h to ensure couplete ashing.
The chamber is slowly allowed to reach smbient pressure.

(5) The test tubes are carefully removed and placed in a
besker, covered, and stored on & class-100 clean bench for
resuspension.

Resuspension (Sonification) Procedure—

Ultrasonification s used in resuspending and red{spersing the ash
resulting from the LTA. The superfority of a probe-type ultrasonic device
over a bath-type device has not been demonstrated., Bowever, the criteria of
lov energy and minimum sonification t{me appear valid. The probe-type
{nstrument is more readily calibrated (desired reproducibility), but requires
a larger volume of suspension to work with., The bath-type {nstrument s more
difficult to calibrate, and {s usvally of fixed wattage. A generalization is
that probes are used for dispersing, baths for cleaning. Recently, a bath-
type ultrasonic unit (Ladd Research Industries, Inc., Burlington, Vermont)
with a varfable power source and timer has becone availadle that appears to
have the advantages of both types of ultrasonic devices.

The resuspension procedure is as follows:
(1) 10 mL of filtered distilled water {8 added to each test

tudbe.

(2) Esch tube {s placed in a 100-ml beaker containing 50 mlL of
waters.

(3) The besker, with the tube, is placed in the low-energy
ultrasonic bath.
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(4) Ultrasonic energy of about 50 to 60 W (60%) is applied for
3 pin.
Filtrstfoo Procedure—

Liquid filtration of suspensions for EM exapination using polycarbonate
filters is one of the more difficult procedures to standardize. Variations inm
the nature of the filter paterial, geometry and distridbution of pores, and
pethod of manufacturing gpake it difficult to obtain 2 unifora deposit of
particulates on the filter. The following procedure 1is used for consistency
in the filtration procedure:

(1) A filtering apparatus having a f{1ter size adequate for the
desired dilutfion--preferably 25-mn or 47-u dispeter—1s
sssexbled. A polycarbonate fi1ter (0.1-ym pore size) 1s

Lused shiny side up for the deposit, with a cellulose ester
filter (¥#um pore size) as 8 backing filter on the glass
frit.

(2) While dry, the filters are centered and suction is applied.
The filter funnel is mounted on the centered, perfectly
flat filters with the vacuum On.

(3) The vacuum is then turned off. A 2 oL amount of particle~-
free distilled water is added to the filter funnel,
followed by careful eddition of all the water in the test
tube containing the diepersed ash. The test tube 45 rinsed
twice with particle-free distilled vater, and the contents
are carefully added to the filter funnel.

(4) Suction is then applied; neither rinsing the filter funnel
por adding extra liquid is permitted during the entire fil-
tratfic processe.

(5) At th :nd of fi{ltration, suction is stopped.

(6) 1f po::’ble, the filter is dried on a glass slide or holder
that can be placed directly {n tl.: vacuum evaporator for
carbon-coatinge.

(7) The dry filter is stored in a disposable Petrd dish (taped
" on a glass slide), or in the gspecial holder, until ready
for cerbon-coating, grid transfer, and EM analysis.

(8) The effective area of the redispersion filter and the area
of original filter deposit cut for ashing nmust be recorded
(ashing factor) for inclusfion in analytical data reduction
and reporting.
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SECTION 8

BUOLK-SAMPLE ARALYSIS

DISCUSSION OF PROTOCOL

Bulk samples may be air samples collected in large volumes using electro-
static precipitators, bag collectors, or high-volume samplers, for example; or
they may be original pieces of source material containing asbestos, such as
{nsulation, asbestos paper products, and asbestos cement products.

Efficient usage of the three levels of analysis requires effective com-
munication between those requesting an analysis and those responsidble for con-
ducting the analysis. Personnel requesting an analysis must understand the
lipitations of each level of analysis by EM. For example, regquesting EM
analysis of a bulk-material (solid) sample, where there {s marked disagreement
regarding the presence of asbestos (amphibole), and using Level I (screening)
analysis, are incompatible. Bulk-material samples require grinding for analy-
sis; grinding requires care to minimize such problems as contamination, change
{n size of the asbestos fiber, Increase in fragments that morphologically meet
the criteria of & fiber, possible change {n the relationship of asbestos to

nonasbestos components, and possible destruction of asbestos fiber crystal-
1inity.

