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INTERNATIONAL

Standard Test Method for

Microvacuum Sampling and Indirect Analysis of Dust by
Transmission Electron Microscopy for Asbestos Mass
Surface Loading *

This standard is issued under the fixed designation D 5756; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope gquantitation may not represent the physical form of the

1.1 This test method covers a procedure & identify aspestos as sampled. More specifically, the pro<_:edure de-
asbestos in dust and)(provide an estimate of the surface scribed qelther creates not destrqys asbestos, but it may alter
loading of asbestos in the sampled dust, reported as either tae Physical form of the mineral fibers.
mass of ashestos per unit area of sampled surface or as thel-5 The values stated in SI units are to be regarded as the
mass of asbestos per mass of sampled dust. standard. The values given in parentheses are for information

1.1.1 If an estimate of asbestos structure counts is to b@NIY- .
determined, the user is referred to Test Method D 5755. 1.6 This standard does not purport to address all of the

1.2 This test method describes the equipment and procéafety concerns, if any, associated with its use. It is the
dures necessary for sampling, by a microvacuum techniqué,efspons'b'“ty of the user of thIS standard to e_stabllsh appro-
non-airborne dust for levels of asbestos. The non-airborn@riate safety and health practices and determine the applica-
sample is collected inside a standard filter membrane cassedity of regulatory limitations prior to use.
g;)t?;gt]gssampling of a surface area for dust which may contairé‘ Referenced Documents

1.2.1 This procedure uses a microvacuuming sampling tec A
nique. The collection efficiency of this technique is unknown. D 1193 Specification for Reagent Watter
Variability of collection efficiency for any particular substrate D 3195 Practice for Rotameter Calibration _
and across different types of substrates is also unknown. The D 5755 Test Method for Microvacuum Sampling and Indi-
effects of sampling efficiency differences and variability on the ~ '€ct Analysis of Dust by Transmission Electron Micros-
interpretation of dust sampling measurements have not been COPY for Asbestos Structure Number surface loadings
determined. D 6620 Practice for Determining a Detection Limit for

1.3 Asbestos identified by transmission electron microscopy _ASbestos Measurements Based on Counts
(TEM) is based on morphology, selected area electron diffrac- E 832 Specification for Laboratory Filter Paprs
tion (SAED), and energy dispersive X-ray analysis (EDXA). 2-2 ISO Standards: o _
Some information about structure size is also determined. ~ 1SO/10312 Ambient Air: Determination of Asbestos Fibers;

1.4 This test method is generally applicable for an estimate Direct Transfer Transmission Electron Microscopy Proce-

of the surface loading of asbestos starting from approximately dure . - o .
0.24 pg of ashestos per square centimetre (assuming a mini-'SO/CD13794 Ambient Air: Determination of Asbestos Fi-

mum fiber dimension of 0.5 pm by 0.025 pm, see 17.8), but bres; Indirect-Transfer Transmission Electron Microscopy

will vary with the analytical parameters noted in 17.8. Procedur
1.4.1 The procedure outlined in this test method employs an Terminology
indirect sample preparation technique. It is intended to disag-"

gregate and disperse asbestos into fibrils and fiber bundles that3-1 Definitions: _ , o
can be more accurately identified, counted, and sized b 3.1.1 asbestiform—a special type of fibrous habit in which

transmission electron microscopy. However, as with all indi- he fibers are separable into thinner fibers and ultimately into
rect sample preparation techniques, the asbestos observed ﬂgrlls. This habit accounts for greater flexibility and higher

h- 2.1 ASTM Standards:

1 This test method is under the jurisdiction of ASTM Committee D22 on 2 Annual Book of ASTM Standardgol 11.01.
Sampling and Analysis of Atmospheres and is the direct responsibility of Subcom- *Annual Book of ASTM Standardgol 11.03.
mittee D22.07 on Sampling and Analysis of Asbestos. 4 Annual Book of ASTM Standardgol 14.02.
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tensile strength than other habits of the same mineral. For more 3.2.7.1 Discussior—The crystalline aggregate may be re-
information on asbestiform mineralogy, see refererf@égs(2) ferred to as fibrous even if it is not composed of separable
and(3).° fibers, but has that distinct appearance. The term fibrous is used
3.1.2 asbestos-a collective term that describes a group of in a general mineralogical way to describe aggregates of grains
naturally occurring, inorganic, highly fibrous silicate minerals,that crystallize in a needle-like habit and appear to be com-
which are easily separated into long, thin, flexible fibers wherposed of fibers. Fibrous has a much more general meaning than
crushed or processed. asbestos. While it is correct that all asbestos minerals are
3.1.2.1 Discussior—Included in the definition are the as- fibrous, not all minerals having fibrous habits are asbestos.
bestiform varieties of: serpentine (chyrsotile); riebeckite (cro- 3.2.8 indirect preparatior—a method in which a sample
cidolite); grunerite (amosite); anthophyllite (anthophyllite as-passes through one or more intermediate steps prior to final
bestos); tremolite (tremolite asbestos); and actinolite (actinolitéltration.
asbestos). The amphibole mineral compositions are defined 3.2.9 matrix—a structure in which one or more fibers, or
according to the nomenclature of the International Mineralogifiber bundles, touch, are attached to, or partially concealed by

cal Association(3). a single particle or connected group of non-fibrous particles.
Chemical Abstract Service The exposed fiber must meet the fiber definition (see section
Asbestos 7 . .. . .
chveori 120%1?29 . 3.2.6). Matrices occur as two varieties—disperse matrices and
rysotile -29- .

Crocidolite 12001-28-4 compact matrices. o ,
Grunerite Asbestos (Amosite) 12172-73-5 3.2.9.1 compact matrix—a structure consisting of a particle
Anthophyllite Asbestos 77536-67-5 or linked group of particles, in which fibers or bundles can be
Tremolite Asbestos 77536086 seen either within the structure or projecting from it, such that
Actinolite Asbestos 77536-66-4 proj g ,

o ) . ~ the dimensions of individual fibers and bundles cannot be
3.1.3 fibril—a single fiber that cannot be separated '”tounambiguously determined.

smaller components without losing its fibrous properties or 55 g5 disperse matrix-a structure consisting of a particle

appearance. . ) _ or linked group of particles, with overlapping or attached fibers
3.2 Definitions of Terms Specific to This Standard: or bundles in which at least one of the individual fibers or
3.2.1 aspect ratie—the ratio of the length of a fibrous pndies can be separately identified and its dimensions mea-
particle to its average width. sured.

