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FOREWORD 

Measurement and monitoring research.efforts are designed to anticipate 
potential environmental problems, to support regulatory actions by develop
ing an in-depth understanding of the nature and processes that impact health 
and the ecology, to provide innovative mean~ of monitoring compliance with 
regulations, and to evaluate the effectiveness of health and environmental 
protection efforts through the monitoring of long-term trends. The Environ
mental Monitoring Systems Laboratory, Research Triangle Park, North Carolina, 
is responsible for: assessing environmental monitoring technology and sys
tems; implementing Agency-wide quality assurance programs for air pollution 
measurement systems; and supplying technical support to other groups in the 
Agency including the Office of Air, Noise, and Radiation, the Office of 
Pesticides and Toxic Substances, and the Office of Enforcement. 

This report describes the results of an evaluation of a tentative method 
developed for the measurement of asbestos in bulk insulation materials. The 
method is designed to support the Asbestos-in-Schools Program of the Office 
of Pesticides and Toxic Substances. 

Thomas R. Hauser, Ph.D. 
Director 

Environmental Monitoring Systems Laboratory 
Research Triangle Park, North Carolina 
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ABSTRACT 

The U.S. Environmental Protection Agency Asbestos-in-Schools Program 
was established iri March 1979 to provide information and technical assistance 

to the public for addressing problems·pr~sented by asbesto~-containing 
insulation materials in school buildings. Because there were no existing 
standard procedures for the qualitative and quantitative analysis of asbestos 
in bulk materials, the Office of Pesticides and Toxic Substances, Washington, 
DC, and the Environmental Monitoring Systems Laboratory, Research Triangle 
Park, NC, jointly sponsored an effort to produce a practical and objective 
analytical protocol. 

Draft procedures were written for the analysis of bulk samples by 
polarized light microscopy (PLM) and X-ray powder diffraction (XRD) based on 
information presented at a conference of interested parties from government, 
university, and commercial laboratories. Following review by the conferees, 
the Tentative Method for the Determination of Asbestiform Minerals in Bulk 
Insulation Samples (March 1980) was submitted to a performance testing 
program that involved multiple laboratory analysis of prepared samples with 
known asbestos content. This report presents the results of the testing 
study and provides observations and preliminary characterization of the 
utility and operational parameters of the Tentative Method. 

PLM quantitative analysis employs a point counting procedure to estimate 
the relative area occupied by asbestos fiber within the microscope fields of 
view. This must be compared with the known weight of asbestos in the sample 
in order to characterize the accura~y of the method. Data produced by the 
point counting procedure are compared with those produced by the typical 
quantitation procedures used by some of the participating laboratories. 
Accuracy and precision of the point counting procedure are considered in two 
contexts: (1) as PLM is currently used, regarding reported data as a direct 
estimate of weight percent of asbestos present; and (2) allowing adjustments 

f the data to account for bias and variance in the relationship between the 
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relative area occupied by asbestos and the known weight percent of asbestos 
in the sample. Information is also presented on within-laboratory variance 
and the frequency of false negatives and f?lse positives. 

A very limited amount of data was returned for characterizing the XRD 
protocol. Both thin-layer and thick-layer (bulk) techniques were used for 
quantitative XRD analysis. Because of the small number of XRD reports, and 
the nonequivalence of methods employed, it is not possible to draw any firm 
conclusions on the precision and accuracy of the XRD protocol. A general 
comparison of bulk and thin-layer techniques with respect to precision, 
accuracy, and sensitivity is made. 

Comments received from participating laboratories and recommendations 
for continuea investigation of asbestos bulk sample analysis are presented. 

This report is submitted in fulfillment of Contract No. 68-02-3222 by 
Research Triangle Institute under t~e sponsorship of the U.S. Environmental 
Protection Agency. This report covers the pe1•iod March 1, 1980, to Decem
ber 31, 1980, and work was completed as of April 10, 1981. 
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SECTION 1 

INTRODUCTION 

Inhalation of asbestos fibers was first recognized and managed as an 
occupational health hazard in Great Britain. Epidemiological and experi
mental studies have since provided extensive evidence of increased risk of 
pulmonary fibrotic disease {asbestosis), pleural and peritoneal mesothelioma, 
and other carcinomas due to both occupational and nonoccupational exposure 
to asbestos fiber. 1 

The U.S. Environmental Protection Agency {EPA), in cooperation with the 
Consumer Product Safety Commission and other Federal agencies, has investi
gated the potenti~l for hazardous exposures from asb!stos-containing products. 
The life-cycle of manufactured goods was followed from mining and milling of 
asbestos ore through disposal of the used manufactured products. Significant 
exposures were discovered in several use cat~gories, including the applica
tion of sprayed-on insulations, applicat ~ of patching plaster, and use of 
asbestos filters in food and drug processing. 

The U.S. Government has sought to limit exposure to asbestos through ·a 
variety of lP.gislative and regulatory actions. 2 Asbestos was listed as a 
potential hazardous air pollutant in 1971 {36 FR 5931) and airborne emis·· 
sions were regulated under the Clean Air Act in 1973 {38 FR 8820). Most 
notable to this study was the action taken in April 1973 to ban the spray 
application of insulation products containi1g more than 1 percent asbestos 
by weight {38 FR 8820). 

In March 1979, EPA established the Asbsstos-in-Schools Program to 
provide information and technical assistance to the public for addressing 
the problems presented by asbestos-containing materials in school buildings 
(44 FR 54676). EPA has published several guidance documents3 4 that contain 
technical information on the identification and tontrol of potential exposures 
to asbestos fibers. The guidance documents and other information are avail-
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able through toll-free telephone numbers maintained by the Research Tr:fahg1€-- -
Institute and the EPA Office of Pesticides and Toxic Substances (OPTS) 
Industry Assistance Office. Additional assistance is available 1rom EPA
designated Regional Asbestos Coordinators. 

EPA has recommended that polarized light microscopy (PLM) be used for 
estimating the asbe~tos content of bulk s~mples, to be supplemented with 
X~ray powder diffraction (XRD) should add~.~onal informati0n on the s~mple 
be required. 3 Part I of the guidance document includes guidelines for PLM 
and XRD analysis, but notes the lock of standard protocols for either PLM or 
XRD. It also notes the absence of any program for qualification of PLM or 
XRD laboratories. (Since publication of the document, EPA hes established a 
voluntary quality assurance program5 for laboratories cap.able of PLM analysis 
of bulk samples. Information on the program may be obtained from RTL) 

Because there were no existing standard procedures for the qualitative 
or quantitative analysis of asbestos in bulk materials, the Office of Pesti
cides and Toxic Substances, Washington, DC, and the Environmental Monitoring 
Systems Laboratory, Research T ·-fang le Park, ;'c, jointly sponsored an effort 
to produce a practical and objective analytical protoco 1

• The task was 
initiated by reviewing existing literature and conferring with recognized 
experts in the field. Results of this survey indicated that PLM is the most 
appropriate analytical method, to be augmented by XRD when necessary. 

In an effort to optimize the application of these techniques to the 
specialized task at hand, a conference of knowledgeable and interested 
parties from government, university, and commercial laboratories was con
vened. The symposium 11 Meth~ds Definition for the Polarized Light Microscope 
and X-Ray Diffraction Analysis of Bulk Samples for Asbestos" was held at the 
U.S. Bureau of Mines, Avondale Resear~h Center, Avondale, MD, on October 23-24, 
1979 (see Appendix E for attendees). Conferees discussed techniques for 
sample preparation and qualitative and quantitative analysis by both PLM and 
XRD. 

Following this ~onference, PLM and XRD analytical procedures were 
drafted to reflect the best inputs or consensus agreemen~f the conferees. 
Drafts were subsequently circulated twice for review by conference parti
cipa'nts and other professionals active in the analysis of asbestos. Follow
ing review, the Tentative Method for the Determination of Asbestiform Mine-als 
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in Bulk Insulation Samples (March 1980) was submitted to a performance 
testing program that involved multiple laboratory analysis of real-world 
samples and prepared samples with known asbestos content. This report 
presents the results of the testing program and provides preliminary observa
tions and characterization of the Tentative Method's utility and operational 
parameters. Recomme11dations fo1· revision of the Tentative Method and fur 
further investigation of PLM and XRD analysis are also pr~sented. 

Revisions pursuant to the recommendations of this report and the comments 
received in the evaluation study have been incorporated into the method. 
The current revision of the method may be found in the EPA report Interim 
Method for the Determination of Asbestos in Bulk Insulation Samples (October 
1981). 
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SECTION 2 

SUMMARY 

An interlaboratory study was conducted to evaluate the accuracy, preci
sion, and general utility of the Tentative Method for the Determination of 
Asbestiform Minerals in Bulk Insulation Samples (March 1980). Twenty-two 
commercial and four government laboratories were each supplied with eleven 
samples. Eight of the samples were formulated with a known weight of amosite 
or chrysotile and a matrix material containing primarily gypsum. Within
laboratory duplicates, blanks, and 11 real-world11 samples of sprayed insulation 
were also included in the materials distributed to laboratories. Four 
laboratories (two commercial, two government) chose not to participate in 
the study. The twenty-two participating laboratories provided a total of 
thirty PLM reports and six XRD reports. 

The Tentative Method includes procedures for qualitative and quantita
tive analysis of bulk samples by polarized light microscopy (PLM) and X-ray 
powder diffraction (XRD). Identification of asbestos fibers by PLM requires 
the observation of six optical properties: mor~hology, color and pleochroism, 
refractive indices (or dispersion staining c0lors), birefringence, extinction 
characteristics, and sign of elongation. PLM quantitative analysis uses a 
point counting procedure to estimate the percent area occupied by asbestos 
fibers within the microscope fields of view. The prepared samples distributed 
in this study contained a kno~n weight percent of asbestos. Because PLM 

• analysis produces an estimate of the relative area occupied by asbestos, the 
relationship between reported area percent and the known weight percent of 
asbestos was investigated. 

Reported area percent data are best correlated with the known weight 
percent values when regressions are performed in natural logarithmic coordi
nates, indicating that the relationship between area and weight involves a 
power transformation. Analysis of the regression shows that variation in 
the relationship is attributable to differences between laboratories and to 
differences between asbestos types (chrysotile and amosite). 
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Reported PLM data were divided into three groups based on the quantita
tion procedure(s) used by the reporting laboratory. 

Group P--(Point count) PLM asbestos area percent determinations by 
the point count prccedur~ {Interim Method). 

Group B--(Both) PLM asbe3tos area percent determinations by the 
laboratories' own methods fer laboratories that also 
provided data by the point count method. 

Group 0--(0ther) PLM asbestos area percent determinations by the 
laboratories' own methods for laboratories declining to 
use the point count method. 

Data in Group· 0 (other) contributed by different laboratories were not 
necessarily produced by the same quantitation procedure. Six laboratories 
that contributed data to Group P (point count) also reported results produced 
by their own quantitation procedures. This data set is designated Group B 
(both). Four Qf the laboratories produced closer estimates of the true 
weight percents by their own method than by point counting, while the other 
two laboratories reported closer results by point counting. It is unclear 
what, if any, relationship exists between the Group P and Group B data 
contributed by any one laboratory. It is possible that an estimate produced 
by point counting could have influenced a laboratory's own procedure, or 
vice versa. 

Considering reported PLM results as direct estimates of the weight per
cent of asbestos present, it was found that Group O (other) is significantly 
more biased than Group P (point count). Groups P and B (both) are similarly 
biased. Point counting has a greater positive bias on amosite samples than 
on chrysotile samples. For a sample containing 10 percent chrysotile by 
weight, the average bias (b) of Group P (point count) is 18.5 percent; for 
50 percent chrysotile, b = -24.2 percent; for 10_ percent amosite, b = 118.5 
percent; for 50 percent amosite, b = 12.1 percent. 

A regression relating standard deviations and means of reported results, 
when performed in natural logarithmic coordinates, did not establish any 
difference between Groups P, B, and O with respect to precision. The stand
ard deviation of Group P (point count) is directly related to the mean 
reported value, and thus precision may be expre~sed as the coefficient of 
variation (CV). The CV is less than 100 percent on samples containing more 
than approximately 6 percent asbestos by area, and less than 50 percent on 
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least 5 percent asbestos by weight, would result in three false negatives 
with a prooability less than 0.03 and possibly as lcw as 0.001. 

Identification of sample compo~ents by XRD analysis is accomplished by 
comparison of the sample diffraction pattern with standard reference powder 
diffraction patterns. Quantitative analysis involves measuring the inte
grated areas of uiagnostic peaks selected from the full XRD scan of a thin
layer sample. Quantitative analysis must include 3 correction for matrix 
absorption effects and comparison with suitable external standards. XRD 
affords information only on crystal lattice structure and not on crystal 
morphology. XRD analysis, ther~fore, cannot distinguish between asbestos 
minerals and their non-asbestifo·rm varieties. The presence of fibrous 
particles in a sample must be determined by an optical technique such as 
PLM. 

The six laboratories reporting XRD results were grouped into two general 
ca.tegories for purposes of data analysis. These categories, thin-layer and 
bulk, were defined on the basis of the XRD technique used for quantitative 
analysis. Three of the laboratories performed the requested analyses using 
some variation of the thin-layer method of quantitation included in the 
Tentative Method. The remaining three laboratories used alternative bulk 
or thick-layer methods of quantitation. It should be emphasized that within 
categori~s none of the methods used were strictly equivalent. Moreover, 
within the thin-layer group, no laboratory followed the Tentative Method 
protocol exactly. 

Because of the small nu1nber of participating laboratories reporting XRD 
results, and the nonequivalence of methods employed, it is not possible to 
draw any firm conclusions from the reported results about the accuracy and 
precision of the XRD method. However, from a general comparison of bulk vs. 
thin-layer methodology, the following observations can be made: . 

1. The bulk method appears to be at least as accurate and precise 
as the thin-lay-:,· liiethod over the range of samples included 
in this study and significantly more accurate for the analysis 
of chrysotile; and 

2. There is a suggestion that the thin-layer method of analysis 
may be more reliu.ble (i.e., more sensitive) than the bulk 
method at the 1 percent level of chrysotile in a simple 
matrix. 
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Data produced by thin-layer methods of dnalysis included one false 
negative out of three analyses of the 4.9 percent chrysotile sample. The 
same laboratory reported chrysotile false positives for all amosite samples 
and for the blank sample with reported chry5otile values ranging from <1 to 
8 percent. A second 1 aboratory reported one fa 1 se negative out of tt.:--ee 
analyses in the 19.4 percent chrysotile sample. 

Data produced by bulk methods of analysis included two false negatives, 
out of three analyses of the 1.2 percent chrysotile sample. One of these 
laboratories also reported a false positive ~mosite in the 4.9 percent 
chrysotile sample. 
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SECTION 3 

RECOMMENDATIONS 

The study presented in this report is a preliminary evaluation designed 
to determine the rrecision and accuracy of the Tentative Method as applied 

to carefully prepared samples. It should be emphasized that the samples 
analyzed consisted of only two types of asbestos fiber and a single matrix 
material. Only one type of asbestos was included in any given sample. One 
of the main obstacles to reliable analysis of bulk samples is the varia
bility of sample composition. Complete characterization of the method 
presented herein requires that several issues be addressed, as discussed 
below. The highest priority, however, should be assigned to investigations 
that will extend the application of the method to a range of real-world 
samples involving different fiber types and matrices. 

3.1 POLARIZED LIGHT MICROSCOPY 

Several aspects of the PLM method require further investigation. 
Briefly, future studies should be designed to determine the following: 

1. The feasibility of specifying definitive sample preparation 
procedures to be used prior to quantitative PLM analysis; 

2. The proportion of total variance attributable to individual 
procedures of the method, i.e., sample preparation, sub
sampling, and point counting; 

3. The proportion of total variance contributed by within
laboratory variability; 

4. The effect of specific variables within the point counting 
procedure, including the number of points to be counted, 
magnification used, and the possible ~ias introduced by the 
use of a 2s~point reticle instead of a cross-hair reticle; 

5. The possibi-.ity of introducing a staged point counting process 
that would allow fewer counts to be determined on samples 
with & high percentage of asbestos; 
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6. The effect of more than one type of asbestos being present in 
a bulk sample; 

7. The feasibility of individually calibrating PLM laboratories 
with information derived in round robin sample analysis 
programs. 

The protocol supplied to laborato~ies in this study contained a provi

sion for reporting less than 1 percent asbestos in a sample if fewer than 7 
of 400 points are scored for asbestos (Appendix 8, PLM p. 8). This provi
sion w~s based on an approach to the data involving hypothesis testing and 

on the assumption that results of repeated analysis of samples with small 
amounts of asbestos would fit a Poisson distribution. Sufficient data are 
not currently available to support the Poisson assumption for analysis of 
11 real-world11 samples. Additionally, the hypothesis testing approach is not 
appropriate to the typical use of laboratory data. It is therefore recom
mended that the provision be deleted and that the simple arithmetic percent

age be used for determining asbestos content at all levels. 
The confidence interval calculation (Appendix B, PLM p. 9) presently 

incl~ded in the PLM protocol is misleading. It does provide a good estimate 

of reliable bounds for the relative area occupied by asbestos fiber in the 

examined fields of view. However, because of other sources of variation 
(sampling, subsampling, sample and slide preparation), the confidence inter
val may not be thought of as reliable bounds for the percent asbestos in the 
material from which the sample was taken. It is therefore suggested that 
the calculation of the confidence interval be deleted from the method. 

Finally, it is apparent from the results of this study that some type 
of trai~ing would be required to achieve comparable application of the PLM 
protocol between laboratories. While point counting is a classical petro
graphic technique, it is not a standard procedure in the majority of labora
tories currently analyzing bulk samples for asbestos. Training alternatives 
might include regional courses and distribution of split samples analogous 
to the NIOSH program for the asbestos air sampling method. 

It should also be noted that the PLM method presented, although an im
provement over subjective techniques, is still a procedure for estimating 

the relative area occupied by asbestos fiber and matrix material, and re
quires an area-to-weight conversion to apply to the Federal standard 
(38 FR 8820). Alternative analytical techniques that meas~re weight percent 
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directly or that provide an empirically more satisfying relationship to 

relative weight of asbestos fiber should be sought and investigated. 

3.2~X-RAY POWDER DIFFRACTION 

There are two major areas in the application of XRD techniques to 
quantitative analysis of asbestiform minerals in bulk materials that require 
further investigation: (1) identification and characterization of standard 
reference materials, and (2) further development and evaluation of thin

layer and bulk methods of analysis. 

3.2.1 Identification and Characterization of Standard Reference Materials 

The most common concern of laboratories participating in the evaluation 
of the XRD protocol was the lack of well-characterized, readily ava·ilable 
reference materials. Both NIOSH6 and the Bureau of Mines 7 have conducted 
rather extensive studies in this area; however, these materials are not 

available in large quantities for general use. In addition, the UICC stand
ards* are not exceptionally pure and have been reported to be in dwindling 
supply. Therefore, a thorough, systematic investigation of asbestiform 
minerals for use as standard materials should be undert~ken. This should 
include identificaticn of major sources; determination of availability and 
cost; and complete mineralogical characterization and determination of 
purity, particle size distributions, and powder diffraction patterns of 
materials from these sources. 

