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Test Method

Interim Method for the
Determination of Asbestos in
Bulk Insulation Samples*

1. Polarized Light Microscopy

1.1 Principie and Applicability
Bulk samples of building materiais
taken for asbestos identification are
first examined for homogeneity and
preliminary fiber identification at low

magnification. Positive identification of

suspect fibers is made by analysis of
subsamples with the pofarized light
MIiCroscope.

The principies of o‘mcd mineralogy

are well established. ™ A light
microscops squipped with two
polarizing filters is used to observe
specific optical characteristics of 8
sample. The use of plane polarized-
light allows the determination of

ic anes Morphology and

crystallographic
color are slso observed. A retardation
uluuploadmmpdaﬁadlight
path for determination of the sign of
mw orthoscopic
umingtion. Orientation of the two
ﬁmmmmmmm
are perperxficuler

{crossed polers)
sliows obeervation of the birefringence

and extinction cheracteristics of
. : .
Quantitative analysis involves the

use of point counting. Point counting is

8 standard technique in petrography
for determining the reistive sress
occupied by separate minerals in thin
sections of rock. Background
information on the use of point
counting® and the interpretation of
point count data?is aweilsble.

This method is applicable to all bulk
samples of frisble insulstion materials
submitted for identificstion and
quantitation of asbestos components.
1.2 Range

The point counting method may be
used for analysis of samples
containing from O 10 100 percent
ssbestos. The upper detection limit is
100 percent. The lower detection limit
is loss than 1 percent.

1.3 interferences

Fibrous organic and inorganic
constituents of bulk sampies may
interfere with the identification and
quantitation of the asbestos mineral -
content. Spray-on binder materials
may coat fibers and affect color or
obacure optical characteristics to the
extent of masking fiber identity. Fine
particies of other materisls may aiso
adhere to fibers to an extent sufficient
to cause confusion in identification.
Procedures that may be used for the
removal of interferences sre presented
in Section 1.7.2.2.

1.4 Precision snd Accurscy
Adequate data for measuring the
accuracy and pracision of the method
for sampies with various matrices are
not currently svailable. Data obtained

for samples containing a single
asbestos type in 8 simple matrix sre
available in the EPA report Su/k
Sample Analysis for Asbestos Cnnum.
Evaiustion of the Tentative Method.*

1.8 Apperatus

TR ——— . 1.5.1 Sample Analysis
An intarion methed is carsiully drafted frem sveil- A
able soures infarmaetion. This method in still under A low-power binoculer microscope,

investigation and therefere is subject o revmsien. - preferably sterecscopic, is used to
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sxamine the bulk insulation sample as

recesved.

@ Microscope: binocuilar, 10-45X
(approximate)

@ Light Source: incandescent or
fluorescent

@ Forceps. Dissecting Needles, and
Probes

@ Glassine Paper or Clean Glass
Piste

Compound microscope

requirements: A polarized light

microscope complete with polarizer,

analyzer, port for wave retardation

plate, 360° graduasted rotsting stage,

substage condenser. lamp, and lamp

irig.

o Polarized Light
Microscope: described sbove

o Objective Lenses: 10X, 20X, and
40X or nesr equivalent

® Dispersion Staining Objective Lens
(optional)

® Oculsr Lens: 10X minimum

o Eyepiece Reticle: cross hair or 25
point Chalkley Point Array

@ Compensaetor Plate: 550 milli-
micron retardation

1.5.2 Sample Preparstion

Sample preparation apparatus
requirements will depend upon the
type of insulation sample under
consideration. Verious physicsl and/or
chemical means may be employed for
an adequate sample sssessment.
® Vemtileted Hood or negastive
pressure glove box
Microscope Slides
Coverslips
Mortar and Pestle: sgate or
porceisin (optional)
Wylie Mill (optional)
Beskers & assorted glasswere
(optional)
Centrifuge (optional)
FiRkration spparstus (optional)
Low temperature asher (optional)

1.6 Reagents

1.6.1 Sample Prepaerstion

o Distilled Water (optional)

® Diiute CH3COOH: ACS reagent
grade {optional)

® Dilute HCL ACS resgent grade
(optional)

@ Sodium metaphosphate (NaPOs)e
(optional) - :

1.8.2 Analyticsl Reagents

® Refractive index Ligquids: 1.490-
1.570, 1.590-1.720 in increments
of 0.002 or 0.004

® Refractive Index Liquids for
Dispersion Staining: high-
dispersion series, 1.550, 1.808,
1.630 (optional)

® UICC Asbestos Reference Sample
Set Available from: UICC MRC

Pneumoconiosis Unit, Liangougn

Hospital. Penarth, Giamorgan CF8

1XW, UK, and commercial

distributors
@ [Tremoiite-asbestos (sourcs to be

determined)
® Actinolite-asbestos (sourcs to be

determined)
1.7 Procedures

Note: Exposure to airborne ssbestos
fibers is a health hezerd. Buik samples
submitted for analysis are usually
friabile and may relesse fibers during
handling or matrix reduction steps. All
sample and slide preparstions should
be carried out in a ventilated hood or
glove box with continuous sirflow
{nagative pressure). Mandling of
samples without these precautions
may result in exposure of the analyst
and contamination of samples by
sirborne fibers.
1.7.1 Sampling
Samples for analysis of asbestos

content shall be taken in the manner
prescribed in Reference 5 and
information on design of sampling and
analysis programs may be found in
Reference 6. If there are any questions
about the representative nature of the
sample, another sampie shouid be
requested before procseding with the
snalysis.
1.7.2 Anslysis

1.7.2.1 Gross Examinstion

Bulk samples of building materials
taken for the identification and
quantitation of asbestos are first
examined for homogenaeity at low
magnification with the sid of »
stersomicroscope. The core sample
may be examined in its container or
carefully removed from the container
onto 8 glassine transfer paper or clean
glass plate. if possible, note is made of
the orientation of top and bottom
surfaces. When discrete strata sre
identified, each is treated as a separate
materisl so that fibers sre firstidentified
and quantified in that isyer only, and
then the resulits for each layer sre
combined to vield an sstimate of
asbestos content for the whole sample.

