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INTERNATIONAL

Standard Practice for

Asbestos Detection Limit Based on Counts’

This standard is issued under the fixed designation D6620; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice presents the procedure for determining the
detection limit (DL)? for measurements of fibers or structures®
using microscopy methods.

1.2 This practice applies to samples of air that are analyzed
either by phase contrast microscopy (PCM) or transmission
electron microscopy (TEM), and samples of dust that are
analyzed by TEM.

1.3 The microscopy methods entail counting asbestos struc-
tures and reporting the results as structures per cubic centime-
ter of air (str/cc) or fibers per cubic centimeter of air (f/cc) for
air samples and structures per square centimeter of surface area
(str/em?) for dust samples.

1.4 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.6 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

! This practice is under the jurisdiction of ASTM Committee D22 on Air Quality
and is the direct responsibility of Subcommittee D22.07 on Sampling, Analysis,
Management of Asbestos, and Other Microscopic Particles.

Current edition approved Jan. 1, 2019. Published January 2019. Originally
approved in 2000. Last previous edition approved 2010 as D6620 — 06 (2010). DOI:
10.1520/D6620-19.

2 The DL also is referred to in the scientific literature as limit of detection (LOD),
method detection limit (MDL), and other similar descriptive names.

3 For purposes of general exposition, the term “structures” will be used in place
of “fibers or structures.” In the examples in Section 8, the specific term, “fiber” or
“structure,” is used where appropriate. These terms are defined separately in Section
3.

2. Referenced Documents

2.1 ASTM Standards:*

D1356 Terminology Relating to Sampling and Analysis of
Atmospheres

D5755 Test Method for Microvacuum Sampling and Indirect
Analysis of Dust by Transmission Electron Microscopy
for Asbestos Structure Number Surface Loading

D6281 Test Method for Airborne Asbestos Concentration in
Ambient and Indoor Atmospheres as Determined by
Transmission Electron Microscopy Direct Transfer (TEM)

D6480 Test Method for Wipe Sampling of Surfaces, Indirect
Preparation, and Analysis for Asbestos Structure Number
Surface Loading by Transmission Electron Microscopy

D7712 Terminology for Sampling and Analysis of Asbestos

3. Terminology

3.1 Definitions:
3.1.1 For terms not defined in this practice, see Terminolo-
gies D1356 and D7712.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 average, n—the sum of a set of measurements (counts)
divided by the number of measurements in the set.

3.2.1.1 Discussion—The average is distinguished from the
mean. The average is calculated from data and serves as an
estimate of the mean. The mean (also referred to as the
population mean, expected value, or first moment) is a param-
eter of the underlying statistical distribution of counts.

3.2.2 background, n—a statistical distribution of structures
introduced by (i) analyst counting errors and (ii) contamination
on an unused filter or contamination as a consequence of the
sample collection and sample preparation steps.

3.2.2.1 Discussion—This definition of background is spe-
cific to this practice. The only counting errors considered in
this definition of background are errors that result in an
over-count (that is, false positives). Analyst counting errors are

# For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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errors such as, determining the length of structures or fibers
and whether, based on length, they should be counted; counting
artifacts as fibers; determining the number of structures pro-
truding from a matrix; and interpreting a cluster as one, two, or
more structures that should be counted only as zero or one
structure. For purposes of developing the DL, assume that
background contamination sources have been reduced to their
lowest achievable levels.

3.2.3 blank, n—a filter that has not been used to collect
asbestos from a target population.

3.2.3.1 Discussion—Blanks are used in this practice to
determine background levels (also referred to as contamina-
tion) for asbestos measurement methods. Blanks are analyzed
by the same method employed to analyze filters used to collect
particulate from the target population.

3.2.4 count, n—the number of fibers or structures identified
in a sample.

3.2.5 decision value, n—a numerical value used as a bound-
ary in a statistical test to decide between the null hypothesis
and the alternative hypothesis.

3.2.5.1 Discussion—In the present context, the decision
value is a structure count that defines the boundary between
“below detection” (the null hypothesis) and “detection” (the
alternative hypothesis). If a structure count were larger than the
decision value, then one would conclude that detection has
been achieved (that is, the sample is from a distribution other
than the background distribution). If the count were less than or
equal to the decision value, the result would be reported as
“below detection,” which means that the sample cannot be
differentiated from a sample that would have been collected
from the background distribution.