3.2.2 bundle—a structure composed of three or more fibers 3 5 10 structures—a term that is used to categorize all the

in a parallel arrangement with the fibers closer than one fibe(ypes of asbestos particles which are recorded during the

diameter to each other. _analysis (such as fibers, bundles, clusters, and matrices).
3.2.3 cluster—an aggregate of two or more randomly ori-

ented fibers, with or without bundles. Clusters occur as twat. Summary of Test Method

varieties—disperse clusters and compact clusters. 4.1 The sample is collected by vacuuming a known surface
3.2.3.1 compact cluster-a complex and tightly bound net- area with a standard 25 or 37 mm air sampling cassette using
work in which one or both ends of each individual fiber or 3 plastic tube that is attached to the inlet orifice which acts as
bundle are obscured, such that the dimensions of individugj nozzle. The sample is transferred from inside the cassette to
fibers or bundles cannot be unambiguously measured. a 50/50 alcohol/water solution and screened through a 1.0 by
3.2.3.2disperse clustera disperse and open network in 1.0 mm screen. The fine dust is filtered onto a membrane filter
which both ends of one of the individual fibers or bundles Calknd ashed in a muffle furnace. The ash is mixed with distilled
be separately located and its dimensions measured. water to a known volume. Aliquots of the suspension are then
3.2.4 debris—materials that are of an amount and sizefijjtered through a membrane. A section of the membrane is
(particles greater than 1 mm in diameter as defined by a 1.0 byrepared and transferred to a TEM grid using the direct transfer
1.0 mm screen) that can be visually identified (by color,method. The asbestiform structures are identified, sized, and
texture, etc.) as to their source. counted by TEM, using SAED and EDXA at a magnification

3.2.5 dust—any material composed of particles in a size dependent on the size range of asbestos structures present.
range of <1 mm.
3.2.6 fiber—a structure having a minimum length of 0.5 m 5. Significance and Use
with an aspect ratio of 5 to 1 or greater and substantially 5.1 This microvacuum sampling and indirect analysis
parallel sides(4). Fibers are assumed to have a cylindricalmethod is used for the general testing of non-airborne dust
shape(b). samples for asbestos. It is used to assist in the evaluation of
3.2.7 fibrous mineral—a mineral that is composed of paral- dust that may be found on surfaces in buildings, such as ceiling
lel, radiating, or interlaced aggregates of fibers, from which theiles, shelving, electrical components, duct work, carpet, etc.
fibers are sometimes separable. This test method provides an estimate of the mass surface
loading of asbestos in the dust reported as either the mass of
asbestos per unit area or as the mass of asbestos per mass of
sampled dust as derived from a quantitative TEM analysis.
‘;I’Ohde boldface numbers refer to the list of references at the end of the test 5.1.1 This test method does not describe procedures or
me7The; non-asbestiform variations of the minerals indicated in 3.1.2 have differen?echniqueS required to evaluate the safety or habitability of
Chemical Abstract Service (CAS) numbers. buildings with asbestos-containing materials, or compliance
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with federal, state, or local regulations or statutes. It is the 7.8 Glass Sample Containersvith wide mouth screw cap

user’s responsibility to make these determinations. (200 mL), or equivalent sealable container (height of the glass
5.1.2 At present, no relationship has been established b&ample container should be approximately 13 cm high by 6 cm

tween asbestos-containing dust as measured by this test methaile).

and potential human exposure to airborne asbestos. Accord- 7.9 Waterproof Markers

ingly, the users should consider other available information in 7.10 Forceps (tweezers)

their interpretation of the data obtained from this test method. 7.11 Ultrasonic Bath table top model (100 W, approximate,
5.2 This definition of dust accepts all particles small enougtf€e 22.5). _ _

to pass throuig a 1 mmscreen. Thus, a single, large asbestos- 7-12 Graduated Pipettgsl, 5, and 10 mL sizes, glass or

containing particle(s) (from the large end of the particle sizePlastic. _

distribution) disassembled during sample preparation may 7-13 Filter Funnel 25 mm or 47 mm (either glass or

result in anomalously large asbestos surface loading results f{sposable). Filter funnel assemblies, either glass or disposable

the TEM analyses of that sample. Conversely, failure tdPlastic, and using either a 25 mm or 47 mm diameter filter.

disaggregate large particles may result in anomalously low 7.14 Side Arm Filter Flask1000 mL. _

asbestos mass surface loadings. It is, therefore, recommended’-15 Mixed Cellulose Ester (MCE) Membrane Filte@s5 or

that multiple independent samples be secured from the sanfe’ mm diameter=0.22 ym and 5 um pore size.

area, and that a minimum of three samples be analyzed by the 7-16 Polycarbonate (PC) Filters25 or 47 mm diametes

entire procedure. 0.2 pm pore size. ' .
7.17 Storage Containetsfor the 25 or 47 mm filters (for
6. Interferences archiving).

. . . . . 7.18 Glass Slides
6.1 The following minerals have properties (that is, chemi- 7 14 Scalpel Blades

cal or crystalline structure) which are very similar to asbestos 7 5 Cabinet-type Desiccatoror low temperature drying

minerals and may interfere with the analysis by causing falsg, o,

positives to be recorded during the test. Therefore, literature

references for these materials must be maintained in thg Reagents and Materials

laboratory for comparison to asbestos minerals so that they are

not misidentified as asbestos minerals.
6.1.1 Antigorite

8.1 Purity of Reagents-Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents conform to the specifications of the Committee on

6.1.2 Palygorskite (Attapulgite) Analytical Reagents of the American Chemical Society where
6.1.3 Halloysite such specifications are availa§i®©ther grades may be used,
6.1.4 Pyroxenes provided it is first ascertained that the reagent is of sufficiently
6.1.5 Sepiolite high purity to permit its use without lessening the accuracy of
6.1.6 Vermiculite scrolls the determination.

6.1.7 Fibrous talc 8.2 Acetone

6.1.8 Hornblende and other amphiboles not listed in 5.1.3. 8.3 Dimethylformamide (DMF)
8.4 Chloroform

6.2 Collection of any dust particles greater than 1 mm in g g 1-methyl-2-pyrrolidone
size in this test method may cause an interference and, 8:6 Glacial Acetic Acid

therefore, should be avoided. 8.7 Low Temperature Plasma Asher

8.8 pH Paper
7. Apparatus 8.9 Air Sampling Pump(low volume personal-type pump).
7.1 Transmission Electron Microscope (TEM) 80 to 120 8.10 Rotameter
kV TEM, capable of performing electron diffraction, with a  8.11 Air Sampling Cassette@5 mm or 37 mm), containing
fluorescent screen inscribed with calibrated gradations, 6.8 um or smaller pore size MCE or PC filters.
required. The TEM must be equipped with energy dispersive 8.12 Cork Borer, 7 mm.
X-ray spectroscopy (EDXA) and it must have a scanning 8.13 Non-Asbestos Mineral References outlined in 6.1.
transmission electron microscopy (STEM) attachment or be 8.14 Asbestos Standardas outlined in 3.1.2.
capable of producing a spot size of less than 250 nm in 8.15 Tygor? Tubing or equivalent.
diameter at crossover. 8.16 Vacuum Pump(small), that can maintain a vacuum of
7.2 Energy Dispersive X-ray System (EDXA) approximately 92 kPa.
7.3 High Vacuum Carbon Evaporatpwith rotating stage.