1.2.2.2 Sample Preperation

Bulk materisis submitted for
asbestos analysis invoive a wide
veriety of matrix materisis. .
Representative subsamples may not be
readily obtainable by simpie means in
heterogeneous materials, and various
steps may be required to alleviste the
difficuities encountered. In most cases,
howsver, the best preparation is made
by using forceps to sampie st several
places from the bulk materisl. Forcep
samples are immaersed in 8 refractive

index liquid on 8 microscope slide,
2

\CBICW B, s TG s v 2 - eo .
glass. and observed with the polariz xd
light microscope.

Alternatively, attempts may be made
to homogenize the sample or efiminate
interferances before further
characterization. The selection of
sppropriste procedures is dependent
upon the samples encountered and
personasl preference. The foilowing are
presented as possible sample
preparation steps.

A mortar and pestle can sometimes
be used in the size reduction of soft or
loosely bound materisis,though this
may cause matting of some samples.
Such sampies may be reduced in a
Wiley mill. Apparatus should be clean
and extreme care exercised to avoid
cross-contamination of samples.
Pariodic checks of the particle sizes
should be made during the grinding
operation so as to preserve any fiber
bundies present in an identifiable
form. These procedures are not
recommended for samples that contain
amphibole minerals or vermiculite.
Grinding of amphiboles may result in
the separation of fiber bundies or the
production of cieavage fragments that
have sspect ratios greater than 3:1 and
will be classified as asbestos fibers.
Grinding of vermicuiite may aiso
produce fragments with aspect ratios
greater than J3:1.

Acid treatment may occasionally be
required to sliminate interferences.
Calcium carbonaste, gypsum, and
bassanite (piaster) are frequently
present in sprayed or trowslled
insulations. These materisis may be
removed by trestment with warm - .
dilute acetic acid. Warm dilute
hydrochioric acid may aiso be used to
remove the above materials. If acid
treatment is required, wash the
sample st least twice with distilled
water, being careful not to lose the
particuistes during decanting steps.
Centrifugation or filtration of the
suspension will prevent significant
fiber loss. The pore size of the filter
shouid be 0.45 micron or less.
Caution: prolonged acid contact with
the sampie may after the opticsl
characteristics of chrysotila libers and
should be avoided.

Coatings and binding materisils
adhering to fiber surfaces may aiso be
removed by treatment with sodium
metaphosphate.” Add 10 mL of 10 g/L
sodium metaphosphate solution to 8
smal! {0.1 10 0.5 mL) sample of bulk
materiel in a 15-m glass centrifuge
tube. For approximately 15 seconds
sach, stir the mixture on a vortex
mixer, place in an ultrasonic bath and
than shake by hand. Repeat the series.
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Collect the dispersed solids by
centrifugation at 1000 rpm for §
minutes. Wash the sample.three times
by suspending in 10 mL distilled water
and recentrifuging. After washing,
resuspend the peliet in S mL distilled
water, place a drop of the suspension’
on 8 microscope slide, and dry the
slide at 110°C.
in sampies with a lsrge portion of
collulosic or other organic fibers, it
may be useful to ash parnt of the
sample and examine the residua.
Ashing shouid be psrformed in a low
temperature ssher. Ashing may siso
be performed in 8 muffle furnace st
temperatures of 500°C or lower.
Temperatures cf $50°C or higher will
cause dehydroxyiation of the asbestos
minerals, resulting in changes of the
refractive index and other key
parameters. If a8 muffle furnsce is to be
used, the furnace thermostat should
be checked and calibrated to ensure
that samples will not be heated at
temperatures greater than 500°C.
Ashing and acid treatment of
samples should not be used as
standard procedures. In order to
monitor possibie changes in fiber
characteristics, the material should be
viewed microscopically before and
sfter any sample preparation
procedure. Use of thess procedures on
sampies to be used for quantitation
requires 8 correction for percent
waeight loss.
1.7.2.3 Fiber Idemilication
Positive identification of ssbestos
requires the determination of the
following optical properties.
Morphoiogy
Color snd pieochroism
Refractive indices
Birefringence ’
Extinction characteristics
Sign of elongation

Table 1-1 lists the above properties for
commercial asbestos fibers. Figure 1-1
presents 8 flow diagram of the
examination procedure. Natural
veriations in the conditions under
which deposits of ssbestiform
minerals are formed will produce
exceptions to the-published values and
differences from the UICC standards.
The sign of elongsation is determined by
use of the compensator piate and
crossed polars. Refractive indices may
be determined by the Becke line test.
ARternatively, dispersion staining may
be used. inexperienced operators may
find that the dispersion staining
technique is more easily learned, snd
shouid consult Reference 9 for
guidance. Central stop dispersion
staining colors are presented in Table

1-2, Avsilable high-dispersion (HD)
liquids shouid be used.

1.7.2.4 Quentitation of Asbestos
Content

Asbestos quantitstion is performed
by a point-counting procedurs. An
oculsr reticie (cross-hair or point srray)
is used to visuslly superimpose » point

* of points on the microscope field of

view. Record the number of points
positioned directly sbove each kind of
particle or fiber of interest. Score only
points directly over asbestos fibers or
nonasbestos matrix materisl. Do not
score empty points for the closest
particie. if an ssbestos fiber and 8
matrix particie overiap 3o that 8 point
is superimposed on their visusl
intersection, a point is scored for both
categories. Point counting provides »
determination of the areas percent
asbestos. Reliable conversion of ares
percent to percent of dry weight is not
currently feasible uniess the specific
gravities and relstive volumes of the
materisis sre known.

For the purpose of this method,
“asbestos fibers™ sre defined as
having an aspect ratio greater than 3:1
and being positively identified as one
of the minerals in Table 1-1.