Following grinding, bulk-materfal samples should first be analyzed by
PLM, followed by XRD, if necessary. XRD provides information on samples
having asbestos concentratfon levels of at least 2%. PLM provides Information
on asbestos and nonasbestos components, as well as on the size of the asbestos
fibers in the solid-bulk phase. The additional information aids i{n EM
analysis of these samples at the selected level of analysis.

DESCRIPTIOR OF METRODOLOGY

1. Polarized Light Kicroscqgi}

Analysis of bulk samples, such as insulatfon material, for component
{dentificstion and for determinatfon of the type and concentratfon of asbestos
present 1s best accomplished by PLM, With the polarized light microscope,
particle properties--such as color, morphology, refractive index, bire-
fringence (which {ndfcates a crystalline substance rather than an 8morphous
substance), surface texture, reflectivity, and wagnetism—can be observed and
determined. Determinatfion of such a large number of particle properties
allows 1dentification of specific particle types, in most csses. For example,
smorphous slags and crystallfne minerals are common nonfibrous filler compon=-
ents of fnsulation materials that can be essily distinguished by PLM.
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2. IX-Ray Diffraction Analysis

IRD has been successfully used to measure asbestos content in both
aerosol sacples and bulk sazples. The reported values for sensitivity and
accuracy vary depending on the exact technique, but recent reports quote
sensitivity values of about 1T chrysotile, whereas 5X was more comzon when the
technique was first deoopstrated. Much of the fmproved sensitivity derives
from sample preparation techniques, which are important i4n XRD, but digital
data collection and use of such sccessories as x-ray sonochrozators to reduce
background are also {zportant.

While 1% sensitivity has not been demonstrated for asbestos materials
other than chrysotile, the same sanple preparation procedures are applicable
to other mineral forms, with comparable sensitivities expected in cases with
serious Interfering lines. Interferences would hinder the analysis for
chrysotile as well as for other asbestos minerals. Considering that the high-
sensitivity procedures have been only partially demonstrated at the 1% level,
a sensitivity of, say, 2% is probably a more realistic expectation for
asbestos minerals in general.

3. Rlectron Microscopy

For bulk-air samples, asbestos analysi{s by EM entails an sddition to the
sacple preparation procedure to attain a representative powder sample at &
suitable concentration level to be placed on the EM grid. This additional
step s similar to the method used in preparing standards of known asbestos.
The finely divided powder sanples are split into representative fractions, and
a szsll, weighed portion is suspended in a known volume of filtered distilled
water containing 0.1% Aerosol OT.t A mild vitrasonic treatment is used to
disperse the particles. pifferent known volumes of suspension are filtered
through a 0.1—um (pore size), 25-uwz—diameter Nucleporet membrane filter. The
dried Nuclepore filter s then carbon—coated and transferred to an B grid
using the refined Jaffe wick technique described previously.

Bulk—s0lid saxples are geotly and slowly ground to 8 powder for EM
analysis to minfcize Jocalized heating; the powder is then prepared for the EM
grid by the method described for bulk-air samples.

Por EM analysis of bulk-air samples, a weighed portion {5 suspended in
filtered distilled water, deagglomerated in an ultrasonic bath, transferred to
a volumetric flask, and brought to volume with filtered distilled water. An
aliquot is then filtered onto a 0.1—m (pore size) polycarbonate filter using
a 5.0-ym (pore size) cellulose ester filter as a back-up filter on the
f{ltration apparatus, The dried polycarbonate filter is then carbon-coated.

A 3-mm x 3-um portion of the carbon-coated filter is then directly transferred
to a 200-mesh carbon-coated copper EY grid using the refined Jaffe wick washer
technique. EM analysis based on Level I, II, or 1II effort {s then performed.

% Figher Scientific Co. (Cat. mo. 50-A-292), 711 Forbes Ave., Pittsburgﬁ, Pa.
t Nuclepore Corporatiom, 7035 Commerce Circle, Pleasanton, Calif.
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SECTION 9

NUMERICAL RELATIORSEIPS AND ARALYTICAL AIDS

The fibrous structures (fidbers, bundles, clusters, and wmatrices) in an
air sample are to be counted, sized, and identified as asbestos or nmon-
ssbestos. An air sample ranging from 1 to 5 m3?, depending on its total
suspended particulates (TSP) content (in ambient afr, the average TSP is
between 30 and 300 pg/m?) is drawn through & 37-mm filter (effective
filtration area of 8.6 cu?) or a 47-um filter (effective filtration area of
9.6 cm2)., The asbestos content, unlike a prepared laboratory standard or
sacple, is a very small percentage (less than 1X) of the particulate loading
(TSP content) collected on the filter surface.