Since asbestos minerals vary in composition depending on the source and 
exhibit different behaviors in grinding, peak positions and/or relative 
.intensities of XRD patterns may vary from sample to sample. 
ity is particularly problematic for the amphibole minerals. 

This variabil
A quantitative 

study to assess the comparability of X-ray response of asbestos minerals 
from different sources should be conducted. If possible, observed differ
ences between different samples of the same asbestos variety should be 
correlated with specific sample characteristics (e.g., chemical composition 
and particle size). 

*Prepared by the International Union Against Cancer. Available from: UICC, 
MRC Pneumoconiosis Unit, Llandough Hospital, Penarth, Glamorgan CF6IXW, UK, 
and commercial distributors. 
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3.2.2 Further Development and Ev3luation of Thin-Layer and Bulk Methods of 
Analysis 

The need for further development and evaluation of both thin-layer and 
bulk methods of XRD analysis is underscored by the following observations: 

few laboratories are currently set up to routiriely perform the thin-layer 

analysis as prescribed; the proposed thin-layer method of quantitation 
is considerably more time-·consuming and costly than bulk or thick-layer 

methods; and for 5amples analyzPd in the meth0ds evaluation study, the 

bulk method was at least as accurate and precise as the thin-layer method. 
In particular, a comparison of the bulk and thin-layer methods should 

be made over a variety of asbestos types and matrix materials, with atten

tion given to sample preparatio~ requirements, instrument requirements, 
sensitivity, precision, accuracy, and speed and cost of analysis. 

For both bulk and thin-layer methods, the following areas of investiga

tion are proposed: 

1. Assessment of sample preparation req_uirements--The require
ment to grind the sample and standards to a comparable parti:le 
size of 10 µm is essential for rigorous quantitative analysis. 
It is recogni!ed, however, t.hat this is often time-consuming 
and costly and may not be feasible for some samples. In 
addition, since .the matrix material itself may alter the 
grinding characteristics of the asbestos, the validity of 
standards prepared in a manner identical to th~ sample mater
ials is questionable. A systematic investigation of the 
effects of various grinding and matrix reduction techniques 
(e.g., milling, ultrasonication) on the different a~bestos 
minerals in a variety of "common" matrices should be ::onducted, 
and changes in relative peak intensities, peak profiles, and 
positions monitored as a function of such parameters &s 
grinding time, temperature, and type of mill. 

2. Assessment of pref~rred orientation effects on quantitative 
analys1s--This should include evaluation of the d~pendence of 
preferred orientation effects on sample preparation techniques, 
sample particle size, and sample substrate. For bulk methods, 
filtration, back-packing, and pelletizing mPthods of sample 
preparation should be evaluated; for thin-layer methods, the 
effects of the filter medium and sample particle size should 
be investigated. This could be extended to include an assess
ment of the feasibiiity of preferentially orienting the 
sample fibers prior to analysis to maximize re~roducibility, 
with evaluation of instrument requirements and applicability 
to routine screening programs. 
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3. Assessment of the effect cf the use of the step-scanning mode 
of analysis on the limits of detection--This should be evalu
ated for both methods by comparing sensitivities obtained 
with and without step-scanning for each asbestos mineral in a 
variety of matrices. 

4. Assessment of absorption correction requirements and techniques-
The use of an internal standard for absorption correction 
should be systematically evaluated. For thin-layer methods 
of analysis, the internal cor;·ection should be compared with 
the proposed method of absorption correction by measurement 
of the attenuation of a silver filter substrate peak. Evalu
ation of the latter method 6f absorption correction requires 
further assessment by XRD of the variability of the silver 
content in silver membrane f i 1 ters both bet\veen filters and 
between front and back sides of the same filter. 

Since XRD offers the poss~bility of rapid, sensitive, automated analysis 

of asbestos at a time when a major increas~ in screening and monitoring 

efforts is projected, it is hoped that the- results of such investigations 

will allow refinement of the prese~t XRD method to one that is less costl•1 

less time-consumin9, and better suited to routine analysis of bulk materials. 
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~~CTION 4 

ANALYTICAL METHODS 

A Tentdtive Method has been develo~ed for the analysis of asbestos in 
bulk insulation materials by polarizPd l;ght microscopy (PLM) and X-ray 
powder diffraction (XRD) techniques. The Tentative Method is presented in 
Appendix B. Procedures for qualitative and quantitative analysis have been 
ir.cluded to address Federal regulations that limit the asbestos fiber content 

of sprayed ins11lation materials to 1 percent by weight (38 FR 8820). 

Classical petrographic techniqoes are specified in the PLM protocol for 

identification of asbestos fibers and other components of bulk samples. 
Suosamples of bulk material are prepared by appropriate techniques, immersed 

in an o ii of knm.: refractive index, and exc>mi ned with both sing 1 e and 

crossed polars. Asbestos fibers are positivP1y identified by the observa
tion of six optical properties: morphology, color and pleochroism, refrac
tive indice~ (or rlispersion staining colors), birefringence, extinction 
characteristics, and sign of elongation. 

There are seve<'al deterrents to the reliable quantit2tion of asbe·stos 
in bulk samples by PLM, includh~] variable mat.rices, the small amount of 
sample examined, and variation in the optical properties of the asbestos 
minerals. Optical methods measure the relative area occupied by asbestos 
fiber and matrix mnterial within the microscope fields of view. At present, 
most analysts usinq optical methods attempt the quantitation of asbestos 
either by vi~ual estimntion or by comparison of the microscope field of vi~w 
with graphics prepared to correspond to area concentrations of 1 percent, 
5 percent, 10 p~rcent, etc. Such procedures have been shown in previous 
studies 8 to be highly varidLle because of differences among analysts in 

training, experience, ana application. 

Quantitation is performed i~ t~e PLM procedure by a point counting 
techniriue. Point sampling is used in various fields of study to estimate 
the relative area within specified boundarie~ occupied by a particular 
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suujact (type of rock, soil, plant, etc.). Point counting is used in petrog

raphy to estimate the relative areas of minerals in thin sections of rock. 

The tachnique assumes that particles within the field of view are of equal 

thickness and are randomly oriented with respect to the microscope light 
path. 9 Preliminary testing indicated that despite the violation of these 

assumptions by insulation materials, point counting might be applied to the 
quantitation of asbestos in bulk samples with less variability than pre

viou5ly used subjective techniques. 
Qualitative analysis of bulk materials by XRD is performed with a 

minimum of matrix reduction. Samples are initially scanned over limited 
0 0 

diagnostic peak regions for the serpentine (7.36 A) and amphibole (8.2-8.5 A) 
minerals, using standard slow-scanning methods for bulk sample analysis. 
All samples that exhibit diffraction peaks in the diagnostic peak regions 
for asbestiform minerals are submitted to a full (5°-60° 20; 1° 20/min) 
qualitative XRD scan. Typical X-ray powder diffraction p~tterns for indi

vidual sample components and for mixed samples are presented in Figure 1. 

Sample constituents are identified by comparison of the sample diffraction 

pattern with standard reference powder diffraction patterns. When subsequent 
quantitation is required, particular note is made of possible interferences. 

ihe proposed thin-layer procedure for quantitation of asbestos in bulk 
samples by XRD ~s a modification of the NIOSH-recommended method for the 
analysis of chrysotile in air samples. 10 The procedure involves initial 
comminution of the bulk material to approximately 10 µm by cryogenic milling 
techniques and deposition of an accurately known amount of the sample on a 
silver membrane filter. The mass of asbestos is determined by measuring the 
integrated area of the selected diagnostic peak, correcting for matrix 
absorption effects, and co@paring with suitable external standards. Analyt
ical problems and limitations of the method are clearly identified in the 
protocol. Although there is ample evidence that this method is capable of 
measuring microgram quantities of asbestos in relatively simple systems with 
reasonable accuracy, precision, and speed, 11 its reliability for quanti

tative analysis of asbestos in bulk samples has not been fully charac

t~rized. 

It should be emphasized that XRD affords information only on crystal 
lattice structure and not on gross crystal morphology. The XRD technique, 
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therefore, r.~nnot distinguish between the asbestos minerals and their non

asbest iform varieties. This can be demonstrated by comparing the diffrac
tion patterns for antigorite (nonfibrous serpentine) and a mixed a11tigorite/ 

chrysotile sample in Figure 1. Particle morphologies must be determined by 
an optical technique such as PLM. It is therefore recommended that XRD be 
used only as a corroborative procedure and not as an independent analytical 

method. 
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SECTION 5 

DESIGN OF THE EVALUATION STUDY AND DATA ANALYSIS 

5.1 STUDY DESIGN 

An interlaboratory testing program was designed and executed with the 
following objectives: 

1. Evaluate the between-laboratory precision and acc~racy and 
within-laboratory variation in applying the Tentative Method; 
and 

2. Evaluate the error rate of the method relative to the Federal 
1 percent weight cr"iterion for asbestos content of sprayed-on 
insulation ma~erials (38 FR 8820; April 6, 1973). 

Twenty-two commercial and four government laboratories were each sup
plied with eleven samples. Eight of the samples were targeted at specific 
weight percents of asbestos fiber. Two species of asbestos \'lere used, 
chrysotile and amosit.e. One matrix material, containing primarily gypsum, 
was used in all prepared samples. Target weights were designed to cover a 
wide range of asbestos concentrations approximately equally spaced on a loga
rithmic scale. Blanks (Series F) were provided as controls and for deter
mining the method's potential for producing false positives. The 11 real-world 11 

sample (Series J) was included for comparison of between-laboratory variance. 
Duplicates (Series K) were included to estimate the average within-laboratory 
variance. Target weights and allowable liinits for matrix and asbestos fiber 
in each sample series are presented in Table 1. 

Samples were assigned to laboratories by use of a permuted random 
number series. A list of participating laboratories is included as Appen
dix C. Cover letters, instruction sheets, and reporting forms are included 
as Appendix D. 

5.2 SAMPLE PREPARATION 

The following procedure was used for preparing each sample. Asbest~s 

fiber was weighed onto either glassine paper or an aluminum boat, d£'pt>!1ding 
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TABLE 1. SAMPLE COMPOSITION 

Target Actual Fiber Wt. of Wt. of 
Series wt. % wt. % type asbestos (g) matrix (g) 

c 1 1. 2 Chrysotile 0.05 + .005 4.95 + .05 
A 4 4.9 Chrysotile 0.20 + .01 4.80 + .05 
E 16 19.4 Chrysotile 0.80 + .01 4. 20 + . 05 
I 64 .:.1. 5 Chrysotile 3.20 + .01 1. 80 + . 05 

H 2 2.5 Amosite 0.10 + .01 4.90 + . 05 
G 8 9.8 Amosite 0.40 + .01 4.60 + .05 
D 16 19.4 Amosite 0.80 + .01 4.20 + .05 
B 32 38.8 Amosite 1. 60 + .01 3.40 + . 05 

F 0 0 None None 3.0 - 5.0 
J 50.0* Chrysotile 
Kt Varies Varies Chrysotile 

*Mean of reported area percents, Groups p and B. 
tSeries K samples were provided as duplicates and included samples from 

series C, A, E, and I. 



on the amount, and sealed until used. Matrix material was weighed into an 
aluminum boat and then sealed in a plastic samplh bag until used. The 
asbestos was transferred from the glassine paper or aluminum boat to a 
beaker with deionized water, amended with 0.5 ml 1.% sodium dodecyl sulfate 
(SOS) solution per 100 ml deionized water. The detergent solution was used 
to facilitate fiber dispersal and to reduce adherence of matrix particle~ to 
asbestos fibers. To break up large fiber bundles, the suspension was soni
cated* according to the following schedule: 

Series A,G,H - 15 s at 100 W 
Series C,O,E -
Series B,I 

30 s at 100 W 
60 s ilt 100 w 

' . After sonication, the asbestos suspe~s1on was transferred to a 240-ml 
container. The dry matrix material and 50 to 200 ml of deionized water were 
added. The sample was mixed on a Waring blender for 10 to 15 s at medium 
speed. The resulting suspension was filtered in a Millipor~ apparatus 
(Millipore cellulose ester filter, C.45 µm pore), tr~nsferred to an aluminum 
boat, and dried overnight at 105° C. The dried sample was sealed in a 
plastic sample container. 

Quality control measures were instituted at several points in the 
sample preparation phase. Analytical balances were prechecked with a set of 
weights calibrated against weights traceable to the National Bureau of 
Standards. Balances were accurate to within 0.3 mg. 

Several packets of asbestos fiber and matrix material were selected for 
reweighing before sample preparation. Differences between first and second 
weighings were negligible for both asbestos fiber and matrix material and 
did not introduce significant variations from target weights. 

Control samples of matrix material were treated with the sample prep
aration steps above. The average solubility of the gypsum matrix was 0.2 g/ 
100 ml deionized water amended with SOS. Average matrix weight loss due to 
drying at 105° C and allowing €quilibration at room temperature was 10.8 pel'
cent. Corrections for weight loss due to matrix dissolution and drying were 
used to determine "Actual weight %11 in Table 1. 

*Bronson model Wl85 with 1/2-in. disruptor horn, conical tip. 
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5.3 DEFINITIONS OF LABORATORY GROUPS 

Twenty-six laboratories were asked to perform PLM analyses of the 
provided samples. Twelve of the twenty-six laboratories have facilities for 

XRD analysis and were asked to also analyze the sa.nples by XRD. Four labora

tories receiving samples chose not to participate in the study. The twenty
two participating laboratories returned a total of thirty PLM reports and 

six XRD reports. PLM data are summarized in Table 2. XRD data are presented 

and discussed in Section 7. 
Of the 30 sets of PLM r~sults, 19 were produced by following the point 

count method closely enough to be included in the evaluation of the technique. 

Three laboratories returned results of analyses by more than one analyst; 
such results are treated independently. Data not produced by the point 
count method are included in separate groups. 

The reported PLM results were classified by quantitation procedure, as 

follows. The number of laboratories in each group is in parentheses. 

Group P - (Point count) PLM asbestos area percent determinations 
by the point count method (n = 19). 

Group B - (Both) PLM asbestos area percent determinations by 
laboratories' own methods for laboratories that also 
provided data by the point count method (n = 6). 

Group 0 - (Other) PLM asbestos area percent determi1ations by 
laboratories' own methods for laboratori~s declining to 
use the point count method (n = 5). 

Data in Group 0 (other) contributed by different iaboratories were not 
necessarily produced by the same quantitation procedure. Six laboratories 
that contributed data to Group P (point count) also reported results produced 
by their own quantitation procedures. This data set is designated Group B 
(both). Four of the laboratories produced closer est1111dtes of the true 
weight percents by their own method than by point counting, while the other 
two laboratories reported closer results by point counting. It is unclear 
what relationship exists between the Group P and Group B data contributed by 

any one laboratory. It is possible that an estimate produced by point 

counting could have influenced a laboratory's own procedure, r.r vie·~;;;::!"'~. 
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TABLE 2. QUANTITATIVE RESULTS OF PLM ANALYSES 
(Percent Asbestos by Area) 

Sample series 

A B 
ca A 

Laboratory Group 4.9b 38.8 

PD 
PE 
PF 
PG 
PHl 
PH2 
PJ 
PK 
PM 
PN 
PPl 
PP2 

PR 

PS 
PT 
PV 
PWl 
PW2 
PW3 
SSS 
BNN 
BPP 
BKK 
BJJ 
BOO 
01 
02 
03 

04 

OS 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

[l 

B 

B 
B 

B 
B 

o 
o 
0 

0 

o 

6 49 
12 87 

14 60 
3 63 

l 24 
2 26 
9e 69 

2 6S 
18.5e 61 

2 20 
lOe 77 

2e 31 

18 61 
18 28 

4 26 

9 47 

o 49 
6 43 

3 44 

10 35 
1. 5 75 

6 80 
5 60 

3 46 
4 so 

30 50 

70 80 
lS 8S 

l 35 

8 75 

c 
c 

1. 2 

0 

A 
19.4 

s 46 
4 76 

9e 36 

0 48 

oe 17 

o 13 
7 37 

2 47 

6 50 
le 29 

11 68 

2 28 
7 61 

17e 18 

1 14 
4e 34 

o 2a 
o 30 

3 39 
lS 30 

0 65 

4 53 
4 40 

7 16 
1.5 so 

15 40 

o 60 
15 40 

l 25 

6 42 

E 
c 

19.4 

14 
l6e 

45 
lle 

7 

10 
38 
14e 

53 
14 
44 

19 
33 
16 
11 

38 

10 
11 

8 

20 
30 

18 
18 

15 
13 

60 
70 

45 

10 
25 

aAsbestos type: C = C~.rysotile; A = Amosite; N = None 
b(I.\' -.- .. -.:':.os by weight. 
:Env 1 ronm. ·-
dOup l icate samples. 
eSample series from which duplicate sample tK) wa~ drawn. 
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F 
N 
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A A 
9. 8 2. 5 

0 22 13 
o 42 9 

0 62 26 

o 36 17 

o 5 2 

0 6 2 

0 39 18 

0 38 25 

0 27.S 12 
0 9 5 

o 40 20 

0 13 4 

0 52 29 

4 15 13 

o 9 2 

o lo 13 

0 

o 20 6 

0 26 9 

0 2S 10 

0 60 40 

0 28 15 

o 35 30 

0 10 5 

0 18 8 

o 40 40 

0 50 10 

5 5S 45 

o 30 3 . 

o 25 22 

c 
74.5 

soe 40 

93 49 
77 53 
65 59 

42 50 
3Be 37 

60 51 

55 59 

72. 5 67 
26 9 
84 74 

78 54 

70e 35 

98 70 
61 

75 53 

48 

95 65 

55 35 

65 35 

65 60 

50 63 
48 38 

BS 70 
80 80 

85 65 

85 50 

93 60 

54 
19 

4 

35 

K 

c 

o 
35 
12 
14 
18.S 

0 

41 
6 

73 

3 

4 

4 

0 

5 
13 
7 

50 
35 

80 
0 

l 
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5.4 STATISTICAL DEFINITIONS 

A method is accurate if it tends to give results that are close to the 
correct results. A method is precise if it tends to generate values that 
are close to ear~ other. More specifically, accuracy and precision in the 

case of a single sample with known weight percent asbestos equal to w, where 

w1 , w2 , ... , wn ·are the results of independent analyses, may be defined by 
the equations: 

where 

1 n 
Mean squared error (MSE) - - I (w. - w) 2 

r. i =1 l 

n 
Sample variance* (S2) = 1 I (w. - w)2 

n i=l l 

w = the true value, 

n 
w = 1 I wi is the average of the wi, and 

n i=l 

= 1, 2, ... , n. 

Letting 

BIAS = AVERAGE ERROR = w - w 

it. follows that 

MSE = BIAS2 + VARIANCE 

(See Appendix A, Section A.1.) Thus, all questions relating to the accuracy 

(1) 

(2) 

(3) 

(4) 

and precision of a method at a given level of asbestos content may be expressed 
and answered in terms of the average bias and the standard deviation of 
reported results at that level. 