A total of 400 points superimposad
on either asbestos fibers or
nonasbestos matrix material must be’
counted over ot least eight different
preparations of representstive
subsamples. Take eight forcep samples
and mount each separately with the
appropriate refractive index liquid. The
preparation shouid not be heavily
loaded. The sampile shouid be
uniformly dispersed to avoid
overiapping particies and aflow 25-50
percent empty area within the fields of
view. Count S0 nonempty points on
oach preparation, using either
@ A croes-hair reticle and mechanicsl

stage; or
@ A reticle with 25 points (Chalkisy

Point Asray) and counting at least 2

randomiy selected fields.
For samples with mixtures of isotropic
and anisotropic materisis present,
viewing the sample with slightly
uncrossed polars or the addition of the
compensator piate to the plane polsrized
light path will allow simuitaneous
discrimination of both particie types.
Quantitation should be performed at
100X or at the lowsst magnification of
the polarized light microscope that can
effectively distinguish the sample
components. Confirmation of the
quantitation result by a second analyst
on some percentage of snalyzed
sampiey should be used as standard
quality control procedure.

The percent ssbesios is calculated
as follows:
% asbestos = (a/n) 100%
where

8 = number of asbestos counts,
n = number of nonempty points
counted (400).

i 8 =0, report “No asbestos ’
detected.” HO < 9 < 3, report “<1%
asbestos.”

The value reporied shouid be
rounded to the nearest percent.
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Tabls 1-1. Optical properties of asbestos fibers

Minersl Morphology, Refractive indices? Bire- Sign of

color' a Y fringence Extinction slongation

Chrysotile Waevy fibers. Fiber bundles 1.493-1.560 1.517.1.562% .002- \to fiber +
{esbestiform have splayed ends and “kinks”. {normally 014 length {length siow)
serpentine)  Aspect ratio typically >10:1 1.5586)

Colorless’, nonpieochroic.

Amogsite Straight, rigid fibers. 1.635-1.696 1.655-1.729%.020-.033 |jto Iider +
fesbestiform Aspect retio typicelly >10:1. {normally length {length slow)
gruneras) Colorless to brown, nonpleo- 1.696-1.210)

) chroic or weskly so. Opaque
inclusions may be present.

Crocidolite Straight, rigid fibers. 1.654-1.701 1.668-1.717% .014-016 to fiber -
{esbestiform Thick fibers end bundies {normally length {length fast)
riebeckite) common, blue t0 purple-biue in close to 1.700)

color. Pleochroic. Birefringence
is generally masked by biue color.

Anthophyltite-  Streight. single libers, 1.596-1.652 1.615-1676°% .019-.024 \\to liber +
easbestos some lerger composite length {length siow}

fibers. Anthrophyllite cleavege
fragments may be present with
aspect ratios = 10:1.4 Coloriess
to light brown.

Tremolite- Tremolite-asbestos mey be 1.599-1.668 1.622-1.688% .023-.020 Obligue extinction, +
sctinolite- - present as single or composite 10-20° for flength slow)
ssbestos tibers. Tremolite cleavage fragments.

fragments may be present as Composite fibers

single crystals with aspect ratios
< 10:1.° Colorlass to paie green.

show liextinction.

! From reference 5; colors cited sre seen by observetion * Fibers defined as having aspect retio >3:1.

with plane polarized light. S 410 tiber lengeh.
2 From references 5 end 8. ¢ to tiber lengeh.
3 Fibers subjected to heating mey be brownish.

Table 1-2. Central stop dispersion staining colors *

Mineral R Liquid 4 n
Chrysotile 1.550"° Blue Blue-magents
“Amosite” 1.680  Blue-magenta Goiden-yeliow
to pale bive
1.550"° Yeftow to Yeliow to white
white

Crocidolite® 1.700  Red magerta Blue-megente
1.550™ Yellow to Yellow to white

white
Anthophyllite- 1.605™ Blue Gokd to
asbestos goid-magentas
Tremolite- 1.605"° Pale bius Yellow
asbestos
Actinolite- 1.605™ Goid-magents Gold
asbestos to blue
0420321
1.630"% Magenta Golden-yellow

*From reference 9. colors may vary slightly.
*Bive sbsorption color.
*Obligue extinction view.



Polerized light microscopy qualitative anelysis: For each type of materigl identitied by examunation of sampie at low magnitica-
ton. Mount spacislly di;pcrsod sample in 1.550 Rl liquid. if using dispersion staining, mount in 1.550 HD.} View at 100X with
both plane poisrized light and crossed polsrs. Mora then one fiber type may be present.
Fiders Fiders
presant sbsermt

Examine two sdditionsl prepared slides st 100X

¢
<+ Fibers present Fibers "ab.nm
[ ] :
Fibers ace isotropic (disappear at sl Fibers are anisotropic (exhibit Exsmination complete.
angles of stage rotation with crossed axtinction at 90° intervals of Report nc ssbestos
polars) stage rotation.) present.
Possible fibers include:
Fibergiass:  1-20 um uniform dismeter.
R typicelly < 1.53
Mineral wool: 8-200 um dismeter, 1. Determing extinction charecteristics.
buibous ends and shot. 2. Determine sign of elongaetion.
RI typicelly > 1.53 I
v )
Positive . Negative
¢
r Mount in 1.700 Rl liquid.
=1. s > 1.550 ———————Mount in 1.680 Al liquid Determine n.
Zﬂ‘:’:ﬁn Allns>1‘.150 oumuzlG&f qu Check marphology for
Check morphology for chrysatile. n=1.680 Alns <1680 Crocielne
If fibers are twisted and exhibit Determine n.
inmternal deteails, celiulose is indicated. Check morphology Mount in 1.605 Rl liquid.
for “amosite”. Determine n.
Check morphology end

chaeracteristics for amhophyllite-asbestos.
tremolite-actinolite-asbestos.

Figure 1-1. Fiow chert for quaiitative analysis of bulk samples by polarized light microscopy.



2. X-Ray Powder Diffraction

2.1 Principle and Applicability

The principle of X-ray powder
diffraction (XRD) analysis is well
established.'® Any solid, crystalline
material will diffract an impingent
beam of parsliel, monochromatic X-
rays whenever Bragg's Law,

A=2dsind,

is satisfied for 8 particular set of
planes in the crystal lattice, where

A = the X-ray wavelength, A;

d = the interpianar spacings of the
set of reflecting lattice planes, A;
and

# = the sngle of incidence betwsen
the X-ray beam and the reflecting
lattice planes.

By appropriate orientation of 8 sample
relstive to the incident X-ray beam, 8
diffraction psttern can be generated
that, in most cases, will be uniquely
charscteristic of both the chemical
composition and structure of the
crystaliine phases present.

