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Standard Practice for
Determination of Precision and Bias of Applicable Test
Methods of Committee D19 on Water *

This standard is issued under the fixed designation D 2777; 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 1.4 A collaborative study that satisfied the requirements of

1.1 This practice establishes uniform standards for estimaf® version of this practice in force when the study was
ing and expressing the precision and bias of applicable tegonduct(_ad_ will continue to be conS|der§ad an adequate basis for
methods for Committee D19 on Water. the precision-and-bias statement required in each test method.

1.2 Except as specified in 1.3, 1.4, and 1.5, this practicéf the study does not satisfy the current minimum requirements
requires the task group proposing a new test method to cardp’ @ collaborative study, a statement listing the study’s
out a collaborative study from which statements for precisiorfléficiencies and a reference to this paragraph shall be included
(overall and single-operator standard-deviation estimates) arifl the precision-and-bias statement as the basis for an exemp-
bias can be developed. This practice provides general guidan&@n from the current requirements.

to task groups in planning and conducting such determinations 1.5 This paragraph relates to special exemptions not clearly
of precision and bias. acceptable under 1.3 or 1.4. With the approval of Committee

1.3 If a full-scale collaborative study is not technically D19 on the recommendation of the Results Advisor and the

feasible, due to the nature of the test method or instability off €chnical Operations Section of the Executive Subcommittee
samples, the largest feasible scaled-down collaborative stud}f Committee D19, a statement giving a compelling reason
shall be conducted to provide the best possible limited basis fo¥hy compliance with all or specific points of this practice
estimating the overall and single-operator standard deviation§annot be achieved will meet both ASTM requiremeityf
1.3.1 Examples of acceptable scaled-down studies are tifld the related requirements of this practice. Precision-and-
local-area studies conducted by Subcommittee D19.24 ohias statements authorlzed_ by this paragraph shall include the
microbiological methods because of inherent sample instabildate of approval by Committee D19. .
ity. These studies involve six or more completely independent 1.6 In principle, all test methods are covered by this

local-area analysts who can begin analysis of uniform sample’ractice. _ _ . o
at an agreed upon time. 1.7 In Section 12 this practice shows exemplary precision-

1.3.2 If uniform samples are not feasible under any circum&nd-bias-statement formats forl)(test methods yielding a
stances, a statement of single-operator precision will meet thgmerical measure) test methods yielding a non-numerical
requirements of this practice. Whenever possible, this statd@port of success or failure based on criteria specified in the
ment should be developed from data generated by independepfiocedure, and3) test methods specifying that procedures in
multiple operators, each doing replicate analyses on indepednother ASTM test method are to be used with only insignifi-
dent samples (of a specific matrix type), which generally fallcant modifications. _
within specified concentration ranges (see 7.2.3)R( 1.8 All studies, even those exempt from some requirements

1.3.3 This practice is not applicable to methodology involv-under 1.3 or 1.5, shall receive approval from the Results
ing continuous sampling or continuous measurement, or botfidvisor before being conducted (see Section 8) and after
of specific constituents and properties. completion (see Section 13). _ _

1.3.4 This practice is also not applicable to open-channel 1.9 This practice satisfies the QC requirements of Practice D
flow measurements. 5847.

1.10 It is the intent of this practice that task groups make
every effort to retain all the data from their round-robin studies.

* This practice is under the jurisdiction of ASTM Committee D19 on Water and Values should not be eliminated unless solid evidence exists for

is the direct responsibility of Subcommittee D19.02 on General Specifications,
Technical Resources, and Statistical Methods. —_—

Current edition approved Aug. 10, 2003. Published September 2003. Originally 2 The boldface numbers in parentheses refer to the list of standards at the end of
approved in 1969. Last previous edition approved in 1998 as D 2777 — 98. this practice.
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their exclusion. The Results Advisor should work closely withconditions. The precision of a test method is expressed
the task groups to effect this goal. quantitatively as the standard deviation computed from the
results of a series of controlled determinations.
2. Referenced Documents
2.1 ASTM Standards: 4. Summary of Practice
D 1129 Terminology Relating to Water

D 1141 Specification for Substitute Ocean Wter 4.1 After the task group has assured itself that the test

D 1193 Specification for Reagent Water method has had all preliminary evaluation work c.omplet.ed,.the
D 4375 Practice for Basic Statistics in Committee D19 ontaSk group should prepare t.he test-m.ethod erte—up in final
WateP form. The plan for collaborative study is developed in accor-
dance with this practice and submitted along with the test-
Compounds in Water by Capillary Column Gas method .\/\_/rite.—up to the Results Advisor for concurrence except
Chromatography/Mass Spectrométry as specified in 1.3, 1.4, and 1.5. Upon receipt of concurrence,

D 5847 Practice for Writing Quality Control Specifications the collaborative test is conducted, data analyzed, and

D 5790 Test Method for Measurement of Purgeable Organi

for Standard Test Methods for Water Analysis precision-and-bias statements formulated by the task group.
D 5905 Practice for the Preparation of Substitute Wastewal N€ final precision-and-bias statistics must be based on usable
ter data from at least six independent laboratories. The statements,

D 6091 Practice for 99 %/95 % Interlaboratory DetectionWith backup data including the reported-results summary, the
Estimate (IDE) for Analytical Methods with Negligible calculations leading up to the statements, and the test-method
Calibration Erro? write-up with precision-and-bias statements included are sub-

D 6512 Practice for Interlaboratory Quantitation Estiriate Mitted to the subcommittee vice-chairman, who in turn sends a

E 177 Practice for Use of the Terms Precision and Bias irfopy to the Results Advisor for concurrence before balloting.

