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ABSTRACT

The provisional electron microscope wethodology for measuring the
concentration of sirborne asbestos fibers was refined. The methodology is
divided into separate protocols. The step-by-step procedures for each
protocol are nearly identical, so that cumulative data can be obtained and
uncertainties, especially in asbestos identification, can be clarif{ed. The
operatiopal steps encompass (1) type of sample, (2) collection and transport,
(3) sacple preparation, (4) exacinatfon under the transzission electron
péicroscope (TEM) and data collection, (5) data reduction and reporting of
results, and (6) quality control-quality assurance.

The TEM analytical protocol is subdivided inté three levels of anal-
ysis: Llevel I, for screening many sanples; Level II, for regulatory action;
and Level 111, for confirmatory analysis of controversial sarples. Because
gdentification of asbestos structures $s critical, the level of analysis s
directly related to the information sought:

level I—morphology and visual selected area electron
diffraction (SAED) pattern recognition.

level II-—morphology; visual SAED; and elemental analysis,

Level II1I—morphology; visual SAED; a selected number of SAED
mpicrographs of zone-axis patterns; and elemental
analysis.

This report was submitted in fulfillment of Contract Ko. 68-02-3266 by
1IT Research Institute under the sponsorship of the U.S. Eovironmental
Protection Agency. This report covers the period September 19, 1979, to
June 19, 1981, and work was completed as of September 30, 1981.
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SECTIOR 1
INTRODUCTION

Asbestos I8 recognized as a health hazard, especially 4f inepired into
the alveolar region of the respiratory tract. Asbestos may be present in air
sacples, water sacmples, bilological or clinical samples, and other miscel-
laneous bulk samples, such as ores and food. These various types of samples
require different collection methodologies and diverse preparation techniques.

°

Asbestos analysis methodologies may be categorfzed as bulk-material
analyses, or those providing concentration fnformation, and single-fiber
analyses, or those providing morphology, size distridbutfon, and concentra-
tion. Bulk-material analysis techniques, which include infrared spectroscopy,
differential thermal analysis, and x-ray diffractfon analysis (XRD), are
lizited by an insbility to analyze concentrations of less than 1 yug, and by an
tnability to differentiate between fibrous and nonfibrous forms of wminerals.

Single-fiber analysis techniques fnclude optical microscopy and electron
rpicroscopy. Optical microscopy employing phase contrast has been promulgated
into a monitoring method for the workplace environment (NIOSE-P&CAM 239). 1In
addition, promulgation of a monitoring method for bulk-material asbestos
sarples (building {nsulation) using polarized light microscopy (PLM) 1s
presently being considered. BEowever, optical microscopic techniques cannot
determine fibers of less than approximately 1 ym in dismeter, and phase
contrast cannot differentiate between asbestos and nonasbestos fibers.

The electron microscope (EM) provides particle morphology and size, and a
degree of identificatfion. A comprehensive study of various EY procedures
(Sazudra et al., 1977) was conducted in developrent of a provisfonal wethod-
ology manual, Electron Microscope Measurement of Airborne Asbestos Concentra-
tions (Sarudra, 1978). Three EM methods are available: the scanning electron
microscope (SEM), the transmission electron microscope (TEM), and the analyti-
cal electron microscope (AEM). The SEM, with an x-ray energy-dispersive
spectrometer (EDS), permits visual characterization (analogous to reflectior
optical microscopy) and fiber fdentiffcatfon by elemental analysis. The TI:,
providing an increased data-acquisition capability, permits visual charact-ri-
zation (in the transmitted mode) and fiber identificatfon by crystal str . ture
analysigs. The AEM is a TEM with an EDS, and with the added capadbility !
SEM/STEM (scanning transmission electron microscope) operation, whict . imits
visual characterization (worphology and sfze) as well as fiber ident: cation
using both erystal structure by selected srea electron diffraction ‘ED) and
elezental analysis by EDS.




The original EM pethodology was developed for the U.S. Environmental
Protection Agency (EPA) for peasuring sirborne asbestos concentrations,
specifically for apbient air and for use a5 & “screening” tool. Development
guidelines {ncluded attainable precision and accuracy of results; relative
rapidness in use; cost-effectiveness; spplicability to & large number of
jaboratories possessing 8 TEM (at that time, very few laboratories had TEM's
wvith x-ray analysis capability or an APM); and procedural steps to be inde-
pendent of unique or exceptional fn-house capabilities of & single laboratory
(thet is, {interlaboratory precision rather than {ntralaboratory)e.

In usage, the EM pethod was successful within its prescribed limita-
tions--that s, the precision and accuracy of results between laboratories
using the complete method was good. However, prodblems that had been Tecog-
pized 4n the study developing the gethodology (Samudra et al., 1977) arose in
the aress of (1) {nterpretation of airborne, (2) sanple collection, (3) need
for more exacting ydentification of asbestos, especially of amphibole type,
and (4) use of only part of the methodologye.

