diffracted beam monochromator wiil reduce background tluorescent radiation, enabling
we_aker‘diffraction peaks to be detected.

X-ray absorption by the sample matrix will result in overall attenuation of the diffracted
beam and may seriously interfere with quantitative analysis. Absorption effects may be
minimized by 'usih‘g sufﬁciéntly “thin" samples for analysis.*'*!* However, unless absorption
effects are known to be the same for both samples and standards, appropriate corrections
should be made by'referencing diagnostic peak areas to an internal standard”® or filter

substrate (Ag) peak.*¢

2.4.3.3 Patticle Size Dependence

Because the intensity of diffracted x-radiation is particle-size dependent, it is essential for
accurate quantitative analysis that both.sampleiand standard reference materials have similar
particle ;ize distributions. The optimum particle size (i.e., fiber length) range for
quantitati\_ie.'analysis of asbestos by XRD has been reported to be | to 10 ym."
Comp‘a'ir;lbility of sample and standard reference material particle size distributions should be

verified by optical microscopy (or another suitable method) prior to analysis.
2.4.3.4 Preferred Orientation Effects

Preferred orientation of asbestiform minerals during sample preparation often poses a
serious problem in quantitative analysis by XRD. A number of techniques have been
“developed for reducing preferred orientation effects in "thick layer" samples.”*'* For "thin"
samples on' membrane filters, the‘prefer_red orientation effects seem to be both reproduéible
‘and favorable to enhancement of the principal diagnostic reflections of asbestos minerals,
actually increasing the overall sensitivity of the method.'> Hcwever, further investigation

into preferred orientation effects in both thin layer and bulk samples is required.
2.4.3.‘5: Lack of Suitably Characterized Standard Materials

..;.- . . R o .
The problem of obtaining and characterizing suitable reference materials for asbestos
analysis is clearly recognized. The"N'at‘ional Institute of Standards and Technology can
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provi'de standard reference materials for chrysotile, amosite and crocidolite (SRM 1866) and
anthophyllite, tremolite and actinolite (SRM 1867).

In additi'on, the problemv of ensuring the comparability of standard reference and sample
‘materials, particularly regarding érystallite size, particle size distribution, and degree of |
crystaiinity, has y'et. to'be adequately addressed. For example, Langer et al.'* have observed
that in insulating matfices, chrySotile tends to break open into bundles more frequently than
émphip.o'lesj. This results in a line-broadening effect with a resultant decrease in sensitivity,
Unless A:'this: effect is the same for both standard and sample materials, the amount of
chrysotile in the sample will be under-estimated by XRD analysis. To minimize this

problem, it is recommended that standardized matrix reduction procedures be used for both

sample and standard materials.

2.4.4 Precision and Accuracy

Neither the precision nor accuracy of this method has been determined. The individual
laboratory should obtain or prepare a set of calibration materials containing a range of .
asbestos weight percent concentrations in combination with a variety of matrix/binder

materials. Calibration curves may be constructed for use in semi- quanutatnve analys:s of

buik materials.
2.4.5 Procedure

2.4.5.1 Sampling

Samples taken for analysis of asbestos content should be collected as specified by EPA"’
2.4.5.2 Analysis S

All samples must be analyzed initially for asbestos content by PLM. XRD may be used
as an additional technique, both fof identiﬁcation and quantitafion of sample compdn’énté'
Note: Asbestos is a toxic substance. “All handling of dry materials should be performed
in-a safety-hood ’
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g ":2 4. 5 2 1 Sample Preparauon

v The method of sample preparauon required for XRD analysis will depend on: (1) the
condmon of the sample received (sample size, homogeneity, particle size distribution, and
overall composmon as determined by PLM); and (2) the type of XRD analysis to be
performed (qualitative or quantitative; thin-layer or bulk).

“Bulk .materia]s are usually received as heterogeneous mixtures of complex composition
with ver.y wide particle size distributions. Preparation of a homogeneous, representative
sample from asbestos-containing materials is particularly difficult because the fibrous nature
of the asbestos minerals inhibits mechanical mixing and stirring, and because milling
procedures may cause adverse lattice alterations.

A discussion of specific matrix reduction procedures is given below. Complete methods
of sample preparatian are detailed in Sections 2.4.5.3 and 2.4.5.4. Note: All samples
should be examined microscopically before and after each matrix reduction step to

monitor changes in sample particle size distribution, composition, and crystéllin'ity, and

to ensure sample representativeness and homogeneity for analysis.

