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FOREWORD

For over 50 years asbhestos has been known to cause asbestosis, a nonmalignant scarring of the lungs.
Recently asbestos has been associated with bronchogenic carcinoma, pleural mesothelioma, peri-
toneal mesothelioma, and cancer of the stomach, colon, and rectum.

In the United States an estimated 83,000 workers in the manufacture or installation of asbestos-
containing products are exposed full-time to asbestos dust. The activities of these workers is esti-
mated to cause secondary exposures to approximately three to five million other building construc-
tion and shipyard workers.

One of the most important steps toward protecting workers from the risk of impaired health re-
sulting from inhalation of asbestos fibers is the proper measurement and evaluation of employee
exposure to asbestos. Exposure measurements must be unbiased statistically sound samples of
employee exposure. To meet this need this manual was written to state NIOSH recommenda-
tions for measuring and evaluating employee exposures to asbestos fibers and to make this informa-
tion available to those concerned with providing a safe and healthful place of employment.
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Anthony Robbins, M.D.
Director, National Institute for
Occupational Safety and Health



PREFACE

It has been almost eleven years since the last detailed information was published by the National
Institute for Occupational Safety and Health (NIOSH) concerning an asbestos counting method
(Edwards and Lynch, 1968).

This report was prepared to expand on this previous paper. It incorporates much of the sampling
and analytical experience of the last eleven years accumulated by counts made by NIOSH labora-
tories and the Occupational Safety and Health Administration (OSHA) Analytical Services Labora-
tory. The report attempts to answer many of the practical questions concerning the method. A
draft of this report has been used for the last four years by the NIOSH Division of Training in a
course on asbestos sampling and analysis.

This NIOSH report contains the NIOSH technical guidelines, and procedures for the
USPHS/NIOSH membrane filter method. The guidelines of this NIOSH report should be carefully

and consistently followed by personnel collecting and evaluating asbestos samples in order to yield
satisfactory results.

The method described herein was first used by the Asbestosis Research Council in Great Britain
and later was modified by the U.S. Public Health Service (USPHS) for asbestos dust studies in the
United States. It has been referenced as the method of test in the Occupational Safety and Health
Administration (OSHA) Federal standard for asbestos in industrial air (29 CFR Part 1910.1001,
formerly 29 CFR 1910.93a); in the Mine Safety and Health Administration (MSHA) regulations
30 CFR 55.5—1(b), 56.5—1(b), 57.6—1(b), and 71.202; and in the NIOSH Revised Criteria Docu-
ment on Occupational Exposure to Asbestos. It is the method used by the National Institute for
Occupational Safety and Health (NIOSH) and taught in the NIOSH Division of Training, Course
582, “‘Sampling and Evaluating Airborne Asbestos Dust.” The procedure has been submitted to the
American Society for Testing and Materials (ASTM) for consideration as an ASTM Method of Test.

In addition to keeping up with technical developments, those responsible for health and safety at
the workplace must stay aware of the latest legal decisions regarding monitoring regulations for
asbestos exposures. For example, the Occupational Safety and Health Review Commission
(OSHRC) has ruled (OSHRC Docket #13442, May 12, 1977) on the requirements in 29 CFR

1910.1001(f)(1) which create a duty for employee monitoring “where asbestos fibers are released.”

The Review Commission stated: “Thus, to prove a violation, (the government) must establish that
it is more likely than not that fibers were released. . . . We therefore reject the argument that (the
government) need only show a ‘genuine possibility’ of release.”’



The employer who is genuinely interested in the health protection of his employees may sometimes
have to exceed minimum legal requirements in order to provide the best health protection for his
employees. This is understandable when one considers the activity in occupational health and
safety research and the time involved in translating research information into laws and regulations.

January 1979

Nelson A. Leidel
Rockville, Maryland

Stephen G. Bayer
Ralph D. Zumwalde
Kenneth A. Busch
Cincinnati, Ohio



ABSTRACT

This report describes the equipment and procedures for collecting,
mounting, sizing, and counting asbestos fibers on cellulose ester
membrane filters for the evaluation of personal samples of air-

borne asbestos fibers. Procedures for treating random and systematic
errors are presented. These include statistical procedures for
determining compliance with asbestos exposure standards. An
evaluation of five phase contrast microscopes for asbestos count-

ing is also given.