Two small eircular sections of the filter of approximately 3-mm diameter
are transferred to BEM grids for transrission electron microscopy. Either one
or both EM grids are exaxzined for asbestos content; 10 random grid openings
are exarined for each EM grid. Each grid opening measures approximately 85 ym
x 85 ym. At 20,000X magnification, a field of view of 4.5 ym x 5.0 ym s used
in the examination. Th{s approximates to about 300 fields per grid opening or
3000 fields of view per grid examined (6000 fields for two EM gride) if less
than 100 asbestos structures had been found. Unlike a field blank or
laboratory blank, the statistical significance of obtaining a low asbestos
count in the midst of atzmospheric clutter needs to be recognized.

LIMITS OF DETECTIOR

The min{mum detectfon limit of the EM method for counting airborne
esbestos fibers varies depending on the amount of total extraneous particulate
matter in the sample, and on the contarcination level in the laboratory
environment. This limit also depends on the air sampling parameters, loading
level, and EM parameters used. For example, sssuming that a fiber count has
an accuracy of 21 fiber, when 10 full-grid openings are scanned, each grid
opening having an average area of 0.72 x 107% cm2, the detection limit is
determined from the equation

1 x Area of filter (cm?) x |
10 0.72 x 10 % (cm?) Volume of air (m3)

Detection limit =

The minirum detection limit, then, 18 lower for very dilute samples.
Exsrining full-grid openings leads to a lower value of the ninimum detection
linft because of the large area scanned, as compared with the field of view
method. With a given sample, the detectfon 1limit can be lowvered cons{derably,
but the required experimental effort fncresses. The guideline of using 10
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full-grid openings represents & judicious compromise between a reasonable
experimental effort and a fairly low value of the detection 1{mit. Bowever,
using two or more TEM grids reduces the detection iipit further and improves
the precision of the estimates.

STATISTICAL METBODOLOGY

Several statistical strategles have been used to characterize airborne
asbestos distributions and estimate the abundance of asbestos fibers in a
given saxple. These pethods range from simple tabulation of observed frequen-
cies of fibers across grid opening samples to the fitting of statistical prob-
ability distribution such as the Poisson. This statistical section outlines a
general methodology for fitting observed data to a statistical probability
distribution (either Polsson or normal depending on the fit of the former)e.
The mean and 952 confidence {nterval are then estimated and used for the
purpose of sazple ¥escription and draving inference regarding the abundance of
airborne asbestos fibers in the environment in which the sacples were
obtained.

As an illustration, consider the hypothetical data in Tadble 5.
The expected number of grid openings with no fibers 1is:

Ne=U = (98) (e~3:0204) = 4.7806

The expected nymber of grid openings with 1, 2, 3, +.s fibers are found by
pultiplying Ne“ by G/r , 1.e., 4.7806 x 3.0204, 4.7806 x 3.0204/2, 4.7806 x
3.0204/3, successively.

To test the fit of the Poisson distribution to the odserved data we
compute a chi-square statistic, x2 = I (observed - expected)?/expected = 8.26.

c:nce there are nine different observed frequencies ({.e., nunbers of
fibers) there are 9 - 2 = 7 degrees of freedom (since we estimate one
paraceter). The probability of Xaz - 8.26 15 p = 0.4; therefore, we conclude
thet the Poisson distribution fits the observed data.

In certain cases, the observed frequencies will not have a Poisson

distribution (as determined by the previously described chi-square statistic).
In this case we estimate the mean (X), varfance $2, and 95X confidence 1imits
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TABLE 5.