3.2.5.2 Discussion—The decision value is a threshold for
measured values (or averages of measured values). If the
measured value (or average) exceeds this threshold, one can
conclude that asbestos has been detected in the sampled
material. Measured values (or averages) below the decision
value may be reported but flagged to indicate that they fall
below the decision value. Alternatively, they may be censored
(that is, actual measured values not reported) and simply
reported as non-detects. Then users of the data will be able to
specify in advance whether values below the decision value are
to be censored.

3.2.6 detection limit—the mean of the statistical distribution
of counts for a structure population that is sufficiently large so
a measurement from a sample from this population would have
a high probability (for example, 0.95 or larger) of exceeding
the decision value that determines detection.

3.2.6.1 Discussion—The detection limit (DL) is determined
through the statistical hypothesis test described in 3.2.5.1. The
DL is the value of a parameter, the mean of a statistical
distribution of counts for a structure population, that is statis-
tically larger than the mean of the statistical distribution for the
background population of structures. The DL is the smallest of
the means for which the power of the statistical test is
sufficiently large (for example, 0.95 or larger). The DL is not
used to make decisions about individual measurements (for
example, to decide whether they are detects or non-detects).

The DL may be used to make decisions about methods,
laboratories, or measurement systems. For example, to identify
trace levels of asbestos a measurement method with a suitably
small DL would be required.

3.2.7 fiber, n—any of various discrete entities with essen-
tially parallel sides counted by a particular method that
specifies length, width, and aspect ratio. (This definition of
fiber, although adequate for purposes of this standard, Practice
D6620, is not to be confused with the mineralogical term fiber.)

3.2.7.1 Discussion—The definitions of “fiber” and “‘struc-
ture” are similar because the measurement method employed
specifies the shape, length, width, and aspect ratio.

3.2.8 mean, n—the mean value of the number of structures
in the population of air or dust sampled.

3.2.8.1 Discussion—The mean in this definition is intended
to be the population mean (equivalently expected value, or first
moment) of a statistical distribution. It is a theoretical param-
eter of the distribution that may be estimated by forming an
average of measurements.

3.2.9 power, n—the probability that a count exceeds the
decision value given that the count is from a distribution whose
mean exceeds the background mean by a specified amount.

3.2.9.1 Discussion—Power is the probability of selecting,
based on a statistical test, the alternative hypothesis when it is
true. In the present context, this means the probability of
making the correct decision to report a structure concentration
for a sample that was collected from a population other than the
background population. The power of the statistical test equals
1 minus the type II error rate.

3.2.10 replicate, n—a second measurement is a replicate of
the initial measurement if the second measurement is obtained
from an identical sample and under identical conditions as the
initial measurement.

3.2.10.1 Discussion—"Identical,” as applied to sample, can
mean “same subsample preparation,” ‘“separate preparation of
a distinct subsample,” or a distinct sample obtained from the
same population as the initial sample. For this practice,
“identical” means distinct sample obtained from the same
population as the initial sample.

3.2.11 sample, n—the total particulate collected on a filter or
dust collected on a wipe from a population of structures; also,
the portion a filter or wipe that is analyzed by microscopy
(also, see Terminology D1356).

3.2.12 sensitivity, n—the structure concentration corre-
sponding to a count of one structure in the sample.

3.2.13 statistical distribution, n—the set of probabilities of
structure count outcomes (0, 1, 2, 3, ...).

3.2.14 structure, n—any of various discrete entities counted
by a particular method that specifies shape, length, width, and
aspect ratio.

3.2.15 type I error, n—choosing, based on a statistical test,
to reject the null hypothesis when the null hypothesis is, in fact,
true; a false positive outcome of a statistical test.

3.2.15.1 Discussion—When testing a material that truly has
zero or background levels of asbestos, a type I error occurs
when a measured value falls above the decision value. The
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analyst, based on the data, would be led by the statistical test
to report a structure concentration where the result should be
reported as “below detection.”

3.2.16 type II error, n—failing to reject the null hypothesis
when it is, in fact, false; a false negative outcome of a statistical
test.

3.2.16.1 Discussion—A type Il error would occur if the
count for a sample does not exceed the decision value, but the
sample was, in fact, obtained from a population other than the
background population. The analyst, based on the data, would
be led by the statistical test to report a “below detection” result
where the result should be reported as a structure concentra-
tion.

