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INTERNATIONAL
Standard Practice for
99 %/95 % Interlaboratory Detection Estimate (IDE) for
Analytical Methods with Negligible Calibration Error 1
This standard is issued under the fixed designation D 6091; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.3.4 Low Probability of False Detectieh-The IDE is a

1.1 This practice establishes a standard for computing §ue concentrz_ition consistent with a meas_ured c_oncentration
99 %/95 % Interlaboratory Detection Estimate (IDE) and pro-threshold (critical measured value) that will provide a high
vides guidance concerning the appropriate use and applicatioRfobability, 99 %, of true nondetection (a low probability of

1.2 The IDE is computed to be the lowest concentration atélse detection,a =1 9%). Thus, when measuring a blank
which there is 90 % confidence that a single measurement frof@MPple, the probability of not detecting the analyte would be
a laboratory selected from the population of qualified labora99 %- To be useful, this must be demonstrated for the particular
tories represented in an interlaboratory study will have a trugnatrix being used, and not just for reagent water.
detection probability of at least 95 % and a true nondetection 1.3.5Low Probability of False NondetectienThe IDE
probability of at least 99 % (when measuring a blank sample)Should be a true concentration at which there is a high

1.3 The fundamental assumption of the collaborative studyrobability, at least 95 %, of true detection (a low probability
is that the media tested, the concentrations tested, and ti false nondetection =5 %, at the IDE), with a simulta-
protocol followed in the study provide a representative and faif*€ous low probability of false detection (see 1.3.4). Thus, when
evaluation of the scope and applicability of the test method ag'eéasuring a sample at the IDE, the probability of detection
written. When properly applied, the IDE procedure ensures thatould be at'least 95 %. To b_e useful, this must be demonstrated
the 99 %/95 % IDE has the following properties: for the particular matrix being used, and not just for reagent

1.3.1 Routinely Achievable IDE ValueMost laboratories Water.
are able to attain the IDE detection performance in routine Nore 1—The referenced probabilities,andp, are key parameters for
analyses, using a standard measurement system, at reasonaBlebased assessment of a detection limit.

cost._This property is needed _for a detecti_on limit to b_e 1.4 The IDE applies to measurement methods for which
practically feasible. Representative laboratories must be insjipration error is minor relative to other sources, such as

cluded in the data to calculate the IDE. when the dominant source of variation is one of the following
1.3.2 Routine Sources of Error Accounted feifThe IDE (with comment):

should realistically include sources of bias and variation which' 1 4 ¢ Sample Preparatignand calibration standards do not
are common to the measurement process. These SOUrGgSe to go through sample preparation.

include, but are not limited to: intrinsic instrument noise, some 1 4 2 pifferences in Analystand analysts have little oppor-

typical amount of carryover error, plus differences in laborayniry o affect calibration results (such as with automated
tories, analysts, sample preparation, and instruments. calibration).

1.3.3 Avoidable Sources of Error Excludedrhe IDE 1.4.3 Differences in Laboratoriesfor whatever reasons,
should realistically exclude avoidable sources of bias an%erhaps difficult to identify and eliminate.
variation, that is, those which can reasonably be avoided in 1 4 4 pifferences in Instrumentémeasurement equipment)
routine field measurements. Avoidable sources would include,nich could take the form of differences in manufacturér

but are not limited to: modifications to the sample, MeasUremqdel, hardware, electronics, sampling rate, chemical process-

ment procedure, or measurement equipment of the validatelq rate integration time, software algorithms, internal signal

methpd, and gross and easily discernible transcription eITOISyocessing and thresholds, effective sample volume, and con-
(provided there was a way to detect and either correct of;mination level.

eliminate them). 1.5 Alternative Data Quality ObjectivesOther values fax
, B, confidence, etc. may be chosen for calculating an IDE;
* This practice is under the jurisdiction of ASTM Committee D-19 on Water and however, this procedure addresses only the 99 %/95 % IDE.

is the direct responsibility of Subcommittee D19.02 on General Specifications,
Technical Resources, and Statistical Methods.
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2. Referenced Documents 3.2.3 Probability of True Detectior-The probability, de-
2.1 ASTM Standards: noted 18 or 14 (T), that a single measurement of a sample

D 2777 Practice for the Determination of Precision and BiasfONtaining a nonzero concentratian,of an analyte of interest

referred to as statistical power or the power of detection, and it

3. Terminology depends explicitly on the concentration.(It depends implic-
ity on the analyte, measurement system, analytical method,
matrix, analyst, and critical value for detection.