The present study was undertaken to refine the methodology. The problem
areas and related criticisms were addressed within the underlying goals and
guidelines set for optimfzing the pethodology. Protocols sizilar to & cook-
book were not possible since basic knowledge or training was required regard-
ing (1) sample collection, (2) preparation of samples for EM, (3) use of the
TEM-AEM, and (&) diffraction pattern analysis. The refined methodology 18
based on an assumption that each intended user of & particular level of analy-
sis has the necessary background and training to use it.



SECTIOR 2

CONCLUSIORS AND RECOMXERDATIONS

The EX methodology for measuring the concentration of alrborne asdestos
fibers has been refined and specified, and is recommended for field evalua-
tion. The methodology is based on a TEM analyt{cal protocol that is divided
{nto three levels of effort: Level I, for screening many sanples; level II,
for regulatory action; and level 1II, for confirmatory analysis of controver-
sial sarples. The three-level analytical methodology is cost-effective, and
will provide the required results for proper assessment of asbestos.



SECTION 3

GUIDELIRES FOR UHDEXS!AHDIﬁG TEE METBODOLOGY

The pethodology is divided into separate protocols. The step-by-step
procedures for each protocol are nearly identical, e®o that cumulative data can
be obtained and uncertainties, especially in asbestos gdentification, can be
clarified.” These operational steps are:

(1) Type of Sample--Source

(2) Sample Collection and Transport

(3) Sample Preparation for Analysis—GCrid Transfer
(4) TEM Examination and Data Collection

(5) Data Reduction and Reporting of Results

(6) Quality Control/Quality Assurance (QC/QA).

The analytical protocol under the TEY examination and data collection
procedure 1is subdivided into three levels of increasing analytical effort in
tercs of requiring an {nstrument of greater capability, an electron
picroscopist with greater expertise, and a longer analytical time. Level I, 8
monitoring or screening methodology, resembles the present EPA provisional
methodology (Sszudra et al., 1978; Anderson and long, 1980). Llevel II is 8
regulatory method requiring additional analytical criteria to establish
asbestos identification 1{rits, and to provide guidance for Level 1 analyses
by confirzing or clarifying visual SAED pstteims. Level 111, the most
sophisticated and the costliest of the pethods, is Intecded for confirming
asbestos identification, especially in judicial controversies and other
special situations. ‘

In Sections 4, 5, and 6, the protocols for each of the three levels of
.analysis are presented independently of each other, and thus procedures common
to each are repeated. All figures are presented in Appendix A. )

Section 7 describes modifications for using the methodology on archival
sazples, which are gazples collected on nonprocedural filter substrates, OT
saxples collected without regard to filter loading levels. Section B
describes analysis of inorganic sources {n bulk-air sesmples or im bulk form.
Section 9 concludes the report with a discussion of analytical aids pertaining
to the limits of detection, preparation of blanks, use of conputers,
regnification calibration, and statistical methodology.



General guidelines for understanding the methodology are discussed in
the following paragraphs.

1¥VEL OF ARALYSIS

Knovledge of the history, source, and location of the sample, and the
purpose and objective of the analysis aids in selecting the correct level of
analytical effort. Simply "grinding the samples out” peither is cost-
effective nor produces the best results, especially for Level 11 and level II1
analyses. Instead of a1l level I, all Level II, or all level II1I, the
majority of the analyses may be level I, followed by some Level 1I. Level 1I1
could be used in {ts entirety or only at the analytical phase. 1f the source
{s known to contain no amphibole-type interference, or if chrysotile is of
interest, gold-coating can be eliminated.

1f a legal proceeding s anticipated, Level III analysis will be required
wvhere a chain~of-custody record is kept from collection, transport to the
laboratory, preparation, snalysis, data reduvction, and reporting of results.
EM finder grids must be used for grid transfer. In addition, for quality
assurance, a second laboratory must be available for analyzing a portion of
the sacple using the same degree of custodial care. QC/QA protocols must be
observed and records kept.

Vhenever possible, and especially for unknown source sazples, 10 to 20%
of each set of sazples should be analyzed by level II analysis prior to using
Level 1 as a screening procedure.

Level I is a relatively repid procedure, and can be used by many
laboratories with access to a conventional TEM. However, level I results
should not be used fn legal proceedings. 1f "positives”™ or "false positives”
are found, especially in areas where asbestos is known to be absent, and the
field blank and laboratory blank have been checked, Level 1I analysis, and
possibly Level 1II analysis, should be performed.

ORDER OF AXKALYSIS

The order of analysis 4s (1) field blanks, (2) laboratory blanks (if
needed), and (3) field samples. .