3.2.17 type I error rate, n—the probability of a type I error
(also referred to as the significance level, a-level, or p-value of
the statistical test).

3.2.18 type Il error rate, n—the probability of a type II error
(also referred to as the S-level of the statistical test).

3.2.19 A—lambda, the Greek letter used to represent the
population mean of a Poisson distribution.

3.2.20 A,—the population mean of the Poisson distribution
of background counts.

3.2.20.1 Discussion—/, is the population mean of the Pois-
son distribution under the null hypothesis in the statistical
hypothesis testing problem that defines the DL.

3.2.21 A,—the population mean of the Poisson distribution
under the alternative hypothesis in the statistical hypothesis
testing problem that defines the DL (DL = 4,).

3.2.22 x,—decision value for determining detection. If the
count in a measurement is not greater than x,, the measurement
is reported as “below detection.”

3.2.23 X—Poisson distributed random variable used to de-
note the number of structures (fibers) counted in a sample.

3.2.24 A—the area of the filter inspected to obtain a struc-
ture count.

3.2.25 P(X > x | A, A)—the Poisson probability of a struc-
ture count exceeding x structures (fibers) when the population
mean is equal to 4 and an area, A, of the filter is inspected.

4. Significance and Use

4.1 The DL concept addresses potential measurement inter-
pretation errors. It is used to control the likelihood of reporting
a positive finding of asbestos when the measured asbestos level
cannot clearly be differentiated from the background contami-
nation level. Specifically, a measurement is reported as being
“below the DL” if the measured level is not statistically
different than the background level.

4.2 The DL, along with other measurement characteristics
such as bias and precision, is used when selecting a measure-
ment method for a particular application. The DL should be
established either at the method development stage or prior to
a specific application of the method. The method developer
subsequently would advertise the method as having a certain
DL. An analyst planning to collect and analyze samples would,
if alternative measurement methods were available, want to
select a measurement method with a DL that was appropriate

for the intended application.” The most important use of the
DL, therefore, takes place at the planning stage of a study,
before samples are collected and analyzed.

5. Descriptive Terms and Procedures

5.1 Introduction:

5.1.1 The DL is one of a number of characteristics used to
describe the expected performance of a measurement method.®
The DL concept addresses certain potential measurement
interpretation errors. Specifically, a measurement is reported as
being “below the DL” if the measured level cannot be
distinguished from zero or from the randomly varying back-
ground contamination level. Stated differently, the DL provides
protection against a false positive finding. When a measured
value is less than an appropriately specified decision value, the
analyst is instructed to disregard the measured value and report
the result only as “below the DL.”

5.1.2 The DL concept for asbestos measurements, which are
based on microscopy, is simpler than the DL concept for
measurement methods that depend, for example, on spectros-
copy. For asbestos, the measurement is derived from a direct
count of discrete structures using a microscope. For spectros-
copy methods, the measurement is indirect requiring a calibra-
tion curve, and is subject to interferences and unspecified
background signals that could be responsible for measurement
values that are false positives.

5.1.3 The sources of false positives for asbestos counts are
(i) analyst errors (for example, determining the length of
structures or fibers and whether, based on length, they should
be counted; counting artifacts as fibers; determining the num-
ber of structures protruding from a matrix; interpreting a
cluster as one, two, or more structures that should be counted
only as zero or one), and (i/) contamination (for example,
virgin filter contamination or contamination introduced during
sample collection or sample preparation). Collectively, these
sources are referred to subsequently as “background.” For
purposes of developing the DL, assume that each background
source has been reduced to its lowest achievable level.

5.2 DL—General Discussion:

5.2.1 DLs often have been misspecified and misinterpreted
because the DL concept typically has not been defined with
sufficient clarity for translation into operational terms;
however, the DL concept and operational implementation have
been presented correctly in the scientific literature by a number
of authors (1-4).” These authors describe the DL as a theoreti-
cal value, usually the true mean concentration of a substance in
a sampled population. This true mean, the DL, must be large
enough to ensure a large probability (for example, 0.95 or
larger) that results for one or more samples of the substance

3 For example, the purpose of the measurements might be to assess differences in
the levels of a substance between two sources. If it were anticipated that the levels
associated with each source are likely to be less than the DL of a particular
measurement method, that method would not be appropriate for the intended
application.