3.2.4 Probability of False NondetectienThe false nega-
tive probability, denote@ or 3 (T), that a single measurement

3.1 Definitions:

3.1.1 99 %/95 % Interlaboratory Detection Estimate (99 %/
95 % IDE, also denoted LD for Limit of Detection in accor-
dance with Currie(1)>—The lowest concentration at which f | S ) f
there is 90 % confidence that a single measurement from Q a sampie containing a nonzero concentration,of an

analyte of interest will result in a nondetection. This is the

laboratory selected from the population of qualified laborato- . . .
ries represented in an interlaboratory study will have a tru complement of the probability of true detection. (See Fig. 1.)

detection probability of at least 95 % and a true nondetectioﬁ—hIS prp_t)ablllty f_unct|on 1S often referred to as the Type 2 error
probability of at least 99 %. probability function, and it depends explicitly on the concen-

3.2 Definitions of Terms Specific to This Standard: ga;;oerr]n(‘r)ainlftﬂdSgglnr(::]se:;hmopclimr:);t?i?( tgi;ngtlytaeﬁénfﬁ?g;eyaﬁﬂé
3.2.1 Probability of False Detectior-The false positive Y ' y ' ' yst

- ; for detection.
probability, denotedy, that a single measurement of a blank . - - .
sample will result in a detection. (See Fig. 1.) This probability 3'2'5.’ Dletecltlon Limit (DL()j or L|rr111|t .Of IIDete_ctlon (LB)-A .
is often referred to as the Type 1 error probability and dependgumenca value, expressed in pnysica un!ts or propo_rtlon,
on the analyte, measurement system, analytical method, m itended to represent the lowest level of reliable detection (a
trix, analyst, and measurement (recovery) threshold (measur _v_e_l Wh'c_h can be discriminated fr_om Zero with h'gh prob-
ment critical value) used to decide whether detection ha&Pllity while simultaneously allowing high probability of
occurred. This definition can be generalized to refer to un_nondetec'uon when blank samples are measured.
wanted detection from a single measurement of a sample at anyNore 2—In some cases, the discrimination may be from a value other
nonzero concentration of the analyte rather than a blankan zero, such as a background level. Note also that a DL also depends

sample, provided that the nonzero concentration is less than tlee other characteristics of the measurement and detection process, such as
detection limit or IDE. described in 1.3.2. The IDE is an example of a DL.

3.2.2 PrObablllty of True NondetectiearThe true negative 3.2.6 Censored MeasuremenfA measurement that is not
probability, denoted I, that a single measurement of a blank reported numerically nor is reported missing but as a nondetect
Sample will result in a nondetection. This is the Complement Obr a |ess_than, for examp|e, “less than 0.1 ppb_" The former
the probability of false detection. (See Fig. 1.) This probabilitymeans that an algorithm in the measurement system deter-
also depends on the analyte, measurement system, analyti¢alned that the measurement should not be reported numeri-
method, matrix, analyst, and response threshold. The probabiz|ly for one of two reasons: either it was considered not
ity of true nondetection can be similarly generalized: it cansyfficiently precise or accurate, or the identification of the
apply to a single measurement of a sample at any nonzerghalyte was suspect. A reported less-than may have the same
concentration less than the detection limit or IDE. meaning, but it also |mp||es (perhaps erroneous'y) that any

concentration greater than or equal to the accompanying value
(for example, 0.1 ppb) can be measured and will be reported
numerically.

2 Annual Book of ASTM Standardéol 11,01, 3.2.7 100(1+) %—Confidgnce Statistical Tolerance Li_mit

3 The boldface numbers in parentheses refer to the list of references at the end H?r 100(16) % of a POpUIatlon (also known as a One-Sided
this standard.

>
0 LC* T, T = True
Concentration
FIG. 1 Simplest Case of Reliable Detection DOCU ments
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Statistical Tolerance Interval}-A statistically determined limit 5. Significance and Use

that will, with 100(1+) % confidence, exceed (or fall below) 51 Appropriate application of this practice should result in
100(19) % of the population (the 100@) % quantile). See an IDE achievable by most laboratories properly using the test
Hahn and Meeke(2) for further explanation and tables of method studied. This IDE provides the basis for any prospec-
values. tive use of the test method by qualified laboratories for reliable

detection of low-level concentrations of the same analyte as the
4. Summary of Practice one studied in this practice and same media (matrix).