The purpose of the method presented is to determine an employee's
exposure to airborne asbestos fibers as referenced in the Federal
standard on occupational exposure to asbestos (29 CFR 1910.1001,
formerly 29 CFR 1910.93a) and the Mine Safety and Health Administra-
tion (MSHA) air quality standards (30 CFR 55.5-1(b), 56.5-1(b),
57.5-1(b), and 71.202). The method is used by the National
Institute for Occupational Safety and -Health (NIOSH) and the
Occupational Safety and Health Administration (OSHA).
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INTRODUCTION

The OSHA proposed asbestos standard of 9 October 1975 would lower the
8-hour TWA permissible exposure limit (PEL) from the present value of

2 fibers/cm?S to 0.5 fiber/cm3. The proposed standard requires employers
to conduct asbestos exposure monitoring of employees. Specifically, section
(e) of the proposal states in part:

""The purpose of all monitoring required by this paragraph is to measure
accurately the airborne concentrations of asbestos fibers in a workplace
to which employees would be exposed if they worked in the area without
the use of personal protective equipment such as respirators. Monitor-
ing shall be performed in a manner reasonably calculated to satisfy this
purpose. "

Section (e)(3) of the proposal requires:

"Method of measurement. All determinations of airborne concentrations
of asbestos fibers shall be made by the membrane filter method at
400-450X (magnification) (4 millimeter objective) with phase contrast
illumination. "

Additionally, informative Appendix B ~ Substance Technical Guidelines,
advises under section IV(B):

"The recommended sampling and evaluation method is deseribed in the
paper 'USPHS/NIOSH Membrane Filter Method for Evaluating Airborne
Asbestos Fibers'! by Nelson A. Leidel, Stephen G. Bayer, Ralph D.
Zumwalde, and Kenneth A. Busch. U.S. Department of Health, Educa-
tion, and Welfare, Public Health Service, Center for Disease Control,
National Institute for Occupational Safety and Health, Cincinnati, Ohio
45226."

This method is currently referenced as NIOSH Analytical

Method #P&CAM 239, Asbestos Fibers in Air, which is re-

printed as Appendix A of this Report.



HISTORY OF THE ASBESTOS COUNT METHOD AS USED BY NIOSH

In January 1964, the Division of Occupational Health (NIOSH's predecessor)
of the U.S. Public Health Service commenced an epidemiological study of

the asbestos products industry in the United States. Several different
exposure measurement methods, including the membrane filter method, were
used during the study which continued into the late 1960's. A discussion of
the various methods was given by Lynch and Ayer (1) in 1966. The methods
were later evaluated by Lynch et al. (2) in 1970.

The first published version of the membrane filter method as used by the
USPHS/DOH was given by Edwards and Lynch (3) in 1968. In July 1972,
Bayer and Zumwalde of NIOSH assembled a more detailed version (4) of the
membrane filter count method based on material prepared for use in the
NIOSH training course #582, Sampling and Evaluating Airborne Asbestos
Dust. This report was informally circulated to those requesting information
on NIOSH guidelines for counting asbestos.

In 1973, Leidel, Bayer, and Zumwalde (5) prepared a more detailed version
of the method for submittal to the American Society for Testing and Materials
(ASTM) Committee D22,04. This 1873 report was used in NIOSH training
courses and was referred to as in-house report TR-84 although it was never
formally published by NIOSH. This report contained the first NIOSH estimate
of the method's precision and accuracy, based on the literature available in
1973. The primary reference upon which the 1973 NIOSH precision estimate
was based consisted of a study performed under a contract financed by the
Asbestos Information Association/North America. Conway and Holland (6)
reported the results of the study in February 1973.

During 1974 and 1975, draft versions of the NIOSH report received extensive

- review from members of the ASTM D22.04 Committee and members of the
Joint AIHA-ACGIH Aerosol Hazards Evaluation Committee. In 1975 the

Joint ATHA-ACGIH Committee independently published (7, 8) information on
procedures for sampling and counting asbestos fibers. Their recommenda-
tions relied upon draft versions of the NIOSH procedure supplied to the
committee. In late 1975, after the publication of the OSHA proposed asbestos
standard, Leidel et al. of NIOSH revised once again the asbestos count method
incorporating the technical comments received from the two committees
mentioned previously and other reviewers.

In February 1976, Dr. Morton Corn, Assistant Secretary of Labor for OSHA
requested Dr. Finklea, Director of NIOSH, to review the precision associated
with the laboratory evaluation procedure for measuring asbestos in air. As
part of the NIOSH response to OSHA's request, the NIOSH method's senior
author extensively reviewed the literature, especially articles appearing in
1974 and 1975, and prepared a revised four-page review of the method's
precision and accuracy. At the same time the format of the method was made
consistent with that of other NIOSH Physical and Chemical Analysis Branch
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(now designated the Measurements Research Branch) analytical methods.

After extensive literature review, in 1976, the NIOSH authors concluded that the
Conway and Holland (6) results still represented the most carefully controlled
study and best estimate of the method's precision. The NIOSH authors felt
that the stated precision of CV = 0. 22 was reasonable and attainable for
laboratories with properly calibrated and adjusted equipment, where counters
are properly trained and their counting efficiency is continually evaluated.

SOURCES OF VARIATION IN THE NIOSH ASBESTOS MONITORING
PROCEDURE

In the NIOSH asbestos count method (Appendix A) a review is given of the
major sources of variation in the procedure. The following table summarizes
the sources of variation in procedure, The important difference between
random variations and systematic biases is discussed in the next two sections.

