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Standard Test Method for

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

This standard is issued under the fixed designation D 5755; 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 1.5 The values stated in Sl units are to be regarded as the
1.1 This test method covers a procedure & identify standard. The values given in parentheses are for information

asbestos in dust and)(provide an estimate of the surface ONly.

loading of asbestos in the sampled dust reported as the numbert-6 This standard does not purport to address all of the

of asbestos structures per unit area of sampled surface. ~ Safety concerns, if any, associated with its use. It is the
1.1.1 If an estimate of the asbestos mass is to be determing@sPonsibility of the user of this standard to establish appro-

the user is referred to Test Method D 5756. priate safety and health practices and determine the applica-
1.2 This test method describes the equipment and procdility of regulatory limitations prior to use.

dures necessary for sampling, by a microvacuum technique‘. Referenced Documents

non-airborne dust for levels of asbestos structures. The non-

airborne sample is collected inside a standard filter membrane 2-1 ASTM Standards:

cassette from the sampling of a surface area for dust which may D 1193 Specification for Reagent Watter

contain asbestos. D 3195 Practice for Rotameter Calibratfon
1.2.1 This procedure uses a microvacuuming sampling tech- D 3670 Guide for D_etermlnatlon of Precision and Bias of

nique. The collection efficiency of this technique is unknown _ Methods of Committee D-Z2 _ _

and will vary among substrates. Properties influencing collec- P 5756 Test Method for Microvacuum Sampling and Indi-

tion efficiency include surface texture, adhesiveness, electro- '€Ct Analysis of Dust by Transmission Electron Micros-
static properties and other factors. copy for Asbestos Mass Surface Loading o
1.3 Asbestos identified by transmission electron microscopy D 6620 Practice for Determining a Detection Limit for
(TEM) is based on morphology, selected area electron diffrac- Asbestos Measurements Based on Colnts
tion (SAED), and energy dispersive X-ray analysis (EDXA).
Some information about structure size is also determined.
1.4 This test method is generally applicable for an estimate
of the surface loading of asbestos structures starting from < ; ) i i :
approximately 1000 asbestos structures per square centimetf3€ fibers are separable into thinner fibers and ultimately into
1.4.1 The procedure outlined in this test method employs a rll_s. This habit accounts for greater ﬂeX|b|I|t_y and higher
indirect sample preparation technique. It is intended to dispers&nSile strength than other habits of the same m|n4eral. For more
aggregated asbestos into fundamental fibrils, fiber bundledlformation on asbestiform mineralogy, see Réfs” (2) and

clusters, or matrices that can be more accurately quantified X i .
transmission electron microscopy. However, as with all indi- S-1-2 @sbestos-a collective term that describes a group of

rect sample preparation techniques, the asbestos observed f@turally occurring, inorganic, highly fibrous, silicate domi-
quantification may not represent the physical form of thehated minerals, which are easily separated into long, thin,
asbestos as sampled. More specifically, the procedure dfexible fibers when crushed or processed.

scribed neither creates nor destroys asbhestos, but it may alter

the physical form of the mineral fibers.

3. Terminology

3.1 Definitions:
3.1.1 asbestiform—a special type of fibrous habit in which

1 This test method is under the jurisdiction of ASTM Committee D22 on —
Sampling and Analysis of Atmospheres and is the direct responsibility of Subcom- 2 Annual Book of ASTM Standardéol 11.01.
mittee D22.07 on Sampling and Analysis of Asbestos. 2 Annual Book of ASTM Standardéol 11.03.

Current edition approved November 10, 2002. Published January 2002. Origi- “ The boldface numbers in parentheses refer to the list of references at the end of
nally approved in 1995. Last previous edition approved in 1995 as D 5755 - 95. this test method.
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3.1.2.1 Discussior—Included in the definition are the as- results of the test are always expressed in asbestos structures
bestiform varieties of: serpentine (chrysotile); riebeckite (croper square centimetre.
cidolite); grunerite (grunerite asbestos); anthophyllite (antho-
phyllite asbestos); tremolite (tremolite asbestos); and actinolitd. Summary of Test Method
(actinolite asbestos). The amphibole mineral compositions are 4 1 The sample is collected by vacuuming a known surface
defined according to nomenclature of the International Mineryreq with a standard 25 or 37 mm air sampling cassette using

alogical Associatior(3). a plastic tube that is attached to the inlet orifice which acts as

o Alsbestos Chemical /l%gggicztgsgrvice No.® a nozzle. The sample is transferred from inside the cassette to
rysotile -29- H H