In accord with Eisenhart, 12 it is the opinion of the authors that it 
is not possible to adequately express accuracy, or overall correctness, in 

*Maximum likelihood estimate; the unbiased estimate (divisor= n-1) was 
used for ac~ual computations. 
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terms of a single numeric measure. At least two measures of the quality of 

a measurement process are required for its appreciation. It is most natural 

to separately consider the systematic and the random components of error. 
The systematic component is bias, and the standard deviation of the random 
component is often referred to as (im)precision. In the following analysis, 

therefore, most questions concerning overall accuracy will be addressed in 
terms of bias and precision. 

5.5 THE RELATIONSHIP BETWEEN AREA PERCENT AND WEIGHT PERCENT ESTIMATES 

As indicated in Section 5.1, one of the objectives of the present study 
is to evaluate precision and accuracy in applying the Tentative Method. 
Samples were prepared with known weights of asbestos fiber and nonasbestos 
matrix. Quantitative analysis by PLM results in the estimation of the 
average percent area occupied by asbestos fiber within examined fields of 
view. While the area occupied by asbestos within the field of vi~w is ob

viously dependent on the amount of asbestos present, the estimation of per
cent area is not a direct measure of the known quantity, percent by weight. 

To evaluate the accuracy of point counting, therefore, the relationship be

tween the reported estimates of area percent and the known values of weight 
percent must be investigated. 

A microscope field of view is essentially a two-dimensional pr·ojection 

of a portion of the mounted (three-dimension?l) sample. The projected area 
of a solid cylinder (fiber) may be expressed in terms of Q2 , where Q is some 
unit of linear measure, e.g., millimeter. The weight (mass) of the cylinder 
is the product of its volume, in terms of Q3 , and its density, in g/Q3 . The 
projected area and the weight of the cylinder are therefore related by some 
power transformation involving Q2 and Q3 . (This is a necessarily simplified 

version of the more complicated model anticipated, which involved con~idera
tions of relative area, relative volume, specific gravity, and geometry of 
sample constituents.) By extension, projected area percentages of specific 
particles in a ~~lk sample might also be related to the particle weight 
percentages of those particles by a power transformation. 13 In anticipation 

of this re1ationship, target weight percents of prepared samples were chosen 
to be approximctt~ly equally spaced on a logarithmic scale. 
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5.6 THE AREA/WEIGHT RELATIONSHIP IN POINT COUNT DATA 

Group P (point count) data are presented in Figure 2. The range of the 
values reported for each sample series is apparent. For example, reported 
values for percent asbestos vary from 13 percent to 76 percent for samples 
containing 19.4 percent amosite by weight, and from 26 percent to 98 percent 
for samples containing 74.5 percent chrysotile by weight. Figures 3a and 3b 
present Group P (point count) data for chrysotile and amosite separately. 

Comparison of the two figures. reveals a difference between the ways in which 
chrysotile and amosite data are related to the A=W line. This suggests that 
the area/weight relationship is different for the two asbestos types. The 
same data are presented in natural logarithmi~ coordinates in Figures 4a and 
4b. The increased linearity of the data in natural log coordinates is 
consistent with the preliminary assumption that a power function is involved 
in the area/weight relationship. 

Linear regression in logarithmic coordinates* was used to study the 
relation between area percents A as measured by point counting and nominal 
weight percents W. A standard equation for· the power transformation model 
was used. 

If A = bWc 

then ln (A) = c ln (W) + ln (b) (5) 

The relation (5) was fitted to the data of Group P (point count) using 
the General Linear Models procedure of the Statistical Analysis System, a 
preprogrammed statistical procedures package. The slope (c) and intercept (b) 
wer2 each allowed to vary with laboratory (PD, PE, etc.) as well as with 
asbestos type. This is equivalent to fitting individual lines to each 
laboratory's data separately for chrysotile and amosite. The results of the 
regression are presented in Appendix A, Section A.2. The results o~ the 
analysis support the following conclusio~s. 

1. There is a significant difference between the area/weight 
relationships for the t'.Yo types of asbestos. (The variation 
is best demonstrated in Figures 3a and 3b, plotted in original 
coordinates, which show that lines fit to amosite and chryso-

*This and all subsequent uses of logarithms or logarithmic coordinates refer 
to natural (base e) logarithms. 
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Figure 3a. Group P data for samples contil~ning chrysotiie. 
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Figure 4a. Natural logarithms of Group P data for samples containing chrysotile. 
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tile samples separately would have different slopes and 
intercepts. The effect is present but somewhat less apparent 
in Figures 4a and 4b.) 

2. There are significant differences between the area/weight 
~~l1tionships in data submitted by different laboratories. 
(The DetwP.en-laboratory variation is apparent in Figures 4a 
and 4b. Laboratories H and N tend to report the lowest 
values and laboratory F tends to report high values.) 

3. The between-laboratory and asbestos-type effects are not in
dependent. [All second-order interactions are significant 
(see Appendix A, Section A.2). Previous tests had shown that 
third-order interactions are not significant.] 

The importance of individually calibrating laboratories can also be 
seen when considering precision. Precision more than doubles (standard 
deviation decreases by more than half) when laboratory effects are incorpo
rated into the appropriate regression (results not shown). Equal variances 
were assumed for all laboratorjes or groups. The assumption is known to be 
fal~e, so this compariso11 is presented as a descriptive rather than an 
inferential statistic. 

Operationally, the above conclusions suggest that gains in accuracy of 
the Group P data (and, by extension, of future PLM analyses by the point 
count method) may be made by individually calibrating laboratories. Further 
gains may be made by calibrating separately for chrysotile and amosite. 
Similar tests indicate that the same conclusions hold for Group B (both) and 
for Group 0 (other), although the dependence on asbestos type is marginal 
for Group 0. "Calibration" does not necessarily mean providing calibration 
coefficients to all l~boratories. It is meant to imply any means by which 
laboratory-specific adjustments of quantitative results can be made. Two 
ways of accomplishing such an adjustment are a round-robin analysis program 
and the development and distribution of "standard" samples: Laboratories 
provided with well-characterized samples are likely to modify and improve 
their techniques until their quantitative results consistently correspond 
with referer.ce values. 

The conclusions stated above must be taken into account in the data 
analysis for evaluation of the Tentative Method. It is of interest to 
examine the performance of the method in two contexts: (1) as PLM is cur
rently used, regarding reoorted area percent as a direct estimate of weight 
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percent; ~nd (2) allowing adjustments of the data that could reasonably be 
expected, such as calibrating for the effects observed above by transforming 
area percent estimates to predicted weight percents. For this reason, the 
main analysis of the PLM data will be presented in three parts. First, 
accuracy (bias) will be examined assuming the area percent results are 
estimates of weight percent without any adjustments. Second, the precision 
of the PLM methods will also be considered without adjustments of the data. 
Finally, accuracy and precision will a~Jin be considered after transforming 
the area percent estimates to predicted weight percent values. 

\ \ ' ' 

j 

1 · 

\ ' ,. /\ 



~ .-., , . ' ..-

SECTION 6 

METHOD EVALUATION: POLARIZED LIGHT MICROSCOPY 

6.1 BIAS OF THE PLM DATA 

Group means and standard deviations for sample series A through J are 
summarized in Table 3. Recall that Group P (point count) is data produced 
by point counting, Group 0 (other) is data produced by laboratories' own 
methods, and Group B (both) is data produced by laboratories' own methods 
for those laboratories that also contributed point count data. Note in 
Table 3 that for six of nine cases the mean of the point count group (MP) is 
closer to the nominal weight than the mean of Group B (MB) .. This is not a 
significant difference, and it appears that Groups P and B are comparably 
biased. Individual t-tests for differences between MP and MB performed for 
each sample are not significant. A more powerful test for diffe1·ences 
between biases using regression analysis also supports the conclusion that 
Groups P and Bare comparably biased (see Appendix A, Section A.3). 

Note also in Table 3 that means of Group 0 results are consistently 
higher than those of Groups P and B. Sign tests suffice to show that Group 0 
is significantly more biased than Groups P and B. Group 0 mean~ were further 
from the nominal weight than Group P means on all nine prepared samples; the 
probability of a result this extreme occurring by chance is 2(~9 ) = 0.004 
(two-sided test). Group 0 was further from the loaded weight than Group B 
on eight of the nine samples; the corresponding probability is 2[(1+9)/29 ] = 
0.04 (two-sided test). Group 0 is the furthest from the loaded weight of 
the three PLM groups on eight of the nine samples, with probability 2(1/39 + 
9 • 2/39 ] < 0.002 (two-sided test). The difference in bias between Groups 0 
and P is confirmed by regression analysis (see Apper.dix A, Section A.3). 

The 90-percent confidence intervals for Group P (point count) data for 
chrysotile and amosite samples are presented in Figures 5a and 5b, respec
tively. Calculations w~re performed on log-transformed data and the results 
then exponentiated. The procedure used accounts for unequal variance of 
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TABLE 3. MEANS AND STANDARD DEVIATIONS OF REPORTED PLM RESULTS, 
BY GROUP (P, B, O) 

(percent asbestos by area) 

Weight Means Standard deviations 

Series Type % MP MB MO SP SB so 

c Chrysotile 1. 2 4.2 5.: 7.4 4.5 5.3 7.3 

A Chrysotile 4.9 7.3 4.9 24.8 6.3 2.9 27.5 

E Chrysotile 19.4 21. 7 19.0 42.0 14.8 5.9 24.6 
I Chrysotile 74.5 64.3 63.0 85.6 19.6 17.3 4. 7 
H Amosite 2.5 12.5 18.0 24.0 8.6 13.9 18.3 

G Amosite 9.8 26.2 29.3 40.0 16.9 17.3 12.7 
D Amosite 19.4 37.8 42.3 41.4 17.7 17.5 12.4 
B Amosite 38.8 48.9 57.7 65.0 19.5 17.4 21. 5 
F None 0.0 0.2 0.0 1. 0 0.9 0.0 2.2 
J Environmental 50.7 49.3 65.0 16.1. 14.7 11.2 
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sample series containing different weight percents of asbestos; 14 15 the 
confidence statement holds simultaneously at all levels of ~sbestos. ThP. 
figures should be interpreted as follows. For a sample containing 20 percent 
chrysotile by weight (WC= 20), the mean estimate of relative area by point 
counting will be between appro~imately 16 and 23 percent, with a probability 
of 0.90. Similarly, for We= 50, 90 percent of the means of point count 
analyses will be between approximately 31 and 44 percent. The same relation
ships demonstrate a positive bias for Group P analysis of samples containing 
amosite. For a sample with WA= 20, the 90-percent confidence limits are 
ap~roximately 27 and 38 percent; for WA= 50, the limits are approximately 
41 and 71 percent. 

Using the midpoints of the confidence intervals, the average percent 
bias of Group P (point count) analyses was estimated at several weight 
percent levels. These are presented in Table 4 and Figure 6. The percent 
bias varies with weight percent of asbestos similarly for amosite and chryso
ti le samples. Point counting has a greater positive bias on amosite samples 
than on chrysotile ::.a1r1ples and, in fact, underestimates asbestos content in 
samples containing m, re than about 18 percent chrysotile by weight. 

6.2 PRECISION OF THE PLM DATA 

Precision will be·~~aluated with an approach based on the standard 
deviation of reported 1·esults. The standard deviation is the most common 
measure of variation or imprecision. If one group or method is systematically 
more variable than another, the trend may be evident in a plot such as 
Figure 7, in which group standard deviations (SP, 58, SO in Table 3) are 
related to nominal weig~~ percentages. Group P sample standard deviations 
are larger {-~~ .. :~(10:;~·'(·: --ddJup B on six of nine samples, but are reasonably 

' "' / comparable on all exc~pt sample E. Group 0 standard de~iations exceed those 
of Groups P and Bon the four samples with less than 5 percent asbestos, 
suggesting that Group 0 data are less precise on samples in this range. 

The standard deviation of reported PLM data increases as the weight 
' 

percent of asbestos increases for a 11 groups; i.e. , variance is directly 
related to the percent asbestos present. Figures 8a and 8b present the 
relationship between standard deviation (SP) and weight percent (W) or mean 
reported area percent (MP), respectively, for Group P. Data points conform 
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TABLE 4. AVERAGE PERCENT BIAS OF GROUP P DATA 

Weight percent CI midpoint . x-w 100 Asbestos type w x % Bias = W x 

Chrysoti le 10 11.85 18.5 

20 19.60 -2.0 

50 37.90 -24.2 

Amosite 10 21. 85 118.5 

20 32.35 61. 8 

50 56.05 12.1 

• 
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more closely to a single curve in Figure Sb. Regression of ln (SP) on 
1 n (W) (R2 = O. 81) a1.•-' or ; n (MP) (R2 = O. 96) suggests that the variance is 
more systematica11y r~latea to the reported area percent asbestos than to 
the known weight perc~nt asbesto5. 

The suggested difference in precision between Group 0 (other) and 
Groups P (point count) and B (both) may be due to the larg~r bias of Group 0 
results (Section 6.1). Because varianc.e is directly related to reporied 
area percent, larger standard deviations may result simolv from the Group 0 
tendency to report higher values. Differences between groups with respect 
to precision were investigated with regression analysis, allowing information 
to be combined from samples loaded at different weight percentages. The 
results of the regrQssion (see Appendix A, Section A.4) indicate that, when 
differences in bias between groups are accounted for, Groups P, B, and 0 are 
not significantly different with respect to precision. 

Precision is sometimes expressed as the percent relative standard 
deviation or coefficient of variation (CV = 100 SP/MP). CV is related to 
Group P means in Figure 9. The CV is less than 100 percent on samples with 
more than a~proximately 5 percent asbestos by area and less than 50 percent 
on samples with more than approximately 32 percent asbestos by area. At a 
mean reported value (MP) of 10 percent asbestos, CV~ 79 percent; at MP= 
20 percent, CV ~ 61 percent; at MP = 50 percent, CV ~ 41 percent. 

6.3 ACCURACY AND PRECISION, AFTER DATA TRANSFORMATION 

As stated earlier, it is of interest to evaluate the accuracy of the 
PLM methods after adjusting fbr the relationship between reported area 
percent and the known weight percent of the samples. This will allow not 
only a better undPrstanding of what reported PLM data mean, but will also 
indicate what improvements might be made in data quality by adjusting PLM 
area percent estimcttes to better represent weight percent. Such an adjust
ment of the data generated in the present study is possible using parameters 
similar to those determined in the regressions discussed in Section 5.5. 
This adjustment formally applies only to the samples and laboratories in 
this study and would be questionable for other laboratories and other 
samples of different composition. Further study would be re1uired to deter-
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mine if a small family of functions, specific for asbestos and matrix type, 
could be used gererally to adjust PLM data to more adequately represent 
percent asbestos by weight. 

Groups P, B, and 0 area-percent data (A) were adjusted fo~ laboratory 
and asbestos-type effects to yield predicted \'/eight p:rcents (W) for each 
individual result~ M!ans and standard deviations of W were then computed 
for each group (MP, SP, etc:). These are presented in Table 5. Details of 
the transformation may be found in Appendix A, Section A.5. 

" 
The accuracy of predicted weights ~W) was evaluated by determining the 

~verage percent absolute error (ERROR (W)), or the average difference between 
W and W. This is calculated as 

n. 
l 

ERROR (W) = _1. I 
ni j=l 

100 % 

where j = 1, . . . , and" n; indexes the reported analyses for each group on 
the ;th sample. ERROR (W) is then compared to the same quantity computed 
for the untreated data, 

n. 
l 

ERROR (A) = _1. I 
n; j=l 

A •. - W. 
1 J l w. 

l 
100% . 

ERROR (A) and ERROR (W) are tabulated by group in Table 6. 
The most obvious and expected result in comparing the average percent 

absolute errors of treated and untreated data is the considerable gain !n 
accuracy (reduction of error) that results from the transformation A~ W. 
For example, the average Group P inaccuracy for unadjusted data on samples 
containing asbestos is 155 percent. After transformation, the inaccuracy 
drop~ to 31 percent, or only one-fifth of the original. 

For Groups P and B the percent error is fairly stable over the five 
samples"between 2.5 and 20 percent asbestos by weight. The average of 
ERROR (W) for these five samples is 30 (±5) percent for Group P and 32 (±11) 
percent for Group B. For Group 0 (other), the corresponding values are m~re 
variable and tend to indicate less accuracy. The Group 0 average ERROR (W) 
for the same five saMples is 63 (±35) percent. 
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TABLE 5. MEANS AND STANDARD DEVI~TIONS OF PREDICTED WEIGHT (W), 
BY GROUP (P, B, 0) 

Means Standard deviations 
Weight 

Series Type % MP MB MO SP SB so 

c Chrysotile 1. 2 2.1 3.4 1. 9 1.1 2.6 0.5 
A Chrysoti le 4.9 4.3 3.4 4.7 1. 6 1. 2 3.4 
E Chrysot il e 19.4 20.5 18.1 17.8 9.1 11.5 8.6 
T Chrysoti le 74.5 72.9 73.0 74.0 3.7 6.0 2.7 J 

H Amosite 2.5 3.1 2.8 5.5 1. 2 0.3 3.3 
G Amosite 9.8 11.1 9.7 13. 9 4.9 4.4 7.4 
D Amosite 19.4 21. 7 19.0 14.3 6.4 7.3 6.6 
B Amosite 38.8 33.9 36.6 35.3 5.8 5.0 6.1 
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TABLE 6. AVERAGE PERCENT ABSOLUTE ERROR: UNADJUSTED VS. TRANSFORMED PLM DATA, 
BY GROUP (P, B, O) 

GroUE P GrouE 8 GrouE 0 
Weight 

Series Type % Error (A) Error (W) Error (A) Error (W) Error (A) Error (W) 

c Chrysotile 1. 2 313.9 75.0 370.8 179.6 563.3 62.2 
A Chrysotile 4.9 105.1 28.4 42.5 36.0 438.0 56.7 
E Chrysoti le 19.4 60.5 34.0 21. 7 44.0 130.0 36.0 
I Chrysotile 74.5 27.2 3.2 24.6 t 4.1 14.9 2.3 
H Amosite 2.5 406.7 23.7 620.0 13. 5 860.0 120.5 
G Amosite 9.8 178.9 34.7 199.3 37.6 308.2 68.2 
D Amosite 19.4 106.9 30.9 128.1 29.4 117.9 33.2 

""' B Amos ite 38.8 47.3 14.3 51. 9 10.3 71.4 12.8 .D 



After variance due to laboratory and asbestos-type effects is removed 
by the above transformation, ~esidual variance is reflected in dispersion 
about the regression line of Won W. In this context, mean squared error 
about the regression line is a measure of pracision. The analyses were per
formed in log coordinates since the correlations obtained typically exceeded 
R = 0.99. The basic result is that Group P is significantly more precise 
than Groups B and 0 after between-1 aboratory variance is removed. Sp:c.11~' 'i ca 1 ly, 
allowing the slope (c) and intercept (d) to vary with laboratory ,nd asb~stos 
type, the Group P mean squared error (MSE(P) = 0.123) was less than that of 
Groups B and 0 (MSE(B) = 0.264, MSE(O) = 0.226). The differences between 
Group P and Groups Band 0 are significant at the 0.01 and 0.05 level, res
pectively, by standard two-sided F tests. 