Unlike optical methods of analysis,
however, XRD cannot determine
crystal morphology. Therefore, in
ssbestos snalysis. XRD does not
distinguish between fibrous and
nonfibrous forms of the serpentine snd
amphibole minerais (Tabie 2-1).
However, when used in conjunction
with optical methods such as polarized
light microscopy (PLM), XRD -
techniques can provide a reliable
analytical method for the identification
and characterization of asbestiform
minerals in buik materials.

For qualitative analysis by XRD
methods, samples are initially scanned
over limited disgnostic pesk regions
for the serpentine (~7.4 A) and
amphibole (8.2-8.5 A) minerals (Table
2-2). Standard siow-scanning methods
for buik sampie analysia_may be used
for materiais shown by PLM to contain
significant smounts of asbestos 8-
10 percent). Detection of minor or
trace amounts of asbestos. may require
specisl sample preparation and step-
scanning analysis. All sampies that
exhibit diffraction peaks in the
diagnostic regions for asbestiform
minerals sre submitted to 8 full (§°-
80° 22 1° 20/ min) qualitative XRD
scan, snd their diffraction patterns sre
compared with standard reference
powdaer diffraction patterns? to verify
initisl pesk assignments and to identify
possible matrix interferences when

subsequent guantitative snalysis will
be performed.

Accurate guantitative snalysis of
ssbestos in bulk sampies by XRD is
critically dependent on particle size
distribution, crystallite size, preferred
orientation and matrix sbsorption
effects, and comparability of standard
refarence and sample materisis. The
most intense diffraction peak that has
been shown to be free from
interference by prior qualitative XRD
snalysis is selected for quantitation of
each ssbestiform minersl. A “thin-
layer” method of enalysis® is
recommended in which, subsequent to
comminution of the bulk material to
~10 gm by suitable cryogenic milling-
techniques, an accurately known
amount of the sampie is deposited on
8 silver membrane filter. The mass of
ssbestiform masterial is determined by
measuring the integrated area of the
selected diffraction psak using a step-
scanning mode, correcting for matrix
sbsorption effects, and comparing with
suitsble calibration standards.
Alternative “thick-layer” or bulk
methods,” may be used for
semiquentitative analysis.

This XRD method is spplicable as »
confirmatory method for identification
and quantitation of asbestos in bulk
material samples that have undergone
prior analysis by PLM or other optical
methods.

2.2 Range and Sensitivity

The range of the method has not
been determined.
The sensitivity of the method has
not been determined. it will be
varisble snd dependent upon many
factors, including matrix effects
{sbsorption and interfersnces),
diagnostic reflections selected,
ond their relative intensities.
2.3 Limitations

2.3.1 Interfersnces

Since the fibrous and nonfibrous
forms of the serpentine and amphibole
minerais (Table 2-1) are indistinguish-
able by XRD techniques uniess special
sample preparation technigues and
instrumentation sra used,® the
presence of nonasbestiform
serpentines and smphiboles in 8
sampie will pose severe interference
probiems in the identification and
quantitative analysis of their asbesti-
form analo
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The use of XRD for identification and
quantitation of asbestiform minersis in
bulk ssmpies may siso be limited by
the presence of other interfering
materisls in the sample. For naturaily
occurring materisis the commonly
sssocisted asbestos-related mineras!
interferances can usually be
snticipsted. However, for fabricated
materigis the nature of the interfer-
ences mey vary greatly (Table 2-3) and
present more serious problems in
identification and quantitation.'®
Potential imerferences sre
summarized in Table 2-4 and include
the following:

@ Chiorite has major peaks st 7.19 A
and 3.58 A that interfere with both
'the’ primary (7.36 A) and secondary
(3.68 A) peaks for chrysatile.
Resolution of the primary peak to
give good quantitative results may
be possible when a8 step-scanning
mode of operation is employed.

@ Malloysite has a pesk st 3.83 A that

imerferes with the secondary (3.68
A) peak for chrysotile.

® Kaolinite has s major peak at 7.18
A that may interfere with the
primary pesk of chrysotile st 7.38
A when presant st concentrations
of >10 percent. However, the
secondery chrysotile peak at 3.68
A may be used for quantitation.

® Gypsum has s major pesk at 7.5 A
that overiaps the 7.38 A peak of
chrysotile when present as 8 mejor
sample constituent. This may be
removed by cereful washing with
distilled water, or by hesting to
300°C to convert gypsum to plaster
of paris.

@ Celluicse has s broad pesk that
partially overiaps the secondary
{3.68 A) chrysotile pesk.®

® Overisp of major diagnostic pesks
of the amphibole asbestos
minersis, amosite, anthophyliite,
crocidolite, and tremolite, at
spproximately 8.3 A and 3.1 A
causes mutus! interference when
these minerais occur in the
presence of one snother. In some
instances adequste resolution may
be sttained by using step-scanning
methods and/or by decreasing the
collimator slit width st the X-ray
port.

@ Carbonates may aiso interfere with

quantitative anslysis of the amphi-
bole asbestos minersis, smosite,.



snthophyllite. crocidolits, and
wemolite. Calcium carbonste
(CaCO4) has 8 pesk at 3.035 A that
overiaps major emphibole pesks at
sporoximately 3.1 A when present
in concentrations of >8 percent.
Removsl of carbonates with 8
dilute acid wash is possible;
Nowever, if present, chrysatile may
be partialty dissolved by this
trestment."!

@ A major talc pesk st 3.12 A inter-
teres with the primary tremolite
peak at this same position snd with
secondary peaks of crocidolite
{3.10 A), amosite (3.08 A), snd
anthophyilite (3.06 A). In the
presence of taic, the major
disgnostic peak st approximately
8.3 A should be used for
quantitation of these asbestiform
minerals.