7.4 High Efficiency Particulate Air (HEPA)filtered nega- ——————————
tive flow hood. 8 Reagent Chemicals, American Chemical Society Specificatémerican

Chemical Society, Washington, DC. For suggestions on the testing of reagents not
7.5 Exhaust or Fume Hood listed by the American Chemical Society, sdaalar Standards for Laboratory
7.6 Particle-Free Water(ASTM Type I, see Specification Chemicals BDH Ltd., Poole, Dorset, U.K., and thegnited States Pharmacopeia
D 1193) and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
: MD.
7.7 Glass Beakers50 mL. 9 Tygon is a registered trademark of the DuPont Co.
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8.17 Petri Dishes large, glass (approximately 90 mm in
diameter). /\

8.18 Stainless Steel or Aluminum Mesh Screg@ to 40
mesh for Jaffe washer.

8.19 Copper TEM Finder Grids200 mesh. Front View
8.20 Carbon Evaporator Rods

8.21 Lens Tissue

8.22 Ashless Filter Paper90 mm diameter, ASTM Class G
(see Specification E 832).

8.23 Reinforcement Ringgummed paper.

8.24 Wash Bottlesplastic.

8.25 Reagent AlcohgoHPLC grade (Fisher A995 or equiva-
lent).

8.26 Opening Mesh Screeplastic, 1.0 by 1.0 mm (Spectra-
Mesh No. 146410 or equivalent).

8.27 Static Neutralizer S

8.28 Muffle Furnace 480°C. FIG. 1 Sampling End of Tubing

8.29 Glazed Crucibles

8.30 Jaffe Washer(4, 5).

8.31 Diffraction Grating Replicawith approximately 2160 Vvacuum break is provided to avoid simply pushing the dust

Side View

lines/mm. around on the surface with the nozzle rather than vacuuming it
8.32 The following items are necessary if performinginto the cassette. The internal diameter of the nozzle and flow
weight % calculations. rate of the pump may vary as long as the air velocity within the

8.32.1 Analytical Balance with readability of 0.01 mg or body of the nozzle is 100%10) cm/s. This air velocity can be
less. Exercise special care for the proper zeroing of the balanc@chieved with an internal sampling tube diameter of 6.35 mm
8.32.2 Weighing Room with temperature and humidity (¥2in.) and a flow rate of 2 L/min.

control to allow weighing with an analytical balance+®.01 9.7 Delineate and measure the surface area of interest. A
mg. sample area of 100 ciis vacuumed until there is no visible
8.32.3Class M Weightsfor calibration of the analytical dust or particulate remaining. Perform a minimum of two
balance. orthogonal passes on the surface with a minimum of 2 min of
) . ) sampling time. Avoid scraping or abrading the surface being
9. Sampling Procedure For Microvacuum Technique sampled. (Do not sample any debris or dust particles greater

9.1 For sampling asbestos-containing dust in either indoothan 1 mm in diameter (see 5.2)). Smaller or larger areas can be
or outdoor environments, commercially available cassettesampled, if needed. For example, some surfaces of interest may
must be used. Cassettes and sampling nozzles must be new drave a smaller area than 100 Trhess dusty surfaces may
not previously used. Air monitoring cassettes containing 25equire vacuuming of larger areas. Unlike air samples, the
mm or 37 mm diameter mixed cellulose ester (MCE) oroverloading of the cassettes with dust will not be a problem. As
polycarbonate (PC) filter membranes with a pore size less thatefined in 3.2.5, only dust shall be collected for this analysis.
or equal to 0.8 um are required. The number of samples 9.8 Atthe end of the sample collection, invert the cassette so
collected depends upon the specific circumstances of the studfat the nozzle inlet faces up before shutting off the power to

9.2 Maintain a log of all pertinent sampling information and the pump. The nozzle is then sealed with a cassette end plug
sampling locations. and the cassette/nozzle taped or appropriately packaged to

9.3 Sampling pumps and flow indicators shall be calibrategprevent separation of the nozzle and cassette assembly. A
using a certified standard apparatus or assembly (see Practi®econd option is the removal of the nozzle from the cassette,
D 3195). then plugging of the cassette and shipment of the nozzle (also

9.4 Record all calibration informatiof®). plugged at both ends) sealed in a separate closeable plastic bag.

9.5 Perform a leak check of the sampling system at eaclA third option is placing the nozzle inside the cassette for
sampling site by activating the pump with the closed samplinghipment. The nozzle is always saved to be rinsed because a
cassette in line. Any air flow shows that a leak is present thasignificant percentage of the dust drawn from a lightly loaded
must be eliminated before initiating the sampling operation. surface may adhere to the inside walls of the tubing.

9.6 Attach the sampling cassette to the sampling pump at 9.9 Check that all samples are clearly labeled, that all dust
the outlet side of the cassette with plastic tubing (see 8.15). Theampling information sheets are completed, and that all perti-
plastic tubing shall be long enough that sample areas can bnt information has been enclosed, in accordance with labo-
reached without interference from the sampling pump. Attachratory quality control practices, before transfer of the samples
a clean, approximately 25.4 mm long, piece of plastic tubingo the laboratory. Include an unused cassette and nozzle as a
(6.35 mm internal diameter) directly to the inlet orifice. Usefield blank.
this piece of tubing as the sampling nozzle. Cut the sampling 9.10 Wipe off the exterior surface of the cassettes with
end of the tubing at a 45° angle as illustrated in Fig. 1. Thedisposable wet towels or “baby wipes” prior to packaging for
exact design of the nozzle is not critical as long as somehipment.
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10. Sample Shipment of water and alcohol. Repeat this procedure two additional
10.1 Ship dust samples to an analytical laboratory in dimes for a total of three washings. Next, rinse the nozzle two
sealed container, but separate from any bulk or air sample8 three times through the screen into the specimen bottle with

The cassettes must be tightly sealed and packed in a materi@ 50/50 mixture of water and alcohol. Typically, the total
free of fibers or dust to minimize the potential for contamina-@mount of the 50/50 mixture used in the rinse is 50 to 75 mL.

tion. Plastic bubble pack is probably the most appropriatdieémove the 1.0 by 1.0 mm screen and discard.

material for this purpose. 11.5.4 Use either a disposable plastic filtration unit or a
glass filtering unit for filtration of the suspension. If a weight %
11. Sample Preparation determination is to be reported, use pre-weighed laboratory

11.1 Under a negative flow HEPA hood, carefully wet—wipef"ters; see 11.4.

the exterior of the cassettes to remove any possible contami- 11.5.4.1 If adisposable plastic filtration unit is used, unwrap

nation before taking cassettes into a clean preparation area.2 "W disposable plastic filter funnel unit (either 25 or 47 mm
iameter) and remove the tape around the base of the funnel.

11.2 Perform sample preparation in a clean facility that hag) ; . X .
a separate work area from both the bulk and air sampl emove the fu_nnel an_d_d|scard the top filter supplied with the
. apparatus, while retaining the coarse polypropylene support
preparation areas. ad in place. Assemble the unit with the adapter and a properl
11.3 Initial specimen preparation shall take place in a cleagized npeopréne stopper, and attach the funﬁel to the foog-m{
HEPA filtered negative pressure hood to avoid any IOOSS'blside-arm vacuum flask. Place a 5.0 um pore size MCE (backing

contamination of the laboratory or personnel, or both, by th%’lger) on the support pad. Wet it with a few mL of particle-free

potentially large number of ashestos structures in an asbestos X )
containing dust sample. Cleanliness of the preparation are\éater and place an MCE or PC filte=0.2 um pore size) on

hoods is measured by the cumulative process blank concentr pp of the backing filter. Apply a vacuum, ensuring that the
tions (see Section 12). ilters are centered and pulled flat without air bubbles. Any

11.4 If a weiaht % determination is renorted. pre-weigh theirregularities on the filter surface requires discard of that filter.
' veight vo . P P 9" Nexfter the filter has been seated properly, replace the funnel, and
laboratory filter in accordance with this section, otherwise

proceed with 11.5 reseal it with the tape. Return the flask to atmospheric pressure.
11.4.1 Dry the laboratory filter under vacuum in a vacuum .11'5'4'2 Ifa glasg filtration unit is usgd, piaa 5 Hmpore
desiccator for at least 15 min. size MCE (backing filter) on the glass frit surface. Wet the filter