ASTM Test Method3 This procedure assures having an acceptable copy of the

E 178 Practice for Dealing with Outlying Observatidns  collaborative-study results to send to ASTM for items on the

E 456 Terminology Relating to Quality and Statistics main-committee ballot. In most instances, the collaborative
E 1169 Guide for Conducting Ruggedness Tests study shall be complete before a subcommittee ballot. If the
collaborative study is not complete, the test method may go on
3. Terminology the ballot as a provisional test method rather than a standard

3.1 Definitions—For definitions of terms used in this prac- test method. Copies of the test data, approved calculations, and
tice, refer to Terminologies D 1129, D 4375 and E 456, andstatistical results shall be filed at ASTM Headquarters when the
Practice E 177. test method is submitted by the subcommittee chairman as an

3.2 Definitions of Terms Specific to This Standard: item for the main-committee ballot.

3.2.1 accuracy—a measure of the degree of conformity of 4.1.1 The appendix shows an example of “Form

a single test result generated by a specific procedure to th& —Approval of Plans for Interlaboratory Testing,” as Fig.
assumed or accepted true value, and includes both precisioq . 1.

and bias. _ » _ . 4.1.2 For examples of data-reporting forms, see Appendix

3.2.2 bias—the persistent positive or negative deviation ofx3, 6.0.
the average value of a test method from the assumed or
accepted true value.

3.2.3 laboratory—a single and completely independent ana-
lytical system with its own specific apparatus, source o
reagents, set of internal standard-operating procedures, e
Different laboratories will differ from each other in all of these o
aspects, regardless of how physically or organizationally closg: Significance and Use
they may be to each other. 5.1 Following this practice should result in precision-and-

3.2.4 operator—usually the individual analyst within each bias statements that can be achieved by any laboratory properly
laboratory who performs the test method throughout theysing the test method studied. These precision-and-bias state-

collaborative study. However, for complicated test methodsments provide the basis for generic limits for use in the Quality
the operator may be a team of individuals, each performing &ontrol section of the test method.

specific function throughout the study. 5.2 The method specifies the matrices for which the test

3.2.5 preufsur)]n—the degree of agreemeng of repeate? Crpea'method is appropriate. The collaborative test corroborates the
surements of the same property, expressed in terms of disp rite-up within the limitations of the test design. An extensive
sion of test results about the arithmetical-mean result obtain st can only use representative matrices so that universal

by repetitive testing of a homogeneous sample under specifie plicability cannot be implied from the resuits.

5.3 The fundamental assumption of the collaborative study
3 Annual Book of ASTM Standardebl 11,01, is th_a_t thg matrices tgsted, the concentratipns teste(_j, and the
4 Annual Book of ASTM Standardéol 11.02. participating laboratories are a representative and fair evalua-
S Annual Book of ASTM Standardéol 14.02. tion of the scope and applicability of the test method as written.

4.1.3 In addition, the appendix shows a sample calculation
of precision and bias from real collaborative-test data, the
elated table of statistics, and the related precision-and-bias
flatement.
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6. Preliminary Studies herein. The precision estimates generated from the study data

6.1 Considerable pilot work on a test method must preced®ill usually be the overall standard deviatios) and the
the determination of its precision and bié3). This pilot ~ Pooled single-operator standard deviatieg) for each sample
work should explore such variables as preservation requirdlatrix and concentration studied.
ments, reaction time, concentration of reagents, interferences, 7.2.2 Laboratories, operators, sample matrices, and analyte
calibration, and sample size. Potentially significant factorsconcentrations are the only sources of variability represented in
must be investigated and controlled in the written test methothe precision-and-bias statements resulting from the usual
in advance of the collaborative test. Also, disregard of sucltollaborative study. These sources may not represent the
factors may introduce so much variation among operators thatdditional influence that can arise from differences in sample
results are misleading or inconclusi{#) (see 9.3 and 9.4). A splitting, field preservation, transportation, etc., all of which
ruggedness study conducted in a single laboratory is particunay influence routine analytical results as shown in the general
larly useful for such investigations and should be conducted tprecision definitions in Terminology D 1129.
prove a test method is ready for interlaboratory testing (see 7.2 3 Laboratories—The final precision-and-bias statistics
Guide E 1169 for details). ~ for each analyte, matrix, and concentration must be based on
6.2 Only after a proposed test method has been triedyata from at least six laboratories that passed any outlier tests
proved, and reduced to unequivocal written form should gsee 10.3) (that is, usable data). To be assured of meeting this
determination of its precision and bias be attempted. requirement, it is recommended that usable data be obtained
6_.3 If the test method will require calculation of a Qetectionfrom a minimum of eight independent laboratories. To guar-
estimate (for example, IDE, D 6091) or calculation of agsniee eight will provide usable data, it will often be necessary
quantitation estimate (for example, IQE, Practice Practice Qg get ten or more laboratories to agree to participate, because
6512), or both, then the following guidelines may be followed.gome may not provide data and others may not provide usable
6.3.1 To minimize the number of samples required, datqyata. Maximizing the number of participating laboratories is

would be gathered in two phases: _ often the most important thing that can be done to guarantee a
Phase I—Single-laboratory characterization. In this phase, thg,-cessful study.

method developer would run a sufficient number of samples at 7.2.4 Even if the single-operator standard deviation is the

a sufficient number of concentrations to characterize fully L . .
response vs. concentration, as well as error vs. concentratioﬂnly statistic to be estimated in the study (see 1.3.2), there

The lowest concentration would be the level of the blank or theShOUId be a minimum of eight operators vyho provide usable
lowest concentration that could be measured: the highe&ata’ so there is assurance of data from six operators after all

concentration would be at the upper limit of the analyticalOUtIIer removal.

range. 7.2.5 Sample Matrices-The collaborative study shall be
Phase Il—. Collaborative study. Using the results of Phase Kconducted with at least one representative sample matrix,
the method developer would estimate the minimum numbewhich should be reproducible by subsequent user-laboratories
and the magnitude of concentrations necessary to meet % that they can compare their results with the results of the

requirements of the documents of interest. collaborative study.
7.2.5.1 Typically, a reagent water prepared according to
7. Planning the Collaborative Test Specification D 1193 or a synthetic medium, such as the