The problem of intraspecies and
matrix interferences is further
aggravsted by the variability of the
silicats mineral powder diffraction
patterns themsaeives, which often
makes definitive identification of the
asbestos minersls by comparison with
standard reference diffraction patterns
difficult. This variability results from
slhterations in the crystal iattice
associsted with differsnces in
isomorphous substitution and degree
of crystailinity. This is especisily rve
for the amphiboles. Thess minerals
exhibit a8 wide variety of very similar
chamical compositions, with the result
being that their diffraction patterns are
characterized by having major {110)
reflections of the monoclinic
smphiboles and (210) reflections of the
orthorhombic separated
by less than 0.2 A2

2.3.2 Matrix Etfects
Hamx-nvmismd.m

imensity
and an oversll decrease in sensitivity.
This situation may be corrected by
use of an X-ray source other then
copper; however, this ie often accom-
panied both by loas of intensity and by
decreased resolution of ciosely spaced
reflections. Alternatively, use of 8
diffracted beam monachromator will
reduce background flucrescent
radistion, enabling weasker diffraction
pesks to be detected.

X-ray absorption by the sample
matrix will result in oversil sttenustion
of the diffracted beam and may
seriously interfere with quantitative
analysis. Absorption

minimized by using auﬂicaonw “thin™
samples for analysis.®'>** However,
uniess sbsorption effects are known to
be the same for both sampies and
standards. 8ppropriste corrections
shouid be made by referencing
dinnomc pesk areas to an internal
.undafd or filtes substrate (Ag)
pesk.**

2.3.3 Particle Size Dependence
Because the intensity of diffracted
X-radistion is particle-size dependent,
it is essential for accurate quantitative

snalysis that both sampie and
standard reference materisls have
similar particle size distributions. The
optimum particle size (i.e., fiber length)
range for quantitative analysis of
ssbestos by XRD has been reported to
be 1 to 10 pm.'* Comparability of
sampie and standard reference materis!
particle size distributions shouid be
verified by optical microscopy (or
another suitable method) prior to analysis.

2.3.4 Preferred Orientation Effects
Preferred orientation of asbestiform
minerais during sample preparation
often poses 8 serious problem in
guantitative analysis by XRD. A
number of techniques have been
deveioped for reducing preferred
orientation effects in “thick layer”
samples.™'® For “"thin" sampies
on membrane filters, the preferred
orientation effects seem to be both
reproducidle and favorable to
enhancement of the principsl diasgnostic
reflections of ssbestos minerals,
actuslly increasing the oversil sensitivity
of the mathod.'2,'* However, further
investigation into preferred orientation
offects in both thin layer and buk
samples is required.
2.3.5 Lack of Suitadly

analytical reference matarisis,
including asbestos standards:'*'?
however, these sre not available in
large quantities for routine anslysis.
in addition, the problem of ensuring
the comparability of standard
referdnce and sampie matarials,
particularly regarding crystailite size,
particie size distribution, and degres of
crystallinity, has yet to be adequately
sddressed. For example, Langer et al."*
have observed that in insulating
matrices, chrysatile tends to bresk
open into bundies more frequently
than smphiboles. This results in 8 line-
broedening effect with 8 resultant

decresss in sensitivity. Uniess this
effect is the same for both standard

and sample materials, the smount of
cheysotile in the sample will be under-
estimated by XRD analysis. To

minimize this problem, it is
recommended that standsrdized matrix
reduction procedures be used for both -
sample and standard materisis.

2.4 Precision and Accuracy
Precision of the method has not
been determined.
Accuracy of the method has not
been determined.

2.8 Apperatus

2.8.1 Sample Preperation

Sample preparation apparatus
requirements will depend upon the
sample type under consideration and
the kind of XRD analysis to be
performed.
® Mortar and Pestie: Agate or

porcsiain

@ Razor Blades
o Semple Milt: SPEX, Inc., freezer
mill or equivalent
8uk Semple Holders
Sitver Membrane Filers: 25-mm
diameter, 0.45-um pore size. Selas
Corp. of America, Flotronics Div.,
1957 Ploneer Rosd, Huntington
Valley, PA 19008
® Microscope Slides
® Vacuum Fikrstion Apperstus:
Gaiman No. 1107 or squivaient,
and side-arm vacuum flask
Microbalance .
Ultrssonic Bath or Probe: Modw)
W140, Ultrssonics. Inc., opersted
st 8 power density of spproximately
0.1 W/ml, or equivaiet
Volumetric Flasks: 1-L volume
Assorted Pipet
Pipet Buld
Nonserrated Forceps
Polyethylene Wash Bottle
Pyrex Beakers: 50-ml volume
Desiccator
Filer Storage Cassettes
Magnetic Stirring Plate and Bars
Porcelsin Crucidies
Mutfle Furnece or Low Tempreture

Asgher

2.5.2 Sampie Analysis
Sampie analysis requirements

include an X-ray diffraction unit,
equipped with:
® Constant Potertisl Generstor;

Volkage snd mA Stebilirers
@ Awtomited Diffrsctometer with
Step-Scanning Mode
Copper Terget X-Ray Tube: High
intensity; fine focus, preferably
X-Roy Puise Heigit Selector
X-Rey Detector (with high voltage
power supply): Scintillation or
proportionsl counter
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@ Focusing Graphite Crystel
Monochromator; or Nickel Filter (it
copper source is used, and iron
fluorescencs is not & serious
problem)

@ Desta Output Accessories:

Strip Chart Recorder
Decade Scaler/Timer
Oigital Printer

Sampie Spinner {optional)

Instrumemt Celibration Reference

Specimen: a-quaru referance

erystal (Arkansas quariz standard,
#180- 147-00, Philips Electronics
Instruments, inc., 85 McKee Drive,
Mahwah, NJ 07430) or equivaient
2.6 Reasgents
2.68.1 Standard Reference Materisis
The reference materisis listed below
are intended to serve as 8 guide. Every
sttempt should be made to acquire
pure reference materisis that are
comparable to sample materials being
anslyzed.
® Chrysotile: UICC Canadian, or
NIEHS Plsstibest. (UICC reference
materials aveilable from: UICC,
MRC Pneumoconiosis Unit,
Lisndough Hospital, Penarth,
Glamorgan, CF81XW, UX)
Crocidolite: UICC
“Amasie”: UICC