The abcve analysis shows that, if laboratories had access to information 
with which they could calibrate theii· results (according to the area-weight 
relationship for each laboratory and asbestos type), considerable gains in 
accuracy and precision of results could be achieved. The gains would be 
greate1· for laboratories using the point counting quantitation procedure 
tha11 for 1 abori\tori es using alternative procedures. 

6.4 ·ESTIMATION OF WITHIN-ANALYST VARIANCE 

A duplicate sample was included among the samples sent to each labora
tory in an effort to collect preliminary data for estimating within-laboratory 
variance. Si nee data suppl i e:.' by different analysts from the same 1 aboratory 
are being trea~ed independently, what will be estimated is actually within
analyst variance. More than one uuplicate sample per analyst would be re
quired to adequately characterize tnis component of total variance, but a 
rough estimate may be gained from the present infcrmation. 

Samples from the chrysotile series (C, A, E, and I) were reassigned to 
sample series K and then distributed. Returned results included analyses of 
five duplicate samples from Series C, four from Series A, and three each 
from Series E and I, as SLlmmarized in Table 7. 

On 11 of the 15 reported pairs, the duplicate variance estimate was 
less than 25 percent of the total variance estimate for the corresponding 
sample series" Each within-sample median variance was less than 25 percent 
of the tota I vari ar1ce for the samp 1 e. It therefore appears that within-
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TABLE 7. ANALYSIS OF DUPLICATE SAMPLES, GROUP P 

Weight 
LAB a 

Std. ciev. Median S Sample Sb 
Series Type 0/ R~sults s (S2) (S2) A> 

c Chrysot il e 1. 2 PHI 0, 0 0 
PV 4, 4 0 
PN 1, 0 0.7 0.7 4.5 
PF 9, 4 3.5 (0.5) (20.3) 
PS 17, 3 9.9 

A Chrysotile 4.9 PM 18.5, 18.5 0 
PJ 9, 12 2.1 2.5 6.3 
PP2 2 • 6 2.8 (6.3) (39. 7) 
PPl 10, 41 21. 9 

E Chrysotile 19.4 PK 14, 14 0 
PE 16. 19 2.1 2.1 14.8 

Ul PG 11, 35 17 (4.4) (219.0) ...... 

I Chrysoti le 74.5 PR 70, 73 2.1 
PH2 38, 35 2.1 2.1 19.6 
PD 50, 54 2.8 (4.4) (384.2) 

a5£e Table 2. 
bSee Table 4. 



analyst variance probably contributes less than 25 percent of the total 
variance, which again implies that most of the variance in the point count 
data (Group P) is due to between-laboratory differences. This is not sur
prising and is consistent with the already noted doubling of precision that 
~esults from calibration of individual laboratories (See Section 5.6). 

6.5 FALSE POSITIVES AND NEGATIVES FOR POINT COUNT DATA 

One of the important characteristics of the point count procedure to be 
evaluated is the likelihood of its generating false positives and false 
negatives. A false positive occurs when an analyst reports asbestos present 
in a sample that does not contain asbestos. A false negative occurs when an 
analyst re~orts no asbestos present in an asbestos-containing sample. 

Group P data for the 1.2 percent chrysotile samples (Series C) included 
five false .,egatives out of a total of 19 analyses. Two of the false neg.~

tives were reported by analysts in the same laboratory (PHI, PH2). 
Group P data for the 4.9 percent chrysotile samples (Series A) contained 

one false negative in 19 analyses. The same laboratory reported one of the 
false negatives on the 1.2 percent samples. No false negatives were reported 
for any samples co1taining amosite or more than 5 percent chrysotile. 

One false positive was reported for the blank samples (Series F) in 
Group P. Laboratory S reported 4 percent tremolite-actinolite asbestos 
present. Since no other laboratories reported tremolite or actinolite 
asbestos in any samples, and Laboratory S reported it only for sample F, the 
false positive is probably due to contamination. 

The point counting procedure inv0lves counting 400 points on eight 
subsamples of the material being analyzed. For the false negatives discussed 

~i above, laboratories scored three or fewer points for asbestos fiber, and 
thus less than 1 percent (4/400) asbestos was reported. The Tentative 
Method procedure supplied to the laboratories included the statement, "if 
seven or fewer of 400 non-empty points are scored for asbestos fiber, report 
less than one percent asbestos." This provision was based on regarding data 
as a test of the hypothesis that the percent asbestos in a sample is less 
than or equal to one. A Poisson distribution of the results of repeated 
analysis of low percentage samples was assumed. At present, however, data 
are not sufficient to determine whether repeated analysis of 11 real-\oJorld 11 
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samp 1 es fits the Poisson mode 1. Addi ti o .. a lly, it is more appropriate to the 
normal use of reported data to regard it as estimating percentage rather 
than testing a specific hypothesis. It is therefore recommended that the 
simple arithmetic percentage ([points scored for asbestos + total points 
counted] x 100) be used at all levels until further data may justify the 
Poisson assumption and/or a specific percent criterion is established. The 
simp1e arithmetic percentage was used for the determination of false negatives 
in this study. 

The one false negative reported for point counting analysis of the 
4.9 percent chrysotile sample represents a false negative probability of 
0.05 (1/19). This estimate formally applies only to the present study; 
analysis of 11 real-world11 samples may be subject to a higher rate. Current 
EPA guidance recommends at least three samples be taken from each ''sampling 
area, 11 defined as 11 any area, whether contiguous or not ... which contains 
friable material that is homogeneous in texture and appearance. 1116 For this 
study, the probability of obtaining three false negatives on the 4.9 percent 
chrysotile sample was 0.053 , or less than 0.001. Taking 0.10 as a conserva
tive estimate of the rate of false negatives for samples containing 5 percent 
asbestos, the probability of obtaining false negatives on all three samples, 
if they each contain at least 5 percent asbestos, is 0.103 or 0.001. If the 
false negative rate was even as high as 0.30, then the probability of false 
negatives on all three Sdmples would still be only 0.027. 

The counting of 400 points provides a good estimate of the area percent 
of asbestos within the examined fields of view. The counting of four times 
this number (1,600 points) would be required to double the precision of the 
estimate. The accuracy of point count data, especially in saffiples containing 
small amounts of asbestos, is strongly dependent on factors other than the 
number of points count~~. These include representative sampling of the bulk 
material, adequate sample preparati~n, and uniform dispersal of the sample 
material on slides. Variation associated with these sources greatly affects 
the lower detection limit of the method and is likely to be more responsible 
for the occurrence of false negatives than is the actual point counting 
procedure. Further study is required (see Section 3.1) to determine what 
improvements and standardization can be achieved in these aspects of the 
current methodology. 

53 



6.6 OPERATING CHARACTERISTIC CURVES 

The evaluation of false negatives is complicated by the area-weight 
relationship as discussed previously. The quantity of interest is not the 
quantity that is being directly measured. Therefore, it is relevant to 
evaluate the error rates of theApoint count method after transforming the 
data to predicted weights (A~ W; see Section 6.3). The evaluation will use 
a criterion other than false positives and negatives. 

Figure 10 presents the operating characteristic (OC) curve~ for an 
idealized error-free method and a hypothetical very accurate m2thod. The 
proportion of laboratories reporting less than level X of asbestos in a 
given Sdmple is plotted against the known weight percent of asbestos in the 
sample. For samples with le~: than X perc~nt asbestos, the decision is 
correct if and only if a laboratory's result is also below X. It is desir
able that the OC curve remain close to 1.0 below the decision criterion X 
and drop rapidly to 0 as the threshold X is crossed. This is illustrated by 
the curve in Figure 10. For samples containing less than X percent asbestos, 
a majority of laboratories re!)ort less than X percent. present; for samples 
containing more than X perc~.1t asbestos, a minority of laboratories report 
less than X percent present; for samples containing exactly X perr.ent asbes
tos, one-half of the laboratories report less than X percent present. 

Figure 11 presents the OC curves for the adjusted point count data at 
four different criteria levels: Figure lla, X = 1 percent; llb, X = 2 per
cent ~~ '.' = 5 percent; lld, X = 7 percent. The proportion of laboratories 
re1~; r. ~~=~ .t •. · yielding predicted weights (W) less than X is plotted 
agb::;,, 1.:·' k .... n weight per~ent of asbestos in the sample. Thus, in Figure llb, 
more ·c.11c1.·1 60 pei·c~nt of the W were less than 2 percent for the A 1. 2 percent 
chrysotile sample (Series C), approximately 40 percent of the W were less 
than 2 percant for the 4.9 percent chrysotile sample (Series A), and none of 
the W were less than 2 percent for the 9.8 percent amosite sample (Series G). 

Figures lla and llb suggest that laboratories are not able to reliably 
distingu.sh between samples containing <l percent and >1 percent asbestos or 
between samples containing <2 percent and >2 percent asbestos. The perform
a1H.:.e of the method improves at X = 5 and is better still at X = 7. Figure lld 
suggests that laboratories, after calibration, are able to reliably decide 
whether a particular sample contains <7 percent or >7 percent asbestos. 
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This result applies only to data that have been adjus'~d to~ v. · iance due to 
both laboratory differences and to asbestos type. n . ,., '.;:_::· .!nt formally 
applies only to the samples and laboratories in this ~- j wnd would be 
questionable for other laboratories and other samples of different composi
tion. Data correC"ced only for variance due to asbestos type do not show the 
im~rover performance demonstrated for fully calibrated data in Figures llc 
and lld. 

6.7 GENERAL OBSERVATIONS 

Several general points should be made before concluding this section. 
Table 3 shows that between-laboratory variance on sample series J (Group P, 
SP(J) = 16.1) is comparable to that of similar weight percent series (SP(B) = 
19.5, SP(I) = 19.6). This suggests that the formulated samples were not 
significantly less variable in composition than the 11 real-world 11 samples 
distributed and thus that the results of this study, at least with respect 
to precision, are reasonable estimates of what would be seen in point count
ing analyses of samples normally submitted to laboratories. 

Several laboratories reported results by t~e point count method that 
were notabiy more accurate than the Group P average. Laboratories PP2, PS, 
PT, PV, and PW2 (Tab1e 2) are among the more experienced of the participating 
laboratories in bulk sample analysis. Laboratory PP2, which reported the 
results most consistently close to the true weight percent values, is known 
to have an internal quality control program involving preparation and analy
sis of asbestos-containing standard samples. 

It was noted earlier that some relationship may exist between Group P 
(point count) and Group B (both) data contributed by any one laboratory. 
The estimate produced by point counting may have influenced the result of 
the laboratory's own method, or vice versa. The problem of interpreting 
Group B is further complicated uy comparison with Group 0 (other). Group 0 
consists of data produced by laboratories that used only their own quantita
tion procedure. As in Groups P and B, there are differences betwee~ labora
tories. Lab 04, which reported the 11 best 11 results of Group 0, is one of the 
more experienced PLM laboratories participating in the study. However, as 
was sh~1wn in Section 6.: Group 0 is significantly more biased than Group B. 
The dissimilarity of Groups B and O suggests tnat, although both sets of 
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data were produced by the respective laboratories' own quantitation proce

dures, there is some systematic difference between the procedures used. 

6.8 CONCLUSIONS 

For the sake of clarity, the definitions of the groups into which the 

PLM data were classified are restated below. 

Group P--(Point count) PLM asbestos area percent d~terminations by 
the point count method. 

Group 8--(Both) PLM asbestos area percent determinations by the 
laboratories' own methods for laboratories that also provided 
data by t~e point count method. 

Group 0--(0ther) PLM asbestos area percent determinations by the 
laboratories' own methods for laboratories declining to use 
the point ~Junt method. 

The following conclusions are indicated by the analysis of PLM data. 

A considerable amount of the variation in the data can be 
removed Ly linearly regressing the natural logarithms of area 
percent (reported data) on the natural logarithms of weight 
percent (known values). This finding is consistent with the 
assumption that area and weight are related by a power func
tion. 

There is significant variation in the 3rea/weight relation
ship because of differences between laboratories, differences 
betwe~n asbestos types (amosite and chrysotile), and interac
tions between labnratory and asbestos type. 

Groups P and B appear similarly biased. Group 0 results have 
a significantly higher bias than Groups P and B. 

Group P average bias (b) varies with the type and weight 
percent (W) of asbestos in a sample. For samples containing 
chrysot1le, b = 18.5 percent at W = 10 and b = -24.2 percent 
at W = 50. For samples containing amosite, b = 118.5 percent 
at W = 10 and b = 12.1 percent at W = 50. 

Groups P, B, and 0 are similarly precise when the effects of 
bias are removed. 

Precis~on of Group P data may be described by the coefficient 
of variation. At a mean reported value (MP) of 10 percent 
asbestos, CV= 79 percent; at MP = 20 percent asbestos, 
CV= 61 percent; at MP= 50 percent asbestos, CV= 41 percent. 
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Group P is significantly more precise than Groups B and 0 in 
terms of residual variance after removing variance due to 
1 aboratory and asbestos··type effects. 

Considerable gains in precision and accuracy of PLM data are 
possible by individual calibration of laboratories, espe
cially for laboratories using point counting. 

Within· lnalyst variance probably accounts for less than 
25 percent of the total between-laboratory variance in Group P 
data. 

Several false negatives and a false positive were included in 
point count results. The false negatives are more likely due 
to variability in sample and slide preparation than to the 
counting procedure per se. The false positive was likely due 
to sample contamination. The rate of false negatives is such 
that the analysis of three samples of a suspect material, if 
each contained at least 5 percent asbestos by weight, \vould 
result in three false negatives with a probability less than 
0.03 and possibly as low as O.COl. 

The data, after &djustment for between-1 aborat.ory and asbestos
type effects, suggest that laboratories using the point count 
method are better able to resolve the difference between 
samples containing <7 percent and >7 percent asbestos by 
weight than they are able to r~solve samples containing 
<l percent from >1 pP-rcent. 
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SECTION 7 

METHOD EVALUATION: X-RAY POWDER DIFFRACTION 

Twelve laboratories received samples for analysis by the proposed XRD 
method; five laboratories participated and returned six sets of results. 
These data are summarized in Table 8. Three of the data sets (Xl-X3) were 
produced by some variation of the proposed thin-layer method of quantitation; 
the other sets (X4-XC) were produced by alternative bulk or thick-layer 
methods of quantitation. The seven laboratories declining to perform the 
requested analyses indicated either that the method was too time-consuming 
and costly, they lacked adequate facilities and expertise, or they felt the 
method .1as inadequate. It should be emphasized that none of the 11 thin-layer 11 

laboratories followed the Tentative Method protocol exactly; similarly, bulk 
methods employed by laboratories reporting X4-X6 were not strictly equivalent. 
A notable deviation of the actual methods employed from the Tentative Method 
was the failure of all laboratories to use step-scanning analysis for quan
titation. 

Laboratories were instructed to determine and report XRD results inde
pendently of any information deriyed from PLM analy~is. This is not the 
appropriate procedure for typical laboratory analysis of submitted samples. 
As has been noted earlier, XRD affords information only on crystal lattice 
structure and not on particle morphology. The presence of asbestiform 
particles must be determined by an optical procedure such as PLM. 

Means and standard deviations of all reported XRD results are shown in 
Table 9. Average reported values for XRD are shown for bulk methods, 
thi n-1 ayer methods, and a 11 methods together. Except for Seri es G, the 
means of the bulk methods are closer to the reference values than those of 
the thin-layer methods. 

Average absolute errors of reported results for bulk and thin-layer 
methods are shown in Table 10. Comparing the average errors with a two-
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TABLE 8. REPORTED XRD RESULTS 
(percent asbestos) 

Thin-la~er Bulk 

Series Type Weight % Xl X2 X3 X4 XS X6 

c Chrysotile 1. 2 1. 0 3.0 5.0 0.0 0.0 3.0 

A Chrysoti le 4.9 3.0 7.0 0.0 3.0 9.0 1. 0 

E Chrysotile 19.4 4.0 0.0 7.0 13.0 31. 0 10.0 

I Chrysot il e 74.5 55.0 45.0 74.0 75.0 

H Amosite 2.5 2.0 3.0 4.0 2.0 

G Amosite 9.8 3.0 11. 0 17.0 23.0 25.0 

D Amosite 19.4 18.0 37.0 20.0 32.0 20.0 

B Amosite 38.5 53.0 69.0 51. 0 75.0 30.0 
en 
N F Amosite 0 0.7 0.0 0.0 

J Chrysotile ~50%a 63 35 51 40 
K Chrysot il e (Duplicate 42(1) 15.0(E) 35.0(E) 1. O(C) 

of C,A,E, or I) 

a Area percent asbestos, mean of Groups P and B. 



TABLE 9. MEANS AND STANDARD DEVIATIONS OF REPORTED XRD RESULTS 
(percent asbestos) 

Thi n-1 a.}'.'.er Bulk Pooled 

Series Type Weight % M s M s M s 

c Chrysotile 1. 2 3.0 2.0 1. 0 1. 7 2.5 1. 8 

A Chrysotile 4.9 3.3 3.5 4.3 4.2 4.3 3.3 

E Chrysotile 19.4 3. 7 3.5 18.0 11.4 10.8 10.9 

J Chrysotile 74.5 50.0 7.1 74.5 0.7 62.2 14.7 

H Amosite 2.5 1. 5 0.7 3.0 1. 4 2.8 1. 0 

G Amosite 9.8 7.0 5.7 21. 7 4.2 15.8 9.0 

D Amosite 19.4 28.0 12.7 24.0 6.9 25.6 8.3 

B Amosite 38.8 61. 0 11.3 52.0 22.5 55.6 17. 6 

F None 0 0.2 0 0 0 0 0 

TABLE 10. AVERAGE ABSOLUTE ERRORS OF REPORTED XRD RESULTS 
(percent asbestos) 

Aver2ge absclute error 
Series Type Weight % Thin-layer (n) Bulk (n) 

c Chrysotile 1. 2 1. 9 (3) 1. 4 (3) 

A Chrysotile 4.9 3.0 (3) 3.3 (3) 

E Chrysotile 19.4 15.7 (3) 9.1 (3) 
I Chrysot il e 74.5 24.5 (2) 0.5 (2) 
H Amosite 2.5 0.5 (2) 1. 0 (2) 

G Amosite 9.8 4.0 (2) 11.9 (3) 

D Amosite 19.4 9.0 (2) 4.6 (3) 

B Amosite 38.8 22.2 (2) 18. 7 (3) 

F None 0 0.7 ( 1) 0 (2) 

n = Number of reported rasults. 
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sided t-test, there is no significant difference at the 5-percent level 
between laboratories performing the analyses by bulk methods and those 
using thin-layer methods, although, as noted above, there is a suggestion 
that the bulk methods are more accurate. 

Estimates of precision, given by the coefficient of variation (CV), 
calculated as the standard deviation divided by the mean reported value, are 
shown in Table 11. Comparing CVs with either a sign test or a paired t-test 
again showed no significant difference between bulk and thin-layer methods 
(two-sided P > 0.4). Considering individual CVs, those for bulk methods are 
all less than or equal to those for thin-layer methods, except for Series C 
and B, further suggesting that the bulk methods are at least as precise as 
the thin-layer methods, as applied by laboratories in this study. 

The overall impression from these results, that bulk analysis is at 
least as accurate and precise as thin-layer analysis, is further supported 
by the results of a more detailed analysis of both bulk and thin-layer 
methods by asbestos type. 