11.4.2 Release the vacuum, remove the desiccator covevly'th par'uc[e-free water, and place an MCE or PC filtes0(2
m pore size) on top of the backing filter. Apply a vacuum,

Z?Idezgtu!lt;]rate the laboratory filters in the weighing room forensuring that the filters are centered and pulled flat without air

11.4.3 Weigh the laboratory filter and record the filter tarepUbbles' Replace the f||t§rs '.f any irregularities are seen on the
weight, W1 (mg). filter surface. Before filtration of the sample suspension,

11.4.3.1 Zero the balance before each weighing, \F/)vraetg?rz;ekr)lacgl:ngllfaetirogyJ]llt;ﬁgogltro:\tii% n:JIZJ O;ort)agllltc:)l\?v-f'[ﬁ:
11.4.3.2 Handle the filter with forceps. A ’ T
. o L filtration funnel assembly to dry because contamination is then
11.4.3.3 Pass the filter over an antistatic radiation sourc nore difficult to remove. Wash any residual suspension from
]I%?éaeea; :)hrlsif ?;zpfillftetrhZt'rlrgi;sdt?]eezsb;(l);r:gcleeaz‘ral easily from th?ne filtration assembly by holding it under a flow of water, then
P pan. rub the surface with a clean paper towel soaked in a detergent

rogrlﬁﬂ;‘fr aAAIOJYjJE;AZ?%r?éO% f;}lter to stand in the weighing solution. Repeat the cleaning operation, and then rinse several
: times in particle-free water.

11.4.5 Reweigh the laboratory filter. If the second weight S ' .
. ' . 11.5.5 Pour the suspension into the filter funnel. Rinse the
differs by more than 0.01 mg from the first tare weight (W1), beaker into the funnel at least three times, using distilled water.

discard the filter. .
11.5 All sample preparation steps 11.5.1-11.5.6 shall takﬁquolu'ghe’ﬂf;pﬁ:{ervacuum to the flask and draw the mixiure

place in the dust preparation area inside a HEPA hood. : ble the filteri it and full
11.5.1 Remove the upper plug from the sample cassette anlcqill'S'7 D|sa_ssem e t 1 litering unit and carefully remove
e sample filter with fine tweezers. Place the completed

container and carefully introduce approximately 10 mL of al . : : .
50/50 mixture of particle-free water and reagent alcohol imosgmple filter pa}rtlcle .su.je up, into a .precleaned, labeled
the cassette using a plastic wash bottle. If the plugged nozzf§SPosable plastic petri dish or other similar container.

was left attached to the cassette, then remove the plug angll.6 If aweight % determination is reported, weigh the filter

introduce the water/alcohol into the cassette through th@nd solids using the method described in this section.

tubing, and then remove the tubing if it is visibly clean. 11.6.1 Place the filter into a low temperature drying oven
11.5.2 Replace the upper plug or the sample cap, and lightl{f0°C) for 1 h. . _ N .
shake the dust suspension by hand for 3 s. 11.6.2 Remove the filter and allow the filter to equilibrate in

11.5.3 Remove the entire cap of the cassette and podfe weighing room for at least 1 h.
suspension through a 1.0 by 1.0 mm opening screen into a 11.6.3 Weigh the filter and record the filter weight, W2
pre-cleaned 200 mL glass specimen bottle. All visible traces ofmg).
the sample contained in the cassette shall be rinsed onto thel1.6.3.1 Zero the balance before each weighing.
screen with a plastic wash bottle containing the 50/50 mixture 11.6.3.2 Handle the filter with forceps.
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11.6.3.3 Pass the filter over an antistatic radiation sourcaesidual suspension from the filtration assembly by holding it
Repeat this step if the filter does not release easily from thender a flow of water, then rub the surface with a clean paper
forceps or if the filter attracts the balance pan. towel soaked in a detergent solution. Repeat the cleaning

11.6.3.4 Use the same balance for weighing the filter®peration, and then rinse several times in particle-free water.
before and after filtration of the suspension. 11.9.3 With the flask at atmospheric pressure, add 20 mL of

11.7 Place the filter or a measured portion of the filter intoparticle-free water into the funnel. Cover the filter funnel with
a glazed crucible and cover with an appropriate lid. its plastic cover if the disposable filtering unit is used.

11.7.1 Pre-heat the muffle furnace to 480°C. Regulate this 11.10 Briefly hand shake (3 s) the capped bottle with the
temperature at-5°C throughout the ashing of the sample.  sample suspension, then place it in a tabletop ultrasonic bath

11.7.2 Place the crucible in the muffle furnace. Ash theand sonicate for 15 min. Maintain the water level in the

sample for 12 h, or until the weight has stabilized. sonicator at the same height as the suspension in the sample
11.7.3 Remove the crucible from the muffle furnace andPottle. Carry out preparation steps 11.10-11.11.5 in a HEPA
allow it to cool. hood.

11.8 Rinse the ash from the crucible into a 200 mL glass 11.10.1 Calibrate the ultrasonic bath in accordance with
specimen bottle. Rinse all visible traces of the sample con2.5. The ultrasonic bath must be operated at equilibrium
tained in the crucible into the specimen bottle using a plastiéémperature.
wash bottle containing particle-free water. This procedure is 11.11 Estimate the amount of liquid to be withdrawn to
repeated two additional times for a total of three washings. Pproduce an adequate filter preparation. Experience has shown

11.8.1 Bring the volume of the suspension up to 100 mLthat a light staining of the filter surface will yield a suitable
using distilled water. preparation for analysis. Filter at Ieast'l.O mL, but no more

11.8.2 Adjust the pH of the suspension to 3 to 4 by using ghan half the total volume. Draw this portion from the
10.0 % solution of acetic acid. Use pH paper for testing. FilterSUSPENSIoN while it is in the sonicator. If after examination in
the suspension within 24 h to avoid problems associated witf'® TEM, the smallest volume filtered (1.0 mL) yields an
bacterial and fungal growth. overload_ed sample, perform additional serial dilutions of the

11.9 Use either a disposable plastic filtration unit or a g|a3§uspen3|on. ) . )
filtering unit for filtration of portions of the suspension. The ~11.11.1 If serial dilutions are required, repeat step 11.10
ability of an individual filtration unit to produce a uniformly Pefore the serial dilution portion is taken. The recommended
loaded filter may be tested by filtration of a colored particulatg®rocedure for a serial dilution is to mix 10 mL of the sample
suspension such as carbon black. suspension wlth 90 mL of partlg:lejfree water in a clean sample