COLLRCTION AKD REPORTIRG

The counting rule, “minlmum 100 fibrous structures per known area
(corplete grid opening) or 10 grid openings, whichever is first,” 15 a winimruz
rule for cost limitation. For very low asbestos presence, or for asbestos
contenination studies, where particulate loading is high and asbestos preccznce
very low, counting 20 grid openings from each of 2 grids (10 per grid) is
recommended, .

The EM magnification factor s very high or, conversely, the ar<. of
deposit examined is very small. Therefore, although the electron r  .oscopist
way report a rero count, the notation "Below Detectable Level™ fg - .e appro-
priate in the sample report. Along the same lines, the electron : croscopist
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should report observations, measurements, and conclusions as objectively as
possible, realizing the subjective nature of his decision-paking, such as
parallel-sided. 3:] aspect ratio, pumber count, size measurements,
recognitlon—discrimination of SAED patterns, and categorizing of asbestos
structure.

pata reduction and reporting of results must be consistent and stated.
pimpensions of X-fibers (unknown length since complete fiber is mot visibdle)
mey be doubled, not counted st 8ll, or presented separatelye. poudbling of the
visible portion is recommended, and should be so stated {n the reporte.

Mass or conversion of size peasurenents to an assumed shape-volume-
density relationship, 15 calculated, and thus 1s the least reliable of the
dats, especially for g-fidbers, bundles, clusters, and matrices.

Althdugh morphology, SAED, and XRF efther singly or in combination will
provide {dentification of asbestos, mot all structures will be identified.
The nature of the asbestos structure prevents analysis of all structures by
SATD and/or by elemental analysis with EDS. Such factors as specimen thick-
ness, orientation, and proximity to other particulates or to the grid wvire
will prevent attainment of good SAED patterns and limit the effectiveness of

cherical analysis.
COSTS

Levels I, II, and 1II analyses are estinated to require 200, 400, and
1200 min per analysis, respectively. Additional costs will result from
collection, preparation, and reporting'of results. The equivalent monetary
costs will depend on the laboratory rates of the personnel {ovolved.’

APPLICATIOR TO BORAIRBORKE SOURCES

Although the pethodology has been developed for afrborue asbestos, other
types of sacples from different sources can be analyzed {f the samples are
finely divided and placed with proper loading and uniform distribution either
on a polycarbonate merbrane filter or on & carbon—coated EM grid. 0f course,
the limitations of the collection and preparation steps mpust be known and
accounted for to prevent {paccuracies in comparing results.

CZOGRAPEICAL COKXSIDERATIONS

In some parts of the country, such as the Upper CGreat Lakes area, the
possibility of pisidentification is gpuch greater becsuse some nonarphibole
pinerals have visual SAED patterns that closely resexble those of axphidboles.
Cold—coating and level 11 analysis will belp in differentfating between these
rinerals,

LALORATORY CORDITIORS
Asbestos analysis {nvolves sustained microscopy for periods of 3 to
7 hours with unscheduled rest breaks. Subjective decisions regarding such

fsctors as morphology, size peasurement, visual 1dentification, and possible

6



EDS make 4t difficult to break a manipulative physical routine or rhythm.
Therefore, a professional environment for the microscopist 4s essential for
effective sasbestos analysis. In particular, such factors as unnecessary or
redundant procedural steps, lack of personal recognition, and unreasonable
deadlines may contribute to poor precision.



SECTIOR &
LEVEL 1 ARALYSIS
SUMMARY OF PROTOCOL

Level 1 analysis is & ponitoring or screening technique. It sssesses the
apount and type of asbestos structures in the atmosphere through the following
steps:

L ]

(1) A known volume of air $s passed through 8 polycarbonate
pecbrane filter (pore diameter, 0.4 ym; filter diameter,
37 or 47 m=) to obtain approximately 5 to 10 yg of
particulates per cm? of filter surface.

(2) The particulate-laden f{lter is transported in its own
filter holder.

(3) The filter {s carbon-coated in the holder.

(4) The partfculates are transferred to an EM grid uvsing &
refined Jaffe wick washer.

(5) The EM grid, containing the particulates, 1s gold-coated

(6) The E¥ grid is exarined under low magnification (250X to
1000X) followed by high-magnification (16,000X on the
fluorescent screen) search and analysis.

(7) A know: area (zeasured grid opening) 18 scanned, and the
fibrous structures (fibers, bundles, clusters, and
catrices) are counted, sized, and {dentified as to
asbestos type (chrysotile, arphibole, ambiguous, OT no
{dentity) by morphology and by observing the SAED pattern,

(8) The observstions are recorded—a minimpum of 100 fibrous
structures or 10 grid openings, whichever is first. !

(9) The data are reduced and the results reported.

EQUIPHENT, FACILITIES, AXD SUPPLIES
The following items are required for level I analysis:
(1) An 80 or 100-kV TEM with a fluorescent viewing screen

gnscribed with graduations for estizating the length and
width of fibrous particulates.