¢ Other characteristics are precision, bias, and for asbestos measurements,
sensitivity.

7 The boldface numbers in parentheses refer to a list of references at the end of
this standard.
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from the population will be larger than the decision value,
which leads to the conclusion that the samples were not from
the background population (that is the results were not below
detection). The DL should be the smallest value that ensures a
high probability of detection.

5.2.2 Determining whether the mean concentration of a
substance in a sample is consistent with the background
concentration or is greater than the background concentration
is a statistical decision problem. Due to statistical variation,
replicate measurements of a sample or measurements from
replicate samples do not yield identical results; thus, a mea-
surement may exceed the true background mean level even if
the sample were collected from the background distribution.
Differences in replicate results are characterized as statistical
variation. Values of replicate measurements are described by a
probability distribution. The decision concerning whether or
not a measurement is consistent with the background concen-
tration fits the standard hypothesis testing framework in
statistics. The statistical testing problem, therefore, provides
the necessary structure for determining a numerical value for
the DL, as well as a rule for reporting measurements as “below
the DL.”

5.2.3 The DL is determined by formulating the statistical
testing problem as follows.

5.2.3.1 Consider a statistical test, based on one
measurement, of the null hypothesis that the true mean
concentration, A, of substance in a sample is equal to the
background mean, 4, versus the alternative hypothesis that 4 is
greater than 1,. The typical decision rule leads to a choice of
J>), over A=), if a standardized measurement® is larger than a
specified decision value for the statistical test. The decision
value is chosen to control the type I error rate (also referred to
here as the false positive rate) of the statistical test. The false
positive rate is the probability that a measurement will exceed
the chosen decision value, leading to acceptance of >4, when
the true mean concentration is, in fact, /10.9

5.2.3.2 The DL concept, although providing protection
against false positives in measurement systems, also requires
consideration of probabilities associated with true positives. A
high degree of confidence (that is, a high probability) is
required that a decision in favor of A>4, over A=4, is correct.
In statistical hypothesis testing terminology, this probability is
referred to as the “power of the statistical test.”

5.2.3.3 The power of a statistical test is the probability that
a measurement exceeds the decision value (that is, the prob-
ability that the measurement leads to the choice, 1>4,) when
the true mean concentration is a value larger than A, The
power of the test is an increasing function of the true mean, 4.
The DL is the value of A that makes the power sufficiently
large. EPA definitions of the DL indicate that power, the
probability of a true positive result, should be 0.95 or greater.

81n this statistical context, a standardized measurement is calculated as the
measurement minus the background mean divided by the standard deviation of the
background distribution.

° This probability also is referred to as the significance level or p-value of the test
and typically is selected to be 0.05, but could be larger or smaller to reflect the
gravity of the consequences of a false positive.

5.2.4 Based on the structure outlined in 5.2.3.3 reporting
measurements subject to DL considerations would be imple-
mented as follows:

5.2.4.1 Determine the decision value in the statistical test
for determining if a measurement is large enough to conclude
that >4, is correct and determine the value of 4, say 4,, to
achieve sufficient power. 4, is the DL.

5.2.4.2 If the measured value exceeds the decision value,
report the measured value. If the measured value is less than or
equal to the decision value, report that the measurement is
“below the DL.”

6. Application to Air Samples

6.1 The statistical hypothesis testing formulation described
above and the Poisson distribution are employed to define and
calculate DLs for measurements of airborne structure concen-
trations.

6.2 For the DL concept to have meaning there must be a
background distribution of structure measurements. The back-
ground distribution consists of sources of structures that are not
the measurement targets of interest but cannot be eliminated or
further reduced.

6.2.1 The background distribution for airborne structure
measurements is a combination of (i) analyst error and (if)
contamination (filter or laboratory).

6.2.1.1 Analyst errors are errors such as: determining the
length of structures or fibers and whether, based on length, they
should be counted; counting artifacts as fibers; determining the
number of structures protruding from a matrix; interpreting a
cluster as one, two, or more structures that should be counted
only as zero or one.'”

6.2.1.2 Filters may become contaminated from impurities
that are inherent in their production or in the laboratory during
filter preparation for analysis. Filter contamination should be
minimized by laboratory QA/QC procedures.'!