HYPOTHETICAL DATA

No. of fibers

on grid 1
opening Observed# Expected Observed Probability
(r) frequency (f) frequency - expected (r)
0 3 4.78 -1.78 «049
1 17 14,44 +2,56 o149
2 26 21.81 +4.19 0224
3 . 16 21.96 -5.96 0224
4 18 16.58 +1.42 «168
S 9 10.03 -1.02 «101
6 ) 3 5.04 -2.04 «050
7 5 2.18) +2.84 022
8 0 0.82
9 1t 0.27} 1.20 -0.20 .003
10 0 0.08 |
11 or more . _0 _0.03]
Total 98 $8.0

* The number of grid openings showing that number of fibers.

t We combine adjacent frequencies to get a minimum of 1 fiber per group.
Assuring a Poisson distribution, the mean $s8 u = g fr/zf = 296/98 = 3.0204.
That 48, the sum of the product of the observed frequencies and number of

fibers divided by the sum of the frequencles,

69



assuzing normality. The 95% confidence limits are computed as 8 function of
the sacple variance and t distribution.

k " n 32
Dl -fr X
4 i
S? w i=) i=]
n(n - 1)

vhere k is the number of grid openings, n 1is the total number of fibers found,
and Xy is the nuzber of fibers found in grid opening 1.

The 957 confidence limits are given by

N F1t8

- /o

-

where t is the value of the two-tailed t distribution for probability p <.025
and n - 1 degrees of freedom. :

1. 951 Confidence Linits for a Poisson Variate

To generate a level of confidence regarding our estizate of the number of
asbestos fibers per grid opening, & 95% confidence limit can be derived. For
counts of O through 20, Table 6 may be used.

For exazple, if out of 20 grid openings 15 fibers are found, the 95X
confidence limits are obtained by taking the lower and upper bounds from Table
€ as 8.40 and 24.74. Then per grid opening, the 95% confidence limit 1s
8.40/20 to 24.74/20, or 0.42 to 1.237 fibers per grid opening.

Tor counts greater than 20, & girple normal approximation i{s computa-
t{onally convenient. The norzal approximation is A = Lt y*( ) where L 18
the observed count, Sy 1s /L , and x* 18 1.96 or 2.58 for the 951 or 992
confidence lirits, respectively.

For exazple, 1f 35 fibers were observed from fnspection of 20 gria
openings, L = 35, = /35 = 5.91, & = 35 %1.96 (5.91) = 23.4 to 46.6 or
23.4/20 = 1.38 to 46.6/20 = 2.74 fibers per grid opening.

2. Coaparison of Two Poisson Varistes

In certain cases, a pew test sapple is compared to a "blank” or "control”
sacple. Table 7 gives those differences between control and test samples that
are significant at the 5% level.

Inspection of Table 7 reveals that the minimal detectable difference
between test and control samples 48 S fibers in the test sample and 0 fibers
{n the bdlanks. Typically, {nspection of 20 grid openings for & blank control
reveals between O and 5 fibers. At the upper bound (i.e., 5 fibers in a
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TABLE 6. 95 PERCERT CONFIDENCE LIMITS

’ 95 Limits

No. of Fibers Lover Upper
0 0.000 3.69
1 0.0253 5.57
2 0.242 7.22
3 0.619 8.77
4 1.09 10.24
S 1.62 11.67
6 2.20 13.06
7 2.81 14.42
G 3.45 15.76
9 .12 17.08
10 4.80 18.39
11 5.49 19.68
12 6.20 20.96
13 6.92 22.23
14 7.65 23.49
15 8.40 24.74
16 9.15 25.98
17 9.90 27.22
18 10.67 28.45
19 11.44 29.67
20 12.22 30.89
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TABLE 7. CONTROL AND TEST SAMPLE D1YFERENCES

Fider Count Piber Count
Control Test sample Control 1est sample

1 6 21

2 6 22

3 7 23

4 7 24

0 5 7 25
0 6 8 26
0 7 8 27
1 8 9 28
1 9 9 29
1 10 10 30
2 11 10 3l
2 12 10 32
3 13 11 33
3 14 11 34
3 15 12 35
4 16 12 36
4 17 13 37
5 18 13 38
S 19 13 39
5 20 14 40
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control sample), 18 fibers 4n the test sample are required for statistical

significance.

This estimate of 18 fibers may prove useful for establishing an

asbestos detection limit criterion.

MAGNIFICATION CALIBRATIORN

The following steps should be performed to calibrate the magnification of

the EM:

(1) Align the EM using the manufacturer's instructions.

(2) Insert mag-calibration grating replica* (with 54,864 lines per
inch, or 2160 1ines per mm) in the specimen holder.