Variation Source Possible Causes and Nature
1. Intrafilter (consisting of inter- The counting procedure only ''samples"
field within a wedge and inter- and estimates the filter surface fiber
wedge within a filter) density. Random variations with some

likelihood of small systematic biases
between wedges that can be treated as
random.

2. Intercounter Some random variations exist, but dif-
ferences are primarily systematic due
to irnproper training, lack of experience,
attitude, poor visual acuity, or no quality
control programs,

3. Interfilter (within simultaneous Random variations due to random fluctua-
samples) tions in pump flow rate. Systematic
biases due to improper pump calibration.

4, Interlaboratory Systematic variations due to differences
in microscope quality and specifications,
improper microscope adjustment, counter
training, or improper application of the
method.

5.Environmental Both random variations and systematic
biases due to concentration changes in
time and space.

MEASURES OF AN ANALYTICAL METHOD'S PRECISION
(RANDOM VARIATIONS)

Literature articles often discuss precision in terms of the coefficient of
variation (CV) as well as in terms of ranges of observed differences betwecen
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reported values, These two concepts are related, but are statistically different
and cannot be directly compared. The following is a discussion of the statistical
relation between the two concepts.

Coefficient of Variation (CV)

The relative variation or dispersion of a normal distribution (such as the
random variations in a sampling and analytical procedure) is commonly
measured by the coefficient of variation. The CV is also known as the relative
standard deviation. It is calculated by dividing the standard deviation of the
data by the arithmetic average of the data. The CV is a useful parameter of
dispersion in that limits consisting of the true mean of a data set, plus or
minus twice the standard deviation, will contain about 95% of the data measure-
ments. This is a rough approximation, that depends on the number of data
values from which the mean and standard deviation were calculated. If an
analytical procedure with a known CV of 0. 10 were used to repeatedly measure
some fixed physical property (such as the concentration of a chemical in a
beaker of solution measured about 30 or 40 times), then about 95% of the
measurements would fall within plus or minus 20% (twice the CV) of the true
concentration, assuming an unbiased procedure.

Observed Differences Between Two Simultaneous Measurements

When simultaneous '"paired'' measurements are performed on a series of
physical objects, such as "paired' counts by two technicians on a series of
asbestos filters, differences are observed between the two counts reported
by the two counters of each filter. If the absolute value of each difference
is obtained, we can discuss the Distribution of Absolute Differences, which
has several statistical properties. First, the distribution is the right half
of a normal '"bell-shaped' distribution, truncated on the left at zero and
with a tail to the right. Second, the mean of the distribution occurs at

1. 128(sp,) , where (s,) is the standard deviation of the analytical method.
This particular mean can also be estimated from 1. 128(CV)(x), where (x)

is the mean of the original measurements. Third, it is important to realize
that seemingly large differences between paired measurements (or two
asbestos counters) can occur due to chance alone. The following table shows

the per cent of absolute difference that can exceed the indicated value due to
the chance alone:

20% can exceed 1.81(sm) due to chance alone
10% can exceed 2.33(sp,) due to chance alone
5% can exceed 2.77(sp,) due to chance alone
For example, suppose a series of filters is exposed to an asbestos contaminated

atmosphere with an average concentration of 1.0 f/cc. For a total fiber count
of 100 fibers, the CVy for the NIOSH method is 0. 115. Then at 1.0 f/cc the



method has s, = 0.115 f/cc. For a series of paired counts at this level we
could expect the following to happen regarding the observed differences between
pairs of counts:

a) 20% of the pair differences could exceed 0.27 f/cc due to chance alone
(such as 0.9 f/cc and 1.11 f/cc)

b) 10% of the pair differences could exceed 0.27 f/cc due to chance alone
(such as 0.85 f/cc and 1.12 f/cc)

¢) 5% of the pair differences could exceed 0.32 f/cc due to chance alone
(such as 0.84 f/cc and 1. 16 f/cc)

Large differences between counters of the same filter (or between counts of
two filters taken at exactly the same location and time) are not indicative of
poor precision for an analytical method. Observed and reported differences
(especially "maximum' ones from small numbers of observations must be
examined in light of the preceding statistical relationships. Some authors
report '"percent differences.' This term is meaningless unless the divisor
count is given. Suppose we have two counts of 0.8 f/cc and 1.46 f/cc. Using
0.8 f/cc as a denominator, one might see reported a "83% difference in counts, "

CONTROL OF SYSTEMATIC ERRORS IN AN ANALYTICAL PROCEDURE

Large differences in asbestos fiber counts are often observed in collaborative
programs (9,10). It is worthwhile to review the 1960 comments of the
eminent analytical chemist and statistician, W. J. Youden (11):

"Thoughtful consideration of the steps in an analytical procedure soon
leads to the conclusion that differences between laboratories in regard
to equipment, reagents, or in procedures are more likely to lead to
systematic errors than to changes in precision."