11.9.1 If a disposable plastic filtration unit is used thenbottle to obtain a 1:10 serial dilution. Follow good laboratory

unwrap a new disposable plastic filter funnel unit (either 25 oPTactices when performing serial dilutions. ,
47 mm diameter) and remove the tape around the base of thell-11.2 Insert a new disposable pipette halfway into the
funnel. Remove the funnel and discard the top filter supplie®@MPple suspension and withdraw a portion. Avoid pipetting any
with the apparatus, while retaining the coarse polypropylené’f the Iarge_floatlng or sgttled particles. Uncover the filter
support pad in place. Assemble the unit with the adapter andfé('”nel and dispense the mixture from the pipette into the water
properly sized neoprene stopper, and attach the funnel to tH@ the funnel. _
1000 mL side arm vacuum flask. Place a 5.0 um pore size MCE 11.11.3 Apply vacuum to the flask and draw the mixture
(backing filter) on the support pad. Wet it with a few mL of through the filter.
particle-free water and place an MCE or PC filterQ(2 um 11.11.4 Discard the pipette.
pore size) on top of the backing filter. Apply a vacuum, 11.11.5 Disassemble the filtering unit and carefully remove
ensuring that the filters are centered and pulled flat without aithe sample filter with fine tweezers. Place the completed
bubbles. Any irregularities on the filter surface dictates dis-sample filter, particle side up, into a precleaned, labeled,
carding of that filter. After the filter has been seated properlydisposable, plastic petri dish or other similar container.
replace the funnel and reseal it with the tape. Return the flask 11.11.6 In order to ensure that an optimally-loaded filter is
to atmospheric pressure. obtained, it is recommended that filters be prepared from
11.9.2 If aglass filtration unit is used, ptaa 5 pnpore size  several different portions of the dust suspension. For this series
MCE (backing filter) on the glass frit surface. Wet the filter of filters, it is recommended that the volume of each portion of
with particle-free water, and place an MCE or PC filtex()(2  the original suspension be a factor of five higher than the
um pore size) on top of the backing filter. Apply a vacuum,previous one. If the filters are prepared in order of increasing
ensuring that the filters are centered and pulled flat without aiportion volume, all of the filters for one sample can be prepared
bubbles. Replace the filters if any irregularities are seen on thesing one plastic disposable filtration unit, or without cleaning
filter surface. Before filtration of each set of sample portionsof glass filtration equipment between individual filtrations.
prepare a blank filter by filtration of 50 mL of particle-free  11.11.7 There are many practical methods for drying MCE
water. If portions of the same sample are filtered in order ofilters; the following are two examples that can be us&pd(y
increasing concentration, the glass filtration unit need not b&CE filters for at least 12 h (over desiccant) in an airtight
washed between filtrations. After completion of the filtration, cabinet-type desiccator;2) to shorten the drying time (if
do not allow the filtration funnel assembly to dry becausedesired), remove a plug of the damp filter and attach to a glass
contamination is then more difficult to remove. Wash anyslide in accordance with 13.1.2 and 13.1.3. Place the slide with
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a filter plug or filter plugs (up to eight plugs can be attached tdogether at an angle of about 20° to help exclude air bubbles.
one slide) on a bed of desiccant, in the desiccator for 1 h. Remove any excess clearing solution. Place the slide in an
11.11.8 PC filters do not require lengthy drying beforeoven or on a hot plate, in a fume hood, at 65 to 70°C for 10

preparation, but may be placed in a desiccator for at least 3fhin.

min before preparation. . 13.3 Plasma etching of the collapsed filter is required.
11.12 Prepare TEM specimens from small sections of each 13.3.1 The microscope slide to which the collapsed filter

?nrgﬂoglter using the appropriate direct transfer preF)""r""t'orbieces are attached is placed in a plasma asher. Because plasma
: ashers vary greatly in their performance, both from unit to unit
12. Blanks and between different positions in the asher chamber, it is

12.1 Prepare sample blanks that include both a proceégfﬁcult.to specify the exact conditions that must be used.
blank (50 mL of ultrapure water) for each set of samplesinsufficient etching will result in a failure to expose embedded
analyzed and one unused filter from each new box of sampl@Pers, and too much etching may result in the loss of particles
filters (MCE or PC). If glass filtering units are used, prepareffom the filter surface. To determine the optimum time for
and analyze a process blank each time the filtering unit igshing, place an unused 25 mm diameter MCE filter in the
cleaned. For example, if one glass filtering unit is used for teffenter of a glass microscope slide. Position the slide approxi-
different individual samples, then ten process blanks arénately in the center of the asher chamber. Close the chamber
prepared and analyzed. Blanks will be considered contam@nd evacuate to a pressure of approximately 4 Pa, while
nated if, after analysis, they are shown to contain more than 58dmitting oxygen to the chamber at a rate of 8 to 2G/onn.
asbestos structures per square millimetre. This generally cofdjust the tuning of the system so that the intensity of the
responds to three or four asbestos structures found in ten griRlasma is maximized. Determine the time required for com-
openings. The source of the contamination must be foun@lete oxidation of the filter. Adjust the system parameters to
before any further analysis can be performed. Reject samplgshieve complete oxidation of the filter in a period of approxi-
that were processed along with the contaminated blanks arfdately 15 min. For etching of collapsed filters, use these
prepare new samples after the source of the contamination @perating parameters for a period of 8 min. For additional
found. information on calibration, see the AHERA), NISTIR (7), or

12.2 Prepare field blanks which are included with sampldS0O/10312 and ISO/CD 13794.
sets in the same manner as the samples, to test for contamina13.3.2 Place the glass slide containing the collapsed filters
tion during the sampling, shipping, handling, and preparationnto a low-temperature plasma asher, and etch the filter.

steps of the method. 13.4 Carbon coating of the collapsed and etched filters is
13. TEM Specimen Preparation of Mixed Cellulose Ester ~ required.
(MCE) Filters 13.4.1 Carbon coating must be performed with a high-

Note 1—Use of either the acetone or the DMF-acetic acid method isVacuum Coat".‘g unit, capable of less than 41@”.(13 mPa)
acceptable. |fg|ressure. . Units that are baseg or; ebvaporatlion of carbon
. ilaments in a vacuum generated only by an oil rotary pump

igi ?Clggonqgviu:ggecl\figah?dlu J from any quadrant of th have not been evaluated for this application and must not be

T . plug y4q Qsed. Carbon rods used for evaporators shall be sharpened with
sample and blank filters. Sections can be removed from th carbon rod sharpener to necks of about 4-mm length and
C\l}e‘r;d lff’;g Za;:n trir:::rg fggﬁgn-rizerecr%rokvggrer must be wet 1-mm diameter. The rods are installed in the evaporator in such
b ) a manner that the points are approximately 100 to 120 mm

13.1.2 Place the filter section (particle side up) on a clea . . : .
microscope slide. Affix the filter section to the slide with a?jrg\rl?céhe surface of the microscope slide held in the rotating

gummed page reinforcement or other suitable means. Label the ) ] ) )
slide with a glass scribing tool or permanent marker. 13.4.2 Place the glass slide holding the filters on the rotation

13.1.3 Prepare a fusing dish from a glass petri dish and gevice, and evacuate the evaporator chamber to a pressure of at
metal screen bridge. To prepare the fusing dish, make a pa{HOSt 13 mPa. Perform the evaporation in very short bursts,
from five to six ashless paper filters and place in the bottom of€parated by 3ot4 s toallow the electrodes to cool. An
the petri dish. Place the screen bridge on top of the pad ar@ftérnate method of evaporation is accomplished by using a
saturate the filter pads with acetone. Place the slide on top ¢¢W continuous applied current. An experienced analyst can

the bridge in the petri dish and cover the dish. Wait approxi{udge the thickness of the carbon film to be applied. Some tests
mately 5 min for the sample filter to fuse and clear. should be made first on unused filters. If the carbon film is too