(3) , Switch on the beam, obtain the image of the replica grating at
20,000X wagnificatfon (or at the wagnification at which the
asbestos samples will be analyzed), and focus.

(4) 1If the fluorescent screen has scribed circles of known
diameters, alfign one line tangentially to the circunference of
one circle using stage control. Count the number of lines in
a dismeter perpendicular to the lines. In most cases, the
other end of the diameter will be between the ntP and nth 4 1

line.

The fractfonal spacing can be estimsted by eye.

Alternatively, the separatfon between lines can be estivcated
using the scribed circles.

(5) I1f X 1ine spacings span Y mm on the fluorescent screen using
this grating replica, the true magnification, M, is given by

_ Y x 2160

K X

The readings should be repeated at different locations on the
replica, and the average of about s8ix readings should be taken
as the representative or true magnificatfon for that setting
of the E¥, as in the following example:

* For exarple, Cat. no. 1002, E. F. Fullam Co., Schenectady, N.Y.
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Line Spacings, =z on Screen, Magnification,

x . Y M

9.5 83 18871
9.3 , 80 18580
7.0 60 18514
g.8 80 19636
9.0 80 19200
9.0 80 19200

Average: 19000

-

On most EM's with large (18—cm diapeter) fluorescent screens, the
pagnification is pubstantially constant only with the central 8- to 10-cm-
diszeter region. Therefore, calibration measurements should be made wvithin
this small region and not over the entire screen.

PREPARATIOR OF BLANKS

Even after taking the utmost precavtions to avoid ssbestos contamination,
the possibility of some contamination cannot be ruled out. Contarination
should be checked periodically by running field blank sacples in addition to
lsboratory blanks. Fileld blanks should be analyzed prior to laboratory
blanks. A blank sample may consist of a clean filter subjected to all the
processing conducted for an actual air sample. This processing may include
ashing, resuspension, redeposition, carbon-coating, transfer to a TEM grid,
and TEM exarcination.

When analyses of blank samples show significant backg: d levels of
asbestos, these should be subtracted from the values obtainc. for field
sazples. Also, the minimum detection limit may be calculatel as twice or
three times the standard deviation of the blank or background value.

USE OF :CR{PUTERS

Data reduction is facilitated by computers. Corputer printouts can be
vsed in reports. Each laboratory should develop software suitable for its
needs as well as to maintain basic {nformatfon, such as fiber, areas examined,
volume/rass of sample, and size distribution, for possible interlaboratory
cocparison.

Appendixes B and C present ganple printouts from level 1 and level 1
analyses, respectively.
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APPENDIX A

FIGURES

Figure Al.

Vacuum evaporator.
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(a) Modified L7-mm-diameter Petri-slides.
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) (b) 37-mm-diameter cassette.

Figure A3. Close-up of multiple coating arrangement.
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Count as one fiber:
- f————
x |

—_—

Count as two fibers (space between flbers greater than the width of one fiber):

Count as three fibers:

Count as bundI;s:

Count as cluster/clump: .
g -—% %
Count as matrix/debrlis:

0 Y X

;e

Figure A7. Morphology and counting guidelines used
in determining asbestos structures.
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EM DATA RIPORY

Sample Number: __R09-2B65 . Date Analyzed:  _ _  3/26/81
11TR] Semple Mo.: CO10-1B59 Date Sample Received: 1/30/81
Semple Type: Bulk, Air, Water, Misc. {circle one)
Filter Type: Nuclepare Area of Filter Deposit (cm®):_ B.6
Volume of Fluid Sampled:_ NA Mass Deposited: NA :
1. Total Number of Structures: 101
2. Tota) Number of Asbestos Structures: 93
2.1 Chrysotile [1:] '
2.2 Amphibole 5
Crocidolite 5 Anthophyllite
Tremblite Actinolfte
Anosite Non-ldentity
2.3 Non-fﬁentity 8 .
3. Asbestos Structure Description
3.1 Tota) Number of Fibers: 85 Mass (ng) .0016
3.1.1 Chrysotile 80 Hass (ng) L0010
Fiber Length; Range (um)___ .31 - 2.25 Mean (um) 0.78
Fiber Diameter; Range (um) 06 - .25 Mean (um) 0.07
Aspect Ratio; Range (wm)__ 3,5 - 31.0 Mean (um) 11.00
3.2.2 Anphibole 5 Kass (ng) 0006
Fiber Length; Range (um) .31 - 2,15 HMean {(um) 1.00
Fiber Diameter; Range (um)_.06 - .31 Mean (um) 0.15
Aspect Ratfo; Range (um) 5.0 - 10.0 Mean (um) 6.40
3.2 Total Number of Bundles: 5 Mass (ng) .0007
3.3 Total Number of Clusters/Clumps: 2 JMass (ng) .0002
3.4 Total Kumber of Matrix/Debris: 1 Mass (ng) negligible
4. Arez of Filter Sample Analyzed, (em?): .0007225
5. Total Mass of Asbestos Analyzed (ng): .0025
6. HNumber of Pictures Attached: 2
7. Qualitative Description of Non-Asbestos Particles_Few, small particles--