_ Anthophyfiite-Asbestos: UICC
Tremolite Asbestos: Wards Natural
Science Establishment. Rochester,
NY; Cyprus Research Standard,
Cyprus Research, 2435 Military
Ave., Los Angeles, CA 90084
{(washed with dilute HC! to remove
small amount of calcite impurityk
indian tremolite, Rajasthan State,

Indis.
@ Actinolite Asbestos: (Source to
be determined).
2.6.2 Adhesrve
Tape. petroleum jelly, etc. {for
sttaching silver membrane filters to
sample holders).
2.6.3 Surfactant
1 Percert serosol OT squeous
solution or equivalent.

2.8.4 Isopropanel
ACS Reagent Grade.

2.7 Procedure

2.7.1 Sampiing

Sampies for analysis of asbestos
contemt shall be collected as specified
in EPA Guidance Document #C0090,
Am-Cmm Materisis in

School Buildings.™

2.7.2 Anaslysis

All samples must be analyzed
initially for asbestos content by PLM.
XRD shouid be used ss an auxiliary
maethod when 8 second, independent
anaslysis is requested.

Note: Asbestos i3 8 toxic substance.
All handling of dry materials shouid be
performed in an opersting fume hood.

2.72.2.1 Sample Preparstion

The method of sample preparation
‘ raquired for XRD analysis will depend
on: m the condition of the sampie

received (sample size, homogeneity,
particie size distribution, and overall
composition as determined by PLM)
and (2) the type of XRD snalysis to be
performaed (qualitative or quantitative;
thin layer or bulk).

Buik materisis are ususily received
as inhomogenecus mixtures of
complex composition with very wide
panticle size distributions. Preparation
of 8 homogeneous, representative
sample from asbestos-containing
materisis is particulsrty difficuit
becsuse the fibrous nature of the
asbestos minerals inhibits mechanical
mixing and stirring. and because
milling procedures may Causs adverse
Iattice alterations.

A discussion of specific matrix
reduction procsdures is given below.
Compiete methods of sample prepars-
tion are detailed in Sections 2.7.2.2
and 2.7.2.3. Note: AN sempies should
be examined microscopically before and
sfter each metrix reduction step te
monitor changes in sample perticle size
distribution, composition, and crystel-
linity, and 10 ensure sample representa-
tiveness and homogeneity for anslysis.

2.7.219 Mimng—anied
milling of asbestos materiais has been
shown to decresse fiber crystallinity,
with 8 resultant decreass in diffraction
intensity of the specimen; the degree
of iattice siteration nmmm

times should be kept to 8 minimum.
is not usually of critical importance
and initisl characterization of the
materist with 8 minimum of matrix
reduction is often desirable to
document the composition of the
sample 83 received. Bulkk samples of
very large particle size (>2-3 mm)
should be comminuted to ~100 um. A
mortar and pestie can sometimes be
used in size reduction of soft or looeely
bound materisis though this may
cause matting of some samples. Such
samples mey be reduced by cutting
with a razor biade in @ mortar, or by
grinding in 8 suitable mill (e.g.. 8
microhammer mill or equiveient).
When using & mortar for grinding or
cutting, the sampie shouid be
moistened with ethanol, or some other
suitable wetting agent, to minimize
SXPOSUres.

For accurate, reproducible quantits-
tive analysis, theparticie size of both
sampie and standard materisis shouid
be reduced to ~10 um (see Section
2.3.3). Ory balt milling st liquid
nitrogen temperatures (¢.g., Spex
Freazer Mill, or equivalent) for 8
maximum time of 10 min is
recommended to obtain satisfactory
particle size distributions while
protecting the integrity of the crystal
lattice.® Buik samples of very large
particle size may require grinding in
two stages | for full matrix reduction to
<10um.*

Final particle size distributions
should always be verified by optics!
microscopy or another suitsbie
maethod. -
2.7.2.1.2. Low temperature sshing—
For materiais shown by PLM to contain
large amounts of gypsum, cefluiose, or
other organic materiais, it may be
desiradle to ash the samples prior to
snalysis to reducs background
radistion or matrix interference. Since
chrysotile undergoes dehydroxylation
at temperstures between 550°C and

680°C, with subsequent
transformation to forsterite, > ashing
temperaturss should be kept below
S00°C. Use of a low temperature
ssher is recommended. in all cases.
calibration of the oven is essentisl to
ensure that 8 maximum ashing
temperasture of 500°C is not excegded.
2.7.2.1.3 Acid lesching—Becsuse of
the interference caused by gypsum
and some carbonates in the detection
of asbestiform minersis by XRD (see
Section 2.3.1), it may be necessary to
remove these interferents by 8 simple
acid lsaching procedure prior to
analysis (see Section 1.7.2.2).
2.7.2.2 Qualitstive Analysis

2.2.2.2.1 initisl screening of bulk

materisl—Qualitative snalysis should

be performed on 8 representative,
homogeneous portion of the sample
with 8 minimum of semple trestment
using the following procedure:

1. Grind and mix sampie with 8
mortar and pestie (or squivalent
mathod, see Section 2.7.2.1.1)t0 a
finat particie size sufficiently small
{(~100 zzm) 10 sllow adequate
packing into the sampie holder.

2. Pack sample into 8 standard bulk

sampie hoider. Care should be
taken to ensure that 8 repressnta-
tive portion of the milled sample is
selected for analysis. Particuiar
care should be taken to avoid
possible size segregation of the
sampile. (Note: Use of a back-
packing method?® for bulk sample
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preparation rmay reduce preferred
orientation effects.)

3. Mount the sample on the diffrac-
tomaeter and scan over the
disgnostic pesk regions for the
serpentine {~7.4 A) snd amphibole
(8.2-8.5 A) minerals (ses Table
2-2). The X-ray diffraction equip-
maent should be optimized for
intensity. A slow scanning speed
of 1® 28/min is recommended for
sdequaste resolution. Uss of 8
sampie spinner is recommended.