Linear regression analyses of the reported results for chrysotile 
samples and amosite samples for bulk methods gave the following results (see 
Figure 12): 

1. Reported results and reference values are better correlated 
for chrysotile than amosite (i.e., correlation coefficients 
are significantly different at the 5 percent level, by a 
two-sided t-test); 

2. Analysis of chrysotile is signi-ficantly more precise than 
amosite (i.e., variances about the regression are signifi
cantly different at the 5 percent level by a two-sided F-test); 
and 

3. Analysis of chrysotile appears more accurate (chrysotile 
slope= 1.00, intercept= -0.55; amosite slope= 1.23, inter
cept= 3.76), although a two-sided t-test for difference 
between the slopes is not significant at the 5 percent level. 
This is probably due to the large imprecision in the estimate 
of the amosite slope. The results for chrysotile in this 
regard are particularly striking, with the regression line 
being essentially indistinguishable from the theoretical 
y = x line with slope= 1. 

In contrast, linear regression analyses of the reported results by 
individual asbestos types for thin-layer methods (Figure 13) revealed no 
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TABLE 11. COEFFICIENTS OF VARIATION OF REPORTED XRD RESULTS 

Coefficient of variation 
Series Type Weight % Thin-layer Bulk Pool Pd 

c Chrysotile 1. 2 0.67 1. 7 0.72 
A Chrysot i 1 e 4.9 1. 06 0.98 0. 77 
E Chrysotile 19.4 0.95 0.63 1. 0 
I Chrysotile 74.5 0.14 0.01 0.24 
H Amosite 2.5 0.47 0.47 0.36 
G Amosite 9.8 0.81 0.19 0.57 
D Amosite 19.4 0.45 0.30 0.32 
B Amosite 38.8 0.19 0.43 0.32 
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significant differences in correlation or precision between analyses for 
chrysotile and amosite; correlation coeffic :ents and standard errors about 
the regression for the two asbestos types were not significantly different 
at the 5-percent level by a two-sided t-test. The slopes for chrysotile and 
amosite were, however, significantly different at the 5-percent level. 
Analysis for both asbestos types is biased (chrysotile, negative; amosite, 
positive) with slopes of the regression lines significantly different from 1. 

A further comparison between bulk and thin-layer methods, by asbestos 
type, indicates that for analysis of chrysotile, the bulk methods are signi
ficantly less biased than thin-layer methods. A two-sided t-test indicates 
that the slope of 0.65 for chrysotile analysis by thin-layer methods is 
significantly less than that of 1.00 for chrysotile by bulk methods at the 5 
percent level. No significant difference in slopes (bias) was observed 
between methocs for amosite. 

Data produced by thin-layt!r methods of analysis included one false 
negative out of three analyses of the 4.9 percent chrysotile sample. The 
same laboratory reported chrysotile false positives for all amosite samples 
and for the blank samp1e with reported chrysotile values ranging from <l to 
8 percent. One f:1s~ ~egative out of three analyses was also reported at 
the 19. 4 perce:1t chrysot i l .:> l eve 1. 

Data projuced by bulk rr.ethods of analysis included two false negatives 
out of three analyses of the 1.2 percent chrysotile sample. One of these 
laboratorie~ also reported a false positive amosite for the 4.9 percent 
chrysotile sample. 

Four laboratories reported results on duplicate samples (Series K) 
included in the samples sent to the laboratories. However, because of the 
small number of observations, no firm conclusions can be drawn about the 
intralCiboratory il3riance of this method or its relative sontri.bution to the 
total variance of the report1::d r~s··~ts. 

These results rlo give ~vidence that XRD is capable of detecting chryso
ti le at the 1 percent level in a simple matrix and suggest that at this 
level a thin-layer method of analysis may be more reliable. Further investi
gation is required to determine reliable detection limits over a variety of 
sample materials for both bulk and thin-layer methods .. O.lthough it is 
problematic whether such limits could be firmly established given the matrix 
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dependency of the sensitivity of the method and the extreme variability 
observed in bulk insulation matrix materials, sensitivity would be expected 
to improve if step-scanning analysis were routinely employed. 

It should be emphasized that because of the small number of laboratories. 
participating in this ~tudy and the diversity of methods actually employed, 
it is not possible to draw any firm conclusions from the results of these 
analyses. However, the following observations can be made: 

1. The bulk methods appear to be at least as accurate and precise 
as thin-layer methods over the range of samples included in 
this study and significantly more accurate for the analysis 
of chrysotile; and 

2. There is a suggestion that thin-layer methods of analysis may 
be more reliable (i.e., more sensitive) than bulk methods at 
the 1 percent level of chrysotile in a simple matrix. 

Since chrysotile is the most commonly occurring asbestos mineral in 
bulk insulation materials, and since most laboratories routinely performing 
quantitative analysis of asbestos in insulation samples use a bulk method of 
analysis, the first observation suggests that for a wide-scale screening 
program, use of bulk methods of XRD analysis, ancillary to PLM, should be 
given further consideration. It should be noted, however, that the sugges
tion that bulk methods are at least as accurate and precise as thin-layer 
methods may be due to the fact that the laboratories performing the analyses 
by bulk methods were more experienced in this method of analysis than those 
using thin-layer methods. The second observation indicates a need to further 
evaluate both methods at the 1 percent level of detection. Recommendations 
for further development and evaluation of both bulk and thin-layer methods 
are detailed in Section 3.2. 
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SECTION 8 

COMMENTS 

Comments made by participating laboratories in written reports were a 
valuable source of information for this technical evaluation and may con
tribute to future methods refinement. Selected comments under consideration 
are discussed below. 

Commenting on PLM, analysts most frequently voiced concern over the 
additional time and effort require~ for quantitative analysis by point count
ing. Estimates of the impact of the PLM quantitative section cite doubled 
and tripled analysis times and projected cost increases of 150 to 200 p~r:en~ 
Analysts objected most strongly to the use of point Loun~i, on samples 
containing a relatively high percentage of asbestos, e.g., more than 30 per
cent. It is felt that the objectivity of the quantitative estimation proce
dure is not as critical at this level as it is in the 1 to 10 percent range. 
Additionally, eye fatigue reduces the number of samples an analyst can 
analyze per day by point counting. Practice and greater familiarity with 
the method may, however, bring analysis time more in line with that of 
current procedures. The use of a staged counting process that would allow 
the counting of fewer points on high percentage samples coulj be investigated. 

There were some problems with application of the PLM method. Specific
ally, some operators were biased toward picking out fibers and found it dif
ficult to subsample "randomly." Also, teasing the sample apart with forceps 
and/or dissecting needles resulted in an unev~n distribution of sample 
material on the microscope slide. This is in contrast to the experience of 
one laboratory that milled all samples before analysis. Milling samples re
sults in a finer grained material that can be distributed more evenly on 
slides. However, mill 'ng may disrupt fiber bundles or comminute fibers to 
<3 µm in length, thus distorting the results of quantitative analysis or making 
fibers more difficu 1 t to identify. 

Overlaying particles (i.e., asbestos fibers superimposed on matrix, or 
vice versa) were also a problem in the analysis for which no guidance was 
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. offered. The method has been modified to require that a point be scored.for 
both categories when overlays occur. 

Several reports commented that the definition of 11 fiber 11 used in the 
method was confusing and did not require positive identification of the 
particles as asbestos. Changes in the text have been made to correct this 
discreµancy. 

Two errors in the computation of the confidence interval (CI) were rlis
covered and corrected. On pagr 10 of the protocol, the CI should be ±0.035 
instead of 0.018. On the PLM reporting form (Appendix D), the square root 
symbol was omitted. Most laboratories realized this error and corrected for 
it in their reports. It is recommended elswhere in this report that the CI 
computation be deleted from the method. 

Analysts at one laboratory provided extensive review comments on the 
PLM protocol. The reviewers felt primarily that reliable quantitative 
analysis is not possible using microscopical techr.iqur:s without a1lied 
q11antitative chemical and physical procedures, which should be separate from 
and more stringently specified than sample preparation procedures for quali
tative PLM analysis. The following points were emphasized in support of 
their recommendation. 

1. Subsamples of a bulk material taken with forceps are unlikely 
to be representative; 

2. The method does not contain a description of how subsamples 
are to be uniformly dispersed on the microscope slide; 

3~ Grinding a sample with mortar and pestle, an optional sample 
preparation step, may cause separation of amphibole bundles, 
which would bias point counting results; 

4. Grinding a sample with a Wylie mill, an optional sample 
pr~paration step, may cause the shearing of particles with 
fibrous habit (>3:1 aspect ratio) from prismatic particles; 

5. Step-by-step descriptions should be given of quantitative 
matrix reduction procedures (specifically, low-temperature 
ashing, NaOH o~d CH 3 COOH dissolution, and gravimetric calcu
lations) with instructions as to when they are to be used on 
representative sample types most frequently encountere~. 

An additional objection raised was that point counting does not provide for 
the quantitation of phases that occur as coatings, such as binders and 
resins. 
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It is recognized that all sample preparation steps prior to point 
countin~ must be performed quantitatively for analytical results to be 
meaningful. However, absolute standardization of such procedures has not 
been thought feasible for bulk samples because of the extreme range of 
sample composition encountered. Several other reviewers with considerable 
analytical experience have stated that for the majority of samples no matrix 
reduction should be performed. Sample preparation procedures were therefore 

included in the method as optional steps to be used at the discretion of the 
analyst. Further systematic investigation would be required to determine if 
stricter guidelines could be successfully applied. 

The quantitative XRD procedure in the Tentative Method is more time 
consuming and costly than alternative bulk techniques. Results of the study 
further indicate that at this time very few laboratories are set up to 
perform the thin-layer analysis as prescribed. Several comments were received 
concerning obstacles to the generalized use of quantitative XRD methodology. 

Acquisition of appropriate asbestos standards is expected to be a major 
problem. UICC standards are not exceptionally pure and are reported to be 
in increasingly short supply. It is essential that reliable sources of 
standard materials be iden+.ified and that the purity of the standards be 
known or determinr'' before accurate calibration curves can be obtained. 

The problem V• obtaining comrarability between standard and sample 
asoesto~ materials is cf critical importance, with no easy or straightfor
ward solution immediately pre~enting itself. 

The main drawback to the thin-layer pr~~edure as applied to bulk samples 
is the sample preparation step. The requirement to grind the sample to pass 
a 10-µm sieve is not only time consuming and costly but may not be feasible 
for all samples. Furthermore, because the matrix material itself may alter 
the asbestos grinding characteristics, the validity of standards prepared in 
a manner similar to sample materials is questionable. 

Two typographical errors were detected in the XRD protocol and have 
been corrected. Specifically, in Section 7.2.3.9 (line 6), 11 0.1 mg, 11 the 
total sample weight deposited on the silver membrane filter for analysis, 
should read 11 ca. 1 mg. 11 In Table 2 (line 4), the powder diffraction file 
number for nonfibrous 11 a111osite 11 should read 17-745 instead of 17-795. 
Participating laboratories have been notified of both changes to the protocol. 
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APPENDIX A 

STATISTICAL PROCEDURES 
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A.l 

APPENDIX A 

STATISTICAL PROCEDURES 

1 n 
Mean squared error (MSE) - - l (w. - w) 2 

n i=l , 

1 n 
Sample variance (52) - - ~ (w. - w) 2 

n i=l 

where ~ = true value, 

n 
w = l L w. is the average of thew and 

n i i ' i-1 

= 1, 2, I 

If Bias = Average Error .. : w - w· 
' 

1 n 
MSE - - ~ (w. - w)2 n i=l l 

1 n 
- - l (w. .. w + w - w)2 

n i=l l 

= 1: 
n 1 n 

~ 1 L (w - w)2 + 2cw - w) - l (w - w) ·. -
i=l i=l 

= 1: 
n 
l (w. - w)2 + n(w - \I) 2 n . 1 l i= 

MSE = Variance + Bias 2 

A.2 
.,, 

n 
l (w - w)2 

i=l 

The importance of accounting for asbestos and laboratory effects can be 
seen from the results in Table A-1. The variable LA was regressed on LW, 
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TABLE A-1. LABORATORY AND ASBESTOS TYPE EFFECTS REGRESSION 

DE:PENDE~1T V.HBBl~: L~ 

SOUliC"! OF so~ OF SOU.\RES llEAN SQUARE p VALUE 

MOD!l 5?. 1264.<l07203B2 211. 32513854 197.97 

E!'POil 76 9. 33~29!'l!i6 0.122Cl7235 pp > F 

UNCO~!'!~CT'.':D TO'!'AL 12l'l 1274.2!1550~28 0.0001 

R-SQn,R:: ':. v. S.,.D DE.V LA ~!':.\N 

0.0021;1: 11. 'l2'l7 i). 35053152 2.96539418 

sonF c<: !H' :Y?f. I SS F V!.L U!': PE. > p 

ASB 2 1139. 7244 7794 4'iJ7. 84 o. 0001 
L\B 16 27.10027764 1 3. 713 0.0001 
L'4 1 83.J4540C:90 6 75. 'l 7 0.0001 
L"*~SO , o. 71F.92'l07 5.d3 il. 01A1 
Lll•T.H 16 5.l'Of4101ll 2.95 0.0008 
A3!l•tAB 1 ') a.:; 1310013 4.33 o. 000 1 

SOU"C" !)!' ~YE''! IV 53 F VAtT1~ t'R > !' 

.u·e 1 5.5:>19')254 114. "'8 0.0001 
L-'B , i; 1!1.0469-3663 9. 18 0.0001 
l. ll 1 21.66RJ'l421!6 I 76. J 5 0.0001 
L\I*, S":i 1 O."=OO'l2.183 7. ~) O. OOAt• 
Lll•L;.& 1 6 5.871i2J7!11 :! • 99 0. 000 I 
_,:'BC<L~R 16 R.51H0013 u. 33 0.0001 
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with both slope and intercept allowed to vary with asbestos type and labora

tory. The third order interaction term LW*ASB*LAB was not significant 

(P>.5) and the regression was rerun without this term. All the remaining 

terms are highly significant. 

A.3 

To test for differences in bias between Groups P, B, and 0, weighted 

GLM regressions were performed in logarithmic coordinates allowing slopes 

and intercepts to vary with group and with asbestos type. The weights for 

these regressions were obtained from preliminary regressions of standard 

deviations on means of log~rithms of reported results. The relations did 

not change significantly with Group (P, B, 0), so the same line was used for 

all three groups. The results of the full regression are shown in Table A-2. 

Allowing all effects and interactions among GROUP, ASB and LW, three of the 

interaction terms were insignificant (P > 0.5). The regression was rerun 

with these interactions omitted. Results are in Table A-3, and show Groups P 

and B to be similarly biased (P = 0.34, not significant) while Group 0 is 

more biased than Group P (P << 0.01). 

A.4 

The regression related the logarithm of group standard deviations (LS) 

to the logarithm of group means (LM) using the model 

log s = a log x(l - x) + b + error 

The function x(l - x) was employed because it produced a higher overall 
correlation (R 2 = 0.98) than the regression using x (R 2 = 0.93). The regres

sion parameters a and b did not vary significantly with asbestos type for 
any of the groups (P, B, 0). By this analysis, Groups P, B, and 0 are not 

significantly different with respect to precision (P > 0.3 for all pairwise 

comparisons of slopes and intercepts). 

A.5 

The following steps were u~ed in transforming reported area percent 

data to predicted weights (A+ W). All regressions were performed in two 
ways: (1) unweighted; and (2) weighted for differences in variance between 
sample series. No discrepancies between weighted and unweighted regressions 
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TABLE A-2. GROUP EFFECTS REGRESSION, ALL INTERACTIONS 

~ c:p;: !'L.1~'17' V\"!ABlE: L\ 
iFI.;'IT: v:NV 

SCUFC:: OF ~UM OF '"JU;, F.E S !1E,\:'l sour.a::: I' VALU£ 

:10[)<:1 1 2 ,, 092 .10%572 ~ <1')9.hl913811 7 95. 7 0 

::~ FO? 2 1 'j .,70.1)4237854 1.~5601106 P!i > F 

1JNC:HP"'"C7?:0 :c:.n ., 2 7 122F;2. 9520J5flJ 0.0001 

0-SQU\!'~ c. v. 3TD ~£V L.\ ~:;:\ N 

a.91107<i 3"'.J31~ 1.12071899 :!.'~'J4027SJ 

5011° C:! J!' :'Y !:'!'! ! SS F VUU-0: P!' > F 

"~ !l 2 11 'J6 s. 0 701)1]7 J9 u 5i; 4. ·~ 4 0. 01)0 1 
.--;f.O'!P 1 21. 776090~:i 9. ') 7 o. JOO~ 
L" 1 U'l 1. ~~i;".l 12'32 1~1.,, J 0.0001 
.1,.>'3•G?C'.JP ~ 2. !lll2'5'l002 o.oo o. 3739 
t ·~. !. "3 a.26a1s~8·) 7.] 'l 0.•)071 
Lii.••i FC'J? 2 1.'1450~]') o. 'j ~ 0.5CI]] 
L ·; • \ ~ ·l * ·;~ r rJ, 2 ').2')23'.1557 0. ')'l '.l. <; 22 6 

sr•1· c: J~ TY?<: I 'I SS F V U'JE P!l > p 

\S? 1 a. "237b 106 , u. , c; 0.0002 
'J~ ()<I[' S. 'H 2 P 'l ~ 1 ) 2. J 'l '.l. 094 9 
L• 1 •<; 1. '· 769!.l IJ<; 2 '.JO. 3 I) o. 000 1 
\S :t• r;!"r:-'1"" 2 J • ..,8701153 o. 1 '7 o. 7610 
L',. 0 ~ S!J 1 7.961177Cl71 6. 1 u o. '.) 125 
l -.-''J ~()'JD 1 1.25UU'JQ 1 0 o.so 0.607~ 
V• •.\ c D. ·;~ r)U 'J 2 :). 20?3J""7 o. •)'l I). a 2 26 
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TABLE A-3. GROUP EFFECTS REGRESSION, SIGNIFICANT INTERACTIONS 
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~ere found with respect to the significance of various effects. Attention 

~ill be focused only on the results of unweighted regressions. 

For each group (P, B, 0), the following sequence of regressions was 

)erformed. 

1. Regress LW (log of nominal weight percent) on LA (log of 
reported result) for each combination of laboratory and 
asbestos type. That is, estimate the slopes and intercepts 
of LW = c(asb, lab) · LA + d(asb, lab). The functional notation 
stresses the dependence of slopes and intercepts on asbestos 
type and laboratory, as discussed in Section 5.5. 

2. Using the para~eters estimated in l, adjust the reported data 
A to 

3. Regrnss Won W*, with forced zero intercept, according to 

4. 

W = rW* . 

Using the parameters estimated in 1 and 3 (c and b 
transform W* to predicted weights W. 

W = bAW*c . 

d =re ), 

The predicted weight W corresponding to each reported result 
is thereby obtained. 

The reason for step 3 is that the regressions in Step 1 tend tJ balcince 

out errors in sign and magnitude. However, if equal errors, opposite in 

sign, are exponentiated, '.-hen an imbalance occurs. The regression in 3 is 

designed to compensate for this, and can be achieved with a hand calculator 

by entering every (W*, W) pair a second time as (-W*, -\.J). 

