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QHW Designation: D 6059 — 96

Standard Test Method for

Determining Concentration of Airborne Single-Crystal
Ceramic Whiskers in the Workplace Environment by
Scanning Electron Microscopy

This standard is issued under the fixed designation D 6059; 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 epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope bility of regulatory limitations prior to use.

1.1 This test method covers the sampling methods ang Referenced Documents
analysis techniques used to assess the airborne concentration
and size distribution of single-crystal ceramic whiskers 2-1 ASTM Standards:
(SCCW), such as silicon carbide and silicon nitride, which may D 1193 Specification for Reagent Watter ,
occur in and around the workplace where these materials are D 1356 Terminology Relating to Sampling and Analysis of
manufactured, processed, transported, or used. This test Atmosphere$ _ _
method is based on the collection of fibers by filtration of a D 4532 Test Method for Respirable Dust in Workplace
known quantity of air through a filter. The filter is subsequently Atmosphere’ . ,
evaluated with a scanning electron microscope (SEM) for the D 6056 Test Method for Determining Concentration of
number of fibers meeting appropriately selected morphological ~Airborne Single-Crystal Ceramic Whiskers in the Work-
and compositional criteria. This test method has the ability to _Place Environment by Transmission Electron Mlcro.sc’opy
distinguish among many different types of fibers based on D 6057 Test Method for Determining Concentration of
energy dispersive X-ray spectroscopy (EDS) analysis. This test Airborne Single-Crystal Ceramic Whiskers in the Work-
method may be appropriate for other man-made mineral fibers _Place Environment by Phase Contrast Microscopy
(MMMF). D 6_058 Practice for De?ermm_lng Co.ncentratlon of Alrborng
1.2 This test method is applicable to the quantitation of ~ Single-Crystal Ceramic Whiskers in the Workplace Envi-
fibers on a collection filter that are greater than 5 pm in length, ronment _
less than 3 um in width, and have an aspect ratio equal to or E 691 Practice for Conducting Interlaboratory Study to
greater than 5:1. The data are directly convertible to a _Determine the Precision of a Test Mettiod
statement of concentration per unit volume of air sampled. This E 766 Practice for Calibrating the Magnification of SEM
test method is limited by the diameter of the fibers visible by ~ USing NBS SRM 484
SEM (typically greater than 0.10 to 0.25 um in width as :
determined in 12.1.5) and the amount of coincident interfer—s' Termm_ol_o_gy
ence particles. 3.1 Def|n|t|o_ns: o . _ _
1.3 A more definitive analysis may be necessary to confirm 3.1.1 analytical s_ensnwnyn—awborng fiber concentration
the presence of fibers with diametes0.10 to 0.25 pm in represented by a single fiber counted in the SEM.
width. For this purpose, a transmission electron microscope 3-1-1.1 Discussior—Although the termsiber and whisker
(TEM) is appropriate. The use of the TEM method for the&'®’ for convenience, used_mterchangeab_ly in this test method,
identification and size measurement of SCCW is described iWNisker is correctly applied only to single-crystal fibers
Practice D 6058 and Test Method D 6056. whereas &'fiber” may be single- or poly-crystalline or may be

1.4 The values stated in SI units are to be regarded as tencrystalline. _ , _
3.1.2 aspect ratig n—the ratio of the length of a fiber to its

standard. The values given in parentheses are for informatiovr\}idth
only. . .
1.5 This standard does not purport to address all of the 5-1.3fiber, n—for the purpose of this test methoan
safety concerns, if any, associated with its use. It is thé!ongated particle having a length greater than 5 pm, a width
responsibility of the user of this standard to establish appro-€SS than 3 pm, and an aspect ratio equal to or greater than 5:1.

priate safety and health practices and determine the applica- 3-1-4 fibrous adj—composed of parallel, radiating, or inter-
laced aggregates of fibers, from which the fibers are sometimes