4. Submit sll samples that exhibit
diffraction peaks in the disgnostic
regions for asbestiform minerals to
8 {ull qualitative XRD scan (8°-60°
28 1° 28/min) to verity initisl peak
assignments and to identify
potentisl matrix interferences
when subssquent quantitative
anaslysis is 1o be performed.

§. Compare the sample XRD pattern
with standard reference powder
diffraction patnterns (i.e., JCPOS
powder diffraction data ? or those
of other well-characterized
reference materials). Principsl
lattice spacings of asbestiform
minerais are given in Table 2-2;
common constituents of bulk
insulation and wall materials are
listed in Table 2-3.

2.7.2.2.2 Daetection of minor or race
constituents—Routine screening of
bulk materiais by XRD may fail to
detect smalt concentrations (<5
percent) of asbestos. The limits of
detection will, in general, be improved
if matrix absorption effects are mini-
mized, and if the sample particle sizé is
reduced to the optimal 1 to 10 pm
range, provided that the crystal lattice
is not degraded in the milling process.
Therefore, in those instances where
confirmation of the presence of an
ssbestiform mineral st very low levels
is required, or where 8 negative result
from initial screening of the bulk
materiel by XRD (see Section
2.7.2.2.1) is in conflict with previous
PLM results, it may be desirable %0
prepars the sampie as described for
quantitative analysis (see Section
2.7.2.3) and step-scanover -
appropriate 20 ranges of selected
diagnostic pesks (Table 2-2). Accurate
transfer of the sample to the silver
mambranae filter is not necessary
uniess subsequent quantitative
analysis is to be performed.

2.7.2.3 Quarcitative Anslysis

The proposed method for quantite-
tion of ssbestos in bulk samples is a
modification of the NIOSH-
recommended thin-layer method for
chrysotile in air.® A thick-layer or bulk

method involving pelietizing the
sampie may be used for samiquantita-
tive analysis;’® howsver, this method
requires the addition of an internal
standard, use of & specially fabricated

" sample press, and relatively large

smounts of standard reference
materials. Additional research is
required to evalusts the comparability
of thin- and thick-layer methods for
quantitative ssbestos snalysis.

For quantitstive analysis by thin-
laver methods. the following procedure
is recommended:

1. Mill and size all or 8 substantial
representative portion of the
sample as ouvtlined in Section
2.7.21.1.

2 Dryst100°Cfor2hricooling
desiccstor.

3. Waeigh accurstely to the nearest
0.01 mg.

4. Sampies shown by PLM to
contain large amounts of
cellulosic or other organic
materiais, gypsum, or
carbonates. should be submitted
to sppropriste matrix reduction
procedures described in Sections
2.7.2.1.2 and 2.7.2.1.3. After
ashing and/or scid trestment,
repest the drying and weighing
procedures described above, and
determing the percent weight
loss, L.

$. Quantitstively transfer an
accurately weighed amount (50-
100 mg) of the sampie to 8 1-L
volumetric flask with spproxi-
mately 200 mi isopropanol to
which 3 to 4 drops of surfactant
have been added.

8. Ultrssonicate for 10 min st a
power density of spproximately
0.1 W/mL, to disperse the
sampie material. .

7. Dilute 10 volume with

isopropenol.

8. Place fiask on 8 magnetic stirring
plate. Stir.

9. Place & silver membrane filter on
the fikration spperatus. spply 8
vecuum, and attach the
reservoir. Release the vacuum
and add severa! milllliters of
isopropanct to the reservoir.
Vigorously hand shaks the
asbestos suspension and
immedistely withdraw an sliquot
from the center of the
sSuspension so that totatl sample
weight, Wry, on the filter will be
spproximately 1 mg. Do not
adjust the volume in the pipet by
oxpelling part of the suspension;
if more than the desired aliquot
is withdrawn, discard the sliquot
and resume the procedure with 8

10.

1.

12.

13.

14.

ciean pipet. Transfer the aliquot
10 the reservoir. Filter rapidly
under vacuum. Do not wash the
resarvoir walis. Leave the filter
apparatus under vacuum until
dry. Remove the reservoir,
releass the vacuum, and remove
the filter with forceps. (Note:
Water-soluble matrix interfer-
ences such ss gypsum may be
removed at this time by careful
washing of the filtrate with
distilled water. Extreme care
shouid be taken not 1o disturd the
sample.)

Attach the filter to a flat hoider
with 8 suitable adhesive and
place on the diffractometer. Use
of & sample spinner is
recommended. )

For esch asbestos mineral 10 be
quantitated, select a reflection (or
reflections) that has been shown
to be free from inmerferences by
prior PLM or qualitative XRD
analysis and that can be used
unambiguously 8s an index of
the amount of materisl present
in the sample (sse Table 2-2).
Anaslyze the selected diagnostic
reflection(s) by step scanning in
increments of 0.02¢ 28 for an
appropriate fixed time and
integrating the coums <A fixed

consistently for all samples and
standards.) An sppropriste -
scanning interval should be
selected for each pesk, and
background corrections made.
For & fixed time scan. messure
the background on-each side of
the peak for one-haif the pesk-
scanning time. The net inteneity,
la. is the differance between the
peak integrated count and the
total background count.
Determine the net count, lag, of
tha fitter 2.38 A siiver pesk
following the procedure in step
12. Remove the filter from the
hoider, reverse it, and rearttach it
to the hoider. Determine the net
count for the unattenuated silver
pesk, |4, Scan times may be jess
for measurement of silver peaks
than for sample pesks: however,
they shouid be constent
throughout the anslysis.
Normalize all raw, net intensities
{to correct for instrument instabil-
ities) by referencing them to an
external standard (e.g.. the 3.34
A pesk of an g-quanz reference
crystal). After sach unknown is
scanned, determine the net



eount, 1?, of the reference -
specimen following the
procedure in step 12. Determine
the normalized intensitiesby -
dividing the peak intensities by
1"

loag}. lag =338, and 2, ’TI;"

2.8 Calibration
2.8.1 Preparstion of Calibration

1.