Crocidolite 12001284 an aqueous suspension of known volume. Aliquots of the
Grunerite Asbestos 12172-73-5 suspension are then filtered through a membrane. A section of
Anthophyliite Asbestos 77536-67-5 the membrane is prepared and transferred to a TEM grid using
Tremolite Asbestos 77536686 the direct transfer method. The asbestiform structures are
Actinolite Asbestos 77536-66-4 '

. ) _ . identified, sized, and counted by TEM, using SAED and
3.1.3 fibril—a single fiber that cannot be separated iNtoppya 4t a magnification of 15 000 to 20 000X.
smaller components without losing its fibrous properties or

appearance.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 aspect ratie—the ratio of the length of a fibrous

5. Significance and Use

5.1 This microvacuum sampling and indirect analysis
particle to its average width. method is used for the general testing of non-airborne dust

3.2.2 bundle—a structure composed of three or more fibersS@mples for asbestos. It is used to assist in the evaluation of

in a parallel arrangement with the fibers closer than one fibe?.IUSt that may be four_1d on surfaces in buildings such as ceiling
diameter to each other. tiles, shelving, electrical components, duct work, carpet, etc.

3.2.3 cluster—a structure with fibers in a random arrange- This test method provides an index of the surface loading of

ment such that all fibers are intermixed and no single fiber ifsbestos structures in the dust per unit area analyzed as derived
r

isolated from the group; groupings of fibers must have mord/©M & quantitative TEM analysis. .
than two points touching. 5.1.1 This test method does not describe procedures or

3.2 4 debris—materials that are of an amount and Sizetechniques required to evaluate the safety or habitability of

(particles greater than 1 mm in diameter) that can be visuall l_JiIdings with asbestos-containing .materials, or comp_liance
identified as to their source. ith federal, state, or local regulations or statutes. It is the

3.2.5 dust—any material composed of particles in a size USer’s responsibility to make these determinations.
range of <1 mm. 5.1.2 At present, no .relatlonsh|p has been establlshed be-
3.2.6 fiber—a structure having a minimum length of 0.5 pm, tween asbe_stos—contalmng dustas m_easured by this test method
an aspect ratio of 5:1 or greater, and substantially parallel sidé@d potential human exposure to a|rborn_e asb'estos. Acco.rd-
(4). mgl_y,_the users_should consider other avallable_ information in
3.2.7 fibrous—of a mineral composed of parallel, radiating, their interpretation of the data obtained from this test method.

or interlaced aggregates of fibers, from which the fibers are 5.2 This definition of dust accepts all particles s_maII enough
sometimes separable. That is, the crystalline aggregate may ff&Pass througa 1 mm(No. 18) screen. Thus, a single, large

referred to as fibrous even if it is not composed of separabI@Sb(?Stos. containing paru_cle(s) (from .the large end of t'he
fibers, but has that distinct appearance. The term fibrous is us@gticle size distribution) dispersed during sample preparation

in a general mineralogical way to describe aggregates of graif§aY result in_anomalously large asbestos surface loading
results in the TEM analyses of that sample. It is, therefore,

that crystallize in a needle-like habit and appear to be com- ; !
posed of fibers. Fibrous has a much more general meaning th fcommended that multiple |ndepgndent samples are secured
om the same area, and that a minimum of three samples be

asbestos. While it is correct that all asbestos minerals ar \
fibrous, not all minerals having fibrous habits are asbestos, analyzed by the entire procedure.
3.2.8 indirect preparatior—a method in which a sample
passes through one or more intermediate steps prior to fin& Interferences
filtration. 6.1 The following minerals have properties (that is, chemi-
3.2.9 matrix—a structure in which one or more fibers, or cal or crystalline structure) which are very similar to asbestos
fiber bundles that are touching, are attached to, or partiallyninerals and may interfere with the analysis by causing a false
concealed by a single particle or connected group of nonpositive to be recorded during the test. Therefore, literature
fibrous particles. The exposed fiber must meet the fibereferences for these materials must be maintained in the
definition (see 3.2.6). laboratory for comparison to asbestos minerals so that they are
3.2.10 structures—a term that is used to categorize all the not misidentified as asbestos minerals.
types of asbestos particles which are recorded during the 6.1.1 Antigorite
analysis (such as fibers, bundles, clusters, and matrices). Final6.1.2 Palygorskite (Attapulgite)
6.1.3 Halloysite
6.1.4 Pyroxenes

5 The non-asbestiform variations of the minerals indicated in 5.1.3 have different ©6-1.5 Seplo'llte.
Chemical Abstract Service (CAS) numbers. 6.1.6 Vermiculite scrolls Docu ments
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6.1.7 Fibrous talc 7.20 Scalpel BladesNo. 10, or equivalent.
6.1.8 Hornblende and other amphiboles other than those 7.21 Cabinet-type Desiccatoror low temperature drying
listed in 3.1.2. oven.