"Finally there is an abundance of evidence that different laboratories have
different systematic errors for a given procedure, "

", . . it seems fair to conclude that laboratories with equivalent equip-
ment and personnel achieve about the same precision,"

"In any event the evidence is conclusive that differences in the systematic
errors are the major source of disagreement among laboratories. "

In 1963 Youden stated (12):

"If the between-laboratory error is several times as large as the precision
established by the originating laboratory, some of the laboratories are
probably unintentionally deviating from the routine followed in the originating
laboratory. "

5



The British use a membrane filter method for sampling airborne asbestos
which is very similar to the NIOSH method. Their experience has also
shown the difficulties in trying to obtain closely comparable results between
counters in different laboratories. Beckett and Attfield (9) have reported
the results of two studies aimed at examining the problem. The first study
examined the variation in asbestos counts between inexperienced labora-
tories learning to count asbestos on the basis of published descriptions.

The second study looked at the level of agreement between experienced units
regularly engaged in counting asbestos slides. Beckett and Attfield (9)
concluded that: '

"In the trial between inexperienced laboratories, novice counters using
only the published instructions obtained results which were of the order
of half those of the standard laboratories for industrial samples and a
quarter for UICC chrysotile asbestos. Following personal instruction,
however, good agreement was obtained between all laboratories for
industrial slides, and a greatly improved agreement (67 per cent) for
UICC chrysotile. "

"Exchanges of sample slides and personal tuition clearly improves the
consistency of counters, experienced as well as inexperienced. "

A NIOSH memorandum of October 4, 1972 entitled, "A Systematic Approach
to the Standardization of Asbestos Counting' (attached) details specific
proposals for reducing and controlling systematic errors between laboratories
and counters analyzing asbestos samples. Unfortunately, NIOSH has not had
the resources to implement all the proposals recommended by J. R. Lynch,
~although, NIOSH does offer Training Course #582 at a cost of $200 for three
days training. Additionally, through its Proficiency Analytical Testing (PAT)
Program, NIOSH provides standard asbestos samples on request to over 200
laboratories. NIOSH then reports to each laboratory the count results from
that laboratory in comparison to the consensus average. However, NIOSH
does not have any control over any corrective action that laboratories should
take regarding their counters or procedures.

It is the NIOSH position that the CV.. for the asbestos count method should
measure the total (net) variation due to the following sources only: random
intrafilter variations (interfield within a wedge and interwedge within a filter),
random intercounter variations, and randorm pump flow rate variations,
Random environmental fluctuations due to concentration variations in time and
space obviously should not be considered in the CV... Random environmental
variations within a particular sampling day are eliminated from sampling
error by appropriate full-period sampling strategies as discussed in (13) and
(14). Systematic errors in the asbestos count method and other analytical
procedures are controllable and can be reduced by proper training and the
diligent application of quality control procedures. Systematic variations

and biases should not be included in the CV1 of a method.
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NIOSH ANALYSIS OF JOHNS-MANVILLE CORPORATION STUDY DATA

In December 1975, the Johns-Manville Corporation initiated an in-house
interlaboratory study of the NIOSH asbestos count method (15). The
Johns-Manville study data (15) contained total fiber counts for over 100
filters, with each filter counted by two to five counters located in five
laboratories. Each counter prepared their own wedge or slide for counting.
From the data in, (15) NIOSH calculated over 100 estimates of the count CV
for the asbestos method. Each count CV estimate involved one to four statistics
degrees of freedom., The very low degrees of freedom involved in the CV
estimates is probably the most important reason for the observed dispersion
in the CV estimates. This is to be expected since the sampling error of a
variance is a common topic in basic statistics texts. The NIOSH calculated
count CV estimates included random intrafilter variations and intercounter
variations. The CV's did not include random pump flow rate variations.
These were included later in the analysis.

Busch et al. (16) examined the count coefficient of variation (all but the
random pump variations) as a function of the total fibers counted on a
particular wedge (total fiber count). Their report is reprinted as Appendix C
in this report. Logarithms (base 10) were taken of the transformed count
coefficient of variation and total fiber count and the transformed variables
are shown in Figure 1 of Appendix C. Then a variance-weighted linear
regression was performed on the transformed variables. The line plotted
on Figure 1 of Appendix C is the best estimate of logyq (true coefficient

of variation) for total fiber counts in the range 10 to 100. The same
CV-estimator is plotted on Figure 2 of Appendix C which shows the NIOSH
calculated CV estimates in original units, NIOSH then included a CV of
0.05 for random pump variations in the CV-estimator equation to calculate
a CVp-estimator for the total coefficient of variation of the asbestos count
method. The CVp-estimator line is plotted on Figure 3 of Appendix C
against grid lines for ease of estimation of CVp at any particular total fiber
count in the range 10 to 100 fibers.