A-7 



APPENDIX B 

TENTATIVE METHOD 

March 198.0 

Revisions have been made to the Tentative Method pursuant to the con
clusions of this study. Appendix B should not be used by laboratories as a 
reference or an0 1

· 'ical protocol. Current editions of the Interim Meth~d 
for the Determinat~0n of Asbestos in Bulk Insulation Samples are avai~~hlr 
from Gene Brantly, Research Triangle Institute, 800-334-8571. 
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TENTATIVE METHOD FOR THE DETERMINATION OF ASBESTIFORM 
MINERALS IN BULK INSULATION SAMPLES 

BY POLARIZED LIGHT MICROSCOPY AND X-RAY POWDER DIFFRACTION 

A tentative method is carefully drafted from available source 
i~formation. This method is still under investigation and 

therefore is subject to revision. 

Environmental Monitoring Systems Laboratory 
U.S. Environmental Protection Agency 

Research Triangle Park, North Carolina 27711 

March 1980 



POLARIZED LIGHT MICROSCOPY 

1. Principle and Application 
1.1 Bulk samples of building materials taken for asbestos identification 

are first examined for homogeneity and preliminary fiber identification at low 

magnification. When discrete layers are identified, each is treated as a 

separate material and should receive individual characterization. Positive 

identification of suspect fibers is made by analysis of subsamples with the 

polarized light microscope. Asbestos quantitation is performed by a point

counting procedure. 

1.2 This method is applicable to all bulk samples submitted for identi
fication and quantitation of asbes~os components. 

2. Range 

The range of the analysis is dependent on the amount of material exam

ined. Quantities of asbestos in a building material sample will be subject to 

wide variation in reported results because of sampling variation in an inhomo

geneous matrix. Quantities below 1 percent are reported as 11 <1% 11
• The upper 

detection limit is 100 percent. There is no measure of sensitivity presently 

available. 

3. Interferences 

Fibrous organic and inorganic constituents may pose a challenge to 
identification, separation, and quantitation of the asbestiform mineral content. 

Spray-on binder materials may coat fibers to impart color and obscure optically 

determined parameters to the extent of masking the fiber identity. Fine 

particles of other materials may also adhere to fibers to an extent sufficient 
to cause confusion in identification. 

4. Precision and Accuracy 

Adequate data for accuracy and precision measurements art not current1y 

available. 

5. Apparatus 

5.1. Analysis 

5.1.1. A low-power binocular microscope, preferably stereoscopic, 
is used to examine ~he bulk insulation sampie as received. 

- --i---
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:>.l.1.1. 

5.1.1.2. 

5.1.1.3. 

5.1.1.4. 

Microscope: binocular, 10-45X. 

Light Source: incandescent or fluorescent. 

Forceps, Dissecting Needles, and P~obes 

Glassine Paper or Clean Glass Plate 
5.1.2. Sample preparation apparatus requirements will depend upon 

the insulation sample type under consideration. Various phy5ical and/or 

chemical means must be employed for an adequate sample assessment. 

5.1.2.1. Ventilated Hood or negative pressure glove box. 

5.1.2.2. Microscope Slides 

5.1.2.3. Covers lips 
5.1.2.4. Disposable gloves. 
5.1.2.5. Mortar and Pestle: agate or p0rcelain. (opt i ona 1) 

5.1.2.6. W~lie Mill (optional) 

5.1.2.7. High-Speed Blender (optional) 

5.1.2.8. 100-mL Beakers and Assorted Glassware (optional) 

5.1.2.9. Centrifuge (optional) 

5.1.3. Compound microscope requirement~: A polarized light micro

scope complete with polarizer, analyzer, port for wave retardation plate, 360° 

graduated rotating stage, substage condenser, lamp, and lamp iris. 

6. Reagents 

5.1.3.1. Polarized i..ight Microscope: described above. 

5.1.3.2. Objective Lenses: lOX, 25X, and 45X or near equivalent. 

5.1.3.3. 

5.1.3.4. 

5.1.3.5. 

5.1.3.6. 

5.1.3.7. 
5.1.3.8. 

Dispersion Staining Objective Lens (opt~onal) 

Ocular Lens: lOX minimum. 

Eyepiece Reticle: cross hair or 25 point (Availaole 
from Preiser Scientific and other microscope dis
tributors) 

Michel-Levy Interference Color Chart 

Red I Retardation Plate (First-order compensator) 
Abbe Refractometer (optional) 

6.1. Sample Preparation 

6.1.1. 

6.1. 2. 

6.1. 3. 

6.1. 4. 

Distilled Water 

0.5 N H2 S0 4 : ACS reagent grade (optional) 

0.5 N HCl: ACS reagent grade (optional) 

Sodium metaphosphate (NaP0 3 ) 6 (optional) 
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6.2. Analytical Reagents 

6.2.1. Refractive Index Liquids: 1 490-1.570, 1.590-1.720 in 
0.002- or 0.004-step increments. 

6.2.2. ~efractive Index Liquids for Dispersion Staining: high
dispersion series, 1.550, 1.605, 1.630. 

6.2.3. UICC Asbestos Reference Sample Set: Available from: UICC 
MRC Pneumoconiosis Unit, Llandough Hospital, Penarth, 
Glamorgan CF6 l~W, UK. 

6.2.4. Tremolite-asbesto~ (source to be determined) 

6.2.5. Actinolite-asbestos (source to be determined) 

7. Procedures 

NOTE: Exposure to airborne asbestos fi be ,, is a heal th hazard. Bulk 

samples submitted for analysis are usually friable and may release fibers 

during handling or matrix reduction steps. All ~ample and slide preparation 

should be carried out in a ventilated hood or glove box with continuous airflow 

(negative pressure). Handling of samples without these precautions may result 

in exposure of t~e.analyst and contamination of ~amples by airborne fibers. 

The level of air.6otne fibers should be monitored in accordance with ~iIOSH 

Analytical Method #P&CAM 239: Asbestos Fibers in Air (see DHEW/NIO~H publica

tion no. 79-127 , February 1979). 

Refractive index liquids typical1y r.ontain several toxic compounds, 

including brominated naphthalene, brominated and iodinated ring compounds, and 

hydrogenated terphenyls. Lisposable gloves should be worn by the analyst to 

avoid prolonged skin contact with these material5. Prepared slides and waste 

bulk material should be disposed of in accordance with proper procedures for 

toxic substances. Asbestiform materials should be double-bagged, labelled, 

and buried in appropriate landfill or burial sites. 

7.1 Sampling: Sampies to; analysis of asb~stos content shall be taken 

in the manner prescribed in the guidance document Asbestos-Containing Mate

rials in School Buildi~, EPA #C00090, part 1. If there are any questions 

about the representative nature of the sample, another sample should be request

ed before proceeding wi~h the analysis. 

7.2 Analysis 

7.2.1. Gross Examination: Bulk samples of building materials taken 

for the identification and quantitation of asbestos are first examined for 
homogeneity at low magnification with the aid of a stereomicroscope. The 
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cor~ sa11pl~ is carefully re110ved froe11 the sampling canister onto a glassine 

transfer paper or clean glass plate. If possibl~. note is made of tho top an~ 

botto.a orientation. When discrete strata are identf f~ed, each is treated as a 
separate material so that f;bers ar~ identified and quantitated ;n that layer 

on 1 y. 

7.2.2. Sample Prepar!!t~: Bulk materials sut>eitted fo~ aabestos 
analysis involve a wide ~arfety cf matrix materials. Re~restntative subs411Ples 

uy not be r~adily obtainable by si111ple •ans in hetero~eneous aateriflls, aind 
Yarfous steps may be required to alleviate the difficulties encountered. In 

llOSt cases, however, the best preparation is made by using fine-pointed forceps 

to saaple at several pl~ces fro• the bulk material. Forcep sa11ples are i111mersed 
in a refractive index liquid on a •icroscope slide, teased apart, covered with 

a co~er glass, &nd observed with the polarized light sicroscope. 

Alternatively, attetipts may be .ade to hoeogenize the samp?e or eli•ir.dte 
int•rterences before further characterization. The selection of procedure •s 

dependent upon the samples encountered and personal prefe~~nce. The following 

are presented as poss~ble .. thods. 
A 11<>rtar and pe5th can s0tteti11es be used in size reduction of soft or 

loosely bound mat~rials though this •ay cause iaatt;ng of some samples. Such 

samples aay be redutcd in a Wyli~ ~;11. Apparatu$ should be cl~an and extreate 

care exercised to avoid cross-contamina~ion of samples. rer;od;c checks of 

the particle sizes should be ~ade during the ~rinding operation so as to 

preserve any fiber bundles pre~tnt in an identifiable form. 

Treatment aay occa$ionally be reo~1red to eli•inate interferences. For 

cementitious eaterials, dissol··~ion of the calcareous s~bstances r:1c1y be effected 
with wan1 dilute sulfuric acid (0.S Nat 65° C) (8). Calci~e 19ay be dissolved 
with war-m dilute hydrochloric acid (9). Wash twice with distilled water, 

boing careful not to lose the particulates during decanting st~ps. ~entrifug

atton of the 5uspension will prev~nt significant fiber lass. Prolonged acid 

contact with the Sc111Ple •ay alter the optical characteristics of c~rysot~le 

fibers and should be avoided. 
Coatings and binding •at@rials adhering to fiber surfaces may be removed 

by treat-"lent with sodh.1:1 11etaphosphat.e ( 10). A1d 10 raL of 10 g/L sodiun 

~etaph~sphate to! small (0.l to 0.5 ~l) sample af bulk ~terial in a 15-~l 
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glass centr;fuge ~ube. For approximately 15 seconds e•ch, stir the mixtur@ on 

a vor~ex •ixer, place in an ultr~~~~ic bath and then shake by hand. Repeat 

the series. Boil the contents of the tube over a bunsen fluae for aboui 20 

seconds. Collect the dispe~sed solids by centrifugation at 1000 rpm for S 

•inutes. Wa~h the sample three ti .. s by suspending in 10 •l distilled w~ter 

and ~•centrifuging. After vashing, re$uspend the pellet in S •l distilled 

water, place~ drop of the suspension on a •icrascope slide, and dry the slide 

at 110° C. 

In sa.aples with a large portio~ of cellulosic or other organic fibers, it 

may be useful to ash part of the Sm1Ple and vi~ the residue. Ashing should 

be performed at temperatures belov 550° C. It should not be perfQrDed i~ an 

open flc111e or high-t1111>erature oven because dehydration of the asbestos ~inerals 

results in changes of refractive index and other key par~ters, and possible 

artifact fonMtion. Ashing and acid treatllent of samples ~hould not be used 

as standard procedure. In order to 110nitor poss;ble changes in fioer character

istics, the 111terial should b~ viewed mic1·oscopically before and after any 

SilllPl~ preparation procedure. Use of these procedures on sa.mp~es to be used 

for quantitation requires a correction for p~rcent weight loss. 

7.2.3. Fiber Ident~fi.cation: Positive identification of asbestos 

requires the detensination of the follO'llfing optical properties. 

Morphology 

Color and ~leochrois• 

Refractive indices 

Birefringenco 

Extinction characteristics 

Sign of elongatton 

Tabie l lists the above properties for co1nercial asbestos fibers. Figur~ 1 

pr~sents a flO'W diagra• of the exaaination procedure. Natu·al variat;ons in 

th~ conditions under which depos~ts of asbestifonn minerals are fo~d wi11 

occasionally produce exceptions to the published val~e~ and differences fron 

the UICC Standards. The sign of 9longation is determin~d by use of the Red 

retardation plate arid crossed polar~. Refractive indices may be determined by 

eitner :ne Becke line test or disperiion staining. Becke lines are maximized 

by vi~wing with a nearly closed substage diaphrag~. 
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Inexpedence·1 operators may find that the dispersion staining tecnnique 

is aore edsf ly learned, and should consult references 3 and 6 fo~ guidance. 

Central stop dispersion staining colors are pr~sented in Table l. Available 
high-dfspvrsion (HO) liquids should be used. 

7.2.4. Quantitation of Asbestos Content: Atboitos quantitation is 

perforNd by a standard point-counting procedure. .~n ocu'iar reticle is used 
to visually superf11Pose a point or points on the aicroscope field of view. 
Record the nUllber of pof~ts positioned directly above each kind of particle or 

fiber of interest. Score only points directly over asbestos fibers or non
asbestos aatrix material. Do not score 911Pty points for the closest particle. 
This provides a deter11ination of the areal percent asbestos. Reliable conver
sion of areal percent to percent of dry weight h not currently feasible 
unless the specific gravHies and relative vohar~s of the aaterials are :mown. 

For the purpoH of this method, "fibers" a1"e defined as having an aspect 
ratio greater than 3:1 and substantially parallel Dorderr..• 

A total of 400 points superi~osed on either asbest~s fibers or non

asbestos iaatrix material •ust be counted over at least eight different prepara

tions of representative subuaples. Take ei·ght fine-pointed forcep ScllltPles 

and 11<>unt eden separately with the appropriate refractive index liquid. Count 
50 nonempty points on each preparation, using either 

l. A c .. oss-hair reticle and mechanical pofnt·r.o~nting stage: or 

2. A reticle with 25 points and cou~ting at least 2 randoe11ly s~lected 
fields. 

For sa11Ples with sixtures of isotropic .1Md anisotropk ~aterials present, 
viewing the ·suple with sligntly uncrossed polars or the additicn of a Red 

reUF"dation plate to the polarized light patll will allow si•ultaneous di:ocri:i
ination of both fiber types. Quantitation snoul~ be perfon11ed at the lo~est 

·;ragnification of th-@ polari.::ed light 11icrosc1Jpe which can effectively distin
guish the saaple ca-ponent~. Confintati~n of tne quan~itation result by ~ 

second analyst on s~ percentage of analyzed sa~les should ~e us~d as standard 
quality c~ntrol procedure. 

If st"ten or fe-11er of 400 l'lon-MPtY points are scored for ast>est~is fiber, 

report <l percent asbestos: For all other results, the percent asbestos is 
calculated as follows: 

~and being positively identified as asbestos. 
o:iitted in final draft. 

a 



where 

p = a/n 
% asbestos = 100 p 

a = number of asbestos counts. 
n = n~er of noneapty points counted (400). 

The value reported should be rounded to the nearest percent. 
If a ~ 10. 9S perce~t co~fiaen~e intervals can be constructed about p by 

the e.~uat ion 

p t. l. 96 )( i ~ 
where q = 1-p. 

Example: 
a = 60 points 
p = 60/400 = O.lS 
q = l - 0.lS = 0.85 
p t l. 96 {O. lS>i~o/!F= O. lS t 0. 018"' 

Report: 15 t l\ 
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X-RAY DIFFRACTION 

1. Principle and Applic&b111~ 

1.1 The theory of X·ray diffraction (Xrul) ts ~•11-docUllll~ted {l. 2). 
Any solid. crystalline .. terfal will diffract an imp~ngent be .. of parallel. 
•nochromatic X-ray' vhenever Bragg's Lav. 

A = 2d sin e. 
is satisfied for a particular set of planes f n the crystal lattice. 
where 

0 
A = the X-ray vavelehgth. A; 
d • the int•rplanar spacings of the set of l'f.flecting lattice planes. 

0 
A; and 

e :s tH 1nole of fncidenc• between the X-ray be• and the ref~et:ting 
lattice planes. 

By appropriate orfentatfon af a s111ple relative to the incident X-ray beaa. 
an X-ray diffraction pattern can be generated that. fn ll»st cases. will be 
uniquely characteristic of both the ch .. ical CQllPC>sitfon and str~cture of 
the cryst.alllne phases present. 

Unlike optical .. thods of analysts. however. XRD cannot detennine 
crystal •rphology. Therefore. in asbestos analysis. XRO doH not dtstfn
gutsh between fibrout and nonffbrous fonas of the serpentine end a.phibole 
ainarals (Table 1). ttow.ver. when used In conjunction with optical nethods 
such ~s polarfzed light •icroscopy (PLM). XRO technfqu~s can provide a rel f
able analytical .. thod for the fdentf ffcatfon and ~"•racterf zation of asbesti
rona •inerals in bulk aaterfals. 

Bulk aateria' sa.p1es are initially analyzed by PUC for identification 
and quantitatfon of asbestos. Subsequent analysts by XRD proceeds in two 
stages. 

For 9,!!alf~attve analysts. saaples are initially scanned over li•ited 
0 

dfagnostfc peak regions for th4 serpentine (7.36 A) and aaphfbole (8.3° 
0 

8.S A) •fnerals (Table 2). Standard slov-scanning eethods for bulk sa"Plo 
analysis may be used for aaterials shown by PUIJ to co11tatn ujor llllOunts of 
asbestos {>S-10 percent). Detection of .,fnor or trac:e uo1·nts of asbastos i;iay 

l 



TABll..f 1. THE ASBESTOS MINERALS AHO THEIR 
MONASB~STIFORM ANALOGS 

Asbestiforw 

S~RPENYIHE 

Chrysotile 

AWHI~LE 

Anthophyllfte asbestos 
CUlllll~ngtonite·grunerite asbestos 

("Allos t te11
) 

Croctdo 1 t te 
Tret10llte asbestos 
Acttnoltte as~estos 

2 

Nonasbestiforw 

Antigortte. ltzardfte 

Anthophyllite 
CU1111ingtonite-~rune~it1 

Riebeckit.e 
Traolite 
Acttnolite 



TABLE 2. PR!NCl:»AL LATTICE S~#lCUtGS OF ASBESTIFORM 
· .. MINERALS 

0 JCPDS 
Principal d·spacin~s (A) P~er diffraction file (3) 

M1nerals and relative intansities NU9beY" 

7.37100 3.6570 4.S?so 21-5436 
Chrysotile 7.36100 3.6690 2.4585 25-645 

7.10100 2.33ao 3.5510 22-1162 (theoretical) 

"Allottite" 8.33100 3.0670 2.7:i610 17-79S*(nonftbrous) 
8.22100 3.060aj 3.2570 27-1:'.70 (UICt) 

Arrthophy 111 te 3.05100 3.24ao 8.2611 9-455 
3.06100 8.3310 3.2310 16-401 (synthetic) 

Actino11te 2.72100 2.54100 3.4080 25-157 

t: roe 1 do 1 i t.e 8.35100 3. lOaa 2.7?.0:sa 27-lUS (UICC) 

Vrftl01 ite 8.38100 l.12100 2.70590 13-437b 
2.706100 3, 14., 8.4340 20-1310b (synthetic) 
~.13100 2.70680 8.4440 23·666 (synthetic 

•bture with 
richter•t~) 

'"Jr:~'llltJl.~~~"°'·U 

1This inforaation is intendad as a guide. only. COlll>l•te pm«ter diffraction 
data. including •ineral type and souY"Ce, should be ref~rred to, to insure, ~here 
possiule, c~arabi11ty of Saaf>l• and reference raaterialG. (In this regard, 
additional precision XRO data on 1110site, crocidolit•. trtt10lite. 1nd 
chrysotile h expttcted to be available shortly, in a Bureau of Mine.s publi· 
cation entitled uch .. ica1 and Ph~sical Characterization of Aa'site, Chrysotile, 
Croctdolfte, and Honfibrous Treaolite for Nation~· lnstitute of Environmental 
Health Sciences Oral Ingestion Studies." by W. J. ~a!!!1)be11, C. W. Huggins. and 
A. G. Wy1 fe.) 
bfibroiity questfonabl•. 