6.2.2 All background sources should be reduced to their
lowest achievable levels. From an empirical perspective, it is
neither practical nor necessary to quantify the background
sources separately. The background level may be determined
by analyzing blanks without attempting to differentiate among
sources.'?

6.3 Characterization of Sampling and Analysis to Measure
Airborne Asbestos—As an aid in the subsequent discussion, a
simplified characterization of air sampling and analysis for
measuring airborne asbestos concentrations is used. Although
this characterization of the measurement process may lack
important details from a microscopist’s perspective, it is
adequate for describing how to calculate a DL (refer to Test
Method D6281 and NIOSH 7400 (5) for additional details).

19 Misclassification of a nonasbestos structure as an asbestos structure is not
treated as a false positive in the present discussion of DLs. For purposes of defining
a DL, consider only the background sources described above as contributing to false
positives.

' QA/QC procedures include: testing a sample of filters from a new supply
before the new supply is used in the field; and diligently eliminating sources of
asbestos contamination from the laboratory.

12 Background estimation methods are described in 6.4.2.
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6.3.1 Air sampling is accomplished by drawing air through
a filter at a specified rate for a specified period of time.
Airborne particles consisting of asbestos and other matter are
deposited on the filter. After air sampling has been completed,
a section of the filter is prepared for inspection by microscopy.
A specified number of fields of view of known size (that is,
graticule fields for PCM and grid openings for TEM), are
randomly selected and inspected microscopically. The particles
found in each field of view are classified as fibers for PCM or
asbestos structures for TEM and a count is recorded. The count
obtained from the fields that were inspected is increased by an
appropriate factor to produce an estimated count for the total
filter. This estimate is divided by the volume of air collected
during sampling. The resulting measurement is interpreted as
an estimate of the asbestos concentration in the air, and is
reported in units of fibers/cc of air (f/cc) for PCM or
structures/cc of air (str/cc) for TEM.

6.3.2 The information described in 6.3.1 that is needed to
address DLs can be summarized as a single number-
measurement “sensitivity.” Sensitivity is a characteristic that
applies to individual measurements.'? Sensitivity is defined as
the structure concentration corresponding to a count of one
structure in the sample. Sensitivity, therefore, depends on air
volume and the fraction (a proportion) of the filter that is
inspected. The fraction depends on the size of the effective
filter collection area, the size of the fields of view, and the
number of fields of view that are inspected.

Sensitivity (S) = [(EFA)/(FOV*FOVA)]IV (1)
where:
EFA = the effective filter collection area in square milli-
meters (mm?);
FOV = the number of fields of view;
FOVA = the average field of view area in mm?; and,
\% = air volume in cubic centimeters (cc).

6.3.3 Given any value as a requirement for sensitivity, the
air volume, field of view size, and number of fields of view
may be varied to achieve the required value.

Note 1—Typical EFAs are 385 mm? for a filter with a 25-mm diameter
and 855-mm? for a filter with a 37-mm diameter.

6.3.4 From the definition of sensitivity, it follows that the
structure concentration measurement for a sample is the
number of structures counted multiplied by sensitivity:

str/cc = (# structures) *S (2)

6.4 Based on the usual assumption that the structure count
from an air sample is described by the Poisson probability
distribution, equations were developed for calculating DLs.
The DL is stated as a mean structure count. The mean structure
count may subsequently be translated to concentration units
(str/cc) through multiplication by the sensitivity of the mea-
surement as shown in Eq 3.

'3 The sensitivity concept also may be applied to averages of multiple measure-
ments in situations where “a measurement” always means the average of a specified
number of independent replicate measurements. This application of sensitivity is not
discussed here.

TABLE 1 Detection Limits for Different Background Means
Measurement Unit Equals Number of Structures
(Nominal o = 0.05; Power = 0.95)

Note 1—*“Structures” applies both to structures and fibers depending
on the measurement protocol.