6.2 Collecting any dust particles greater than 1 mm in size 7.22 Chloroform reagent grade.
in this test method may cause an interference and, therefore, 7.23 Acetone reagent grade.

must be avoided. 7.24 Dimethylformamide (DMF)
_ ) 7.25 Glacial Acetic Acid
7. Materials and Equipment 7.26 1-methyl-2-pyrrolidone

7.1 Purity of Reagents-Reagent grade chemicals shall be 7.27 Plasma Asherlow temperature.
used in all tests. Unless otherwise indicated, it is intended that 7.28 pH Paper
all reagents conform to the specifications of the Committee on 7.29 Air Sampling Pumplow volume personal-type, ca-
Analytical Reagents of the American Chemical Society, whergable of achieving a flow rate of 1 to 5 L/min.
such specifications are available. Other grades may be used,7.30 Rotameter
provided it is first ascertained that the reagent is of sufficiently 7.31 Air Sampling Cassette5 mm or 37 mm, containing
high purity to permit its use without lessening the accuracy 0o0.8p m or smaller pore size MCE or PC filters.
the determinatiof. 7.32 Cork Borer, 7 mm.
7.2 Transmission Electron Microscope (TEM)N 80 to 120 7.33 Non-Asbestos Minerateferences as outlined in 6.1.
kV TEM, capable of performing electron diffraction, with a  7.34 Asbestos Standardas outlined in 3.1.2.
fluorescent screen inscribed with calibrated gradations, is 7.35 Tygorl Tubing or equivalent.
required. The TEM must be equipped with energy dispersive 7.36 Small Vacuum Pumphat can maintain a pressure of 92
X-ray spectroscopy (EDXA) and it must have a scanningkPa.
transmission electron microscopy (STEM) attachment or be 7.37 Petri Dishes large glass, approximately 90 mm in
capable of producing a spot size of less than 250 nm imiameter.
diameter in crossover. 7.38 Jaffe Washerstainless steel or aluminum mesh screen,
7.3 Energy Dispersive X-ray System (EDXA) 30 to 40 mesh, and approximately 75 mm by 50 mm in size.
7.4 High Vacuum Carbon Evaporatpwith rotating stage. 7.39 Copper TEM Finder Grids200 mesh.
7.5 High Efficiency Particulate Air (HEPA)filtered nega- 7.40 Carbon Evaporator Rods

tive flow hood. 7.41 Lens Tissue
7.6 Exhaust or Fume Hoad 7.42 Ashless Filter Paper Filters90 mm diameter.
7.7 Particle-free Water(ASTM Type 1l, see Specification 7.43 Gummed Paper Reinforcement Rings
D 1193). 7.44 Wash Bottlesplastic.
7.8 Glass Beakers (50 mL). 7.45 Reagent AlcohgHPLC Grade (Fisher A995 or equiva-

7.9 Glass Sample Containersith wide mouth screw cap lent).
(200 mL) or equivalent sealable container (height of the glass 7.46 Opening Mesh Screenplastic, 1.0 by 1.0 mm,
sample container should be approximately 13 cm high by 6 cnfSpectra-Mesh #146410 or equivalent).

wide). 7.47 Diffraction Grating Replica
7.10 Waterproof Markers ) ] )
7.11 Forceps (tweezers). 8. Sampling Procedure for Microvacuum Technique
7.12 Ultrasonic Bath table top model (100 W). 8.1 For sampling asbestos-containing dust in either indoor
7.13 Graduated Pipetteg1, 5, 10 mL sizes), glass or or outdoor environments, commercially available cassettes
plastic. must be used. Air monitoring cassettes containing 25 mm or 37

7.14 Filter Funnel either 25 mm or 47 mm, glass or mm diameter mixed cellulose ester (MCE) or polycarbonate
disposable. Filter funnel assemblies, either glass or disposab(BC) filter membranes with a pore size less than or equal to 0.8
plastic, and using either a 25 mm or 47 mm diameter filter. pm are required (7.31). The number of samples collected

7.15 Side Arm Filter Flask1000 mL. depends upon the specific circumstances of the study.

7.16 Mixed Cellulose Ester (MCE) Membrane Filte5 or 8.2 Maintain a log of all pertinent sampling information and
47 mm diameter=0.22 ym and 5 pm pore size. sampling locations.

7.17 Polycarbonate (PC) Filters25 or 47 mm diameter, 8.3 Sampling pumps and flow indicators shall be calibrated
=0.2 um pore size. using a certified standard apparatus or assembly (see Practice

7.18 Storage Containersfor the 25 or 47 mm filters (for D 3195 and 7.29).
archiving). 8.4 Record all calibration informatiofb).