Based on the Johns-Manville study data (15), Figure 3 of Appendix C
demonstrates that for a total fiber count of 100, the best CV~y estimate is
about 0. 115, while for a total fiber count of 10 the best CV  estimate is
0.41. Thus, NIOSH states that the method has an attainable CV~ of 0.115
based on the appropriate sampling times given in section 8. 1.3 of Appendix A
and the count rules in section 8. 3.9 of Appendix A, Most importantly,
Figure 3 of Appendix C clearly shows that if the method is properly applied,
typical CVp's of 0.11 to 0. 15 can be attained.

Although several CV estimates were in the 0.7 to 0.9 range, they had large
standard errors because of their small sample sizes (usually only 2). None of
these large CV estimates differed significantly (at the 5% probability level)
from the values given by the fitted line; therefore, none were excluded. That
is, all the data were used to fit the line of Figure 1 of Appendix C by the
method of variance-weighted least squares.
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Once the random variations of an analytical procedure have been quantita-
tively estimated in terms of a CV, they can be allowed for in the decision
making process with the generic NIOSH procedures of Leidel and Busch (13, 14).
The following section will present specific statistical procedures based on
those in (13) and (14), for the determination of compliance and noncompliance
with the OSHA proposed asbestos standard of 0.5 f/cc. These references
should be consulted for additional statistical theory and its underlying
assumptions.

STATISTICAL ANALYSIS OF ASBESTOS EXPOSURE MEASURE MENT
SAMPLE RESULTS

For over six years NIOSH has conducted statistical research on the types

of variations affecting NIOSH and OSHA exposure monitoring methods. Leidel
and Busch (13) have developed statistical procedures that take account of these
random variations. The procedures allow the calculation of confidence limits
for the true airborne concentration of a contaminant. In 1975, Leidel and
Busch (13) published NIOSH recommended statistical procedures for the col-
lection and evaluation of sample results to determine if a state of noncompliance
with an occupational health standard exists. With these procedures the sample
results of an occupational exposure may be compared and evaluated to an
occupational health standard. L.eidel and Busch (13) gave the following caveat
regarding the statistical procedures:

""The statistical procedures presented below will not detect and do not

allow for analysis of highly inaccurate results, i.e., systematic
(nonrandom) errors or mistakes. The detection and elimination of
mistakes is primarily a technical rather than a statistical problem.

To assure accurate results one must have an instrument calibration
program and a quality control program for laboratory analysis. Systematic
errors must also be known ahead of time whether from the instrument
calibration procedure or the laboratory quality control program.,'

Using the NIOSH recommended statistical procedures, both OSHA and employers
can adequately and confidently monitor and determine compliance with the

OSHA proposed asbestos standard of 0.5 fiber/cm3 and the NIOSH recommended
level of 0.1 fiber/ecm? (17).



Classification of exposure for the OSHA proposed 8-hour TWA standard (STD)

of 0.5 f/cc

A. Single Full-Period 8-hour Sample

PROCEDURE

Obtain the AC and CV. AC is the estimate of the airborne fiber con-
centration (f/cc) calculated from the total fiber count (FB) (see
sections 9.1.10 and 10.1 of Appendix A. The CV is a function of
total fibers counted (FB) and is read from Figure 3 of Appendix C.
Or this relation can be used:

CVyp - ‘/ {antilogy o [0.0595 — 0.3241 (log FB) — 0.01685 (log? FB)] — 0.12} 2 + 0.0025

Calculate the LCL or UCL:
a. Compliance officer's test for noncompliance.
LCL(85%) = AC — 1.645(CV)}(STD)
b. Employer's test for compliance.
UCL(85%) = AC + 1.645(CWV)(STD)
Classify the exposure average for the one sample:
a. Compliance officer's test for noncormpliance.
if LCL > STD, state Noncompliance Exposure
if AC > STD and LCL £ STD, state Possible Overexposure
if AC < STD, no statistical test for noncompliance would be made

b. Employer's test for compliance.

if UCL £ STD, state Compliance Exposure
if UCL > STD, state Possible Overexposure

EXAMPLE

An airborne asbestos fiber level of about 0,5 f/cc was suspected.
A microscope with a count field area of 0.003 mm?< and purnp

calibrated for 1.7 lpm was available. The background particulate
levels were considered light. From Figure 1 in the Appendix A it
was determined that a sample time of 8 hours (480 minutes) would
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yield filter surface fiber densities in the optimum zone of about 1
fiber/field. When a filter wedge was counted, the total fibers
counted in 100 fields was 95 (=FB). No fibers were found on the

blank filters. Figure 3 in Appendix A showed a CVy of 0,12 for
95 fibers.

(95/100)(855)
(1000)(1. 7)(480)(. 003)

AC

0.33 f/cc 8-hour TWA

2. a) LCL = 0.33f/cc — 1.645(.12)(.5 f/cc) = 0.23 f/ce

note: In this case one would not compute an LCL since AC
is already below the 0.5 f/cc STD.

b) UCL = 0.33f/ce + 1.645(.12)(.5 f/cc) = 0.43 f/cc
3. a) Since AC = 0.33 f/cc is less than the 0.5 f/cc STD, the
compliance officer would not need to make a statistical test

for noncompliance.

b) Since the UCL of 0.43 f/cc is less than 0.5 f/cc, the employer
can state that the exposure was a Compliance Exposure.