non-descriptive

8. Corments: Particulate lYoading DK,

Figure Al3. EX data report (example).
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SAMPLE SUMMARY RLIPORT

Sarple Number: - R0OS-2BES Date of Reporti: 4/1/81
11TR] Sample Mo.:_(010-1858 Date Sample Received: 1/30/B1
Sample Type: suu, Water, Misc. (circle one)
Filter Type: Nuglepore Ares of Filter Deposit (em?): 8.6
Volume of Fluid Sampled: NA Mass Deposited: NA

1. Total Kumber of Structures: 1,202,215

2. Total Number of Asbestos Structures: © 1,106,990
2.1 Chrysotile 1,047,474

2.2 Amphibole 59,516

> Crocidolite 59,516 Anthophyllite
Tremolite Actinplite
Amosite Non-ldentity

2.3 Mhon-ldentity 95,225

3. Asbestos Structure Description

3.1 Total Kumber of Fibers:_ 1,011,765 Mass (ng) 19.00
3.1.1 Chrysotile 957,249 Mass (ng) 11,90
Fiber Length; Range (um)__ 31 . 2,25  Mean {um) 0.18
Fiber Diameter; Range (um)_0€ - .25 Mean (um) 0.07
Aspect Ratio; Range (um)_3.5 - 31,0  Mesn (um) 11.00
3.2.2 Amphibole £9 516 Mass (ng) 2,14
Fiber Length; Range {um)__.31 - 2.18  Mean (um) 1,00
Fiber Diameter; Range (um).06 - .31 Mean (um) 0.15
Aspect Ratfo; Range {um) 5.0 - 10.0  Mean {(um) 6.40
3.2 Total Kumber of Bundles: 59,516 Mass (ng) 8.30
3.3 Total Number of Clusters/Clumps: 23,806 __,Mass (ng) 2.10
3.4 Total Number of Matrix/Debris: 11,903 ,Mass (ng) 0.10
4. Rrea of Filter Sarple Aralyzed, (cm?): 0007225
5. Total Mess of Asbestos Analyzed (ng): 298.5
6. Number of Pictures Attached: Y 4
7. Qualitative Description of Non-Asbestos Particles_ Few, small particiés--
Non-descriptive
. Corments: Particulate lo2ding OK.

Figure Al4., Sample summary report (example).
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Figure Al5. Effects of tilting and alignment of fiber.

Figure Al6. Method of measuring two perpendicular dismeters for each rinmg.
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(b) Zone axis [301].

(a) Zone axis [100].

(vo1].

(d) Zone ax

(c) Zone axis [101].

specimen.

s from amosite standard

1981)

-axis SAED pattern
(Jones et al.,

Typical Zone

Figure Al9.
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(b) Zone axis [101]

(2) Zone axis [100].

01].

(d) Zone axis [3

1.

(c) Zone axis [110

om crocidolite standard specimen.

(Jones et al., 1981)

-axis patterns fr

. Typical zone

Figure A20
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(¢) Zone axis [207]. (d) Zone axis [301).

Figure A2l. Typical zone-axis patterns from tremolite standard specimen.
(Jones et al., 1981)
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T42]

(b) Zone axis [

(2) Zone axis [100]

s

¥S$

(d) EDAX.

(c) Commonly observed orientation.

and EDAX spectra fromanthophyllite standard

Typical SAED patterns

Figure A22.

specimen. (Jones et al., 15981)
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