7.19 Glass Slidesapproximately 76 by 25 mm in size. 8.5 Perform a leak check of the sampling system at each

sampling site by activating the pump (7.29) with the closed
sampling cassette in line. Any air flow shows that a leak is

®Reagent Chemicals, American Chemical Society Specificatimerican  present that must be eliminated before initiating the sampling
Chemical Society, Washington, DC. For suggestions on the testing of reagents ”aperation.
listed by the American Chemical Society, sAealar Standards for Laboratory
Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia
and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockuville,

MD. " Tygon is a registered trademark of the DuPont CDOC u m ents
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8.6 Attach the sampling cassette to the sampling pump atent information has been enclosed, in accordance with labo-
the outlet side of the cassette with plastic tubing (7.35). Theatory quality control practices, before transfer of the samples
plastic tubing must be long enough in that the sample areas cda the laboratory. Include an unused cassette and nozzle as a
be reached without interference from the sampling pumpfield blank.

Attach a clean, approximately 25.4 mm long piece of plastic 8.10 Wipe off the exterior surface of the cassettes with
tubing (6.35 mm internal diameter) directly to the inlet orifice. disposable wet towels (baby wipes) prior to packaging for
Use this piece of tubing as the sampling nozzle. Cut theshipment.

sampling end of the tubing at a 45° angle as illustrated in Fig.

1. The exact design of the nozzle is not critical as long as som@. Sample Shipment

vacuum break is provided to avoid simply pushing the dust
f"‘m“”d on the surface With the n_ozzle rather than vacuuming Eontainer, but separate from any bulk or air samples. The
into the cassette. The internal diameter of th? nozzlg ar_ld fIOWassettes must be tightly sealed and packed in a material free of
rate of the pump may vary as Iong_as _the air veIOC|ty_ IS 10(tbers or dust to minimize the potential for contamination.
(= 10)_cm/s. Thls_ air velocity calculation is based on an internals o <tic “bubble pack” is probably the most appropriate material
sampling tube diameter of 6.35 mm at a flow rate of 2 L/mln.for this purpose.

8.7 Measure and determine the sample area of interest. A
sample area of 100 chis vacuumed until there is no visible
dust or particulates matter remaining. Perform a minimum o .
two orthogonal passes on the surface within a minimum of 2 10.1 Under a negative flow HEPA hood (7.5), carefully
min of sampling time. Avoid scraping or abrading the surfaceVet-wipe the exterior of the cassettes to remove any possible
being sampled. (Do not sample any debris or dust particle§ontamination before taking cassettes into a clean preparation
greater than 1 mm in diameter (see 4.2).) Smaller or large®l€a.
areas can be sampled, if needed. For example, some surfaces 0£0.2 Perform sample preparation in a clean facility that has
interest may have a smaller area than 10(.chess dusty @ Separate work area from both the bulk and air sample
surfaces may require vacuuming of larger areas. Unlike aiPreparation areas.
samples, the overloading of the cassettes with dust will not be 10.3 Initial specimen preparation shall take place in a clean
a problem. As defined in 3.2.5, only dust shall be collected foHEPA filtered negative pressure hood to avoid any possible
this analysis. contamination of the laboratory or personnel, or both, by the

8.8 At the end of sample collection, invert the cassette s@otentially large number of ashestos structures in an asbestos-
that the nozzle inlet faces up before shutting off the power teontaining dust sample. Cleanliness of the preparation area
the pump. The nozzle is then sealed with a cassette end-pldpods is measured by the cumulative process blank surface
and the cassette/nozzle taped or appropriately packaged l@adings (see Section 11).
prevent separation of the nozzle and cassette assembly. A10.4 All sample preparation steps 10.4.1-10.4.6 shall take
second option is the removal of the nozzle from the cassettglace in the dust preparation area inside a HEPA hood.
then plugging of the cassette and shipment of the nozzle (also 10.4.1 Remove the upper plug from the sample cassette and
plugged at both ends) sealed in a separate closeable plastic bagrefully introduce approximately 10 mL solution of a 50/50
A third option is placing the nozzle inside the cassette formixture of particle-free water and reagent alcohol into the
shipment. The nozzle is always saved and rinsed becausecassette using a plastic wash bottle (7.44). If the plugged
significant percentage of the dust drawn from a lightly loadechozzle was left attached to the cassette, then remove the plug
surface may adhere to the inside walls of the tubing. and introduce the water/alcohol solution into the cassette

8.9 Check that all samples are clearly labeled, that all dusthrough the tubing, and then remove the tubing, if it is visibly
sampling information sheets are completed, and that all pertielean.

9.1 Ship dust samples to an analytical laboratory in a sealed

th. Sample Preparation
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FIG. 1 Example of the Tubing Nozzle Docu ments
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