Standards
Mill and size standard asbestos
materisls sccording to the
procedure outlined in Section
2.7.2.1.1. Equivelent,
standardized matrix reduction
and sizing techniques should be
used for both standsrd and
sample matarisls.
Dry 2t 100°C for 2 hr; cool in a
desiccsator.
Prepare two suspensions of each
standard in isopropanol by
weighing spproximately 10 and
50 mg of the dry material to the
nearest 0.01 mg. Quantitatively
transtfer each to 8 1-L. volumetric
flask with sppraximately 200 mi.
isopropanol to which a few drops
of surfactant have been added.
Ultrasonicate for 10 min at s
power density of spproximately
0.1 W/ml. to disperse the
asbestos material.
Dilute to volume with
isopropenol.
Place the flask on 2 magnetic
Prepare, in triplicste, a series of
ot least five standard filters to
cover the desired analytical
range, using appropriste sliquots
of the 10 snd 50 mg/L suspen-
sions. For each standard. mount 8
mnrmomhnmmnrmdn

adjust the volume in the pipet by
oxpelling pert of the suspension;

. il more than the desired sfiguot is

withdrawn, discard the aliquot
and resumae the procedure with a
clean pipet. Transfer the aliquotto
the reservoir. Keep the tip of the
pipet near the surface of the
isopropanol. Filter rapidly under
vacuum. Do not wash the sides of
the reservoir. Leave the vacuum
on for 8 time sufficient to dry the
filter. Relesse the vacuum and
remove the filter with forceps.

2.8.2 Analysis of Calidration
Standerds

1. Mount each filter on a flat
holder. Perform step scans on
selected diagnostic reflections of

© the standards and reference

" speacimen using the procedure
outlined in Section 2.7.2.3, step
12. and the same conditions as
thase used for the sampies.

2. Determine the normalized
intensity for each peak
maeasured, [%, 88 outlined in
Section 2.7.2.3, step 14.

2.9 Calculstions

For sach asbestos reference
materisl, calculate the exact weight
deposited on sach standard filter from
the concentrations of the standard
suspensions and sliquot volumes.
Record the weight, w, of each
standard. Prepare a calibeation curve
by regressing I on w. Poor
reproducibility (£ 15 percent RSD) at
any given level indicates problems in
the sampie preparation technique, and
8 need for new standards. The data
should fit a straight iine equation.

Detsrmine the siope, m, of the
calibration curve in
counts/microgram. The intercept, b, of
the line with the l& axis shouid
be approximately 2er0. A large
negative intercept indicates an error in
determining the background. This may
arise from incorrectly measuring the
basaline or from interference by
snather phase at the angle of back-
ground measurement. A large positive
intercept indicates an error in
determining the baseline or that an
impurity is included in the measured

Using the normalized intensity, lag.
for the sttenusted silver pesk of 8

filter, caiculate the transmittance, 7,
for sach sampie as follows: ™"

T-r'& ‘
Determine the correction factor, f(T),

for sach sample according to the
formuls:
'm.‘““ﬂn
1.
where
n,‘iﬂ'~
sink

[ e anoulu position of the measured

iver peak (from Bragg's Law), and

l.tongum position of the diagnostic
ssbestos pesk.
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Caicuiste the weight, W, in
micrograms, of the asbestos material
analyzed for in sach sample, using the
appropriate calibration dats and
absorption corrections:

We=lRt-d
m

Calculate the percent composition,
P.. of sach asbestos mineral anatyzed
for in the parent materisl, from the
totat sample weight, W, on the filter:

P. F ] w. ('-.01 u' 'm

We

where

P. = percent sshestos mineral in
W, = mass of ssbestos mineral on
fiter, in pg;’
W = toal sample weight on filter, in

L= pofeom weight loss of parent
. material on sshing and/or acid
treatment (see Section 2.7.2.3).
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Table 2-2.

Commeon constituents in insulstion and

wall materisls (from Ref. 10)

A. Insulation materials

Chrysotile

“Amosite”

Crocidolite

*Rock wool

*Slag wool

*Fiber glass

Gypsum (CaSO, - 2H0)

Vermiculite imicas)

*Perite

Clays (ksolin)

*Wood pulp

*Paper libers (tale. clay,
carbonate fillers)

Calcium silicates (synthetic)

Opagues {chromite, magnetite
inclusions in serpentine)

Hematite {inclusions in
“amosite”)

Magnesite

*Distomnaceous sarth

" B. Sprey linishes or paints

Bassanita
Carbonste minerals (beicite,
dolomita, vaterite)
Telc
Tramolite
Anthophyiiite
Serpentine (including chvysotile)
‘“Amosite®
Crocidolite
*Minersl! wool
*Rock wool
*Slag wool i
*Fiber gless
Clays (kaolin) _
Micas
Chlorite
Gypsum (CaS042H0)
Quartz
*Orgeanic binders and thickeners
Hydromagnesite
Wollastonite
Opaques (chromite, magnetite
inclusions in serpentine)
Hematite (inclusions in
“amosite”™)

*Amorphous materisls--contribute only to oversll scattered ‘' radiation
and increased beckground radistion.

Table 2-4. imerferances in XRD anaiysis
of ssbestiform munerals

pri . ic

Aspestiform pesks (approumate

munerel

d-specings in A

Incarferonce

Serpentine

Cheysotile

Amphidole ~
“Amosite”
Croeidolite
Tremolite

7.4

3.7

3.1

a3

Nonasbestiform ser-
pemines (antigorite,
lzardite)
Chiorite

. Kaolinite

Gypsum

Nonasbestiform serp-
entines. (antigorite,
lizerdite)

Chlorite

MHalloysite

Cellulose

Nonasbaestiform amphy-

boles (cummingtonite-

grunerite. anthophyflite.
ebocki fre)

Mutual interferences

Carbonates

Telc

Nonessbestiform
amphiboles (cumming-
tonite, grunerite,
enthophyliite, reibeckite,
tremolite)

Mutual interferences
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