1 This test method is under the jurisdiction of ASTM Committee D-22 on 2 Annual Book of ASTM Standardgol 11.01.
Sampling and Analysis and is the direct responsibility of Subcommittee D22.04 on  * Annual Book of ASTM Standaydéol 11.03.
Analysis of Workplace Atmospheres. 4 Annual Book of ASTM Standardgol 14.02.
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separable. That is, the aggregate may be referred to as fibrolikis situation can be managed by regulating the air volume
even if it is not composed of separable fibers, but has thagaampled and thus the filter loading. Fibers should appear
distinct appearance. The term fibrous is used in a generakeparated from other particles to ensure an adequate opportu-

mineralogical way to describe aggregates. nity for their recognition as separate entities in the SEM and
3.1.5 man-made mineral fibern—any inorganic fibrous accurate counting. Some coincident particle agglomeration
material produced by chemical or physical processes. does occur even with these guidelines. Analyze an alternate
3.1.6 single-crystal ceramic whiskersr— a man-made filter with a reduced loading if the obscuring condition appears
mineral fiber that has a single-crystal structure. to exceed 15 % of the filter ar¢g). Redeposition of a portion
3.2 For definitions of other terms used in this test methodpf an overloaded filter is permitted only in circumstances
see Terminology D 1356. where an alternate filter is not available and cannot be obtained

through resampling (see 10.1.5).

4. Summary of Test Method

4.1 The sample is collected on a mixed cellulose estef. Apparatus and Reagents
(MCE) filter by drawing air, using a sampling pump, through 7.1 Sampling CassetteUse a 25-mm electrically conduc-
an open-face 25-mm electrically conductive sampling cassettéve cassette assembly such as a three-piece cassette with an
assembly(1,2).° A section of the filter is transferred to an SEM extension cowl or retainer ring containing a 0.45-pum pore-size
stub and the fibers are identified, sized, and counted at RICE filter and a support pad. Seal the cassette assembly with
magnification of 200& in the SEM using the criteria dis- shrink tape. Reloading of used cassettes is not permitted.
cussed in Section 11. Results are expressed as a fiber concen7.2 Personal Sampling PumpUse a portable battery-
tration per unit volume of air and a fiber loading per unit areagperated pump for personal sampling. Each pump must be
of filter. The airborne concentration is expressed as fiber petapable of operating within the range from 0.5 to 4 L/min and
millilitre (f/mL) and fiber loading is expressed as fibers percontinuously over the chosen sampling perid@) The flow
square millimetre (f/mnf). must be free from pulsation. All pumps shall be calibrated prior
o to use(6).
5. Significance and Use 7.3 Area Sampling Pump-Use a personal sampling pump

5.1 The SCCW may be present in the workplace atmosphergr a non-portable high-volume pump for area sampling. Each
where these materials are manufactured, processed, transump shall be capable of operating within the range from 0.5

ported, or used. This test method can be used to monitab 16 L/min and continuously over the chosen sampling period
airborne concentrations of SCCW fibers in these environmentg1). The flow shall be free from pulsation. All pumps shall be

It may be employed as part of a personal or area monitoringalibrated prior to usé6).
strategy. 7.4 Vinyl tubing or equivalent.

5.2 This test method is based on morphology and elemental 7.5 Scanning Electron Microscop@ SEM capable of op-
composition. The analysis technique has the ability to identifyerating using an accelerating voltage of at least 15 kV. The
SCCW. SEM must be capable of performing EDS analysis. A light

Note 1—This test method assumes that the analyst is familiar with theelement X-ray analyzer capable of detecting carbon, nitrogen,

operation of SEM/EDS instrumentation and the interpretation of datzand oXygen is recommended. N
obtained using these techniques. 7.6 Vacuum EvaporaterFor vapor deposition of conduc-

5.3 This test method is not appropriate for measurement dfve layers of carbon.
fibers with diameters=0.10 to 0.25 pm due to visibility = Nore 2—Sputter coaters and carbonaceous fiber coaters are not appro-
limitations associated with SEM. The TEM method may bepriate.
used to provide additional size information of SCCW if needed 7 7 SEM Sample Preparation StubsStubs made of carbon
(see Practice D 6058 for additional information on the use Ofye syitable. (A carbon planchet disk glued to a metal holder is
this test method). also acceptable.)

5.4 Results from the use of this test method shall be reported 7 g conducting DAG (colloidal graphite) type adhesive
along with 95 9% confidence limits for the samples beingpaint or double-sided conductive carbon tape.
studied. Individual laboratories shall determine their intralabo- 7 9 N|ST SEM Magnification Standard, SRM 4&ke Prac-
ratory coefficient of variation and use it for reporting 95 % jice E 766).
confidence limitg(1,3,4) 7.10 Sample Preparation Areaonsisting of either a clean
room facility or a room containing a laminar flow hood.

6. Interf o .
nter e'rences ) , . 7.11 Specification D 1193 Type Il Watefparticle-free).
6.1 This test method has been designed to filter air for the 7 15 Tweezers

determination of SCCW concentration. However, filtration of 7 14 Scalpel Blades

air also involves collection of extraneous particles and other 7 14 MCE Filters 25 mm, 0.45 and 0.22-pum.
fibers that may not be of interest. Extraneous particles may 7 15 Funnel/Filter Assembly25-mm.

obscure the fibers by overlay or by overloading of the filter. 7 16 Miscellaneous Supplies

Note 3—If the alternate sample preparation method discussed in 10.4

5 The boldface numbers in parentheses refer to a list of references at the end tF utilized, the following additional apparatus and reagents will be
this test method. necessary:
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7.16.1 Oven capable of operating at 65°C is required to where:
collapse the filter. A hot plate capable of maintaining the A, = active filter collection area~+385 mnt for 25-mm
required temperature is an acceptable alternative to the oven. filter),®
7.16.2 Plasma Asher a low-temperature asher (LTA) is t time, min,
required to plasma-etch the collapsed MCE filter. A nominal F, fiber loading, f/mm,
100-W unit is suitable. Q sampling flow rate, L/min,
7.16.3 Oxygen used as a bleed gas in the plasma asher. Ce estimated concentration of SCCW, f/mL, and
7.16.4 Micro-syringe or Pipettea device capable of consis- 1 conversion factor.

tently delivering a solution volume of 100 uL is required. 8.5.4 At a minimum, check the flow rate before and after
7.16.5 Dimethyl Formamide(DMF). sampling. If the difference is greater than 10 % from the initial
7.16.6 Glacial Acetic Acid flow rate, the sample shall be rejected. Also see Test Method

7.16.7 Purity of Reagents-Reagent grade chemicals shall D 4532.
be used in all tests. Unless otherwise indicated, it is intended 8.6 Carefully remove the cassette from the tubing at the end
that all reagents conform to the specifications of the Committe®f the sampling period (ensure that the cassette is positioned
on Analytical Reagents of the American Chemical Societyupright before interrupting pump flow). Replace the inlet cap
where such specifications are availabfeOther grades may be and inlet and outlet plugs, and store the cassette.
used, provided it is first ascertained that the reagent is of Nore 4—Deactivate the sampling pump prior to disconnecting the
sufficiently high purity to permit its use without lessening the cassette from the tubing.

accuracy of the determination. 8.7 Submit at least one field blank (or a number equal to

8. Sample Collection 10 % of the total samples, Whichevgr is greater) _for each set _of

. ) . samples. Remove the cap of the field blank briefly (approxi-

8.1 Collect samples of airborne SCCW on MCE filters usingptely 30 s) at the sampling site, then replace it. The field

sampling casseftes and pumps as noted in S_ecnon 7 Blank is used to monitor field sampling procedures. Field

8.2 Remove the outlet plug from the sampling cassette anfj,nxs shall be representative of filters used in sample collec-
connect it to a sampling pump by means of ﬂex'ble'tion (for example, same filter ot number).

constriction-proof tlljbiEg‘ heck h i b 8.8 Submit at least one unused and unopened sealed blank
8.3 Perform a leak check of the sampling system by, nich, js used to monitor the supplies purchased as well as
activating the pump with the closed cassette and rotameter (ficedures used in the laboratory. The sealed blank shall be

other flow measurement device) in line. Any flow indicates_ arepresentative of filters used in sample collection (for example,
leak that must be eliminated before starting the samplln%ame filter lot number).

operation.
8.4 Remove the inlet plug from the sampling cassette t§. Transport of Samples
eliminate any vacuum that may have accumulated during the 9.1 Ship the samples in a rigid container with sufficient
leak test, then remove the entire inlet cap. packing material to prevent jostling or damage. Care shall be
8.5 Conduct personal and area sampling as follows: taken to minimize vibrations and cassette movement.
8.5.1 For personal sampling, fasten the sampling cassette to . _ ,
, . , . . .. Note 5—Do not use shipping material that may develop electrostatic
the worker’s lapel in the worker’s breathing zone and orient it .. generate dust.
face down. Adjust the calibrated flow rate to a value between nqore 6—shipping containers for 25-mm sampling cassettes are com-
0.5 and 4 L/min(1). Typically, a sampling rate between 0.5 and mercially available and their use is recommended.
2.5 Limin is selected2-4,6,7) Also see Te?’t Method D 4532. 9.2 Include in the container a list of samples, their descrip-
8.5.2 Place area sample_s on an extension rod facing down ﬁ%ns, and all other pertinent information.
a 45° angle. Adjust the calibrated flow rate to a value between
0.5 and 16 L/min(1). Typically, a sampling rate between 1 and 10. Specimen Preparation
10 L/min is selected8). 10.1 The objective of the specimen preparation technique is
8.5.3 Set the sampling flow rate and time to produce ano produce a sample suitable for analysis in the SEM. Proce-
optimum fiber loading between 100 to 1300 f/f(d,2). The  dures as described as follows or other equivalent methods may
time of sampling can be estimated by using the followingbe used to prepare samples.

equation: 10.1.1 Wipe the exterior of the sampling cassettes with a
A) (F) damp cloth to minimize the possibility of contamination before
= Q) (C) 10 (1) taking them into the clean preparation area.
10.1.2 Perform specimen preparation in a well-equipped,
clean facility.

7 Reagent Chemicals, American Chemical Society Specificatémerican 10.1.3 Direct Sample Preparatlon .
Chemical Society, Washington, DC. For suggestions on the testing of reagents not 10.1.3.1 Carefully cut a wedge of the filter (for example,
listed by the American Chemical Society, séealar Standards for Laboratory 25 94) with a curved, steel surgical blade using a rocking
Chemicals BDH Ltd., Poole, Dorset, U.K., and thgnited States Pharmacopeia . .
and National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville, motion to prevent tearing.

MD. ) ) o o Note 7—Use care not to disturb the particles on the filter surface.
8 The effective collection area\() should be measured periodically, especially if ) ] ) ]
different types of cassettes are used. 10.1.3.2 Attach the filter section, particle side up, onto an
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SEM stub using conducting DAG or double-sided, conductiveenvironment until analysis.

carbon tape. 10.1.5 Indirect Sample Preparatier-Resuspension of par-
10.1.3.3 If DAG is used, wait until it is dried then place the ticulate matter collected on an overloaded filter and subsequent

SEM stub inside the bell jar of a vacuum evaporator. Nofiltering onto another substrate may result in loss or breakup of

waiting is necessary if double-sided, conductive tape is usedhe sample materials. Therefore, resuspension is permitted only

Evaporate a section of graphite rod (approximately 1-mmin circumstances where an alternate filter is not available and

diameter by 8-mm length) onto the surface of the filter. cannot be obtained through resampling (for example, evalua-
Note 8—Rotation of the sample at an angle45°) is recommended tion of a prototype procedu_re \_Nhere the operational parameters
during the coating process. cannot be duplicated). If indirect sample preparation proce-
Note 9—Evaporation of gold (Au) or palladium (Pd), or both, on the dures are employed, it must be clearly noted in the report.
sample may be used to improve visibility in the SEM. Furthermore, it must be clearly stated that results were ob-
10.1.3.4 Remove the sample and store in a clean, drigined from the use of indirect sample preparation techniques
environment until analysis. and used only as an estimate of SCCW concentrations in the

10.1.4 Alternate Sample PreparatienThis test method is Workplace environment. The following procedures are appro-
provided because it has been reported to give better contraRfiate for this purpose.
and visibility which may result in a better estimate of the fiber 10.1.5.1 Carefully remove the filter from the sampling
concentration. It is based on work that was originally reportedcassette and cut a wedge (for exampteor ¥4 or the area of
by Burdett and Rood and it involves the use of a solventhe original filter) as accurately as possible from the filter with
mixture to partially collapse the filter matrix, thereby holding @ curved, steel surgical blade using a rocking motion to prevent
any collected particles in plag®). The collapsed filter is then tearing.

I_;_?]htly tplas_ma e;Ched (;O remO\t/e the top surface (I)If ft_ge ﬂlttehr' tNOTE 14—Use care not to disturb the particles on the filter surface.
1IS Step IS performed so as 10 expose any small TIbers thaly . 15 The size of the wedge will depend on filter loading. If the
might otherwise be hidden below the surface of the filter andmpje is very heavily loaded, then a smaller wedge (for exartiple

yet not free any fibers from the collapsed matrix. Y16 the area of the original filter) may be more appropriate.
10.1.4.1 Prepare a mixture of 35 % DMF, 15 % acetic acid . ) .
b 0 ¢ 10.1.5.2 Place the section of filter into a 100-mL beaker.

and 50 % distilled water. ; }
10.1.5.3 Add approximately 80 mL of filtered ASTM Type
Note 10—All percentages are volume percents. Il distilled water to the beaker.

10.1.4.2 Place 100 pL of the preceding solution on the 10.1.5.4 Place the beaker into the ultrasonic bath. Sonicate
polished side of a high-density carbon planchet. Cut a wedge dbr approximately 1 min.
the MCE filter (for example, 25 %) with a steel surgical blade, 10.1.5.5 Remove the section of filter and rinse it using
and then gently place it, particle side up, onto the solution. Ajltered distilled water. The rinse shall be collected in the
shallow angle is used to minimize the possibility of entrapping100-mL beaker. Add enough distilled water to result in a
air bubbles. S ~ 100-mL suspension.

10.1.4.3 After a 5-min wait period, place the sample in an 101,56 Filter the suspension using a funnel through a
oven that has been preheated to 65°C. After an additional 155.mm, 0.22-um MCE filter using vacuum filtration tech-
min, remove the sample from the oven and allow to cool tohiques. Rinse the interior of the beaker into the funnel using
room temperature. The sample should be covered to minimizgitered distilled water.
contamination from other airborne particles.

10.1.4.4 Place the sample in the plasma asher and etch thé\ore 16—ltis recommended that disposable funnels be used to reduce
filter. the potential for contamination.

Note 17—Use of a 47-mm funnel/filter assembly is permissible pro-

Note 11—Because plasma ashers vary greatly in their performanceysided the active filter area is accounted for in the calculations in 13.3.

both from unit to unit and between different positions in the asher Nore 18—If the resuspended filter is too heavily loaded with particles

chamber, it is difficult to specify the conditions that shall be used.ts permit analysis, then reprepare the sample using a smaller portion of the
Insufficient etching will result in a failure to expose embedded fibers, ancyriginal filter in accordance with 10.1.5.1.

too much etching may result in loss of particles from the surface. It is

recommended that the time for etching of a known weight of a collapsed 10.1.5.7 Remove the funnel from the vacuum system. Place
filter be established and that the etching tare weight be calculated in ternthe deposited filter in a desiccator for approximgat2l h to

of micrometres per second. The actual etching time used for a particuldiemove moisture.

asher and operating conditions will then be set such thatlgo 2-um 10.1.5.8 Cut a wedge of the filter (for example, 25 %) with
layer (not more than 10 %) of collapsed surface will be removed. A . 9 PI€,
o ] a curved, steel surgical blade and place onto a SEM stub and
10.1.4.5 Place the SEM stub inside the bell jar of a vacuumarhon coat in accordance with 10.1.3.2 and 10.1.3.3. If the

evaporator. Evaporate a section of graphite rod (approximatelyjternate sample preparation approach is utilized, then follow
1-mm diameter by 8-mm length) onto the surface of the filteryne procedures in accordance with 10.1.4.

Note 12—Rotation of the sample at an angte45°) is recommended
during the coating process.

Note 13—Evaporation of gold (Au) or palladium (Pd), or both, on the
sample may be used to improve visibility in the SEM.

Note 19—Account for the area of the filter used in the resuspension
process in the equations provided in 13.3 when calculating the estimated
airborne concentration. For example, if 25 % of the original filter area was
deposited onto a 25-mm filter, then a dilution factor of 4 is used in the
10.1.4.6 Remove the sample and store in a clean, dryalculations.
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