Background Decision Actual Type | Detection Limit
Mean (Ao) Value x, Error Rate (o) (Aq)
0.00-0.05 0 0.000-0.048 3.00
0.05-0.35 1 0.002-0.049 4.74
0.35-0.81 2 0.006-0.049 6.30
0.81-1.36 3 0.010-0.049 7.75
1.36-1.97 4 0.013-0.050 9.15
1.97-2.61 5 0.016-0.050 10.51

6.4.1 Background Mean Known'*—Let X represent the
number of structures counted in a sample based on inspection
of a filter area equal to A (A = Y} FOV,-FOVA; where FOV; is
the number of grid openings with area FOVA,). Let A be the
true average structure count. To establish the DL, set up a
statistical test of the hypothesis H,,: A=A, versus the alternative
H,: A>4, as described in 5.2.3. 1, is the true mean count of
structures for the background distribution when an area, A, of
the filter is inspected.15 The decision value, X, is defined as the
solution to P(X>x,, IA=4,, A)=a (o is the significance level or
Type I error rate of the statistical test). The power of the
statistical test is calculated as P(X>xylA=4,, A)=1-f. B is the
Type 1II error rate of the test and 1 is the value specified as
the power of the test. The DL is the value of 4, that satisfies the
equation for the power of the test.

6.4.1.1 The equations for calculating the DL are as follows:

Solve:

P(X>x)IA =%k, A) = @ (3)

to determine the decision value, x,.
Then solve:

P(X>xIh=X1,A)=1-8 4

for /,, which is the DL.
6.4.1.2 Calculate the probabilities indicated in Eq 4 and 5
using the following:

P(X>x 1L A)=1— Y A-e ! (5)

where the index ¢ in the sum takes the values O, 1, 2, ..., x.

6.4.1.3 Numerical Examples of DLs for Airborne Asbestos—
Based on assumptions about the true value of the underlying
background mean, decision values and DLs have been deter-
mined and are recorded in Tables 1-4. The examples in Tables
1 and 2 have been developed for a statistical test of 1=/, versus
A>A, with the nominal significance level of a = 0.05 and
nominal powers equal to 0.95 and 0.99, respectively. Because
of the discrete nature of structure counts and the discrete nature
of the Poisson distribution, it is not possible to achieve the
nominal value of a = 0.05 exactly. For each case in Tables 1

'4 One may assume that the background mean, Z,, has a known value based on
a long history in the laboratory of consistent results obtained for blank filters. It is
more likely that the mean would be estimated from a recent, fixed number of blank
filter analyses. The latter case is discussed in 6.4.2.

15 ], 1s an increasing function of the filter area, A, that is inspected.
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TABLE 2 Detection Limits for Different Background Means
Measurement Unit Equals Number of Structures
(Nominal a = 0.05; Power = 0.99)

Note 1—*"Structures” applies both to structures and fibers depending
on the measurement protocol.

Background Decision Actual Type | Detection Limit
Mean (o) Value x, Error Rate (o) (Aq)
0.00-0.05 0 0.000-0.048 4.61
0.05-0.35 1 0.002-0.049 6.64
0.35-0.81 2 0.006-0.049 8.41
0.81-1.36 3 0.010-0.049 10.05
1.36-1.97 4 0.013-0.050 11.61
1.97-2.61 5 0.016-0.050 13.11

TABLE 3 Detection Limits for PCM Measurement Units—f/cc
(Sensitivity = 0.0005; Nominal « = 0.05; Power = 0.95)

Background Decision Actual Type | Detection Limit

Mean (f/cc) Value (f/cc) Error Rate (o) (f/ce)

0-2.5x 107° 0 0.000-0.048 1.5x%x 1073
25x10°-1.8 x 107™* 0.0005 0.002-0.049 2.4 x 107
1.8 x 107%—4.0 x 10~ 0.0010 0.006-0.049 32x 1072
4.0x 10%-6.8 x 107 0.0015 0.010-0.049 3.8x107°
6.8 x 1099 x 107™* 0.0020 0.013-0.050 46 x 107
9.9 x 10%-1.3x 1072 0.0025 0.016-0.050 53 x 107

TABLE 4 Detection Limits for PCM Measurement Units—f/cc
(Sensitivity = 0.0005; Nominal o« = 0.05; Power = 0.99)

Background Decision Actual Type | Detection Limit

Mean (f/cc) Value (f/cc) Error Rate (a) (f/cc)

0-2.5x 107° 0 0.000-0.048 23x 102
25x 10°-1.8 x 107 0.0005 0.002-0.049 33x 1072
1.8 x 107%-4.0 x 10~ 0.0010 0.006-0.049 42 x 102
4.0x 10*-6.8 x 107 0.0015 0.010-0.049 50x 1072
6.8 x 10-9.9 x 107 0.0020 0.013-0.050 58 x 107
9.9 x 107*-1.3x 1078 0.0025 0.016-0.050 6.6 x 1072

and 2, x, was chosen to correspond to the largest value of o that
is less than or equal to 0.05. The actual values of a are shown
in the tables.