13.2 DME-Acetic Acid Method thin, large particles will be lost from the TEM specimen, and

13.2.1 Place a drop of clearing solution that consists ofhere will be few complete and undamaged grid openings on
35 % dimethylformamide (DMF), 15 % glacial acetic acid, andthe specimen. If the coating is too thick, it will lead to a TEM
50 % Type Il water (v/v) on a clean microscope slide. Gaugémage that is lacking in contrast, and the ability to obtain
the amount used so that the clearing solution just saturates tigéectron diffraction patterns will be compromised. The carbon
filter section. film should be as thin as possible and still remain intact on

13.2.2 Carefully lay the filter segment, sample surfacemost of the grid openings of the TEM specimen.
upward, on top of the solution. Bring the filter and solution 13.5 Preparation of the Jaffe Washer
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13.5.1 The precise design of the Jaffe washer is not consid- 14.2 Cut a strip of filter paper slightly narrower than the
ered important, so any one of the published designs may beidth of the slide. Position the filter paper strip on the center of
used(5, 8). One such washer consists of a simple stainless steéhe length of the slide.
bridge contained in a glass petri dish, as illustrated in Fig. 2. 14.3 Using a clean, curved scalpel blade, cut a strip of the

13.5.2 Place several pieces of lens tissue on the stainle®C filter approximately 25 by 6 mm. Use a rocking motion of
steel bridge. The pieces of lens tissue shall be large enough the scalpel blade to avoid tearing the filter. Place the PC strip
completely drape over the bridge and into the solvent. In garticle side up on the slide perpendicular to the long axis of
fume hood, fill the petri dish with acetone (or DMF) until the the slide. The ends of the PC strip must contact the double
height of the solvent is brought up to contact the underside ofided adhesive tape. Each slide can hold several PC strips. With
the metal bridge. a glass marker, label (next to each PC strip) with the individual

13.6 Placing the Specimens into the Jaffe Washer sample number.

13.6.1 Place the TEM grids shiny side up on a piece of lens 14.4 Carbon coat the PC filter strips as discussed in 13.4.2.
tissue or filter paper so that individual grids can be easilyPC filters do not require etching.
picked up with tweezers. Note 2—Caution: Do not overheat the filter sections while carbon

13.6.2 Prepare three grids from each sample. coating '

13.6.2.1 Using a curved scalpel blade, excise at least two '
square (3 mm by 3 mm) pieces of the carbon-coated MCE filter 14.5 Prepare a Jaffe washer as described in 13.5, but fill the

from the glass slide. washer with chloroform or 1-methyl-2-pyrrolidone to the level
13.6.2.2 Place the square filter piece carbon-side up on topf the screen.
of a TEM specimen grid. 14.6 Using a clean curved scalpel blade, excise three, 3 mm
13.6.2.3 Place the whole assembly (filter/grid) on the satusquare filter pieces from each PC strip. Place the filter squares
rated lens tissue in the Jaffe washer. carbon side up on the shiny side of a TEM grid. Pick up the
13.6.2.4 Place the three TEM grid sample filter preparationgrid and filter section together and place them on the lens tissue
on the same piece of lens tissue in the Jaffe washer. in the Jaffe washer.
13.6.2.5 Place the lid on the Jaffe washer and allow the 14.7 Place the lid on the Jaffe washer and leave the grids for
system to stand for several hours. at least 4 h. Best results are obtained with longer wicking

13.7 Alternately, place the grids on a low level (petri dishtimes, up to 12 h.
filled to the ¥s mark) DMF Jaffe washer for 60 min. Add  14.8 Carefully remove the grids from the Jaffe washer.
enough solution of equal parts DMF/acetone to fill the washeAllow the grids to dry before placing them in a clean, marked
to the screen level. Remove the grids after 30 min if they haverid box.
cleared, that is, all filter material has been removed from the
carbon film, as determined by inspection in the TEM. 15. Grid Opening Measurements

13.8 Carefully remove the grids from the Jaffe washer, 151 TEM grids must have a known grid opening area.
allowing the grids to dry before placing them in a clean markethatermine this area as follows:

grid box. 15.1.1 Measure at least 20 grid openings in each of 20

; ; random 75 pum (200-mesh) copper grids for a total of 400 grid
14. ,I,ﬁgﬂr Specimen Preparation of Polycarbonate (PC) openings for every 1000 grids used, by placing the 20 grids on
) . . a glass slide and examining them under the optical microscope.

14.1 Cover the surface of a clean microscope slide with tWqge 4 calibrated graticule to measure the average length and
strips of double-sided adhesive tape. width of the 20 openings from each of the individual grids.
From the accumulated data, calculate the average grid opening
area of the 400 openings.

15.2 Grid area measurements can also be made at the TEM
at a calibrated screen magnification. Typically measure one
grid opening for each grid examined. Measure grid openings in
both thex andy directions and calculate the area.

15.3 Pre-calibrated TEM grids are also acceptable for this
test method.

Glass Petri Dish
(100 mmx 15 mm)

Electron Microscope
Specimens

16. TEM Method

16.1 Calibrate the microscope routinely for magnification,
camera constant, and EDXA settings (see Section 22 for more
detailed discussion).

16.2 Microscope settings: 80 to 120 kV, 15 000 to 20000

. screen magnification for analysis as determined in 16.7.
Stainless Steel

Lens Tissue Mesh Bridge 16.3 Analyze two grids for each sample. Analyze approxi-
(50 mesh ) mately one-half of the required grid openings on one sample
FIG. 2 Design of Solvent Washer (Jaffe Washer) grid preparation and the remaining half on a second grid
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preparation. See 16.7 and 17.10 for the number of grid7. Data Recording Rules

openings Wh'Ch must be analyzed. o 17.1 Record on the count sheet (Fig. 3) any continuous
16.4 Determination of Specimen Suitability grouping of particles in which an asbestos fiber is detected.
16.4.1 Carefully load the TEM grid, carbon side facing upClassify asbestos structures as fibers, bundles, clusters, or

(in the TEM column) with the grid bars oriented parallel/ matrices as defined in 3.2.

perpendicular to the length of the specimen holder. Use ahand 17 2 Use the AHERA criteria for fiber, bundle, cluster, and

lens or loupe, if necessary. This procedure will line up the gridnatrix identification(4). Record length and width measure-

with thex andy translation directions of the microscope. Insert ments.

the specimen holder into the microscope. 17.2.1 For bundles and fibers, record the length and width of
16.4.2 Scan the entire grid at low magnification (235®  the structure.

1000x) to determine its suitability for high magnification 1722 For disperse clusters, record the overall length and

analysis as specified in 16.4.3. width of the structure. Record, in order of decreasing length, up
16.4.3 Grids are acceptable for analysis if the followingto five component fibers or bundles in accordance with 17.2.1.

conditions are met: These component fibers or bundles are not counted in deter-
16.4.3.1 The fraction of grid openings covered by themining overall structure count or stopping rules.

replica section is at least 50 %. 17.2.3 For compact clusters, record the overall length and

16.4.3.2 Relative to that section of the grid covered by theyidth of the structure.

carbon replica, the fraction of intact grid openings is greater 1724 For disperse matrices, record the overall length and

than 50 %. width of the structure. Record, in order of decreasing length, up
16.4.3.3 The fractional area of undissolved filter is less tharo five component fibers or bundles in accordance with 17.2.1.