4.1 Every ASTM D-19 test method is evaluated to deter- 5.2 The IDE values may be used to compare the detection

mine precision and bias by conducting a collaborative study ifp OWer of different methods for analysis of the same analyte in

; : - the same matrix.
accordance with Practice D 2777. That study, or a similaf . . . .
collaborative study, can also be used to evaluate the lowe 5.3 The IDE provides high probability (approximately

. . .
concentration level of reliable detection for a test method§t5 %) that result values of the method studied which exceed

referred to herein as the Interlaboratory Detection Estimat the IDE represent presence of analyte in the sample and high

€. " ! X
0,
Such a study must include concentrations suitable for modelin rObat.""ty (apprQX|mater 99 %) that blank samples will not
sult in a detection.

the uncertainty of mean recovery of interlaboratory measure- 5.4 The IDE procedure should be used to establish the

ment (preferably without extrapolation). It must also be, terlaboratory detection capability for any application of a

. i
planned and cond.uctfa.d to allow the known, routllne SOUTCeS Gk athod where interlaboratory detection is important to data
measurement variability to be observed at typical levels o

. o . . se. The intent of IDE is not to set reporting limits.
influence. After it is conducted, outlying laboratories and P g
individual measurements should be eliminated using an acs

S . . Procedure
cepted, scientifically based procedure for outlier removal, suc . )
as found in Practice D 2777. The IDE computations must be 6.1 The procedure described as follows has stages described

based on retained data from at least six independent laboratt: the following sections: IDE Study Plan, Design and Protocol
ries at each concentration level. (6.2); Conduct the IDE Study, Screen the Data, and Choose a

4.2 Retained data are analyzed to identify and fit one oE’IrOdel (6.3); and Compute the IDE (6.4). A flowchart of the

three proposed interlaboratory standard deviation (ILSD) mod- ?;; ?BrEe ISStuScT; Vgra:]n glgsén and Protocol
els which describe the relationship between the interlaboratory ' '

standard deviation of measurements and the true concentration.

The identification process involves evaluating the models in
order, from simplest to most complex: constant, straight-line,
or exponential (all with respect to true concentratidr),
Evaluation includes statistical significance and residual analy
sis.

|IDE Study Plan, Design and Protocol (see 6.2) |
I
IChoose analyte, matrix and method (see 6.2.1) |

U

Choose IDE study design and protocol, based on anticipated interlab

4.3 The chosen model is used to predict interlaboratoryj
measurement standard deviation at any true concentratio
within the study concentration range. If interlaboratory stan-
dard deviation is not constant, the predictions are used tq
generate weights for fitting the mean recovery relationship (thg

standard deviation model (see 6.2.2)
h 4

[Choose Protocol (see 6.2.3) |
4

[Choose Allowable Sources of Variation (see 6.2.4) |

U

,hConduct the IDE Study, Screen the Data, and Choose Models (see 6.3)]
|
U
’ [Conduct the Study, following ASTM D 2777 (see 6.3.1) ‘
> Y
[Screen the data, following ASTM D 2777 (see 6.3.2) |

U
Identify and Fit the Interlab Std. Dev. Mode! (see 6.3.3)
Evaluate Models for measurement interlab std.dev. as a
function of true concentration, in order:
A: constant B: straight-line C: exponential

straight-line relationship between measured concentration an
true concentration), using weighted least squares (otherwise
ordinary least squares is used). The mean recovery curve i
evaluated for statistical significance and lack of fit and using
residual analysis. An ILSD model prediction is also used to
estimate the interlaboratory standard deviation of measure}f
ments of blanks. This estimate is used to comp¥te a
measurement critical value for detection (see 6.4.1). YGé&s

the value that with approximately 90 % confidence will not be
exceeded by 99 % of all measurements of blanks made by
qualified laboratories as represented in the study. L@e
computed fromYC is the true concentration with expected
measurement equal ¥C(see 6.4.2). The model is also used to
predict interlaboratory standard deviation at nonzero concen
trations. The IDE is directly or iteratively computed to be the
true concentration that with approximately 90 % confidence
will produce measurements that will exce¥@ at least 95 %

of the time and simultaneously not exceed more than 1 % of
the time when blank samples are measured.

U
[Fit the Mean Recovery Model (see 6.3.4) |

U
|

[Compute the IDE (see 6.4)
U
|Compute the recovery critical value, YC (see 6.4.1) 1
4
|Compute LC, the true concentration critical value (see 6.4.2) |

U
[If Model A is used: compute IDE=LD directly (see 6.4.3)]

U
|If Model B or C is used: compute LD iteratively, then set IDE = LD (see 6.4.4) |

FIG. 2 Flowchart of IDE ProcedudOCUMENts
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6.2.1 Choose Analyte, Matrix, and MetheéAt least one from many laboratories, or results from a recognized labora-
analyte of interest is selected, typically one for which there igory, such as NIST, using a high-accuracy method).
interest in trace levels of concentration, such as toxic materials 6.2.3 Choose Protoce-The protocol should follow Section
that are controlled and regulated. For each analyte, an approxXi-of Practice D 2777. It should include design run order and
mate maximum true concentration is selected based on thgetails on when the system is to be purged, have extra blanks

following considerations: run, and so forth. It should take into consideration possible
6.2.1.1 The anticipated IDE should be exceeded by a factgoroblems with carryover, study cost (in time and money), and
of 2 or more, time constants of measurement system drift or sample degra-