6.4.1.4 Fig. 1 displays an example of the two Poisson
distributions that determine the detection limit. This example is
taken from Table 1. The background mean, 4y, is 0.81, the
decision value is 2, and the detection limit is 6.30.

6.4.1.5 It is extremely important to recognize that the
background mean, 4,, and therefore, the DL depend on the area
of the filter that is inspected to produce a measurement. For
example, if 4, equals 0.60 for measurements based on inspect-
ing A mm? of the filter, J,, would be expected to be 1.20 for
measurements based on inspecting 2-A mm? of the filter. The
corresponding DLs would be 6.30 and 7.75, respectively,
(Table 1) or 8.41 and 10.05 respectively (Table 2).

6.4.1.6 The corresponding DLs may be stated in concentra-
tion units by multiplying the values in Tables 1 and 2 by
measurement sensitivity. One example for PCM and one
example for TEM are provided. For PCM, the results are
displayed in Tables 3 and 4 for a measurement sensitivity of

0.0005 f/cc.'® For TEM, the DLs stated in concentration units
(str/cc) are displayed in Tables 5 and 6 for sensitivity, S, equal
to 0.0064 str/cc.'”

6.4.2 Background Mean Unknown—It is unlikely that the
background mean would be known with certainty. The back-
ground mean may be estimated from data collected by analyz-
ing blank filters. The estimate would have statistical error
associated with it that must be accounted for in the DL
determination. The magnitude of statistical error in the esti-
mate of the background mean varies inversely with the number
of blank filters analyzed to form the estimate. If the number of
blank filters employed is large enough to render the statistical
error negligible, the DL would be obtained from Tables 1 and
2 by using the estimate as if it were the true value of A,.
Otherwise, the magnitude of the DL varies directly with the
statistical error in the estimate of the background mean, and
therefore, inversely with the number of blank filters used to
estimate the background mean. In 6.4.2.1, this relationship is
discussed and guidance is provided for the number of blank
filters that should be analyzed. After estimating the background
mean, a quality assurance program including standard quality
control measures should be employed to maintain the lowest
achievable level of filter contamination.'®

6.4.2.1 Method—The correct value for /,, depends on the
true value 4,. Analysis results for blank filters may be used to
estimate 4 ,, which, in turn, leads to a value for x,. The estimate
of 4, is an interim calculation on the way to determining x;
therefore, the method for determining x, presented here is
based directly on the blank filter analysis results and does not
require that the estimate of 4, be calculated. The method should
have a high probability of determining the correct value of x,
and a low probability of indicating a wrong value of x,,. As the
number of blank filters that are analyzed to determine x, is
increased, the probability of a correct determination ap-
proaches 1.0 (100 %). There is, however, a cost-accuracy
tradeoff between the number of blank filters analyzed to
determine x,, and the degree of error that can be tolerated in x,,.

6.4.2.2 Use 100 blank filter analyses to determine the value
of x,.'"> The 100 blank filter measurements for a particular
laboratory may be selected from recent historical blank analy-
sis results obtained in that laboratory. The rule for determining
X based on n = 100 blank filter analyses is shown in Table 7.

16 A PCM measurement based on an 8-h sample at 2 L/min, a filter with effective
collection area of 385 mm? and inspection of 100 graticule fields of size
0.00785/mm? has sensitivity equal to 0.0005 f/cc.

7 A TEM measurement based on ten grid openings each 0.006-mm? on a filter
with effective collection area equal to 385 mm? (that is, a 25-mm diameter MCE
filter), and 1000 L of air would, by Eq 2 have S = 0.0064 str/cc.

'"® The blank filters under discussion here are those used to establish the
background mean. They are not the blanks, typically one for every field batch of
filters, that are part of the ongoing QC program. The blanks used in the QC program
are intended to flag gross contamination or identify a change in the previously
established background mean.

' Rules for determining a value for x, based on analyzing n = 10, 25, 50, 100,
and 200 blank filters have been developed and evaluated. The rules are discussed in
the appendix to this practice.
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