~correct no. Is 17-745. 
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requi~e special 1urpl• preparation and step·s~annfng analysis of se1e.t':ted 
diagnostic peaks. All SlllPl•s thlit •xhi~it diffraction peaks in the d11gnostic 
peak regions for asbe9'tiform •inet"als are ;.ubtlitted tD a ful 1 csei1-60'i» 28; 

1° 28/•in) qualiuthe l\RO seen an.It their diffr~~tion patterns cQ11pared with 

stllndard reference powi:hr diffraction p~tterns tQ verify initial ,eak a~siQn· 
•nts. and to Identify possible utrb int.erferenc-.s vhen subsequent quAntita
tive analysis will be perfo~. 

Accurate 9uantit.1tion of asbestos in bulk saples by XRO is Ct'"~ticall;t 

tt.pen«Mnt on ~article si~e distribution. crystallite size, preferred orienta

tion and utrix absorpUo~ effects, and cQ11Parabi H ty of standard refere11cc 
and saaple .. terials. The 11ast intense diffraction peak tl"'tt Ml been sho11en 
to be free froe interference by prior PLM o~ qualita~11e XRO analysis is 
selected for quantitative determination ot ••ch 1sbestifon1 aineral. 

A "thin-layer" •thcd of ana~ysis [4, SJ is recOMCtnded fo Mhich, sc..lbs.~ 

quent to ca..inution of the bulk .. tcrial to <10 µm by suitable cryogenic 
•111ing t1chniqU91. an accurat•~Y known a.ount of the sample is depo~ited on a 
silver eembrane ff lt•r, and the mass of asbestifo.-. lllaterial is detentir.ed by 

•asurlng the integ;·ated area of the selected diffr~ction p".ak using a step
scanning llOcN, correcting for aatrix absoT11tion tffects, and caapar·ing t1ith 

suitable calibr~tion standards. 
An alttrnative .. thick-layer" or bull- •thod (6) iaay be used for seaiguanti_

ut.ive analysis. 

1.2 This Dtthod is applicable as a co~fi...atory 1Mtthod for identific~
tian -.nd quanthation of asbestos in bulk 11at.rial suples that have ur1dergone 

prior ana\ysh by PU4. 

2. Range and SensitiYity 

2.1. The rang8 of the lh1thod has not bgen deter~ined. 
2.2. lhe Hnsitivity of tl'te •thl.ld has not baen detenained. It blill 

be variable and dependent upon aar.y factors. including utrix effects 
(absorption and interfere~es). dfagno;tic raflections selected, 4Nd their 
relative intensities. 

3. Lf•itations 

3.1. Interferences: The use Qf XR~ for fdentif~cation and quant1t~tion 
of asbesti'ror11 •inerals in bulk suples mty ba severely l io1tad by thJ. 

4 
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Jiresence of other interfering uteri a ls in thf! saaip 1 e. For natura 1 ly occ1.arrfog 
materials the comionly associated ubestcs-relateci ainenl interferences can 
usually b-t anticipated. l\uwev~r. for ffbricated aaterials the nature of the 

interferences may vary greatly (Ta.~le J) and prese~t 11<>re serious proble11s in 
identificalfon and qu1ntitation. 

The fnterferenc~ problet1 is further aggravated by ttM variability of the 
silicate airw!ral powder ~iffraction patterns a~~ociated with alterations in 
the cryst~l lattice arising froa differences in tsOt10rphous substf tution and 
degree of cryst~llinity. This variability often aakes unallbiguous fdentific~

tton of the asbestos minerals by coaparison with standard referenc~ diffraction 

patterns difficult. The aaphftoles, fur ••U1Ple, exhibit a ~fde variety of 
very $iailar chNical c~sitions, vith the result o"•ing that their XRD 

patterns are characterized by having aajor {110) reflections of the llOnO~linfc 
a.phiboles an~ (210) reflections of the orthorhOGbic anthophyllfte separated by 

I) 

less than 0.2 A [S]. 
Camon interferences are l fsted below. 

3.1.l. The serpentine and Ulf)hibole ainerals occur naturally ;n 
both ffbrou\~nonffbrous fon1s (Table l). X-ray diffraction techniques, 

how.var. cannot distinguish between these t'-'<> varieti@s. Therefore, 'n the 
ab~ence of confinaat~ry PUi data. the identification of asbesto~ by XRO 
aethods ts not deftnitiv~. In addition, the presence of non~sbestifona 

serpentines and aaphibul~$ \n a SaJ!iPlt will pose severe interference probl~ms 
tn the quantitative ana~ysis of their Jsbestif~rm analogs, unless special 
suple preparation tecrmiques and tnstrueenur.ion are used (9). 

0 0 

3.1.2. Chlorfte has !lajor pea~s at 7.19 A and 3.58 A that ;nterfere 
. 0 0 

~Ith both the pri~ry (7.36 A) and secondary (3.66 A) peaks for chri~~til~; 
resolut~on of the prim.try pea~ to gfyf• gaod quantitative results ~ay be possible 

when a st.ep-sc,.nnlng 1110de o1 operation Is fltPloyed. 
0 

3.l.3. Halloysite has a peak at 3.63 A th~t interferes with the 
0 

s•ct?naary (3. 66 A) peak for fn:-;;sot ile. 
0 

3.1.4. Kaolinite has a aajor peak at 7.15 A that oay interfere w;th 
0 

the pri•ary peak of chryscttle at 7 36 A when present at concentrations of >10 
0 

percent. However, the secondary chrysotile p~ak at 3.66 A may b~ used for 

quant; tat ion. 
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TABLE 3. COll«JN COKSTITUENTS IN INSULATION AHO 
WALL MATERIALS (?j 

A. Insulatitln ute .. tals 

Chrysot11e 
•AmcJsite• 
Crocidolf te 
•Rock ~ol 
•slag wool 
•rf b2r glass 
Gypsum (CaS04 • H20) 
Ve,.iculite (•teas) 
•Perlfte 
Clays (kaolin) 
-Wood pulp 
•Paper fibers (talc, clay, carbonate fillers) 
Calcfua silicates (synthetic) 
Opaques (chra.1te. ••gnetita inclusions in s~rp•ntine) 
H ... tite (inclusions in •allOsiteM) 
Magnesite 
•otatollaceou' earth 

8. Spriy finishes or paints 
Bassani tt 
C&tt>onate atnerals {caLfte, do loaf te, vatarite) 
Talc 
r....,1 ite 
Anthophyllite 
Serp~ntine (including ch~·sotfle) 
Allosite 
Crocido 1f te 
•Mineral wool 
•Rock wool 
•slag wool 
•Fiber glass 
r.1 ays ( kao l t n) 
Micas 
Chlorfte 
Gyps~ (CaS04 • H20) 
Quartz 
•organic binders and thickeners 
Hydroe..agnesite 
Wol lastoni te 
Opaques (chromite, 11ag"etite inclusions in serpent'ne) 
Heeatittt (inclusions fn 11 1110site") 

•AfArphous 11at•rials--contribute only to ov•rall scattered radiation and 
increased X-ray background. 
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0 0 

3.1.S. GxpslJI! has a .. jor peak at 7.S A that overlaps the 7.33 A 
peak of chrysotil,! when present &s a .. jor saple constituent. 

3. J..6. Cellulose has a, broad peak that partially ovttrlaps ttle 
0 

secondary (3.66 A) ~hrysotile peak [6). 

3.1.7. Overlap of both the pri81ry and secondary peaks of crocidolite 
0 0 0 0 

(8.35 A, 3.10 A) and amosf~e (8.33 A, 3.0E A) presents seri~us fnterference 

probl .. s when these •inerals occur in the presence of one another. 

3.1.8. Carbonates .. Y also interfer-e with quantitative analysis. 
11 

CaC03 has a peak at 3.015 A that overlaps the secondary peaks of crocidolite 
0 0 

(3.10 A) and a11asite (3.06 A) when present in concentrati~ns of >S p•rcent. 
(AetlOval of carbonates with a dilute acid wash is poss;ble; however. 1{ present, 

chl")'totile uy be partially dissolved by this treataent (10).) 

3.1.9. Interferance between siailarly spaced stn;ng reflections of 

~ a~d anthophyllite will significantly reduce the sensitivity of the 
.. thod fnr anthophyllite in the presence of talc. The anthophyllite peak at 

~ 0 
8.9 A is often aasked by a strono talc peak at 9.3 A. Si•ilarly. talc peaks 

0 0 0 0 

at 3.12 A, 4.53 A, and 4.56 A intarfere with dnthophyllite pea~s at 3.05 A 
0 ~ 

and 4.50 A. For quant1tation, ttv: 8.26 A of anthophyllite •ust be used. 
0 

3.1.10. A 81jor ~peak at 3.12 A also interferes with a primary 
treaoli_!! peak at this sue position and 111i~h secondary peaks of crocidol ite 

0 

and IJllOSite. In the presence of talc, the 8.J8 A treti0lite peak shculd be 
used for quantitation. 

0 0 

3.1. 11. Overlap of peaks at 8 .. 26 A and 8. 38 A for anthophyll i te and 
t.-..olite. interference ""1en these •inerals are analyzed in the presence of 

~ne another; however, ad•quate resol~tion eay be attained in the st~p-scanning 

aode of operation. 

3.2. Matrix Effects 

3. 2.1. If a Cu X-ray source is used, tne presenc~ of iron at nigh 
con,entrations in a SaJIPl• will result in significant X-ray flyorescence, 
leading to loss of pe~k intensity along with in~reased background ;ntensity 

and an overall decrease i~ sensitivity. This situation eay be corrected by 

choosing an X-ray source other than Cu; however, this is often acco~pani~d 
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both by loss of intensity 4nd by decreasg>d resolution of closely spaced reflec
tions. Alternatively, use of a diffracted bea11 110nochro11ator will reduce 
background fluo,..scent radiation, enabling weaker diffraction peaks to be 

detected. 

3.2.2. X-ray absorption by the sa11ple matrix will result in overali 
attenuation of the diffracted beAll and aay seriously interfere ~ith quantitative 
analysis. Absorption effects .. Y be •ini•ized by using sufficiently "thinu 
sa..,les for analysis (4, 11, 12). "°"9ver. unlass ab~orptfon effects are 
known to be the$ ... for both samples and standards, appropriate corrections 
should be .. de by referencing diagnostic peak areas to an interr,1 standard 
(6) or filter substrate (Ag) peak (4, SJ. 

3.3. Particle Size Dependence: Because the intensity of diffracted x
radiation f s particle-size dep•ndent, ft f s ~ssential for accurate quantitative 
ar.alysis that both sa11ple and standard reference materials have si•tlar 
p~rticle sf ze distributions. The optilHMl par~fcle sf ze range for quantitative 
~nalysfs of asbestos by XRD fs l to 10 µ11 (13). C011Parabf lfty of saaple and 
standard reference aaterfal particle size distributions should be verified by 
optical •icroscopy (er other suitable ltlithod) prior to analysis. 

3.4. Preferred Orientation Effects: Preferred orientation ut asbesti· 
form •inerals during s81ple preparation often poses a ser;ous probl .. in 
quan~itatf ve analysis by XAO. A nUllber of techniques have been developed for 
reducing preferred orientation effectG in "thick layer~· suples (6, 13). 

HOtiftlver, for "thin" suples on M'llbrane ff lters, the preferred orientation 
effects see91 to be both reproducible and favorable to tnha"ceeent of the 
principal diagnostic reflections of asbestos aimtrals, actually increasing the 
over a 11 sens it iv f ty of the Mthod ( 11, 15). (Further i nvH ti gat ion into 
preferred orientation effects in both thin 'ayer and bulk saaples and the 
utility of a s~le spinner in •~ni•izing these effects is required.) 

3.5. Lack of Suitably Characterized Stan~ard Katerials: The problet111 of 

obtaining and chardcterf zing suitable reference materials fo~ asbestos analysis 
is clearly t>ecognized. NhlSH has recently directed a aajor 1·esearch effort 
tcnitard preparation and ~haracterfzatfon of analytical reference otaterials, 
including asbestos standards (14); however, these are not available•~ large 
quantities for routine analysis. 

8 
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In addition. the probl .. of •nsuring comparability of standard refe,..nce 
and SlllPle .. terials, particularly nt0arding crystallite size, particle size 

distribution, and d~ree of crystalltnity. has yet to t>e adeqiiately addressed. 
For ~•111Ple, Langer at al. {16) have observed t~t in in1ulating aatrices. 
chrysotile tends to break open into bundles.,,.. f,..qu.ntly tNn MPhibolas. 
This ,..sults in a line-broadening effect with a resultant aec ... as8 in sensi
tivity. Unless thi' effect is the s ... for both standard and sample Scltertals, 
the aDOunt of chrysotfle in the saple will be uftderestiaatttd by XRO analysts. 

To •in1•ize this probl ... ~t is essential that standardized 111trtx reduction 
procedures be used fer both suiple and sUndard uterials. 

4. Precision and Accuracy 
4.1. Precision of the •thod hH not. bHn detenained. 

4.2. Accuracy of th• .. thod has not been deteT'tlined. 

S. !\f>paratus 

5.1. S4111>le preparation 1i>1>aratus requiret11nts will depend upon the 
sampl• type under consideration and the kind of W.RD analysis to be perfol'IMd. 

S.l.1 Mort.Ir and ?estle: ~ate or PG~•l~fn. 

S.1.2. S!!!ple Mill: SPEX. Inc .• freezer •ill, or equivalent. 

S.1.3. Bulk S!!ple Holders 

S.1.4. Silver !fe9brane Filteri: 25-.. diaaeter. 0.45-µ11 pore size. 
Selas Corp. of AIM~ica, Flotronics Di~ .• 1957 Pioneer Road, Huntington Valley, 
PA 19006. 

5.1.S. Microscope Slides 

S.1.6. VacuL'Jlt Filtration ~parat~: Gelman No. 1107 or ~quivalent, 
and stae-arM vacuum fl~sh. 

S.1.7. Mfcrohalance 

~.1.8. Ultrasonic Bath or Probe: Hodel Wl40, Ultrasonics, Inc., 
operated at a ~r density of approximately O.l W/•L, or equivalent. 

S.1.9. Vo1"8Cttric Flasks· l·L vo1~. 



5.2. 

5.1.10. Assort•d PtE!!ttes 

s.1.11. Pieetu Bu1b 

~.4.12. Hons•rrai.ct Forc!J!S 

s. l. 13. Po1~t!!ll•not wash Bottle 

S.l.14. e;xntx B•ak•rs: SO·•L vol&m9. 

~.l.15. Desiccator 

S. l.16. Filter Stora51! Cassettes 

5.1.17. Magntttic Stirri!!9 Plate and Bars 

S.1.18. Porc•lain Crucibles 

5.1.19. Muffle Furnace 

X·Rai Diffraction Unit, equipped vitn: 

S.2.1. r.onstant Potential Generato~; Voltage and-. Stabilizers 

5.2.2. Autwted OiffractoMt111r vith St§·Scanning Mode 

5.l.3. Copper Target X·A1y Tube: High intensity, fine focus, 
pntferably. 

5.2.4. X-Ray Pulse Height Selector 

5.2.S. X-Ray Detector (vith high voltage paver supply): Scintilla
tion or proportional counter. 

5.2.6. f.29:!.~_!.!fl ~~raphit• Crystal Monochro-.ator; or Nickel Filter 

(if Cu source is used, a1td iron f 1 uorescence is net a serious prob 1 et1). 

5.2.7. Data Output Acc•siories: 

S.2.7.l. Stril). Chart Recorder 
5.2.7.2. Oecact.t Scal•r/Tietr 
S.2.7.3. Digital Printer 

5.2.8. S!!pl• Spinf!!! (optional). 

5.2.9. Instrueent Calibration Reference.1£?e~J.!!!!~= a-quartz r~for· 
ence cry~tal (Arkant•~ quartz standard, Phillips) or equival~nt. 

6. AHQ!nts 

6.1. sun.ia.-d R~fer~m:a ttateri11h: The roterence c,atari.'.lls 1 htcd bolo~.,, 
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are intended to sene as .a gutde. Every att1111>t s~uld be aado to acquire 
pure reference aaterials that are CCllP•rable to s1111>le u~.-1rials being IM!yzed. 

6.1.1. Chrylotfle: UICC CaMdian. or NIEHS Pl.stibest. (UICC 
.-.ference aatet'ials avail.able froe: UICC. MRC Pneu•oconiosis Unit. LlaNtough 

Hospital. PeMrth. G1aai>rgan. CF61XW. UK). 

6.1.2. Crocidolite: UICC; HIEHS (Dr. Jack Moo,..). Research Tr1angle 
Park, NC. 

6.1.3. Allosite: UICC; NIEHS (Dr. Jack Moo ... ). Research Triangle 
Park, NC. 

6.1.4. Anthophy1litt: UICC 

6.1.S. Tnltt0ltte Asbestos; Wards Natural Science Establishllent. 
Rochester, N.Y.; Cyprus Research Standa~. Cyprus Avsearch. 243S Military 
Ave., Los Angeles. Caltfornta 90064 (vas~d ~tth dilute HCl to ret10ve s&all 
asount of calctte flll!~rtty); lndta tret10lite. Rajasth~n State. India. 

6.l.6. !S!.!.,noltte Asbe•tos 

6.Z. !!!._~: lape. J)4ttro1•~ J•1ly, etc. (for attaching silver...
bran. filters to holders). 

6. l. Su·rfacunt: l percent urosol OT aqueous solution or equivalent. 

6.4. lsopropanol: ACS Reagent Grac:t.. 

7. Procedure 

7.1. Supl tng: Suples for analysts of HMStos content st1all be 

collc-cted as specffi4td in EPA Guidance Oocur11tnt IC0090, ~bestos·Containing 

Mat1rial1 in School Buildings (7). 

7.2. Analysts: All saaples shall ~ analyz4td initially for .asbestos 
content by PUt. :cRO SM 11 ~ used as an .lJuJd l f ary IW thod when a second. 

tn<M.,.t\CMnt analysts ts requested. 
Notfl: ~tos ts a toxic substance. Al 1 h1:1dl Ing o!_ dry Qteill.!! 

should be p!rfof"lled in an op•rating fU9f hood. 

7.2.1 ~a:!f>lt Pr~par&tion: Th• .. thod of s~lt prep~ration r@~ut~~ 
tor MAO 1nalysi~ vi11 d•pend on: (1) the con~tticn of t~~ S4"Vle recaivQ<t 

(s-.ile she, h090CJCn«ity, puticle siz. distribution, &n<i overall cc,!'.'GJOsit.ion, 

11 
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as deteNtned by PUt); and (2) the type of XRO analysts tu tN iMrforwd 
(qualitative, quantttattve; thtn layer or bulk). 