B. Several Full-Period Consecutive Samples Totaling 8 Hours

PROCEDURE

1. Obtain ACq, «-*, AC, (the n consecutive airborne fiber concentration
measurements in f/cc). Obtain CVy, CV,, **+, CV, from Figure 3
of the NIOSH method for each of the FBj, FBo, ***, FB/ total fiber
counts. Also record the durations for all samples Ty, To, “**, Tp.

2. Calculate the time-weighted average (TWA) exposure.
T AC, + T AC_+ -+ T AC
2 n _n

17~ 2
T, + T, +- T

TWA =

3, Calculate linear contributions to the TWA variance for each sample:

2
] [(Ti)(ACi)(CV.l) ]
Vi~ AT
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Calculate the variance of the TWA by adding the linear contributions
(v.).
i

= + + « .
Valrwa Y1 Vo Vn

Calculate the standard error of the TWA

SE

TWA var

TWA
Calculate the LCL or UCL.
a) Compliance officer's test for noncompliance,

LCL(95%) = TWA — 1.645(SE )

TWA
b) Employer's test for compliance.

UCL(95%) = TWA + 1.645(SE )

TWA
Classify the TWA exposure for the (n) samples.

a) Compliance officer's test for noncompliance.

if LCL > STD, state Noncompliance Exposure

if TWA > STD and LCL £ STD, state Possible Overexposure

if TWA < STD, no statistical test for noncompliance is necessary

b) Employer's test for compliance.

if UCL £ STD, state Compliance Exposure
if UCL > STD, state Possible Overexposure
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EXAMPLE

An airborne ‘asbestos level of about 0.5 f/cc was suspected. A
microscope with a count field area of 0.006 mm?< and pump calibrated
for 1.7 lpm was available. The background particulate levels were
considered medium to heavy and from Figure 2 of Appendix A it was
determined that four consecutive samples of 120 minutes each would
yield filter surface fiber densities of about 0. 6 fiber/field. No
fibers were counted on the blank filters. The results for 100 fields
counted on each sample were:

Duration (Ti) Total fiber
(minutes) count (FBi) ACi (f/co) CVi
100 65 0.55 0.15
140 75 0.45 0.14
110 95 0.42 0.17
130 70 0.45 0.145
TWA {100)(0.55) + (140)(0.45 + (110)(0.42) + (130)(0.45)
100 + 140 + 110 + 130
TWA = 0.46 f/cc
T.AC.CV. \
T _— V.
i Zli i
100 0.0172 0.000295
140 0.0184 0.000338
110 0.0164 0.000268
130 0.0178 0.000312
ZTi = 480

var,. . = 0.000295 + 0.000338 + 0.000268 + 0.000312 = 0.0012L

SE'I‘WA 0.001213 0.035 f/cc

a) LCL not needed since TWA of 0.46 f/cc is less than 0.5 f/cc.

[}

b) TUCL 0.46 f/cc + 1.645(0.035 f/cc)

0.52 f/cc

a) LCL not needed since 0.46 f/cc is less than 0.5 f/cc.

b) Since 0.52 f/cc exceeds 0.5 f/cc, the employer should state a
Possible Overexposure.
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Several Partial-Period Consecutive Samples Totaling I.ess Than 8-Hours

The employer computes the UCL for the average exposure level during the
sampled portion of the day the same as in the previous section.

He then compares his UCL to the 8-hour standard which can only be
accomplished if he assumes the same exposure during the unsampled
portion of the workshift as existed during the measured portion. However
the compliance officer should conservatively assume zero exposure for

the unsampled portion of the workshift. See section 3.4 of Leidel et al. (13)
for a discussion of this. The procedures of this section (C) are for the
compliance officer only.

PROCEDURE AND EXAMPLE

Follow the procedure and example of sections B(1) through B(6)(a) above.
Then calculate a partial period limit (PPL):

PPL = (TWA STD) [perlod of TWA STD (= 8 hours)]

total time of samples

Suppbse the four samples in the section B example above had covered
only 6.4 hours.

PPL = (0.5 f/cc)(8)/(6.4) = 0.625 f/cc

Classify the TWA exposure for the (n) samples with a test for noncompliance.
if LCL > PPL, state Noncompliance Exposure
if TWA > PPL and LCL. £ PPL., state Possible Overexposure

if TWA < PPL, no statistical test for noncompliance would be used

Since 0.46 f/cc is less than 0.625 f/cc, a test for noncompliance is not
necessary.

Grab Samples (less than 30 samples)

If several short (about 5 to 30 minutes each) samples are taken to evaluate
asbestos exposures, the grab samples decision procedures of section 4. 2. 3
of Leidel et al. (14) should be followed.