10 %. These component fibers or bundles are not counted in deter-
16.4.3.4 The fraction of grid openings with overlapping or mining overall structure count or stopping rules.

folded replica film is less than 50 %. 17.2.5 For compact matrices, record the overall length and
16.4.3.5 At least 20 grid openings that have no overlappingvidth of the structure.

or folded replica, are less than 5 % covered with holes and have 17.2.6 Calculate the mass of an individual structure as

less than 5 % opaque area due to incomplete filter dissolutioghown in 20.1.
16.5 Determination of Grid Opening Suitability 17.3 Record NSD (No Structures Detected) when no struc-
16.5.1 If the grid meets acceptance criteria, choose a griclires are detected in the grid opening.

opening for analysis from various areas of the grid so that the 17.4 |dentify structures classified as chrysotile identified by

entire grid is represented. Determine the suitability of eacleither electron diffraction or X-ray analysis and record on a

individual grid opening to be analyzed prior to the analysis. count sheet. Verify at least one out of every ten chrysotile
16.5.2 The individual grid opening must have less than 5 %structures by X-ray analysis.

holes over its area. 17.5 Structures classified as amphiboles by X-ray analysis
16.5.3 Grid openings must be less than 25 % covered witland electron diffraction are recorded on the count sheet. For

particulate matter. more information on identification, see Yamate, et(%) or
16.5.4 Grid openings must be uniformly loaded. Chatfield and Dillon(8).

16.6 Observe and record the orientation of the grid, at 80 to 17.6 Record a typical electron diffraction pattern for each
150%, on a grid map record sheet along with the location of thetype of asbestos observed for each group of samples (or a
grid openings that are examined for the analysis. If indexedninimum of every five samples) analyzed. Record the micro-
grids are used, a grid map is not required, but the identifyinggraph number on the count sheet. Record at least one X-ray
coordinates of the grid square must be recorded. spectrum for each type of asbestos observed per sample. Attach

16.7 At low magnification (100R), scan approximately 50 the print-outs to the back of the count sheet. If the X-ray
grid openings to find the largest width of an asbestos fiber ospectrum is stored, record the file and disk number on the count
bundle. If an asbestos fiber or bundle is observed, adjust theheet.
microscope magnification so that 1 mm on the fluorescent 17.7 Counting Rules
screen corresponds to approximately 10 % of the width of the 17.7.1 At a screen magnification of between 15000 and
previously selected large structure. Examine the sample at tr#0 000x evaluate the grids for the most concentrated sample
lower of this magnification or 20 000. If no fibers or bundles loading; reject the sample if it is estimated to contain more than
are observed during the low magnification scan, arbitrarily50 asbestos structures per grid opening. Proceed to the next
choose one grid opening. Begin high magnification (15 000 tdower concentrated sample until a set of grids are obtained that
20 000x) scans with this grid opening. have less than 30 asbestos structures per grid opening.

16.7.1 Record the dimensions of the structure with the 17.8 Analytical Sensitivity—An absolute analytical sensitiv-
largest width. Calculate the mass of this structure (see Sectidity specified in terms of mass cannot be defined for this test
17). method. A nominal analytical sensitivity for an analysis can be

16.7.2 Continue scanning at the appropriate magnificatiodefined on the basis of the smallest asbestos fibril reportable by
until either the mass of the large structure selected in 16.7.1 ithis test method, 0.5 um by 0.025 pm. Assuming the following
no greater thaiio of the total asbestos mass observed or thevalues for the parameters defined in Section 19: EFA = 1150
stopping rules (17.10) apply. mn?; GO = 10; GOA =0.006 mi SPL =100 crf; V =50
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Page # /

Client Microscope
e # Grid Openings
Sample ID Magnification
) # Asbestos
Job Number Accelerating Voltage
Overator # Nonasbestos
Average Grid Opening, mm P # Asb 5
>
EDS Disk # sbestos 25 um
Date Analyzed
- # Nonasbestos > 5 um
Position -
Field | Fiber Le”rf‘h Width, Fiber Type Morph | Mass | EDS | Photo | SAED | Amp| vy
o um D

Amp | Chr Nas
Amp | Chr Nas
Amp | Chr Nas

Amp | Chr Nas
Amp | Chr Nas

Amp | Chr Nas
Amp | Chr Nas
Amp | Chr Nas
Amp | Chr Nas
Amp | Chr Nas

Amp | Chr Nas
Amp | Chr Nas

Amp | Chr Nas
Amp | Chr Nas
Amp | Chr Nas
Amp | Chr Nas

Amp | Chr Nas

Amp | Chr Nas
Amp | Chr Nas

Amp } Chr Nas
Amp | Chr Nas

Amp | Chr Nas
Amp | Chr Nas

Amp | Chr Nas

Amp | Chr Nas

Amphibole Abbreviations: Act-Actinolite, Ant-Anthophyllite, Cro-Crocidolite, Gru-Grunerite (Amosite), Tre-Tremolite.

FIG. 3 Count Sheet

mL, this equates to an analytical sensitivity of 0.24 pg of 17.10 Stopping Rules

asbestos per square centimetre. This sensitivity can be im-17.10.1 Continue analyzing the sample until the mass of the

proved by increasing the amount of liquid filtered, increasingargest asbestos structure (16.7) accounts for 10 % of the total

the number of grid openings analyzed, decreasing the size afshestos mass counted or until the total number of grid squares

the final filter, or increasing the surface area sampled. analyzed is either 100 or 18 20 000/selected magnification,
17.9 Limit of Detectior—The limit of detection for this test whichever is smaller.

method is calculated using Practice D 6620. All data should be 17.10.1.1 Complete the analysis of the grid square in which

provided in the laboratory report. the stopping rules are satisfied.

10
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17.10.2 If more than 10 % of the counted structures are Mineral Density, Mg/m?
either compact clusters or compact matrices, then the sample Chrysotile 2.55
. . . . Crocidolite 3.37
must be reprepared starting with 11.10, using either longer Amosite 343
ultrasonic treatment or an ultrasonic probe to disperse the Anthophyllite 3.00
Tremolite 3.00
complex structures. Actinolite 210

17.11 After analysis, remove the grids from the TEM, and

replace them in the appropriate grid storage holder. 20.1.2 The mass of a disperse matrix or a disperse cluster is

estimated by summing the mass of the component fibers or
bundles. The mass of a compact cluster or compact matrix is
not determined.

18.1 The washed-out sample cassettes can be discardec?0.2 Report the following information for each dust sample
after use. analyzed:

18.2 Sample grids and unused filter sections must be stored 20-2.1 Types of asbestos present,
for a minimum of one year. 20.2.2 Number of asbestos structures present,

20.2.3 Surface loading in mass perfor each asbestos
type present,

20.2.4 The analytical sensitivity,
19.1 Calculation of Results-Use the following equation to 20.2.5 Effective filtration area,

18. Sample Storage

19. Calculations

determine the amount of asbestos in the sample: 20.2.6 Average size of the TEM grid openings that were
EFA X 100 mLx M counted, , _ _
asbestos, 9/cf= 55 GOAX VX SPLX FE @) 20.2.7 Number of grid openings examined,
20.2.8 Sample dilution used,

where: 20.2.9 Area of the surface sampled,

M = total asbestos mass counted, g, o 20.2.10 Listing of size data for each structure counted, and

EFA = effective filter area of the final sampling filter, 20.2.11 A copy of the TEM count sheet for each sample or
mn, . , a complete listing of the raw data.