Bulk matortals are usual!y rec:etvtd as ln~neous •txtures of COllPl•x 
COlllPOSttton wtth very large parttc'~ 1tze distributions. Preparation of a 
ho19o9eneous, represe"tattve sa.pl~ 1l"Oll 11bestos-contatntft9 uatertals Is 
JNrtlcularly difficult because ttw fibrous natyre of the asbestos •inerals 
inhibits ..chanlcal •ixl"9 and st.trrlft9, and because .. ·111ng procedures uy 
cause adverse lattice alterations. 

COlllPl•t• nethods (jf sa11ple p....,_ratton ll"'e detailed tn the appropriate 
1nalyttc11 sections. A dtscusston of specific aat~tx reduction procedures is 

given below. 

7.2.1.1. Mtlltnq: Mechanical •t11tng of as"stos -..t•rials ~s 
bffn shown to d«reHe fiber crysta11intty, with a resultlnt decreue ~n 

diffraction tntenstty of tr.. spect .. n; the ~,.... of lattice alteration ts 
related to the duration and type of •llltng p\"OCess. Therefore, all •fllirtg 
tt .. s Sh0t.1ld be kept \Q a •thtDUB. 

For gualttattve analysts, particle stze ts not, tn general, of critical 
importance, Ind l~f~fal char1cterizatlon of the .. terta1 wtth 1 efnfllU9 of 
aatrtx reduct.ton ts often ~sirable to document the CQ11Positton of the SWIC)le 
as re(elved. Bulk s...,les of very large p&rttcle size (>2-3 .. ) should be 
cOG111tnuted to <100 ~by c1reft11 grinding of 111 or a sue»stantt~l portion of 
the orfgtna1 aaterial tn 1 1M>rtar and pettle or other suit,ble •ill (e.g., a 
•icrohallMr •f 11 or equfvalent). When using 1 110rt~r 1nd pestle for grinding, 
UM s1111>1e shOuld be llOhtened wtth ethanol, or soet other suitable wettfft9 
aQent, to aint•f ze exposu,..s. 

For 1ccur•t•, ,..productole guan!,!tative analysts, the particle size of 
t>otP, SM!Jll• and illMard .. terials should be reduced to l to 10 µa (Section 3.l). 

Ory ball ~i111RQ 1t l~quid nitro~n ttt1P9r1t~res (e.g .• Spex Freezer Mill, or 
equivalent) for 1 .. xtaum ti .. of -10 •in should be used to cbtain satis· 
factory ~article stze distrtbutfons wftil• protecti"9 the inteority of the 
crystal lattice (4). Bulk SlillPles of very laf'9e particle stie Day require 
grfndi"9 in tvo sta~s for full matrix reduction to '-10 µ• (6,l~J. 

f f.,.1 particle siz• distributions should alw~ys be 'eriffed by 

Cfltlc~l •icroscopy or other suitable .. thod. 
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7.2.1.2 Lav T!!p!rature 1111h1na: for •tertals shown by PUt to 
contain large .-ounts of c•lldosic or other organic utertals, tt uy b4t • 
desirable to uh the SMPlH prior to analysts to reduce uckground tnttrference 
(sff S.Ctton 7.2.2 of the PLH MlthOd). 

7.2.1.l. RtllOval of Car'6'0nate lnterfef'9nces: Because of the 
interference caustPd by soeo c•~tes In Ute detection of asi>estifora afnerals 
by XRO (Section l.1.9), It uy be necessary to ret1Cve these fnterferentr by a 
sl111>l• acid leaching proc~re prior to aftalysfs (Section 7.2.Z ~1 the PUt 
Metbl>d). 

7.2.1.4. All samples should be exar.alned etcroscopfcally b4tfore 
!!!!!_j1fter each aatrb reduction step to 110nttor cMnges fn sAq>le ~rtfclo 
size, COllPOsttfon, and crystalltnity, and to -..,sure suple rec>resentativeMss 
~nd hOaogeMlty for analysts. 

7.2.2. Q..ualtl4iltive Analysli 

7.2.2.1. Initial Screenlnq of Bulk Material 

The bulk utertal received aay be ef ther .a •total" suple or a 
•str19le la~r· sample. In efttMr t~stanct, fnitial qualftative analy1is 
should be ~rtoretd o" a rec>rese~tattve, h0eo9eneous portion of tr~ s._,lt 
~ith a •Int ... of SMPI• tr.at.ent. 

1. Grfnd and atx the S1111Ple for S to 10 minutes with a aortar ~nd 

pestle (or eqt.1fvalent .. thod, '" S4Ctfon 7.2.1.1.) to a ftn11 
1>4rtlcle size of <100 µe. 

2. Pack the sllll)le tnto a standard bulk SMC»lo holder. Cu-. 
should be taken to ensure that a rtPrtStntatfve s><»rtion of the 

•tlltd Jllll)le fs telect~ for a~1ysis. Particular attention 
should be paid to avoid possfblt siz• segre~tion of the sall!ple. 
(Note: Use of • b•c~·p.acktng Dtthod of ~ulk sample prepar•tfon 
91y reduct preferred orfentat~on effect~.) 

l. Mount the SMIC>l~ on the dtffracta.eter and scan over the di1gG 
u 

no1tic "'41flk ~io~s for the sel"J)entfft4! (7.36 A) and Allf>hfbole 
0 

(6.3·8.S A) •fnerals (s .. Table 2). The X-ray dfffraction 

equipa9nt should bt optfafztd for fntensft~. A s~c~ scanning 

"GP~ of 1° 20/aftt is recomendflt for ad•quate resolutfon. Us«r 
6f a sample spfn~r is optfo~l. 
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4. s.mtt ail smples that exhtbtt dttfractton peaks tn the dtag

nostic regtofts for 11besttfora •tnerals to a full qualttattve 

XRO scan (5°-&r 28: 1° 28/•tn) to v•rtfy inithl peak asstgn

Mnts and to tdlnttfy pot*nt1al •trh interferances vMn 

••sequent quantitative analysts is to be perfol'Md. 

5. CQ11Pare thct 11.allP~e XRD ~turn vtth standard refeNnce ~r 

dtffractton patterns (t.e .• JCPOS PDF d4ata (3) or tho•• of 

other we 11-cri~ar.actert led ,..,,~nc• •teri ah). Prt nc t pal 

lattice spacings Qf a!bestiforw ainerals are given tn Table Z; 
CCJmllOn constituents of bulk Insulation and v.all .. t•rtals are 

listed tn Tll»1• 3. 

7. 2. 2. 2. O.tectt 01ri of Mt nor or Trace Cons U tuents: Rout tr,. screen f ng 

of bulk .. tertals by IRO .. Y fail to detect saall concentrations (<S percent) 

of asbestos. TM lt•tts of mtectlM vlll, tn general, be i-.>rov.td tf .. trix 

il»Hrptton effects are •tnt•·lied, and tf the s111Ple particle iha h reduced 

to the CV>tt•l 1 to 10 I'll range, provided that the crystal latttce h not 

degraded tn tho at 11 fft9 process. Therefc,re, fn those instances wMre c;onftru

tfon of thto presence of &in Hlbesttforw •tneral at very low levels h ~ufred, 

or where a ~ttve result (S4ctton 7.2.2.1) h fn conflict vfth previous P!Jt 
results, tt .. Y be desirable to prep1re the s•l• as for q~ntttattve analysis 

(Sectfon 7.2.3) and step-scan over IPt)roprtate 2e r11199s of selected diagnostic 

peats (Table 2). (Accurate t1•an'lf1r of the SimlOl• to the silver INllbN1M 

ttlter ts not ~essary unl•ss subs9quent q~nt~tattve analysts ts tot• 
pertoreed). 

7.2.2.3. ldenttftc1.!.tC?.!!...2.tDtscret~ S!!pl• Phas•~ 

Jn sa. fnnanic:u. conffraatory f\lent.iffcattcn of dtscret• 
. s..,1. phases (t.e., bundles 1a1f ftbers) by lCRO eay M n-cctssary. TM follcvin{I 

proctdu,.. t s .-.c:0911tndl!d. 

1. H neceuary, lfed\lee s-s>le particle she to <'.W-0 ~ by .1 

suitable grfnding .. th<ld (Se<tion 7.Z.1.1). 

2. Spre•d a saan .aunt of tM SMPl• on a eicroscope §lid4t, oi" 

deposit on a sfl,•tr Mat>raM filter. If tnougl"I suplo ti 

avafl1ble, a st.t~rd b\llk SllllPlt hohs.r '-"Y be uHd for 

H•ple prepanUon (Sctetton 7.2.2.1). 



3. Analyze according to the procedure descrfbed fn Section 7.2.2.1. 

7.2.3. QuantLutiv• Analysis: The proposed Mthod for quantitatfon of 
asbestos tn bulk s11r4)1es ts a llOdtftcation of the NIOSH--rec0118tnded thin-layer 

.. thod for chrysotile tn air (5). (Ttae thick-layer .. tbod of M. Taylor~ be 

used for s .. tguantitative analysis (6). Ho"9ver, this require~ the addition of 
an internal standard, use of a specially fabricated s•le press, and relatively 
large amounts of 1£tandard reference uterfah. Additional research is required 

to evaluato the CQlllParabiHt.y of thin- and thick-layer •thods for quantitative 
HtHtsto.i anal)·sh.) 

1.2.3.1. Mill and size all or a substantial representative 
portion of the SMPl• as oiutltned in Secttoo 7.2.1.1. 

7.2.3.2. Ory tn a 100° C ovfil for 2 hr; cool in a ctesfccato~. 

7.2.3.3. Weigh accurat•ly to the oearest O.Ol 9g. 

7. 2. 3. 4. SMP1•s shown by PU4 l<' ~::ontain large Mlr)unts of 
~•llulosfc or other orr,anic eaterfa11, and/er carbonates, should be subltitted 
to 1pproprfate aatrtx reduction procedures dtscrttHtd in Sections 7.2.1.2 and 
1. 2.1. 3. After HhtntiJ and/or actd treataent. repeat the dryfnq and .,,.fghing 

procedures ct.scribed above, and detenaine the ~rcont .,,.ight loss, L. 

i.2.3.S. Quantitatively transfer an accurat•ly .,,.fgtt.d a.aunt 
(SO·l~ 119) of the s.-ple to a l·L volU1M1tric flask vfth app~oxf9&tely 200 •l 
f sopropanol to whtch l to 4 drop~ of 1~rfactant have been added. 

7.3:.l.6. UltrHonicate fO•' 10 afn at a pcMtr density of 1pprox· 
htat•ly 0.1 W/•L. to disperse the sap'le aattrfal. 

7.2.J.7. Dilute to volume vfth isopropanol. 

7.2.3.9. Place flask on aagnetfc stfrrtng plate. Sttr. 

7.2.3.9. Place a silver llttlbrane ff lter on the filtratton 

apparatus, apply a vacuua, and attach th-e res•rvoir. Release the v1cuU1J and 
add several 11fllflfters of hoprO'panol to tti. rQurvoir. v~9'!·7'0us1y hand 
shake the as~estos suspen~fon and f ... dfat~ly •ithdrav an alfquot froe1 the 

center of ?he susSMnsion io that total !.-Pl• ~ight, WT, on the fflter will 
be appr'>xiet"iy 0.1 ag.• 'lo nfJt adjust th• volUllM in the pfpet t>y 1&xpel: iny 
~rt of ttae suspension; ff l)(Jr•e than tht desfred alfqu<>t ts .,fthdrawn. discard 

•cor~ct at:'"Ount ts ca. 1 .0 ~· 

lS 
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the aliquot and resddt tM pro~edure with a clean pipet. Transfer the aliquot 
to the reservofr.. filter raphUy under vacum. Do not wHh "9servoir walls. 

lea~~ filt.r apparatus under vacuua until dry. Re1110ve re§ervofr, ntle•s• 
:1acu•, and ,...n•• f 11 ter vf th fore ops. 

7.2.3.10. Ati.ch the filte·_. to a flat holder wtth sufut>le 

adhesive and p~•c• on t,.. dfffractolleter. Use of a sattple spinner is optiunal. 

7.2.3.11. Fer each a5bestos •ineral to be qUAntft&ted select 
a reflection Cor ~flec:ttons) that "'41 M<tn shown to be f!"Oe froa interferencos 
by prior PUt or q-..lt~tive XRO analysis and that canoe used unaabiguously as 
an l~x of the •.aunt of ~~«rta1 p~esent tn t~ saaple (s.- Tablo 2). 

7 .. ?.3.12. Analyze the selected diagnostic reflection(s) b) 
s'tep scanning in lncreMnts of C.02'° ze for an appropriate fixed ti• and 

integrtting the (Ounts. (A fixed count scan 111y ~ used alternatively; 
however, the .. thod chosen should be u$ed constst~ntly for all S4Utples and 

standards.) "" approprtate scanning fnt-rval should be select~d for each 
peak, and background corrections •do. For a fixH ti• scan, MHure th0 

background on each side of the peak for one-half the P••~·scannfng tine. The 
net intensity, Ia, h the dffference b11tWMn the peak integr4te\I count and the 

total background count. 
0 

7.2.3.ll. O.t~,..tne t.hG not count, IAg' of the filter 2.36 A 

'fiver ~ak folloving the procedure in Section 7.2.3.12. Re110v• th~ fflter 
fron the holder, Ntverse ft, and .-.attach ft to the holder. 0.t.41'9fM the net 
count for the unattenuated sf1ver peak, IAo. Scan tfDOs aay be..!!!! for 
.. asur'ftlttnt of sf lv~r peaks than for suiple peaks; ho....,,.ver, they 'hould be 
~ons tant throughout the ana 1 ys is. 

7.2.3.14. Noraalfze all raw, net intensities (to correct for 
f nstt•wsef't f nstabfl ft fes) by refeNmcf ng thftt to an •xterna 1 sUndard (e.g. , 

°' the 3.34 A peak of an a-quartz reference crystal). After each unknown ts 
0 

scann•d, detel'9fne thQ net ~ount, Ir• oft"- .-.f~rence spect .. n following the 
proc•durf.1 in Sec:t·ion 7.2.3.12. The not'iiialhed intensities are deteMllined by 

0 

df vfdfng the p•ak fntensf tfes by I,.: 

1. . IA 10 

'• =r ' lAg = ~ , and 10 = .:.!9 Ag o 
I,. r,. Ir 

16 

)_,.· .. 1 

l 
·1 



8. Calfbr&tion ------
8.1. Preparation of Asbestos Standards 

8.1.1. M~ll and sfze standard asbestos aaterials according to the 
procedure outlined in S.~tfon 7.2.1.1. It fs essential that !9Uivalent, 
standardized Htrix reduc\.fon and stzfna_.!!Chnfgues be used for both standard 
and S!!ple 11aterfals. 

8.1.2. Dry fn a 100° Coven for 2 hr; COf31 in a desiccator. 

8.1.3. Prepare two suspensions of etch standard tn tsopropanol by 
vefghing 1pproxf11ately 10 and 50 iag of the dry 11aterial to the nearest 0.01 eg. 
Quantitatively transfer each to a 1-L volumetric flasK ~tth approxi .. t•ly 
200 •l f sopropanol to "1'!fch a fev drops of su~factant have b.-en ~dded. 

8.1.4. Ultras~nfcate (at 5 W ~r. or equivalent) for 10 •in to 
dfspert• the asbesto~ 11aterial. 

8.1.S. Dilute to volUlle wft~ fsopropanol. 

8.1.6. r1ace flask on iaagnetic stirring plate. Stir. 

8.1.7. Pr411>are. tn triplicate. a series of at least five stall\fard 
filters to cover the des'lred 111alytical range. using appropriate aliquots of 
the 10 and 50 Dg/L suspensions. 

Mount a filter on the ff ltratton apparatus. Place~ fev •f llf lfters 
of tsopropanol tn the reservoir. Vigorously hand shak~ the asbestos suspan
st~n and f ... uiately withdraw an aliquot from the center of the suspension. 
Do not adjust the volUIM! in th.t pipet by exp~lling part of the suspension; ff 
aore than the ~sired aliquot fs ~tthar~n. discard the aliquot and resuae the 
proc•dure with ·• clean pipet. Transf~r the anq\.'i)t to t~ reservoir. Kaep 

the tip of the plpet near t~ surface of the fsopropano1. Filter rapidly 
under vacuLm. Do not wash down the sides of the reservoir. Leave the vaculJll 
on for a tiao sufficient to dry the filter. Release the v4cuun:i and re.ove the 

filter ~tth forect?S. 

8.1.8. HIJunt the filt@r on 1 •lat holdtir. Perfon11 5tep scans on 

selected diagnostk reflections of the standards and refere11ce specil!en usfng 

tho procedures outlfncd ~n Section 7.2.J.2. and the sr.ee conditions as those 
used for tt1a suples. 
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8.1.9. DeterainG the norealizsd intensity for eac~ peak llitlSured, 

I~. as outlfned i" Se~tfon 7.2.3.14. 

9. Calculations 

9.1 For aach asbestos reftrence .. tcria1, calculate the •xAct weigh~ 
deposited on each standard ff 1tor trOll the concentrations of the standard 
su1pensfons and eHquot volumes. Record t!_le weight, w. of ~•ch sumtard. 
Prepare a cglibrat·;on curve by regrening I~ on w. Poof' reproducibility (:tlS 

p&rcent RSD) •t any given level indicates pn>bl .. s in the sample preparation 
technique, and a need for new standards. Ttie data should fit a straight line 
equation. 

9.2. Deter11fne the slope. •, of the calf~ratfon curve in counts/•i~ro
gra.. The intercept. b, of the lin• with the I~ axis should be •?prox~eately 

O. A large negative fntef'Cept indicates an error in cteu ... fnfng the back· 
ground. This uy arise fr• incorrectly measuring the bHeline or from 
interference by another phase at the angle of background .. asure11ent. A lar~e 

positive intercept indicatts an error in d@t1r11in1ng tha baseline or that an 
f11purf ty f s included in the .. asured peak. 

9.3. Us·lng the no ... alhed ''.'!tensity, IAg' for the attenuated silver peak 
of a s1111>le, ~nd tho corresponding nort1allztd intensity froe1 the un1tt~nu6te\j 
silver peak, IAg' of the SBllJ'l• filter, calculate the t~ansaittanc~. r, r~r 

each saple as follows (17, 18): 

T :z 

9.4. Determine the corraction factor, f(T), for N1ch suspla .~v:Jrdfo~ 

to thv formula: 

f(T) :: ·R ln T 
i-ll 

where 

10 
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eAg =angular posftion of the aeasured sil~er peak (fro11 Bragg's Law), and 

ea = angular position of the diagnostir asbestos peak. 

9.S. Calcul~te the "'9fght, in Mfcrogr1•s, of the asbestos material 
analyzed fGr in eactl sa.ple, usfng U\e app~-opriato calibration data and absorp
tion corrections: 

I - b 
Wa :: -

1 
.-- >< f(T) 

9.6 Calculate th~ percent COllJ>Ositfon, Pa• of each asbesto$ aineral 
analyzed for in the parent aaterial, fro11 the tot1l saaple weight, WT, on 
the filter: 

where 

Pa= percent asbestos afneral in parent aat4rial; 
~a= mass of dSbestos a;neral on filter, in µg; 
WT= tot~l s~le weight on filter, in µg; 
L = perctnt weight loss cf parent material on ashing 

and/or acid treatetnt (Section 1.2.3.l). 
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