The statistical procedures given above clearly show that the NIOSH
asbestos count method has the ability to evaluate compliance with

either a 0.5 f/cc standard or a 2.0 f/cc standard. By rearranging the
equations given above, we can compute critical values that measurements

13



must.exceed in order to demonstrate noncompliance at the NIOSH recom-
mended 95% statistical confidence level. To demonstrate noncompliance,
a single 8-hour sample should exceed:

STD + 1.645(CV)(STD)

To demonstrate noncompliance, the time-weighted average (TWA) of
several consecutive samples covering 8 hours should exceed:

STD + 1. 645(SETWA)
Replace the plus signs with minus signs to compute the critical values
measurements must lie below to demonstrate compliance. Measurements
which are between the two critical values are in a statistical uncertainty
zone that includes the standard. That is, the measurement results are not
far enough from the standard to justify stating compliance or noncompliance
at the 95% confidence level. For the OSHA proposed standard of 0.5 f/cc,
this zone is bounded by 0.4 f/cc and 0.6 f/ce. Any single 8-hour.sample
that had a fiber count of about 100 and exceeded 0.6 f/cc could be declared
a noncompliance exposure at the 95% statistical confidence level. There
is a maximum 5% probability that the true exposure is less than 0.5 f/cc
if the single measurement exceeds 0.6 f/cc. If several consecutive
samples were taken during the workshift, then the critical value would
be generally lower than 0.6 f/cc.

14



REFERENCES

1.

10.

11.

12.

Lynch, J. R. and H. E. Ayer: Measurement of Dust Exposures in the
Asbestos Textile Industry, AIHAJ, 27, 431-437 (1966).

Lynch, J. R. Ayer, H. E, and D. L. Johnson: The Interrelationships
of Selected Asbestos Exposure Indices. AIHAJ, 31, 598-604 (1970).

Edwards, G. H. and J. R. Lynch: The Method Used by the U.S. Public
Health Service for Enumeration of Asbestos Dust on Membrane Filters,
Ann. Occup. Hyg., 11, 1-6 (1968).

Bayer, S. G. and R. D. Zumwalde: Evaluating Airborne Asbestos
Dust, NIOSH unpublished in-house report (July 1972).

Leidel, N. A., Bayer, S. G., and R. D. Zumwalde: USPHS/NIOSH
Membrane Filter Method for Evaluating Airborne Asbestos Fibers,
NIOSH unpublished in-house report TR-84 (November 1973).

Conway, R. E, and W. D. Holland: Statistical Evaluation of the
Procedure for Counting Asbestos Fibers on Membrane Filters, LFE
Corporation, Richmond, CA, prepared for Asbestos Information
Association/North America, New York, New York (February 1973).

Joint-ACGIH Aerosol Hazards Evaluation Committee: Recommended
Procedures for Sampling and Counting Asbestos Fibers, AIHAJ, 36,
83-90 (1975).

Joint AIHA-ACGIH Aerosol Hazards Evaluation Committee: Background
Documentation on Evaluation of Occupational Exposure to Airborne
Asbestos, AIHAJ, 36, 91-103 (1975).

Beckett, S. T, and M. D. Attfield: Inter-Laboratory Comparisons of
the Counting of Asbestos Fibres Sampled on Membrane Filters, Ann,
Occup. Hyg., 17, 85-96 (1974).

Ortiz, L. W., Ettinger, H. J. and C, I, Fairchild: Calibration Standards

for Counting Asbestos, AIHAJ, 36, 104-112 (1975).

Youden, W. J.!: The‘Sample ,» The Procedure, and The Laboratory,
Anal. Chem., 32, 23A-37A (1960).

Youden, W. J.: Ranking Laboratories by Round-Robin Tests, Nat., Res,
and Stds., 3, 9-13 (1963).

15



13.

14.

15.

16.

17.

Leidel, N. A. and K. A. Busch: Statistical Methods for the Determination
of Noncompliance with Occupational Health Standards, NIOSH Technical
Information Report #75-159 (April 1975).

Leidel, N. A., Busch, K. A,, and J. R. Lynch: Occupational Exposure
Sampling Strategy Manual, NIOSH Technical Information Report #77-173
(January 1977).

Comments of the Johns-Manville Corporation with Respect to the Notice

of Proposed Ruelmaking: Occupational Exposure to Asbestos, Federal
Register, October 9, 1975. Submitted to the Public Record at the

U.S. Department of Labor, Occupational Safety and Health Administration,
Washington, D.C., April 1976.

Busch, K. A., Leidel, N. A., Hornung, R. W., and R. J. Smith:
Unbiased Estimates of Coefficients of Variation for Data, presented to
the Society for Occupational Environmental Health Conference in

Washington, D.C. (December 1977). (Appendix C of this revoort).

Revised Recommended Asbestos Standard, NIOSH Publication #77-169
(December 1976).