GO = number of grld openings counted,

GOA = average grid opening area, fim 21. Quality Control/Quality Assurance

SPL = surface area sampled, , .

v = volume of sample, mL, filtered in step 11.5.9, 21.1 In ge_neral, the Iaboratory_s quality c_ontrol chec_ks are
representing the actual volume taken from the used_ to yenfy that a system is performmg according to
original 100 mL suspension, and specifications regarding accuracy and consistency. In an ana-

FE = fraction of filter ashed in 11.7. lytical laboratory, spiked or known quantitative samples are

normally used. However, due to the difficulties in preparing
19.1.1 If the mass of asbestos per mass of analyzed dust| own guantitative asbestos samples, routine quality control

. 0 g
to be reported, calculate the we|ght % as follows: Sum th(?esting focuses on re-analysis of samples (duplicate recounts).
mass of asbestos from 20.1 to obtain a total mass of asbestos21 1.1 Re-analyze samples at a rat&ofof the sample sets

Estimate the weight % using the following equation: (1 out of every 10 samples analyzed not including laboratory
, EFA X 100 mL X M X 100 % blanks). The re-analysis shall consist of a second sample

asbestos, weight percent s GEA% v x FE X (W, — Wy) preparation obtained from the final filter.
(2 21.1.2 In addition, quality assurance programs must follow

the criteria shown in the Federal Register for AHERA samples
(4) and in the NISTIR documen(7). These documents
describe sample custody, sample preparation, blank checks for
contamination, calibration, sample analysis, analyst qualifica-
tions, and technical facilities.

W, = pre-weight of the filter, 11.4.1, mg, and
W, = weight of redeposit filter after the suspension has
been filtered, as in 11.6.1, mg.

20. Reporting 22. Calibrations
20.1 Mass for each asbestos structure is calculated using thep2 1 pPerform calibrations of the instrumentation on a regu-
methods described in ISO/CD 13794. lar basis, and retain a calibration record for each TEM in the
20.1.1 The mass of a fiber or bundle is calculated as: laboratory, in accordance with the laboratory’s quality assur-
- ance program.
Masgie(9) =7 X L X W2 X D X 1072 (3) 22.2 Record calibrations in a log book along with dates of
calibration and the attached backup documentation.
where: 22.3 A calibration list for the instrument is as follows:
L = length of the fiber, um 22.3.1TEM:
W = width of the fiber, um, and 22.3.1.1 Check the alignment and the systems operation.
D = density of fiber, Mg/ (1), (2), or (3). Refer to the TEM manufacturer's operational manual for
20.1.1.1 The following densities are used: detailed instructions.

11
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22.3.1.2 Calibrate the camera length of the TEM in electron 22.4.2.1 The elemental analysis of the crocidolite must
diffraction (ED) operating mode before ED patterns of un-resolve the Na peak.
known samples are observed. Camera length can be measure®2.4.3 Collect a standard EDXA of chrysotile asbestos.
by using a carbon coated grid on which a thin film of gold has 22.4.3.1 The elemental analysis of chrysotile must resolve
been sputtered or evaporated. A thin film of gold is evaporatetioth Si and Mg on a single chrysotile fiber.
on the specimen TEM grid to obtain zone-axis ED patterns 22.5 Perform ultrasonic bath calibration as follows:
superimposed with a ring pattern from the polycrystalline gold 22.5.1 Fill the bath with water to a level equal to the height
film. In practice, it is desirable to optimize the thickness of theof suspension in the glass sample container that is used for the
gold film so that only one or two sharp rings are obtained ordust. Operate the bath until the water reaches the equilibrium
the superimposed ED pattern. Thicker gold films will tend totemperature.
mask weaker diffraction spots from the fibrous particles. Since 22.5.2 Place 100-mL of water (at approximately 20°C) in
the unknown d-spacings of most interest in asbestos analysibe 200-mL glass sample container, and record its temperature.
are those which lie closest to the transmitted beam, multiple 22.5.3 Place the sample container into the water in the
gold rings from thicker films are unnecessary. Alternatively, aultrasonic bath (with the power turned off). After 60 s, remove
gold standard specimen can be used to obtain an averagfee glass container and record its temperature.
camera constant calculated for that particular instrument that 22.5.4 Place 100-mL of water (at approximately 20°C) in
can then be used for ED patterns of unknowns taken during thenother 200-mL glass sample container, and record its tem-
corresponding period. perature.

22.3.1.3 Perform magnification calibration at the fluorescent 22.5.5 Place the second sample container in the water in the
screen. This calibration must be performed at the magnificationltrasonic bath (with the power turned on). After 60 s, remove
used for structure counting. Calibration is performed with athe glass container and record its temperature.
grating replica (for example, one containing at least 2160 22.5.6 Calculate the rate of energy deposition into the

lines/mm). sample container using the following formula:
(a) Define a field of view on the fluorescent screen. The 0,— 6,
field of view must be measurable or previously inscribed with R=4.185X 0 X p X —— 4

a scale or concentric circles (all scales should be metric).
(b) Frequency of calibration will depend on the service Where:
history of the particular microscope. 4.185 = joules/cal,
(c) Check the calibration after any maintenance of the R = energy deposition, MW/f _
microscope that involves adjustment of the power supply to the1 = temperature rise with the ultrasonic bath not oper-

lens or the high-voltage system or the mechanical disassembly _ ?ting, °Ct, e with the ult < bath i
of the electron optical column (apart from filament exchange). "2 - %mpera ure rise wi € ultrasonic bath operating,

(d) The analyst must ensure that the grating replica is

placed at the same distance from the objective lens as thé time, s (to 60 s (22.5.3 and 22.5.5)),

specific heat of the liquid in the glass sample

specimen. . C container (1.0 cal/g), and
(e) For instruments _that incorporate a eucen@rlc tilting = density of the liquid in the glass sample container
specimen stage, all specimens and the grating replica must be (1.0 glcn?)

placed at the eucentric position. 22.5.7 Adjust the operating conditions of the bath so that the

22.3.1.4 The smallest spot size of the TEM must berate of energy deposition is in the range of 0.08 to 0.12

checked. 3 ' :
(a) At the crossover point, photograph the spot size at aMW/m , as defined by this procedure.

screen magnification of 15 060to 20 000<. An exposure

! : 23. Precision and Bias
time o 1 s isusually adequate. o o ] ]
(b) The measured spot size must be less than or equal to 23.1 Precision—The precision of the procedure in this test

250 nm. method has not been determined. The failure to adequately
22.4 EDXA disaggregate large structures, however, will decrease the pre-
22.4.1 The resolution and calibration of the EDXA must beCision of the results.

verified. 23.2 Bias—Bias of this test method has not been deter-
22.4.1.1 Collect a standard EDXA Cu peak from the cymined. The failure to adequately disaggregate large structures,

grid. however, will induce a negative bias to the results.

22.4.1.2 Compare the X-ray energy versus channel number
for the Cu peak and be certain readings are withitD eV. 24. Keywords

22.4.2 Collect a standard EDXA of crocidolite asbestos 24.1 asbestos; indirect; mass; microvacuuming; settled dust;
(NIST SRM 1866). TEM
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