2.4.5.2.2 Milling

Mechanical milliné of asbestos materials has been shown to decrease fiber crystallinity,
with a resultant decrease in diffraction intensity of the specimen; the degree of lattice
alteration is related to the duration and type of milling process.”* Therefore, all milling
times should be kept to a minimum.

For qualitative analysis, parﬁcle size is not usually of critical importahce and in'ivtia]
characterization of the material with a minimum of matrix reduction is often desirable to
dbcumpnt the composition of the sample as received. Bulk samples of very large particle
size (>2-3 mm) should be comminuted to ~ 100 pum. A mortar and pestle ‘can sometimes be
used in size reduction’ of soft or loosely bound materials though this may cause mattmg of
some samples. Such samples may be reduced vy cutting with a razor blade in a mortar, or
by gnndmg in a suitable mill (c g., a microhammer mill or equwalent) When using a
‘mortar for grinding or cuttmg, the sample should be mmstencd with ethanol or some: other
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Sui':i_éoie.y\'etting agent, to minimize exposure, and the procedure should be performed in a
. HEPA-filtered hood. |
~ For accurate, reproducible quantitative analysis, the particle size of both sample and
standard materials should be reduced to ~ 10 um . Dry ball milling at liquid nitrogen
temperatures (e.g., Spex Freezer Mill", or equivalent) for a maximum time of 10 minutes
(some samples may require much shorter milling time) is recommended to obtain satisfactory
particle size disth_’butions while protecting the integrity of the crystal lattice.”> Bulk samples
of yery"large pariicle size may require grindbing in two- stages for full matrix reduction tc
<10 pm. ¢

-Final particle size distributions shouid always be verified by optical microscopy or

another suitable method.
2.4.5.2.3 Ashing

For materials shown by PLM to contain large amounts of cellulose or other organic
mateﬁal;, it may be desirable to ash prior to analysis to reduce background radiation or
matrix interference. Since chrysotile undergoes dehydroxylation at temperatures between
550°C and 650°C, with subsequent transformation to forsterite,>*?* ashing temperatures
should be kept below S00°C. Use of a muffle furnace is recommended. In all cases,
calibration of the furnace is essential to ensure that a maximum ashing temperature of 500°C

is not exceeded (see Section 2.3).
2.4.5.2:4 Acid Washing

Because of the interference caused by gypsum and some carbonates in the detection of
asbestrform mmerals by XRD (see Section 2.4.3. 1), it may be necessary to remove these

mterferences by a simple acid washmg procedure prior to ana]ysrs (see Sectron 2.3).
2.4.5.3 Qualrtatwe Analysrs
2.4.5 .3. fc.,,lnitial Screening of Bulk Material

Quahtatrve analysrs should be performed on a representatrve homogeneous pomon of the

samole with a minimum of sample treatment, using the followmg procedure
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2.4.5.2.2) 10 a final particle size sufficiently small (~ 100 pm) to allow adequate
packing into a sample holder.

. Gﬁ‘nd'and mix the sample with a mortar and pestle (or equivalent method, see Section

. Pack sample into a standard bulk sample holder. Care should be taken to ensure that
a representative portion of the milled sample is selected for analysis. Particular care
should be taken to avoid possible size segregation of the sample. (Note: Use of
back-packing method® for bulk sample preparation may reduce preferred
orientation effects.)

- Mount the sample on the diffractometer and scan over the diagnostic peak regions for
the serpentine (~7.4 A) and amphibole (8.2-8.5 A) minerals (see Table 2-7). The x-
ray diffraction equipment should be optimized for intensity. A slow scanning speed
of 1° 26/min is recommended for adequate resolution. Use of a sample spinner is
re¢commended.

. Submit all samples that exhibit diffraction peaks in the diagnostic regions for
asbestiform minerals to a full qualitative XRD scan (5°-60° 26; 1° 26/min) to verify
initial peak assignments and to identify potential matrix interferences when subsequent
quantitative analysis is to be performed.

. Compare the sample XRD pattern with standard reference powder diffraction patterns
(i.e., JCPDS powder diffraction data’ or those of other well-characterized reference
materials). Principal lattice spacings of asbestiform minerals are given in Table 2-7:
common constituents of bulk insulation and wall materials are listed in Table 2-8.

2.4.5.3.2 Detection of Minor or Trace Constituents

Routine screening of bulk materials by XRD may fail to detect small concentrations
(<1%) of asbestos. The limits of detection will, in general, be improved if matrix

absorption effects are minimized, and if the sample particle size is reduced to the optimal 1

t010 pm range, provided that the crystal lattice is not degraded in the milling process.