16



LT
LOG; o (CV +-12)

0.10 =
: +
: + +
E +
~-0.05 & +
: * +
: 0 + +
. * +
) 0
s + + +
- H +
n.20 & . + o+
H * 00
H * + + +
: + 0
! L, + 0 + 0 ~ ¥ +
E % LI . + +
: teag & L(; +
~0.15 &= e
0.35 T oo . . +
: i R . o + +
é % + % e, . + 0
-0.50 < ‘e,
: + L -0
: + ..
: + 0 T 0
: .. 0 ..,
: + x X . el *
§ % . .
-0.65 & o,
3 + + AN
: e
-n.5n <
+
20 (8 eeemcscesseserencoifemsrananas ameene Wfeecetncrsescnnnarneforsorsecancasacacesfoosscnse
0.s { ' { sacerforsnnnieaans SV DOV SR femrorerammensineforescansossanneansd

t.000 1.125 1.250 1.3725 1.500 1,625 T.75n 1,875 2.010 2.125

LOG, ,{(TOTAL FIBER COUNT)

Figure 1 - Variance-weighted regression curve for log,.-transformed
Johns-Manville data (adjusted for bias and without pump error)



l avavenavevnsassannofasracrusanacnanes ..'uu.-ua.--"uu-'uu-.nu-.uu--.'-u---u----n-----'-4-.""“.“-..“.'

7Y
(@]

-

<

(=)
(e]

) = (ol < )
~ Neal ~T - -
c c <o

o

jAD - O9NILNNOD ¥3d1d Y04 NOILVIYVYA 40 LN3IID143302

18

[«

135

120

0

75

B PN OGP CU TN NOTUUIOOIIN RN
LO5

45 60
TOTAL FIBER COUNT

30

15

R I NN DT

tovssesenrsracasgrar &

n.0n



100

90

80

70

60

%_-:: ARERRRERERRRRRARNERNRRARY _:_w:__ :: IR
.J..J_“___f._.:__: il tHlH [T JikE
et e =D L s e :__ ! o] s
T R T :; N it
R e DS D D R | N RS ”ﬁ
G R AT R B i § I
s 4 R R EEE PR - el ' P I v
P ..tl.r..“ SRENE “,.L RESRSERRI MRS v .Tﬁ:
1 .—1..#0..,_ .wl..“I_l A qﬂu.._ ”“ {:- ___* — ._ 1 m“ lmhn_’u?m
Tl e e e Y R pha:
A“Lﬁmmt_ EY e EeERE RRCaEy * ;:.“_:;:_ S EHEER Y s
g0 1 I N s St G Y ol B dp e s e i 112 —
. LLJL_J.LﬁuL;1ﬁ.Hw L “.“b“h SRsqLIRRESRANTEREE SOl RO i bl me:
i iR EE ::j..: Hsiipn SRR
- - RN R AR £ S ca e ol SEEEEE] Vg . A R
ST [ g e e T eE iEE : T d
Easansuig poudantard tussule g IRECSERS AIHRTREREE ;
0 v vy i A P WLprerwmdnTHXWTJﬁT .
e e s ) e e e
L.{I_fin EXEEEEE el IE

— 1 3 ”_4.”

. RERRE

e o.

: e
ria aal i S et
X

50

40

......

‘
e
<horas

?
1l

AD

= NOILVI¥VA 40 ILNAHIDIAAHQD 'TVIOL

19

$————r— 1 -

———

TOTAL FIBER COUNT

Total coefficient of variation as ‘a function of total

fiber count (including p

)

unp erroxr

Figure 3.






MEMORANDUM o O e wenirm seawice o

CENTER JFOR DISEASE CONTROL
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH
TO : Acting Deputy Director DATE: October 4, 1972
Division of Laboratories and
Criteria Development

FROM : Director
Division of Training

SUBJECT: A Systematic Approach to the Standardization of Asbestos Counting

The PAT program has revealed, not unexpectedly, that different counters
in different laboratories using similar but not identical microscopes,

are obtaining vastly different results in the counting of asbestos fibers.
This same phenomena has long been recognized in the counting of impinger
dust samples. Some preliminary efforts to obtain agreement by means of
training courses and interlaboratory exchanges of personnel have not
resolved the problem and the time has come to accept the fact that an
intensive, continuing, systematic effort is needed to obtain reasonable
uniformity for compliance purposes,

The principal sources of the observed differences are as follows:

1. Difference in technique and observing ability among
microscopists.

2. Small, but significant differences in microscopes
meeting the basic specification.

‘Based on the program of the National Coal Board to standardize the
counting of thermal precipitator samples of coal dust, the following
procedure is recommended:

1. All microscopists who are doing the actual counting for
compliance determination should be brought together for an
"asbestos counting workshop' at least quarterly.

2. Each microscopist should count each of the same series of
slides and the results compared. All microscopes used should
be identical.

3. Differences between counters should be resolved, as far
as possible, by side by side counting of the same field by
different counters.

4. Steps 2 and 3 should be repeated several times to identify
persisicnt outliers and to narrow the range of disagreement.
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