6.2.1.2 Asingle model (ideally a straight-line model in true dation.
concentrationT) should describe mean recovery from zero to 6.2.3.1 For purposes of the collaborative study, the study
that maximum concentration, supervisor should provide instructions to participating labora-

6.2.1.3 Asingle model in true concentration should describdories to disable (if possible) any internal measurement system
interlaboratory measurement standard deviation from zero téresholds (such as an instrument detection limit or peak-area
that maximum concentration, and threshold) that are used to determine whether a numerical

6.2.1.4 The range must be sufficient to enable statisticallyneasurementis to be reported as a nondetect or less-than, or as
significant coefficients to be estimated for the ILSD model and® humber (censoring). If censoring is unavoidable, the labora-
mean recovery model. One or more matrices of interest are ald8y censoring threshold must be reported with its study data.
selected, and an accepted standard analytical method for thos@wever, qualitative criteria used by the method to identify
analytes is selected for study. If there is no possibility of matrix@nd discriminate analytes are separate criteria and must be
interference, then it may only be necessary to determine a lisiatisfied according to the method.
of acceptable matrices which can be used instead of selecting6.2.4 Choose Allowable Sources of Variatiett is assumed
a specific matrix. For example, for a particular analyte,that collectively the many sources of variation will contribute
concentration range, and method it may be supposed th&® cause interlaboratory measurements at any true concentra-
reagent waters from different laboratories are indistinguishtion to be normally distributed. Representative between-
able, but for another analyte or another concentration rang@boratory variation can only be seen if the number of
that assumption may not hold. laboratories providing usable data is maximized. Ordinary

6.2.2 Choose IDE Study Design and Protocdiased (if within-laboratory variation must be _alloweo_l to affect the
possible) on anticipated interlaboratory standard deviatiof€asurement process as happens in routine measurement.
(ILSD) model. Section 7 of Practice D 2777 can be followed!deally, there would be many laboratories, and each measure-
for the study design and protocol. The anticipated form of thenent at each laboratory would be an unsuspecting blind
ILSD model (the relationship between interlaboratory mea/Mmeasurement made by a different analyst using a different
surement standard deviation and true concentration) can help {gualified) measurement system on a different day, in random
choosing an IDE study design. Three models are propose@fder.
herein for the interlaboratory measurement standard deviation 6.2.4.1 As emphasized in Practice D 2777, maximizing the
with respect to true concentration: constant, straight-line (inhumber of participating laboratories is often the most important
creasing), and exponential (increasing). Chemistry, physicghing that can be done to guarantee a successful study, and
empirical evidence, or informed judgment may make onghere are several reasons why the number of participating
model more likely than others. However, it may not be possibldaboratories will somewhat exceed the number of laboratories
to anticipate the relationship between standard deviation an@roviding a full set of usable data. A minimum of ten
true concentration. participating laboratories is recommended.

6.2.2.1 Select an IDE study design that has enough distinct 6.2.4.2 If possible, the study should be conducted com-
concentrations to assess statistical lack of fit of the models (sgdetely blind, particularly if the method is labor-intensive, as
Draper and Smith(3)). Recommended designs ar@) (The  opposed to a highly automated method. That is, not only should
semi-geometric design at five or more true concentratiohs, { the analysts not be aware of the true concentrations of the
T,, and so forth}, such as: {0, ID§4, IDEy/2, IDE,, 2 X IDE,, samples they are measuring, but they should not even be aware
4 X IDEg}, where IDE, is an initial estimate of the IDE (such of the fact that they are measuring special, study samples. This
as 10X s/, wheres' is the interlaboratory measurement stan-is to minimize the extra care distortion of data so common in
dard deviation at a trace-level, nonzero concentration)), ( analytical studies.
equi-spaced design: {0, D2, IDE, (3/2)X IDE,, 6.2.4.3 For each laboratory, the maximum number of quali-
2 X IDE,, (5/2) X IDEg}, and (c) any other design with at least fied analysts possible should be involved in the study since
five concentrations, provided that the design includes blanks, dlhere are variations which may be allowed by the method, may
least one concentration approximately equal t® IDE,, and  be practiced by different analysts, and will be seen in routine
at least one nonzero concentration below }DE analyses.

6.2.2.2 The study concentration levels must either be: 6.2.4.4 For each laboratory, the maximum number of quali-
known (true concentration levels), or knowable, after the factfied measurement systems should be used since there are
A concentration is considered known if reference standards camodel-to-model and instrument-to-instrument differences in
be purchased or constructed and knowable if an accuragquipment and maintenance, as will be seen in routine analy-
determination can be made (for example, the median valuses. Documen S
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