7.1 Based upon the task group’s knowledge of a test methogt/bstitute wastewater described in Practice D 5905 or the
and the unequivocal write-up, several factors must be consicgubstitute ocean water desc_nbed in Specification _D 1141, is
ered in planning the collaborative test to assess the precision #6€d as the reference matrix. Analytes and matrix may be
the test method properly. The testing variables that must bg8upplied separately, with the analytes supplied as concentrates
considered in planning are discussed below. In the collabordor addition to this matrix by each laboratory; alternatively, the
tive study, it is generally not acceptable to control significant€ference matrix containing the analyte(s) may be supplied to
sources of variability that cannot be controlled in routine use ofach participant. Information on how the reference matrix was
the test method, because this control leads to false estimatesRffepared in the study shall be clear in the precision-and-bias
the test-method precision and bias. In addition, the task grouptatement of the test method so users can reproduce the study
must determine within the resources available how best tgonditions properly.
estimate the bias of the test method. 7.2.5.2 Additional collaborative testing should also be con-

7.2 Testing Variables ducted using other matrices specified in the scope of the test

7.2.1 It is desirable to develop a test method’s precisionmethod. Since these matrices must be the same for each study
statement that indicates the contribution to overall variation oparticipant, they may have to be prepared (or obtained from a
selected causes such as laboratory, operator, sample matritngle source), preserved, and distributed to all laboratories. As
analyte concentration, and other factors that may or have beenith the reference matrix, analytes may be supplied in a
shown to have strong effects on the results. Since any teseparate spiking solution or already added to the matrix. A
method can be tried in only a limited number of applications,particularly attractive matrix might be a standard material
the standard deviation calculated from the results of a study caavailable from an organization such as the National Institute of
be only an estimate of the universe standard deviation. For thiStandards and Technology (NIST). In a collaborative test, use
reason, the symbo$ (sample standard deviation) is used of uniform sample matrices is necessary since they enable a
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more certain comparison with the reference matrix than isf participants are permitted to use their detection limit to
possible with matrices supplied separately by each participantensor their results. Zeroes or less thans that result from this
(1) Use of matrices with naturally occurring, non-zero Ce€nsoring process are non-quantitative results and cannot be
background levels of the analyte(s) being studied will result inncluded in the statistical analysis of study results specified
precision-and-bias estimates that will be much more difficult toater in this practice. Conducting the specified statistical
compare properly with estimates from the reference matrix. analysis on whatever quantitative data are available under such
(2) Any matrix spiking that may be necessary shall notcircumstances can produce misleading precision-and-bias esti-
significantly change the natural characteristics of the matrix. mates. If it is considered necessary to include samples at or
(3) With the exception of the kind of limited study nga_rthe detect_|0n limit, such samples shall be in addlt!on to the
described in 1.3.2, the matrix-of-choice approach, in whicHMinimum requwed three Youden pairs at concentrations that
each participant is expected to acquire his or her own sampfe?" e readily measured by qualified laboratories. Data from
of a designated type, should not be used. Such studies apa@lySes of the basic three or more Youden pairs that can be
basically incompatible with the statistical approaches emduantified can then be statistically analyzed as specified to
ployed in this practice. In addition, the presence of variabld’roduce a proper traditional precision-and-bias statement for
background concentrations prevents the assignment of a propdfe st method. Results from analyses of Youden pairs at or
mean-concentration level to each precision estimate producélf@" the detection limit can be included in this traditional
in the study. statistical analysis if it turns out that most laboratories report

7.2.5.3 The same study design should be used for all Samppeuantn‘led results. Otherwise, results for low-level samples

matrices. A separate precision-and-bias statement should tgréust be statistically analyzed using specialized procedures (for

enerated for each sample matrix with a brief description of th gkample, procedures similar to those under development in
%atrix tested P P Subcommittee D19.02), which are beyond the scope of this

. . o . __.practice.
7.2.5.4 When studies are available indicating the applicabil- .
ity of the test method for matrices untested in 7.2.5.1 and 7.2.7 Since the order of analyses should not be a source of

7.2.5.2 and not meeting the other requirements of this practicéyStemaﬂc variability in. the study, each participant should
at the discretion of the task group responsible for the tesct%lther be told to randomize the order of study-sample analyses

method and the Results Advisor, and providing the data ard' be given a specific ran(_jom order for the analyses.
analyzed in accordance with Section 10 of this practice, these /-2-7-1 Whenever the time of analyses has been shown to
supporting data may be included in a separate section of tHgfluence th_e analytical .results, close control over the time of
precision-and-bias statement. Included shall be a clear but briénalyses will be essential.

description of the matrices and the study protocol employed. It 7-2.8 If pilot work has shown that the sample container must
is the intent of this practice that ultimately, data concerning thde of a specific material prepared in a specific manner prior to
precision and bias of the test method in the full range ofuse, the variation in containers obtained and prepared by the
matrices covered in the scope and analyzed in accordance wiBrticipants will be a random variable and should be treated as
this practice, will be made available to the users of the tesuch in the planning of the study and in the statistical analysis
method. of the data.

7.2.6 Analyte ConcentrationsIf pilot work has shown that 7.2.9 The manner of preservation or other treatment of the
precision is linear with increasing analyte concentrations, agample prior to typical use of the test method (if known to
least three Youden pair¢5) (that is, six concentrations) affect the precision or bias, or both, of results) shall be
covering the desired range of the test method should b#corporated into the collaborative-study design.
included for each matrix. If the pilot work suggests that the 7.3 Measurement of Precision
precision should be other than constant or linear, more con- 7.3.1 Every interlaboratory study done to provide precision-
centration levels should be analyzed, especially in the nonand-bias estimates for a D19 test method must use a Youden-
linear portions of the expected relationship between precisiopair design rather than a replicate-sample design. Justifiable
and concentration. Also, if the desired uses of the methogxceptions to this requirement shall be approved through the
include comparisons (for example, either among laboratorieprocess provided in 1.5. In a Youden-pair design, each partici-
or with a regulatory standard) at or near the estimated detectigsant receives (or prepares from a concentrate and a matrix,
level of the method, sufficient concentrations should be infhoth of which are furnished by the study) a separate safople
cluded in the desired matrix to comply with the requirements ofeach analysis required in the studymong the set of samples
the IDE. Similarly, if it is desired to know the level of each laboratory analyzes for a specific matrix, there are pairs of
quantitation of the method for data to be used in ineterlaborasamples containing similar but usually different analyte con-
tory comparisons, additional concentrations should be selectaséntrations that differ from each other by up to 20 %; the
to comply with the requirements of the IQE. Study concentrapercentage calculation is based on the average of the two
tions other than those needed to meet the requirements of tRamples in the pair. As a matter of convenience to whomever is
IDE and IQE should generally be rather uniformly distributedpreparing the samples or spiking concentrates, up to half the
over the range of the test method. Youden pairs may have the same concentration (that is, be

7.2.6.1 Study samples with concentrations at or near thblind duplicates), but the participants must have no basis for
detection limit of a test method are likely to produce non-comparing their single test results from analyses of different
guantitative results from many of the participating laboratoriestudy samples.
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7.3.2 The only difference in treatment of data from amust be used during the collaborative study, unless insufficient
Youden-pair study is the calculation used to estimate the mearnmckground data exist to establish credible interim required
and standard deviations; these calculations may be found iperformance criteria for that part.

Youden and Steine(6). Once developed, these mean and 7.5.2 All quality control data/information produced to meet
standard-deviation estimates are treated the same as statistihe requirements of 7.5.1 shall be reported to the task-group
from a study with the usual replicate design. A detailedchair, along with results from analyses on the study samples.
example with and without raw experimental data is given in

Refs.(7) and(8), respectively. 8. Collaborative Study Design Approval

_ 7.3.3 The value of the n_on_repllca'Fe design is that the g1 After design approval by the task group, the task-group
smgle.—operator standa_rd-dewatlon esymates are free of ayhair (or designee) will summarize the proposed design of the
conscious or unconscious analyst bias. The procedures f@giaporative study. This summary will includel)(the test
calculating overall and single-operator standard deviations argethod (in ASTM format and as approved by the task group)
given in 11 and illustrated in Appendix X2. to be tested; ) the analytes to be included in the studs); the

7.4 Measurement of Bias number of samples in accordance with the paired-sample plan

7.4.1 The concept of accuracy comprises both precision andf 7.3.1; @) the approach for determining the bias of the test
bias (see Terminology D 1129 and Practice E 177). As dismethod as exemplified in the collaborative studsy;the range
cussed in Practice E 177, there is not a single form that can bef concentrations covered, and approximate concentration of
universally recommended for statements of accuracy. Since theaterial in each sample or se6) the approximate number of
accuracy of a measurement process is affected by both randdeboratories and analysts7)(the matrices and QC samples
and systematic sources of error, measures of both kinds of errbeing tested;8&) plans for developing study samples; agjl
are needed. The standard deviation is a universal measure @py of the instruction and data-reporting package to be given
random sources of error (or precision). Bias is a measure of th® each study participant. This summary should be presented to
systematic errors of a test method. the Results Advisor in the form of a letter.

7.4.2 A collaborative-study evaluation of bias for a specific 8.1.1 As an aid, the task group chairman may use, “Form
matrix produces a set of analyte/sample means. The differendeApproval of Plans for Interlaboratory Testing,” and in
between a true value (however defined) and the related meanAgpendix X1 (a completed example is shown in Fig. X1.1).
an estimate of the average systematic error (that is, bias of the 8.2 Upon review of the plan, the Results Advisor will advise
test method). the task-group chairman whether the plan meets the require-

7.4.3 There are three major approaches commonly used toents of this practice or what changes are necessary to meet
test a measurement procedurd) (neasurement of known the requirements of this practice.
materials, 2) comparison with other measurement procedures, 8.3 Upon receipt of approval of the collaborative-test plan
and @) comparison with modifications of the procedure itself by the Results Advisor, the task-group chairman (or designee)
(9). The third approach may involve the standard-additionwill conduct the collaborative test.
technique or the simultaneous analysis of several aliquots of
different sizes (for example, 0.5, 1, 1.5, 2, 2.5 units). The tasl. Conducting the Collaborative Study
group will select the approach that best suits its needs within g 1 A single entity, acting for the task group, will prepare
the resources available to it. the samples for the collaborative study and ship them to the

7.4.4 The most likely task-group approach will be the use oparticipants with: (1) instructions for the study; (2) a copy of
known materials. Since reference standards are unlikely to bge exact test method (if not already supplied); and, (3) the
available, the task group will prepare its samples with addegarticipant reporting form (or reporting instructions).

(therefore known to them) quantities of the constituent(s) being 9.1.1 The instructions for the collaborative study shall
tested. The best available chemical and analytical techniquegquire sufficient preliminary work by potential collaborators
for preparing, stabilizing (if necessary), storing and shippingo familiarize them adequately with the test method prior to
the prepared samples should be known within the task grougtudy measurements. This preliminary familiarization is nec-
and will not be addressed in this practice. However, if theessary to ensure that each collaborative study is made by a peer
sample-preparation and handling techniques used for the stugdifoup and that a learning experience is not included in the
are different from those expected to be used for samples duringatistics of the collaborative study. The task group may also

routine application of the test method, those differences shallevelop procedures to qualify prospective collaborators, and
be pointed out in the precision-and-bias statement. Future useit§is approach is strongly recommended.

of the test method may decide that these differences had ang 1.2 Each laboratory should usually supply its own cali-

effect on the precision or bias results, or both, from the studypration materials, as independent calibration materials are a
7.5 Quality Control During the Study significant source of interlaboratory variability. However, if the
7.5.1 The Quality Control section to appear in the testcost of availability of calibration materials is judged to be a

method must be drafted before the collaborative-study desigsignificant deterrent to participation, or if currently available

is made final, and the study design must assure that thmaterials are inadequate and not considered typical for subse-
collaborative study will produce any background data notquent routine use of the test method, these materials may be
otherwise available to complete the final Quality Controldistributed with the study samples. If calibration standards are
section properly. Each part of the draft Quality Control sectionprovided, the precision-and-bias section of the test method
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should so note, including the concentrations and matrix of th@rocedural, transcription, clerical, or calculation errors. Careful
standards and any specific instructions for their use. design of the reporting form (or reporting instructions) will

9.1.3 As an aid, the task-group chairman may use théacilitate this task.

“Sample Template for a Round-Robin Study Workplan,” as in ) _
Appendix X3. 10. Collaborative Study Data Analysis

9.2 The batch of samples containing a specific member of a 10.1 For each matrix/analyte, the steps involved by the
Youden pair should be clearly marked with a common uniquéask-group chair in the data analysis consist @f:t@bulating
code, informative to the distributors but not informative to thethe data; 2) eliminating any laboratories that did not follow
study participants. Samples should be sized to supply morgignificant study instructions, were not in control during the
than the minimum amount necessary to participate in the studstudy, or were so consistently high or low that their results are
(with reasonable allowance for pipetting, rinsing, etc.) to allowunreasonable (see 10.3)3)(for each matrix and analyte
for trial runs and analytical restarts that may be necessary. Aoncentration studied, calculating the overall and single-
separate set of samples shall be provided for each operat@perator standard deviations and means from the usable data
Sample concentrations should not be easily surmised values (@nd calculating the bias from each mean spike recovery (must
5, etc.). The assignment of samples to the participatingubtract the mean reported background value whenever neces-
laboratories should be randomized within each concentratiofary); @) tabulating the statistics5f assembling information

level. The above recommendations should help assure statisiequired for the research report; and, if desir€l. summariz-
cal independence of results. ing these results in a graph or regression equation for the

9.3 A copy of the test method under investigation, theteSt'methOd statement.

written instructions for carrying out his/her part of the pro- 10.1.1 Asan aid to following the steps, the task group chair
gram, and the necessary study samples should be supplied®Y find it helpful to review the sample calculations of
each operator. No supplementary instructions or explanatiorf€cision and bias given in Appendix X2.

(such as by telephone or from a task-group member within a 10.2 Tabulation of Data-The data reported by the labora-
cooperating laboratory) should be supplied to one participant ifories shall be made consistent in reporting units and, if
not to all. Study materials should be distributed from onepossible, in the number of reported values per operator or
location, and the operator’s reports should be returned to on@boratory(10). Before data tabulation is begun, any unusable
location. data sets (that is, sets generated by laboratories that did not
follow significant study instructions or used an unacceptable
variation of the test method being studied) shall be removed.

tion of sample prior to using the test metho@) erder of Unless each laboratory used its own matrix with a unique

analyses of samples (random order within each laboratory iQackground concentration, all biqs and precision estimates are
often best): 4) details regarding the reporting of study resultsto be based on the concentration reported, rather than on

on the reporting form; andj the time limit for return of the background-corr_ected reSl_JIts. )
reporting form. 10.2.1 Sometimes, looking at the histogram of a set of data

9.4.1 Laboratories shall be required to report all figuresW:LShE;ﬁ) doz;g recognize or understand, or both, the cause of

obtained in making measurements, instead of rounding results ) _ _ )
10.3 Evaluation of Outliers— Data from this study will be

before recording them. This practice may result in recordin - i )
sed to develop precision-and-bias statements that are appli-

one or more significant figures beyond what may be usual i . . !
the Report section of the test method. A decision abouf@ble to a ‘reasonably competent” laboratory properly using

rounding all data can be made by the task group when the fin rl‘e test method. Occas?onal_ly, data} from an individual labora-
statistical analyses are performed ory may seem “out of line” in relation to data from the other

) laboratories to such an extent that it creates doubt as to whether
9.4.2 The laboratories shall report results from analyses

. _ at laboratory did indeed perform the test method properly or
study samples without background subtraction and shall alsg reasonably competent, at least with respect to its ability to

report background levels for every matrix that they use in thg;se this particular method. An unusual individual data value
study. The task group will make any background correctiongyay also raise the suspicion that, although the other results
that may be necessary. from that laboratory appear reasonable, “something must have
9.4.3 Zeros and negative numbers should be reported whegene wrong” in this instance.
ever they represent the actual test results produced. Test results|9.3.1 When questionable data are encountered, the first
should never be censored by a participant. The reporting oftep shall be to contact the laboratory to try to determine
“less-than” or “greater-than” results negates the objectivity ofwhether it followed proper procedure and/or whether it can
subsequent statistical calculations and should be avoided. Zeg#er some other explanation that may preclude the use of these
never should be reported in place of a less-than or othaidata.
nonquantitative test result. 10.3.2 If this contact fails to resolve the issue, data may be
9.5 The task-group chair (or designee) should monitor the&xcluded with the approval of the Results Advisor. The
collaborative study to assure that results are reported badalationale for such exclusion shall a formal test rejecting the
within the agreed upon time limit and are free of obviousdata as an outlier in accordance with Practice E 178.

9.4 The written instructions should cover such items &s: (
directives for storing and subdividing the sampl®); frepara-
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11. Statistical Calculations for Each Matrix, Analyte, and 11.3 Return to 11.1 for the next matrix, analyte, and
Concentration concentration, until all statistics have been calculated for every
11.1 Calculation of Single-Operator Standard Deviation combination studied.
Estimates 11.4 Calculation of Bias
11.1.1 Calculation for Youden Pairs-Estimate the single-  11.4.1 The calculation of the bias of a test method will

operator standard deviatios,) from the data pairs available l0gically follow the collaborative-study design (7.4). The usual
for each Youden pair, analyte, and matrix in the study agollaborative-study technique will involve reporting the recov-

follows: ery of added (therefore known) amounts of the analytes being
- measured.
S (D,-D)? 11.4.2 The calculation of bias for a specific matrix, analyte,
s, = ':Zl(m—l) (1)  and concentration is as follows:
Where: Bias(%) = 100(X—b—c)/c (6)
' where:

m = the number of usable pairs of results available for that _

Youden pair, analyte and matrix, X = the mean of usable data for that matrix, analyte, and
D; = the difference between the usable value from labora- concentration, _

toryi for the Youden sample with the higher true value € = the true concentration added, and _

of the pair minus the usable value from laboratiigr b = the mean background concentration reported, if neces-
_ the other sample of the pair, and sary. .
D = the mean of then usable D values. 11.4.3 Where other types of studies are used to develop a

true concentration for use in estimation of the test-method bias,

Note 1—In the calculation of _I;)_the sample with the higher true special care shall be taken to assure that the other study
(known) value of the Youden pair is always the same sample for eac rovides a logical reference value. Consultation with the
laboratory, even though its measured value may be lower in any individu ’

laboratory, esults Advisor and other recognized experts may be appro-

) ) ) ) priate in such cases.
11.1.2 Calculation for Blind Duplicates-The calculation of

S, for a blind duplicate is: 12. Format of the Precision and Bias Statement Required
s, = \/D?/ 2m @) in Each Test Method
11.2 Calculation of the Mean (x and Overall Standard 12.1 For most test methods, a collaborative study will be
Deviation (§)— conducted and the following requirements apply.

11.2.1 Let the usable data reported for a specific matrix, 12.1.1 A brief note shall provide the reader of the test

calculate the meark( and overall standard deviatiosf as  Study conducted. At a minimum, this note shall include the
follows: number of laboratories that contributed data, the matrices
studied, the version of Practice D 2777 followed in designing
n and analyzing the study data, and any other significant aspects
2 of the study not presented elsewhere in the test method.
- 3) 12.1.1.1 Regarding significant study aspects thaist be
described, if the analytical conditions used during the collabo-
and rative study were more restrictive than those allowed in the test
n method, it is particularly important that these restrictive con-
.Zl (% —X)? ditions be fully described in the precision-and-bias statement of
Sr= . (4)  the test method. Results from the collaborative study may not

11.2.2 Calculation for Blind Duplicates-When two apply to other analytical conditions allowed in the test method.

samples comprise blind duplicates, rather than Youden pairs, 12.1.2 _The followm_g caution shall also be_ included, “Re-
follow the above procedure for calculating the mean an ults_ofth|s collaborative study may not be typical of results for
overall standard deviation by substituting;(+ X,;)/2 for x; in matrices ot:er th?jn thosel Stuﬂ'el(lj‘ | b Jable in th
all cases, where,; andx,; are the measured values from the]c 12'1];3 T t?l stu hY Les;u ts s r? always (Ie aval ad e in the
blind duplicates obtained by the ith laboratory. A final adjust- 0'™ Of & g’.‘ de’ V‘.’"'C ' cl)lr gacl dmatrrllx, analyte, and concen-
ment ofs; is necessary in order to reflect the standard deviatioffaion studied, will usually include the true concentration (
for a single measurement, rather than the average of wwhdded to the matrix, and must include the number of values

measurements, among laboratories. The required adjustment” orted, the number of values, and (from the usable datp): (
g q ) tﬁg mean responseX), (2) bias as a percent @ and @) the

given by overall standard deviatiorsf). For each matrix, analyte, and
st =/ Luongnay + %ﬁ ®) Youden pair of sample concen'trations, the tgble shall include
the number of usable datpairs and the single-operator
wheres, is calculated as in 11.1.2. standard deviationsf) estimated from these pairs of usable
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values. This table shall be included in the test method. 12.4.1 When a method specifies that the procedures in
Equivalent mathematical or graphical relationships of the meaanother ASTM method are to be used, a statement such as the
(or bias),s; ands,, to true concentration (mean background +following should be used to assure the user that precision-and-
spike) may be provided also. If a matrix had a naturallybias statements apply.

occurring, non-zero background level for this analyte, the mean 12.4.1.1 Precision and Bias-The precision and bias of this
background level may be determined by employing the Methodiest method of measuring (insert here the name of the property)
of Standard Additions, using the mean responses from all of thare as specified in Method (insert here the designation of the
laboratories for each level versus the true spike-additiorother method).

concentrations. This mean background concentration shall aIsE3

be reported in this table, and the bias estimates shall be | of th . d-bi hall b
calculated from the recovery of the true spikes, (that is, 1o-1 Approval of the precision-and-bias statement shall be

x—average background). This table shall always be included intamed from the Results Advisor _bgfore_the test_ method is
the research report provided to the Results Advisor and filed éﬁu.bmltted for committee ballot, providing him/her with a copy

ASTM Headquarters. If the full table is not included in the testO" . .
method, at least a listing of the true concentrations studied for 13.1.1 All test data resulting from the collaborative test.

each matrix and analyte, and the number of usable values for gig 2" statistical f&lcﬁ!aﬂ?nﬁt' tical estimates in tabul
each, shall be included in the precision-and-bias statement. T summary otthe final statistical estimates in tabular

. . . . orm.
12.1.4 Mathematical or graphical relationships developed 131 4 A copy of the final test method, including the

from the study results shall represent the general way preCiSi%‘reCision-and-bias statement based on the study results.

and bias vary with concentration. These relationships can be 13 1 5 A copy of every document given to the participants
very helpful to a test-method user, who must estimate th‘auring the collaborative study.

precision and bias at a specific concentration within the range
studied. Graphs that simply connect the estimates from thgncinal contact, etc.) that participated in the study. Do not
collaborative study (connect the dots) are not acceptablgqentiy the source of specific study data using anything other
Mathematical relationships shall be accompanied by SOMg ,n randomly assigned laboratory numbers or codes. The
indication of the goodness of their fit to the study statisticse|ationship between these numbers/codes and the contributing
unless those statistics are given in the test method. laboratories must be held strictly confidential.

12.2 If there is some reason why a full collaborative study 13.1.7 A description of how the study samples were pre-
could not be done, the precision-and-bias statement shalared, etc.
present a complete justification with reference to 1.3, 1.4, or 13.1.8 Any background information that may have influ-
1.5, whenever appropriate. If a special exemption was apenced the results, and any other information required for the
proved by Committee D19 on the recommendation of theresearch report, along with a copy of correspondence docu-
Results Advisor and the Technical Operations Section of thenenting approval by the Results Advisor.
Executive Subcommittee of Committee D19, the date of that 13.1.9 Once satisfied with this study file, the Results Advi-
exemption shall also be provided. sor shall see that it is sent to ASTM for filing as the official

12.3 Test Methods with Non-Numerical Reports research repqrt. o .

12.3.1 When a method specifies that a test result is a 13.2 Experimental Data-The precision-and-bias statement

non-numerical report of success or failure based on criteria i#f! the tést method shall include a footnote indicating where the

the procedure, the statement on precision and bias should re§PPOrting data can be found. The footnote shall read as in the
as follows: following example:

Supporting data for the precision-and-bias statements have
been filed at ASTM Headquarters. Request RR:D .

Approval of Data Analysis and Statements

13.1.6 Acomplete list of the laboratories (names, addresses,

12.3.1.1 Precision and Bias-No statement is made about
either the precision or the bias of Method D XXXX for
measuring (insert here the name of property), since the resul4. Keywords
merely states whether there is conformance to the criteria for 14.1 collaborative study; interlaboratory study; method
success specified in the procedure. bias; method precision; method recovery; round-robin study;
12.4 Test Methods Specifying Other Procedures statistical analysis; Youden study design
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TO: C-19 Results Adviscr
FROM: @&6«»\ Loddm ponnn ?/30/9/
Task Group Chairman Date

The following details for a proposed collaborative study are
respectfully submitted for your review and approval:

X 1.1 Test method tltle (1nc draft number and date):
MLM«NM&A? 77, 20

, 7 7/ “
DY method in AS’I‘M format and as approved by Task Group,
see ATTACHMENT #

X.1.2 Analyte(s): éfw%; 3 W’ (See ok T #4)

X.1.3 rocedure for estimating bias: N
Loike corndipa
v
X.1.4 Number of Youden sample pairs 5 {(Minimum of 3 req.)

X.1.5 Intended operating range of test method: 0.1 — &p

and approx. mean concentration of each sample pair in study:
.2, ! 5 20 75

Units (spelled out): W’ULQW«‘M_.— /ML.

X.1.6 Estimated number of laboratories 7/ 3 and analysts /. 5
(Should be > 8 labs to guarantee 6 values after ocutlier testing.)

tested (at least 1 reproducible matnx! t
> 5,

X.1.8 OQC Samples being tested knowv\ﬁc 4arkee wvm taed .
wiadnif [(g=10 MQQ__IM_A&;J_A@A&AMM .
Z

X.1.9 Plans for developing study samples: ATTACHMENT #

.7 Matrices bein

X.1.10 Participant’s instruction package: ATTACHMENT #__ 3 _

X.1.11 Participant’s data reporting form: ATTACHMENT # 4‘ R

Approved by

D-19 Results Advisor Date
FIG. X1.1 Approval of Study Design: Form A—Approval of Plans for Interlaboratory Testing

APPENDIXES
(Nonmandatory Information)

X1. APPROVAL OF STUDY DESIGN

X1.1 Using Test Method D 5790 also known as USEPApreparation of the samples for the interlaboratory study actu-
Method 524.2, as an example, Fig. X1.1 was sent by the Tas&lly began.
Group Chair to the Results Advisor for his approval before
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TABLE X2.1 Example of Usable Data

Concentration in pg/L

Laboratory Sample 5 Sample 3 Sample 8 Sample 6 Sample 7 Sample 4
or Analyst 0.88 1.10 4.41 5.29 17.64 22.05
1 1.08 1.24 4.45 571 19.21 23.82
6 2.35 0.96 4.53 5.24 17.14 21.43
8 1.30 1.30 4.90 6.80 21.70 25.60
15 1.20 1.40 3.90 4.80 15.70 18.70
21 2.20 0.93 4.90 4.00 16.90 18.10
25 1.21 1.10 4.50 5.37 17.90 22.22
26 1.20 1.20 4.40 4.90 16.70 21.50
27 1.10 1.00 4.30 5.80 22.10 26.60
31 0.80 0.00% 5.30 5.50 19.10 24.03
47 1.10 1.20 4.10 5.30 17.90 22.40
49 1.00 1.30 4.90 5.40 12.80 18.70
52 1.20 1.10 4.80 5.60 19.80 23.50
56 1.00 1.30 4.70 5.80 19.30 24.10

“Rejected as a nonquantitative response.
X2. SAMPLE CALCULATION OF PRECISION AND BIAS

X2.1 The following is a sample of the precision and biashowever, the zero reported by Laboratory 31 for Sample 3 is
calculations from an example set of data. not considered to be a legitimate quantitative response and is
. therefore rejected as unusable. Under normal study conditions,

X2.2 _Example data are presented in Table X2.1, as sug- boratory 31 would be contacted to resolve questions regard-
gested in 10.2. Note that values shown represent analyt|c?n their zero response, but this contact was not possible for
results after correction for background concentration by the 9 P ' P

task group or its representative, the study coordinator. preparation of this example.

X2.3 There are no less-than values to reject as unusable; X2.4 Table X2.2 contains the final statistics.

10
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TABLE X2.2 Final Statistical Summary
Sample Number 5 3 8 6 7 4
Number of usable 13 12 13 13 13 13
values
True concentration (C) 0.88 1.10 4.41 5.29 17.64 22.05
Hg/L
Mean Recovery 1.29 1.17 4.59 5.40 18.17 22.36
(XBAR)
Percent recovery 146.33 106.29 104.10 102.11 103.02 101.41
Overall standard 0.46 0.15 0.38 0.65 2.48 2.65
deviation (S;)
Overall relative 35.50 12.91 8.24 11.99 13.64 11.85
standard deviation, %
Number of usable 12 13 13
pairs
Single-operator 0.40 0.48 0.80
standard deviation
(So)
Analyst relative 32.60 9.68 3.94

standard deviation, %

X3. SAMPLE TEMPLATE FOR A ROUND-ROBIN-STUDY WORKPLAN

[Title of Study]

[ASTM Interlaboratory Collaborative Study Workplan]

Please Read All Instructions Before Proceeding with Collaborative Lab Work

Laboratory Name:

Operator Name:

Operator Telephone:

Your Lab Code for Identification is: Date Sent:

Use this code number on all submitted data report forms and questionnaire.

Immediately inspect the contents of the collaborative kit for missing items, leaking bottles, etc. If any discrepancy is noted, call for immediate replacement.

Method Author and Task Group / Collaborative Chairperson
[Name of study chairperson]
[Affiliation of study chairperson]
Office: [Phone number]
FAX: [FAX number]
E-Mail: [e-mail address]

11
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[Title of study]

PARTICIPANT'S INSTRUCTIONS

1.0 Introduction

[Name of organization sponsoring the study] is undertaking an ASTM interlaboratory collaborative study to [purpose of the study].

The Method is currently under review by ASTM Subcommittee [Number and name of subcommittee]. The next action is to have several users evaluate the method for
precision and bias from [Number] sample matrices — [Name(s) of matrices included in study].

You are asked to be a participant in the collaborative study because of your experience in this field. Your results and comments will be compiled with several other
laboratories performing the same method, and will be submitted to ASTM for approval.

All submitted results will be considered the property of [Name of organization sponsoring the study] with all rights to their use; results will not be identified by labora-
tory in any published reports.

If you have any questions concerning the test method, its performance, calibration, standard or sample preparation, dilutions, or method interpretation, please contact
[Name and contact information of study chairperson]

The collaborative will begin [Starting date] and the completed data package will be due by [Due date] and will include:

1) The data report forms.

2) Print out of all standard and sample data, and results.

3) The laboratory notebook documenting your work, calculations, and comments.

4) The completed questionnaire.

5) A back-up copy of the project data on the enclosed 3.5-inch diskette.

Return to task group and collaborative chairperson:
[Name and mailing address of study chairperson]

The true values for the spiking solutions, your processed results, and the overall test-method performance will be sent to each participant after all participants return
their data. Any corrections to the reported data will not be accepted after the true values have been distributed.

2.0 Packing List

2.1 Materials and Reagents to be Supplied by Study Coordinator

-Collaborative Instruction Manual, and the Proposed Test Method

-[List of all standards and samples to be used in the study]

-One blank disk to backup the acquired data for archival purposes.

-Laboratory Notebook

2.2 Materials to be Supplied by the Participant

-[List of all items to be supplied by participant]

3.0 Preliminary Testing Prior to Initiation of the Collaborative

Before initiating the collaborative it is important to ensure that the instrumentation is performing according to manufacturers’ specifications.

12
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3.1 System Preparation

-[Provide instructions for method set-up.]

3.2 Evaluation of Test Standards

-[It is recommended that the study coordinator provide reagent-water test standards of known concentration to the collaborative participants to establish initial demon-
stration of performance and thus ensure that the participants’ method is operating properly prior to the analysis of the collaborative-study samples. Instructions for the
analysis of the test standards are provided in this section.]

4.0 Collaborative Study Determinations

Prior to the analysis of collaborative-study samples, the system must first be calibrated in order to verify linearity.

4.1 Preparation of Working Calibration Standards and Development of Calibration Curve

-[Provide instructions for the preparation and analysis of method-calibration standards and development of the calibration curve.]

4.2 Quality Control (QOC) Standard

Table 1 presents the composition of the QC Stock Standard.

-[It is recommended that the study coordinator provide or require the analysis of a QC standard at regular intervals (i.e. 10 % or 20 % frequency) throughout the
analysis of the collaborative-study samples to ensure proper instrument operation and calibration. Instructions for the preparation and analysis of the QC standard are
provided in this section.]

Table 1. Composition of QC Stock Standard

4.3 Method Detection Limit (MDL) Standard

Table 2 presents the composition of the MDL Stock Standard.
-[It is recommended that the study coordinator determine a MDL for the method during the collaborative study. Instructions for the preparation and analysis of the
MDL standard are provided in this section.]

Table 2. Composition of MDL Stock Standard

4.4 Preparation of Collaborative Study Sample Matrices

-[Provide instructions for the preparation of the collaborative-study samples.]

5.0 Sample Analysis Protocol

-[Provide instructions for the analysis of the collaborative-study samples. Include information on how often analysis reagents need to be prepared, calibration fre-
quency, required analysis order (if any), analysis of blanks and any additional QA/QC standards, final data management and analysis, etc.]

6.0 Data Report Format

Report determined concentrations on the attached Data Report Forms: one form per sample matrix. Report all numerical values. Do not replace numerical values with
zeroes or “less than” values.

13
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DATA REPORTING FORMS

ASTM Interlaboratory Collaborative Study—Data Report Form

[Title of the study]

Laboratory Name: Lab Code:

Sample Matrix: Calibration Standards, Response Linearity

Day [Number] Calibration

[Table of standards/analytes to be measured]

14
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ASTM Interlaboratory Collaborative Study—Data Report Form
[Title of the study]

Laboratory Name: Lab Code:

Sample Matrix: QC Standard Calculated Amounts

[Table of QC standards/analytes]

15
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ASTM Interlaboratory Collaborative Study—Data Report Form
[Title of the study]

Laboratory Name: Lab Code:

Sample Matrix: Method Detection Limit Study for [Name of matrix

[Table for MDLs/analytes]

16
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ASTM Interlaboratory Collaborative Study—Data Report Form
[Title of the study]

Laboratory Name: Lab Code:

Sample Matrix: Name of the matrix

[Table for data/analytes]

17
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Operate your instrument according to the manufacturer’s instructions, and this test method. Please complete this questionnaire to document your specific operating
conditions, any deviations you made, and any observations.

Laboratory Name: Lab Code:

Operator Name & Title:

Telephone: FAX#: E-mail:

Date Started: Date Completed: Date Mailed:

Instrument Used:

[Entries for any other instrument or data-handling information desired]

Describe any difficulties you encountered using this method.

Did the QC Standard fall outside the 99 % confidence interval? Describe.

Did the instrument drift significantly during the course of the analysis? If yes, during/after which sample matrix?

Your comments, observations, or changes to the method.

18
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