Therefore, in those instances when confirmation of the presence of an asbestiform mineral at

very low levels is required, or where a negative result from initial screening of the buik §

material by XRD (see Section 2.4.5.3.1) is in conflict with previous PLM fesults, it may be

‘desirable to pfepare the sample as described for quantitative analysis (see Section 2.4.5.4)

and step-scan over appropriate 2 ranges of selected diagnostic peaksv‘(Ta_ble 2-7). Accurate
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trénsfeif of the sample to the silver membrane filter is not necessary unless subsequent

- quantitative analysis is to be performed.

2.4.5.4 Quantitative Analysis

The proposed method for qhantitation of asbestos in bulk samples is a modification of the

! NIOSH-recommended thin-layer method for chrysotile in air.® A thick-layer bulk method
involving pelletizing the sample may be used for semi-quantitative analysis;”® however, this
method requires the addition of an internal standard, use of a specially fabricated sample
press, and relatively large amounts of standard reference materials. Additional research is
required to evaiuate the comparability of thin- and thick-layer methods for quantitative
asbestos analysis.

: For quantitative analysis by thin-layer methods, the following procedure is recommended:

Mill and size ali or a substantial representative portion of the sample as outlined in
Section 2.4.5.2.2.

v oL
L

Dry at 60°C for 2 hours; cool in a desiccator.

Weigh accurately to the nearest 0.01 mg.

Samples shown by PLM to contain large amounts of cellulosic or other organic
materials, gypsum, or carbonates, should be submitted to appropriate matrix
reduction procedures described in Sections 2.4.5.2.3 and 2.4.5.2.4. After ashing
and/or acid treatment, repeat the drying and weighing procedures described above,
and determine the percent weight loss, L. :

Quantitatively transfer an accurately weighed amount (50-100 mg) of the sample to a
1-L volumetric flask containing approximately 200 mL 1sopropanol to which 3 to 4

drops of surfactant have been added.

Ultrasonicate for 10 minutes at a power density of approxxmately 0.1 W/mL to
dlsperse the sample matenal :

~ Dilute to volume with isopropa‘nol.

Place flask on a magnetic-stirring plate. Stir.

Place silver membrane filter on the filtration apparatus, apply a vacuum, and attach
the reservoir. Release the vacuum and add several milliliters of isopropanol to the
reservoir. Vigorously hand shake the asbestos suspension and immediately withdraw
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an aliquot from the center of the suspension so that total sample weight, W, on the
filter will be approximately 1 mg. Do not adjust the volume in the pipet by
expelling part of the suspension; if more than the desired aliquot is withdrawn,
discard the aliquot and repeat the procedure with a clean pipet. Transfer the aliquot
to the reservoir. Filter rapidly under vacuum. Do not wash the reservoir walls.
Leave the filter apparatus under vacuum until dry. Remove the reservoir, release
the vacuum, and remove the filter with forceps. (Note: Water-soluble matrix
interferences such as gypsum may be removed at this time by careful washing of the
filtrate with distilled water. Extreme.care should be taken not to disturb the sample.)

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

. For each asbestos minerai to be quantitated, select a reflection (or reflections) that
has (have) been shown to be free from interferences by prior PLM or qualitative
XRD analysis and that can be used unambiguously as an index of the amount of
material present in the sample (see Table 2-7).

. Analyze the selected diagnostic reflection(s) by step-scanning in increments of 0.02°
20 for an appropriate fixed time and integrating the counts. (A fixed count scan may
be used alternatively; however, the method chosen should be used consistently for all
samples and standards.) An appropriate scanning interval should be selected for
each peak, and background corrections made. For a fixed time scan, measure the
background on each side of the peak for one-half the peak-scanning time. The net
intensity, I,, is the difference between the peak integrated count and the total
background count.

. Determine the net count, I,,, of the filter 2.36 A silver peak following the
procedure in step 12. Remove the filter from the holder, reverse it, and reattach
it to the holder. Determine the net count for the unattenuated silver peak, 15,
Scan times may be less for measurement of silver peaks than for sample peaks
however they should be constant throughout the analysxs

. Normallze all raw, net intensities (to correct for instrument mstabrhtres) by
referencing them to an external standard (e.g., the 3.34 A peak of an a-quartz
reference crystal). After each unknown is scanned, determine the net count,

I°, of the reference specimen following the procedure in step 12. Determine
the normalized intensities by dividing the peak intensities by 1°,:






