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INTERNATIONAL

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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope responsibility of the user of this standard to establish appro-
1.1 This test method covers the sampling methods anfriate safety and health practices and determine the applica-
analysis techniques used to assess the airborne concentratffity of regulatory limitations prior to use.
and size distribution of single-crystal ceramic whiskers
. . - o . 2. Referen Documen
(SCCW), such as silicon carbide and silicon nitride, which may eferenced Docu e. ts
occur in and around the workplace where these materials are 2-1 ASTM Standards:

manufactured, processed, transported, or used. This testD 1193 Specification for Reagent Watter _
method is based on the collection of fibers by filtration of a D 1356 Terminology Relating to Sampling and Analysis of

known quantity of air through a filter. The filter is subsequently Atmosphere$ _ _
evaluated with a scanning electron microscope (SEM) for the D:'t532 Tr?St e%l\/lethod for Respirable Dust in Workplace
mospher

number of fibers meeting appropriately selected morphological . )
and compositional criteria. This test method has the ability to D 6056 Test Method for Determining Concentration of
distinguish among many different types of fibers based on Airborne Single-Crystal Ceramic Whiskers in the Work-
energy dispersive X-ray spectroscopy (EDS) analysis. This test _Place Environment by Transmission Electron Microscbpy

method may be appropriate for other man-made mineral fibers D 6057 Test Method for Determining Concentration of
(MMMF). Airborne Single-Crystal Ceramic Whiskers in the Work-

1.2 This test method is applicable to the quantitation of _Place Environment by Phase Contrast Microscopy
fibers on a collection filter that are greater than 5 pum in length, D 6058 Practice for Determining Concentration of Airborne
less than 3 pum in width, and have an aspect ratio equal to or Single-Crystal Ceramic Whiskers in the Workplace Envi-
greater than 5:1. The data are directly convertible to a ronment _
statement of concentration per unit volume of air sampled. This E 691 Practice for Conducting Interlaboratory Study to
test method is limited by the diameter of the fibers visible by ~_Determine the Precision of a Test Metfod
SEM (typically greater than 0.10 to 0.25 pm in width as E7§6 Practice for Calibrating the Magnification of SEM
determined in 12.1.5) and the amount of coincident interfer- USiNg NBS SRM 484
ence particles. 3

1.3 A more definitive analysis may be necessary to confirm o
the presence of fibers with diameter0.10 to 0.25 pm in 3.1 Definitions: o _ , ,
width. For this purpose, a transmission electron microscope 3.1.1 analytical sgnsﬂwﬂyn—awborng fiber concentration
(TEM) is appropriate. The use of the TEM method for the ®Presented by a single fiber counted in the SEM.
identification and size measurement of SCCW is described in 3-1-1.1 Discussior-Although the termsiber and whisker
Practice D 6058 and Test Method D 6056. are, for convenience, used interchangeably in this test method,

1.4 The values stated in S| units are to be regarded as tHghisker is correctly applied only to single-crystal fibers
standard. The values given in parentheses are for informatiof{"€reas & fiber” may be single- or poly-crystalline or may be
only. noncrystalline. _ _ _ _

1.5 This standard does not purport to address all of the _3.1.2 aspect ratig n—the ratio of the length of a fiber to its
safety concerns, if any, associated with its use. It is thavidth.

. Terminology

1 This test method is under the jurisdiction of ASTM Committee D22 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 Standardéol 11.03.
Workplace Atmospheres. 4 Annual Book of ASTM Standardgol 14.02.

Current edition approved December 10, 1996. Published February 1997. 5 Annual Book of ASTM Standardgol 03.01.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.1.3 fiber, n—for the purpose of this test methodn 6. Interferences
elongated particle having a length greater than 5 pm, a width g 1 This test method has been designed to filter air for the
less than 3 um, and an aspect ratio equal to or greater than Sdetermination of SCCW concentration. However, filtration of

3.1.4 fibrous adj—composed of parallel, radiating, or inter- gjr also involves collection of extraneous particles and other
laced aggregates of fibers, from which the fibers are sometimggers that may not be of interest. Extraneous particles may
separable. That is, the aggregate may be referred to as fibroggscyre the fibers by overlay or by overloading of the filter.
even if it is not composed of separable fibers, but has thafpis situation can be managed by regulating the air volume
distinct appearance. The term fibrous is used in a generahmpled and thus the filter loading. Fibers should appear

mineralogical way to describe aggregates. o separated from other particles to ensure an adequate opportu-
3.1.5 man-made mineral fibern—any inorganic fibrous ity for their recognition as separate entities in the SEM and

material produced by chemical or physical processes. accurate counting. Some coincident particle agglomeration
3.1.6 single-crystal ceramic whiskers— a man-made does occur even with these guidelines. Analyze an alternate

mineral fiber that has a single-crystal structure. filter with a reduced loading if the obscuring condition appears
3.2 For' definitions of other terms used in this test methodig exceed 15 % of the filter ards). Redeposition of a portion

see Terminology D 1356. of an overloaded filter is permitted only in circumstances

where an alternate filter is not available and cannot be obtained
4. Summary of Test Method through resampling (see 10.1.5).

4.1 The sample is collected on a mixed cellulose ester
(MCE) filter by drawing air, using a sampling pump, through /- APParatus and Reagents
an open-face 25-mm electrically conductive sampling cassette 7.1 Sampling CassetteUse a 25-mm electrically conduc-
assembly(1,2).8 A section of the filter is transferred to an SEM tive cassette assembly such as a three-piece cassette with an
stub and the fibers are identified, sized, and counted at @xtension cowl or retainer ring containing a 0.45-um pore-size
magnification of 2008 in the SEM using the criteria dis- MCE filter and a support pad. Seal the cassette assembly with
cussed in Section 11. Results are expressed as a fiber concéhvink tape. Reloading of used cassettes is not permitted.
tration per unit volume of air and a fiber loading per unit area 7.2 Personal Sampling PumpUse a portable battery-
of filter. The airborne concentration is expressed as fiber pepperated pump for personal sampling. Each pump must be
millilitre (f/mL) and fiber loading is expressed as fibers percapable of operating within the range from 0.5 to 4 L/min and

square millimetre (f/mn¥). continuously over the chosen sampling per{@ The flow
must be free from pulsation. All pumps shall be calibrated prior
5. Significance and Use to use(6).

5.1 The SCCW may be present in the workplace atmosphere 7.3 Area Samplin_g Pump-Use a personal sampling pump
~a non-portable high-volume pump for area sampling. Each

where these materials are manufactured, processed, trarf¥ ) L
ported, or used. This test method can be used to monitdtumpP shall be capable of operating within the range from 0.5

airborne concentrations of SCCW fibers in these environments? 16 Limin and continuously over the _chosen sampling period
It may be employed as part of a personal or area monitorin 1). The flow shall be free from pulsation. All pumps shall be
strategy. alibrated prior to uséo).

5.2 This test method is based on morphology and elemental 7.4 Vinyl tubing or equivalent.

composition. The analysis technique has the ability to identify 7'.5 Scar_ming Sl I\/I_icroscopa SEM capable of op-
SCCW. erating using an accelerating voltage of at least 15 kV. The

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 datgyng oxygen is recommended.
obtained using these techniques. 7.6 Vacuum Evaporate«For 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 um due to visibility 2—Sputter coaters and carbonaceous fiber coaters are not appro-
limitations associated with SEM. The TEM method may begiate.

used to provide additional size information of SCCW if neede .
(see Practice D 6058 for additional information on the use of 7 .SEM Sample Preparation S_tuJa{Stubs made of carbon .
this test method). alre smtablet. t()’lA c)arbon planchet disk glued to a metal holder is
. S0 acceptable.
5.4 Results from the use of this test method shall be reporte% . . . .
along with 95 % confidence limits for the samples being ?'8 Conductmg DAG (collo[dal graphite) type adhesive
paint or double-sided conductive carbon tape.

studied. Individual laboratories shall determine their intralabo- e
ratory coefficient of variation and use it for reporting 95 % ticz.%l;lflssé-)r SEM Magnification Standard, SRM 4gke Prac-
confidence limity(1,3,4) 7.10 Sample Preparation Areaconsisting of either a clean
room facility or a room containing a laminar flow hood.
7.11 Specification D 1193 Type Il Wategfparticle-free).

® The boldface numbers in parentheses refer to a list of references at the end of 7.12 Tweezers
this test method. 7.13 Scalpel Blades
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7.14 MCE Filters 25 mm, 0.45 and 0.22-um. 8.5.3 Set the sampling flow rate and time to produce an
7.15 Funnel/Filter Assembly25-mm. optimum fiber loading between 100 to 1300 f/m(d,2). The
7.16 Miscellaneous Supplies time of sampling can be estimated by using the following
Note 3—If the alternate sample preparation method discussed in 10.$quat|0n'
is utilized, the following additional apparatus and reagents will be _ (A (F) )
necessary: (Q) (Cy) 10°

7.16.1 Oven capable of operating at 65°C is required to

collapse the filter. A hot plate capable of maintaining the where:

required temperature is an acceptable alternative to the oven’.a‘C - ﬁﬁg;/)esfllter collection area~385 mnt for 25-mm
7.16.2 Plasma Asher a low-temperature asher (LTA) is time 'min

required to plasma-etch the collapsed MCE filter. A nominal =

100-W unit is suitable. QL
7.16.3 Oxygen used as a bleed gas in the plasma asher. C.
7.16.4 Micro-syringe or Pipettea device capable of consis- 103

fiber loading, f/mn,

sampling flow rate, L/min,

estimated concentration of SCCW, f/mL, and
conversion factor.

tently delivering a solution volume of 100 pL 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 p 4532,

be used in all tests. Unless otherwise indicated, it is intended 8.6 Carefu”y remove the cassette from the tublng at the end
that all reagents conform to the specifications of the Committegf the sampling period (ensure that the cassette is positioned

on Analytical Reagents of the American Chemical Societyypright 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 _ _ ] _ _
sufficiently high purity to permit its use without lessening the Note 4—Deactivate the sampling pump prior to disconnecting 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, whichever is greater) for each set of
8.1 Collect samples of airborne SCCW on MCE filters usingsamples. Remove the cap of the field blank briefly (approxi-
sampling cassettes and pumps as noted in Section 7. mately 30 s) at the sampling site, then replace it. The field

8.2 Remove the outlet plug from the sampling cassette anlllank is used to monitor field sampling procedures. Field
connect it to a sampling pump by means of flexible,blanks shall be representative of filters used in sample collec-
constriction-proof tubing. tion (for example, same filter lot number).

8.3 Perform a leak check of the sampling system by 8.8 Submit at least one unused and unopened sealed blank
activating the pump with the closed cassette and rotameter (evhich is used to monitor the supplies purchased as well as
other flow measurement device) in line. Any flow indicates aprocedures used in the laboratory. The sealed blank shall be
leak that must be eliminated before starting the samplingepresentative of filters used in sample collection (for example,
operation. same filter lot number).

8.4 Remove the inlet plug from the sampling cassette to
eliminate any vacuum that may have accumulated during the. Transport of Samples

leak test, then remove the entire inlet cap. 9.1 Ship the samples in a rigid container with sufficient

8.5 Conduct personal and area sampling as follows: acking material to prevent jostling or damage. Care shall be
8.5.1 For personal sampling, fasten the sampling cassette {Quen to minimize vibrations and cassette movement.
the worker’s lapel in the worker’s breathing zone and orient it

face down. Adjust the calibrated flow rate to a value between Note 5—Do not use shipping material that may develop electrostatic
0.5 and 4 L/min(1). Typically, a sampling rate between 0.5 and forces or generate dust. _
2.5 L/min is selected2-4,6,7) Also see Test Method D 4532. NOTE 6—Sr_1|pp|ng contal_ners fqr 25-mm sampling cassettes are com-

8.5.2 Place area samples on an extension rod facing down Jg"cially available and their use is recommended.
a 45° angle. Adjust the calibrated flow rate to a value between 9.2 Include in the container a list of samples, their descrip-
0.5 and 16 L/min(1). Typically, a sampling rate between 1 and tions, and all other pertinent information.
10 L/min is selected8).

10. Specimen Preparation

A , _ , o 10.1 The objective of the specimen preparation technique is
“Reagent Chemicals, American Chemical Society Specificatiymerican

Chemical Society, Washington, DC. For suggestions on the testing of reagents nB? prOduce a sgmple suitable for anaIySIS_m the SEM. Proce-
listed by the American Chemical Society, séealar Standards for Laboratory ~dures as described as follows or other equivalent methods may
Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia be used to prepare samples.

and National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville, 10.1.1 Wipe the exterior of the sampling cassettes with a
MD. o

8 The effective collection are@\() should be measured periodically, especially if damp cloth t(? minimize the pOSS|b|I|t'y of contamination before
different types of cassettes are used. taking them into the clean preparation area.
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10.1.2 Perform specimen preparation in a well-equippedayer (not more than 10 %) of collapsed surface will be removed.
clean facility. 10.1.4.5 Place the SEM stub inside the bell jar of a vacuum

10.1.3 Direct Sample Preparatian evaporator. Evaporate a section of graphite rod (approximately

10.1.3.1 Carefully cut a wedge of the filter (for example, 1-mm diameter by 8-mm length) onto the surface of the filter.
25 %) with a curved, steel surgical blade using a rocking

motion to prevent tearing. I\!OTE 12—Ro_tat|on of the sample at an angte45°) is recommended
during the coating process.
Note 7—Use care not to disturb the particles on the filter surface. Note 13—Evaporation of gold (Au) or palladium (Pd), or both, on the

. . . . sample may be used to improve visibility in the SEM.
10.1.3.2 Attach the filter section, particle side up, onto an P Y P v

SEM stub using conducting DAG or double-sided, conductive 10.1.4.6 Remove the sample and store in a clean, dry
carbon tape. environment until analysis.

10.1.3.3 If DAG is used, wait until it is dried then place the _ 10.1.5 Indirect Sample PreparatierResuspension of par-
SEM stub inside the bell jar of a vacuum evaporator. Noticulate matter collected on an overloaded filter and subsequent
waiting is necessary if double-sided, conductive tape is usediltering onto another substrate may result in loss or breakup of

Evaporate a section of graphite rod (approximately 1-mnfhe §ample materials. Therefore, resus_pens_ion is perr_nitted only
diameter by 8-mm length) onto the surface of the filter. in circumstances where an alternate filter is not available and

cannot be obtained through resampling (for example, evalua-
Note 8—Rotation of the sample at an angle45°) is recommended  tjon of a prototype procedure where the operational parameters
during the coating process. _ cannot be duplicated). If indirect sample preparation proce-
Nore 9—Evaporation of gold (Au) or palladium (Pd), or both, on the 4,res 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, drtained 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 contragtiate 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 reportectassette and cut a wedge (for examptey ¥4 or the area of the
by Burdett and Rood and it involves the use of a solventriginal filter) as accurately as possible from the filter with a
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.
|Ightly plagma etched to remove the top surface of t.he filter. NoTe 14—Use care not to disturb the particles on the filter surface.
Th's step Is Performe,d so as to expose any small f'_bers that Note 15—The size of the wedge will depend on filter loading. If the
might otherwise be hidden below the surface of the filter andample is very heavily loaded, then a smaller wedge (for exariplex

yet not free any fibers from the collapsed matrix. Yisthe area of the original filter) may be more appropriate.
10.1.4.1 Prepare a mixture of 35 % DMF, 15 % acetic acid 10 1 5 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.

10.1.5.4 Place the beaker into the ultrasonic bath. Sonicate
Pr approximately 1 min.
10.1.5.5 Remove the section of filter and rinse it using

10.1.4.2 Place 100 pL of the preceding solution on thﬁ
polished side of a high-density carbon planchet. Cut a wedge o
the MCE filter (for example, 25 %) with a steel surgical blade
and then gently place it, particle side up, onto the solution.
shallow angle is used to minimize the possibility of entrappin
air bubbles.

10.1.4.3 After a 5-min wait period, place the sample in an

filtered distilled water. The rinse shall be collected in the
AlOO-mL beaker. Add enough distilled water to result in a
9100-mL suspension.

10.1.5.6 Filter the suspension using a funnel through a

Y " 5-mm, 0.22-um MCE filter using vacuum filtration tech-
oven that has been preheated to 65°C. After an additional 1 iques. Rinse the interior of the beaker into the funnel using

min, remove the sample from the oven and allow to c_oql Foﬁltered distilled water.
room temperature. The sample should be covered to minimize

contamination from other airborne particles. Note 16—Itis recommended that disposable funnels be used to reduce
10.1.4.4 Place the sample in the plasma asher and etch tH potential for contamination. _ _ o
filter Note 17—Use of a 47-mm funnelffilter assembly is permissible pro-

vided the active filter area is accounted for in the calculations in 13.3.
Note 11—Because plasma ashers vary greatly in their performance, Note 18—If the resuspended filter is too heavily loaded with particles
both from unit to unit and between different positions in the asherto permitanalysis, then reprepare the sample using a smaller portion of the
chamber, it is difficult to specify the conditions that shall be used.original filter in accordance with 10.1.5.1.

Insufficient etching will result in a failure to expose embedded fibers, and 10.1.5.7 Remove the funnel from the vacuum system. Place
too much etching may result in loss of particles from the surface. It is L .

recommended that the time for etching of a known weight ofacollapseahe deposited filter in a desiccator for approximpt2lh to

filter be established and that the etching tare weight be calculated in tern{€MOVeE moisture. ) .
of micrometres per second. The actual etching time used for a particular 10.1.5.8 Cut a wedge of the filter (for example, 25 %) with
asher and operating conditions will then be set such thattao 2-um  a curved, steel surgical blade and place onto a SEM stub and
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carbon coat in accordance with 10.1.3.2 and 10.1.3.3. If the Note 21—Fig. 1 provides examples of fiber counts for possible
alternate sample preparation approach is utilized, then follow{jber-end orientation.

the procedures in accordance with 10.1.4. 11.3.8 Record fiber counts and fiber dimensions on a count
Note 19—Account for the area of the filter used in the resuspensiorsheet. Record ND when no fibers are detected in the field.
process in the equations provided in 13.3 when calculating the estimated 11.3.9 Perform EDS on all fibers that are in accordance with
airborne concentration. For example, if 25 % of the original filter area waghe counting rules criteria. Identification criteria for EDS shall
deposited onto a 25-mm filter, then a dilution factor of 4 is used in theya hased on the known chemistry of the fiber being processed
calculations. determined either from product formulation or by analysis of

11. Analysis Method standard materials.
11.1 The objective of this method is to determine the 11.3.10 Indicate on the count sheet if an EDS spectrum was

concentration of SCCW fibers per millilitre of air sampled acquired but not recorded, along with any other appropriate

based on the number of SCCW fibers observed during the SEffformation. _
analysis. 11.3.11 Document an EDS spectrum representative of each

11.2 Place the prepared filter section in the SEM and‘iber. type observed using a plotter or on a computer storage
observe the specimen at low magnificatiorlp0x). Note the ~ medium. o _
general nature of the prepared sample. The particles should be11.3.12 Record all appropriate information on the count
evenly loaded over the surface of the filter. The surface of théheets for each EDS spectrum that is plotted or stored.
filter should not have any specific points or areas which charge 11.3.13 Analyze enough fields of view to yield 200 ends
(appear erratically bright or dark) but should have an overal(100 fibers). Analyze a minimum area of 0.157 AiBtop after
uniform background gray-level. If these conditions are metscanning an area of 0.785 miegardless of fiber count.
then continue with the filter analysis. If these conditions are not L o _
met, then the sample should be recoated with carbon, gold, %FEBTSE;Z The objective is to analyze an area equivalent to the PCM
palladium. o S
11.3 Fiber Counting Ruleg(1,7): 11.3.14 Divide the total end count by 2 to yield fiber count.
11.3.1 At the calibrated magnification of 2000 begin _
counting fibers on the filter surface. Perform fiber counting byl2. Quality Control

starting at one end of the filter (far enough away from the edge 12.1 Monitoring the environment for airborne fibers re-
to ensure that no artifacts from cutting the filter are encounqguires the use of sensitive sampling and analysis procedures.
tered) and progressing in a straight manner without overlapthe sensitivity of the analysis may be influenced by a variety
ping fields. The sample can be shifted either up or down at leasgff factors. These include the supplies used in the sampling and
one field of view to obtain an area which has not beerbna|ysis operation, the performance of the sampling, the
previously examined. This counting process then continues ireparation of the sample from the filter, and the actual
the reverse direction. Alternatively, a microscope equippe@xamination of the sample in the microscope. Each of these
with a motorized stage control can be used to select fieldgnit operations must produce a product of defined quality if the
arbitrarily. analytical method is to produce a reliable and meaningful test

11.3.2 Reject the field and select another when a particle qiesult. Accordingly, a series of control checks and analysis of
agglomerate of particles covers approximately 15 % or more ofeference standards shall be performed along with the sample
the field of view(5). Do not report rejected fields in the number analysis as indicators that the materials used are adequate and
of fields counted. However, each rejected field shall be note¢he operations are within acceptable limits. In this way, the
on the count sheet. quality of the data is defined and the results are of known

11.3.3 Count only ends of fibers that are greater than 5 palue. These checks and tests also provide timely and specific
in length, less than 3 um in diameter and have an aspect I'aﬂparning of any problems that might develop within the
equal to or greater than 5:1. sampling and analysis operations.

11.3.4 Count each fiber end within the field of view of the 12 2 Microscope Calibration
SEM viewing screen provided that the fiber is in accordance 1551 Mmake periodic performance checks of SEM magni-

Wit1h113153-(3:- by i th _ g fication and EDS systems.
by ount visibly free ends that are in accordance wit 12.2.2 All instrumentation shall be in calibration at the time
11.3.3 and 11.3.4 when the fiber appears to be attached {Re analysis is performed

another particle, regardless of the size of the other patrticle. . L
11.3.6 Estimate the length and width of each fiber using the 12.2.3 Magnification Cgh_bra_non )

micrometer scale on the SEM screen or from micrographs. ~ 12-2:3.1 Insert a magnification standard into the SEM.

tion of fibers up to a maximum of 10 ends (5 fibers), provided®!'s Instructions.

that each segment is in accordance with 11.3.3 and 11.3.4. 12.2.3.3 Use Practice E 766 to calibrate the magnification.
Note 20—For agglomerates, the selection of up to 10 ends (5 fibers) is 12.|2t.3.4 Ca“btrateththezﬁng at .the tEIOS?St n;.elltgntlflcatlon

done on an arbitrary basis. However, for each fiber selected, the dimefgdua! 10 Or greater than 0 keeping . e Stage Uit at zero .

sions must be recorded. Furthermore, it must be noted on the count shédggrees and the stage at the proper height for X-ray analysis.

that the fiber was part of an agglomerate. 12.2.4 Field-of-View Calibration
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'O <
a. 2 Ends ¢ b. 1End c. 0Ends
d. 3 Ends e. 4 Ends f. 3 Ends
1
1
Sy
g. 0Ends h. 2 Ends i. 1End
Note 1—All fibers provided in Fig. 1 are assumed to be >5 um long, <3 pm wide, and have an aspeet>atip
Figure Count Explanation
a 2 ends count as two ends; both ends in viewing screen.
b 1end count only the end in viewing screen.
c 0 ends no ends extend into viewing screen.
d 3 ends count as three ends; fiber and fiber extension in viewing screen.
e 4 ends count as four ends; two fibers crossing each other in viewing screen.
f 3 ends count as three ends; fiber and fiber extension in viewing screen.
g 0 ends no ends extend into viewing screen.
h 2 ends count as two ends; angular fiber in viewing screen.
i 1 end count free end only; other end covered by a particle.

FIG. 1 Examples of Fiber Counts for Possible Fiber-End Orientations Observed by SEM

12.2.4.1 After calibrating the magnification of the SEM,
calculate the area (in miyof a field of view on the cathode ray
tube (CRT) viewing screen for the magnification setting of
2000x.

12.2.4.2 Measure and record the length and width of th
CRT viewing screen in millimetres.

12.2.4.3 Calculate the area (in nof the field of view
using the following equation:

L X W,

Area= V2

)
where:
el = length of field of CRT, mm,

W; = width of field of CRT, mm, and

M = calibrated magnification.

12.2.5 Determination of Visibility Limit
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12.2.5.1 The ability of the SEM to detect fine SCCW may CalculateS; as one half of the pooled, intracounter relative
be monitored using a fiber visibility test specimen and bystandard deviatio10).
comparlng results with _those obtained in a TEM.' ThI_S test Note 23—The intra-counter relative standard deviati®) shall be
specimen may be spemally prepz_ired by ger)eratlng alr_borqgss than 0.20 for a laboratory to be considered proficient in this test
SCCW onto an MCE filter. Alternatively, a previously acquired method(1,3,4)
SCCW or ashestos sample which has a good particulate

loading and fine fibers<t0.25 pm in diameter) present can be ~ 12-4 Replicate Analyses _ o
utilized. 12.4.1 The primary method for assessing the precision of an

12.2.5.2 Using normal SEM operating conditions, scan thé'ndividual analyst is through the use of replicate analyses. A

specimen at 2000 looking for a fiber which is just barely replicate analysis is a repeat analysis of the same sample,
visible performed by the same analyst, under the same analytical

e conditions as the original analysis.
12.2.5.3 When detected, reduce the magnification to ap- : o
proximately 150¢. If the fiber is no longer visible, then it can 12.4.2 Perform blind recounts by the same analyst on 10 %

be said to be at the lowest practical limit of visibility. ?[:;;]Itte}:z ;g;lr;tstd using samples relabeled by a person other

1_2'2'5'4 Measure the diameter of the fiber at high magnifi- 12.4.3 Document the laboratory’s precision for each analyst
cation (20 00& or greater). o for replicate fiber counts.

12.2.5.5 Return to a magnification of 200tand look for 12.4.4 The conformance expectation for the replicate analy-
another just barely visible fiber. sis is that the fiber loading (ffm®nfrom the original and the

12.2.5.6 Repeat 12.2.5.3 to 12.2.5.4 until at least fivgeplicate analyses will fall within the following control limits:
different fibers are observed and measured. VA /A

12.2.5.7 Average the observed diameters and if greater than VA - VA | = 2.77(172 )Sa 3)
0.25 pm, readjust the microscope and repeat 12.2.5.2-12.2.5.6.
If the average diameter of fibers at the lowest practical limit of where:
visibility cannot be reduced below 0.25 pm, then the source ofA; = original estimate of fiber loading,
the problem with the SEM should be determined and corrected?, = replicate estimate of fiber loading, and

12.2.6 EDS Calibration—The EDS system is calibrated R one-half of the pooled intracounter relative standard
conforming to the manufacturer’s specifications or other ac- deviation(10). . o
cepted procedures. At a minimum, the calibration procedure Control limits are established from historical data. If the
should take into account the energy level and intensity. original and the replicate estimate falls outside the acceptance
12.3 Blank Analysis range, the sample is reexamined to determine the cause of the

) .. count variation. If the reexamination shows the analyst may be

12.3.1 Analyze f'e".j and sealed blanks before_the f'.el n error due to questionable ability, the analyst may not be

samples. If any of the field or sealed blank samples yield a flbe|5ermitted to examine unknown samples, but must recount five
count greater than 7 fibers/0.785 mrthe entire sampling and '

iical q hall b ined fullv o locat reference samples. Upon acceptable performance of the analy-
analytical procedure shail be examined careiully 1o locale andeg he analyst may again examine unknown samples, but the
correct any source of the contaminatig).

frequency of replicate analyses is increased to one in every five
12.3.2 Report the counts on each_ blank. Calculate the meafymples for the next 100 samples, or until such replicate

of the blank counts and subtract this value from each samplgm:uyses meet the conformance expectations.

count before reporting the results. _ 12.4.5 Ifthe analyst fails the replicate test, all samples in the
12.3.3 Maintain as part of the laboratory quality assurancgample set shall be recounted and the new counts compared

program a set of reference samp(&§). These samples shall with the original count. All rejected counts shall be discarded

consist of filter preparations including a range of loadings anthnd the samples reanalyzed.

background SCCW levels from a variety of sources including 12,5 Each new analyst shall be instructed in the operation of

in-house or other laboratory field samples. The quality assufhe instrumentation discussed in this test method.
ance officer shall maintain custody of the reference samples

and shall supply each analyst with reference samples on aNote 24—To ensure good reproducibility, all laboratories engaged in

routine basis as part of the laboratory’s quality assurancgcpw counting should participate with other laboratories in the exchang.e
of field samples to compare performance of the analysts (also see Practice

program. The labels on the reference samples shall be changggq; for guidelines).

periodically so that an analyst does not become too familiar ] o
with the samples. 12.6 Appropriate logs or records must be maintained by the

12.3.4 Estimate the laboratory intra- and inter-counter rela2nalytical laboratory verifying that it is in compliance with the

tive standard deviation from blind repeat counts expressed &&ality assurance procedures.

fiber loading (ffmnf) on reference samples. Obtain separate )

values of relative standard deviation for each sample matrix3- Calculations

analyzed in each of the following ranges: from 5 to 20 fibers in 13.1 The following information must be reported for each
0.785 mn3, from >20 to 50 fibers in 0.785 mmfrom >50 to  sample analyzed by SEM: number of SCCW counted (N), area
100 fibers in 0.785 mAyand 100 fibers in less than 0.785 fim  analyzed (mn¥), volume of air sampled (L), SCCW loading
Maintain control charts for each of these data fil@sl0)  (f/mm?), SCCW airborne concentration (f/mL), and analytical
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sensitivity (f/mL). The calculations used to obtain SCCW 13.3.3 SCCW Airborne Concentration (C)

loading and airborne SCCW concentration follow. N o o
13.2 Calculation for Direct Preparation (mdx active filter areax d"Utlon)rede R
13.2.1 SCCW Counts (N) ’ (10)
N = number SCCW ends counted 4 N o
= 5 ( ) .o — <Wnalyzecf< active filter are%blank
13.2.2 SCCW Loading (P: a volume of air sampledL) X 10°
_— < N L) ~ ( N ) 5) 13.3.4 Analytical Sensitivity (A):
L area analyze scew sample \ area analyzed/ g 1sCCW
13.2.3 SCCW Airborne Concentration (C) As= area analyzed (11)
C—F. % active filter area 6 active redeposited filter area % dilution factor
~ " L7 volume of air sampledL) x 10° © volume of air sampled.) x 10°
13.2.4 Analytical Sensitivit :
Y _ y A L 14. Precision and Bias
1 SCCW fiber active filter area o ) ) )
= areaanalyzed” Volume of air sampledL) X 10° ) 14.1 The precision of the procedure described in this test
13.3 Calculation for Indirect P i method for measuring the concentration of single-crystal
13'3 128’03\/'08 ort n lfsjrec reparation ceramic whiskers is being determined.
e ounts () _ 14.2 Since there is no accepted reference material suitable
_ number SCCW fiber ends counted ®) for determining the bias described in this test method for
2 measuring the concentration of single-crystal ceramic whis-
13.3.2 SCCW Loading (B): kers, bias has not been determined.
N
—aaaaooa X active filter areax dilution) 9
(area analyze& redeposited area ( ) 15 KeyWOde
N o 15.1 air monitoring; sampling and analysis; scanning elec-
- <area analyzed* active filter are%blank tron microscopy; silicon-carbide whiskers; single-crystal ce-
Fo= active filter area of collection filter ramic whiskers; workplace atmosphere
REFERENCES
(1) Baron, P., “Fibers, Method 7400, Issue No. 2:8-15-9NTOSH April 1986, pp. 232—-233.

Manual of Analytical Methods4th ed., P. M. Eller, ed., U.S. (6) OSHA Technical ManualOccupational Safety and Health Adminis-

Department of Health and Human Services, DHHS (NIOSH) Publi- tration, U.S. Department of Labor, Washington, DC 20210, OSHA

cation No. 94-113, Cincinnati, OH. Instruction CPL 2-2.20B, Directorate of Technical Support, Feb. 5,
(2) OSHA Reference Method ID-160, Microscopy Branch, Salt Lake City 1990, pp. 1-8 to 1-11.

Analytical Laboratory, Occupational Safety and Health Administra- (7) “Reference Methods for Measuring Airborne Man-Made Mineral

tion, U.S. Department of Labor, Salt Lake City, UT 84115-0200, Fibres (MMMF),” WHO/EURO Technical Committee for Monitoring

revised August 1990. and Evaluating Airborne MMMF, World Health Organization, Copen-
(3) Leidel, N. A., Bayer, S. G., Zumwalde, R. D., and Busch, K. A., hagen, 1985.

USPHS/NIOSH Membrane Filter Method for Evaluating Airborne (8) USEPA, Asbestos-Containing Materials in Schools; Final Rule and

Asbestos Fibers, U.S. Department of Health, Education, and Welfare, Notice, Federal Register 52 (210), Oct. 30, 1987, pp. 41857-41884.

Publ. (NIOSH) 79-127, 1979. (9) Burdett, G. J., and Rood, A. P., “Membrane Filter, Direct Transfer
(4) NIOSH Manual of Analytical Method2nd ed., Vol 1, P&CAM 239, Technique for the Analysis of Asbestos Fibers or Other Inorganic
U.S. Department of Health, Education, and Welfare, Publ. (NIOSH)  Particles by TEM,"Environmental Science Technology7, 1983, pp.

77-157-A, 1977. 643-648.

(5) Peck, A. S., Serocki, J. J., and Dicker, L. C., “Sample Density and thg10) Abell, M. T., Shulman, S. A., and Baron, P. A, “The Quality of Fiber
Quantitative Capabilities of PCM Analysis for Measurement of Air- Count Data,”Applied Industrial HygiengVol 4, No. 11, November
borne Asbestos American Industrial Hygiene Assoc. Journgbl 47, 1989, pp. 273-285.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.



A8y D 6059

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



