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Standard Practice for
Determination of Precision and Bias of Applicable Test
Methods of Committee D-19 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 the precision and bias statement required in each test method.

1.1 This practice establishes uniform standards for estimatf the study does not satisfy the current minimum requirements
ing and expressing the precision and bias of applicable tedpr @ collaborative study, a statement listing the study’s
methods for Committee D-19 on Water. deficiencies and a reference to this paragraph shall be included

1.2 Except as specified in 1.3, 1.4, and 1.5, this practicé" the precision and bias statement as the basis for an
requires the task group proposing a new test method to car/§*€mption from the current requirements. _
out a collaborative study from which statements for precision 1.5 This paragraph relates to special exemptions not clearly
(overall and single-operator standard deviation estimates) argfceptable under 1.3 or 1.4. With the approval of Committee
bias can be developed. This practice provides general guidan&s19 on the recommendation of the Results Advisor and the
to task groups in planning and conducting such determinationEeChn'Call Operations Section of thg .Executlve Suk_)commlttee
of precision and bias. of Committee D-19, a statement giving a compelling reason

1.3 If a full-scale collaborative study is not technically Why compliance with all or specific points of this practice
feasible, due to the nature of the test method or instability of@nnot be achieved will meet both ASTM requiremefitf
samples, the largest feasible scaled-down collaborative stuo%ﬁd the related requirements of this practice. Precision and bias
shall be conducted to provide the best possible limited basis foriatements authorized by this paragraph shall include the date
estimating the overall and single-operator standard deviation§f approval by Committee D-19. .

1.3.1 Examples of acceptable scaled-down studies are the1.6 In principle, all test methods are covered by this
local-area studies conducted by Subcommittee D19.24 oRractice. _ _ _ o
microbiological methods because of inherent sample instabil- 1.7 In Section 11 this practice shows exemplary precision
ity. These studies involve six or more completely independengnd bias statement formats fort) (test methods yielding a
local-area analysts who can begin analysis of uniform samplegdUmerical measure test methods yielding a non-numerical
at an agreed upon time. report of success or failure based on criteria specified in the

1.3.2 If uniform samples are not feasible under any circumProcedure, and3j test methods specifying that procedures in
stances, a statement of single-operator precision will meet th@hother ASTM test method are to be used with only insignifi-
requirements of this practice. Whenever possible, this stat&s@nt modifications. .
ment should be developed from data generated by independentl-8 All studies, even those exempt from some requirements
multiple operators, each doing replicate analyses on indepehnder 1.3 or 1.5, shall receive approval from the Results
dent samples of a specific matrix type, which generally fa"Adwsor_before belng conducted (see Section 8) and after
within specified concentration ranges (see 7.2.8)R( completion (see Section 12).

' 1.3.3 'This practice js not applicable to methodology invol\'/—.z_ Referenced Documents
ing continuous sampling or measurement, or both, of specific

constituents and properties. 2.1 ASTM Standards: ,
1.3.4 This practice is also not applicable to open-channel D 1129 Terminology Relating to Water
flow measurements. D 1141 Specification for Substitute Ocean Water

1.4 A collaborative study that satisfied the requirements of D 1193 Specification for Reagent Water .
the version of this practice in force when the study was D 4375 Terminology for Basic Statistics in Committee

conducted will continue to be considered an adequate basis for P-19 on Watet _
D 5790 Test Method for Measurement of Purgeable Organic

Compounds in Water by Capillary Column Gas

* This practice is under the jurisdiction of ASTM Committee D-19 on Water and
is the direct responsibility of Subcommittee D19.02 on General Specifications;

Technical Resources, and Statistical Methods. 2The boldface numbers in parentheses refer to the list of standards at the end of
Current edition approved Jan. 10, 1998. Published October 1998. Originallyhis practice.
published as D 2777 — 69 T. Last previous edition D 2777 — 96. 2 Annual Book of ASTM Standardgol 11.01.
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Chromatography/Mass Spectrométry the Results Advisor for concurrence before balloting. This
D 5905 Specification for Substitute Wastewater assures having an acceptable copy of the collaborative study
E 177 Practice for Use of the Terms Precision and Bias imesults to send to ASTM for items on the main committee
ASTM Test Method3 ballot. In most instances, the collaborative study shall be
E 178 Practice for Dealing with Outlying Observatins  complete before a subcommittee ballot. If the collaborative
E 456 Terminology Relating to Quality and Statisfics study is not complete, the test method may go on the ballot as
E 1169 Guide for Conducting Ruggedness Tests a provisional test method rather than a standard test method.
) Copies of the test data, approved calculations, and statistical
3. Terminology results shall be filed at ASTM Headquarters when the test

3.1 Definitions—For definitions of terms used in this prac- method is submitted by the subcommittee chairman as an item
tice, refer to Terminologies D 1129, D 4375 and E 456, andor the main committee ballot.

Practice E 177. 4.1.1 The appendix shows an example of “Form
3.2 Definitions of Terms Specific to This Standard: A—Approval of Plans for Interlaboratory Testing,” as Fig.
3.2.1 accuracy—a measure of the degree of conformity of X1.1.

a single test result generated by a specific procedure to the4.1.2 For an example of a data reporting form, see Fig.

assumed or accepted true value and includes both precision aK@.1.

bias. 4.1.3 In addition, the appendix shows a sample calculation
3.2.2 bias—the persistent positive or negative deviation of of precision and bias from real collaborative test data, the

the average value of a test method from the assumed delated table of statistics, and the related precision and bias

accepted true value. statement.
3.2.3 laboratory—a single and completely independent ana-
lytical system with its own specific apparatus, source of5. Significance and Use

reagents, set of internal standard operating procedures, etc.5.1 Following this practice should result in precision and
Different laboratories will differ from each other in all of these pigs statements which can be achieved by any laboratory
aspects, regardless of how physically or organizationally closgroperly using the test method studied. These precision and
they may be to each other. . bias statements provide the basis for generic limits for use in
3.2.4 operator—usually the individual analyst within each nhe Quality Control section of the test method.
laboratory who performs the test method throughout the 52 The method specifies the media for which the test
collaborative study. However, for complicated test methodsmethod is appropriate. The collaborative test corroborates the
the operator may be a team of individuals, each performing grite-up within the limitations of the test design. An extensive
specific function throughout the study. test can only use representative media so that universal
3.2.5 precision—the degree of agreement of repeated meagpplicability cannot be implied from the results.
surements of the same property, expressed in terms of disper-5 3 The fundamental assumption of the collaborative study
sion of test results about the arithmetical mean result obtained that the media tested, the concentrations tested, and the
by repetitive testing of a homogeneous sample under specifigshrticipating laboratories are a representative and fair evalua-

conditions. The precision of a test method is expressegon of the scope and applicability of the test method as written.
quantitatively as the standard deviation computed from the

results of a series of controlled determinations. 6. Preliminary Studies

4. Summary of Practice 6.1 Considerable pilot work on a test method must precede

. he determination of its precision and bié&3). This pilot
mgt.r%og\frtgs tr?ae d t;Tk rg[iﬁjiﬁa?ai:vi?j;triii \I/f/?)er:j Ctgﬁ]t fgti dteﬁ\&vork should explore such variables as preservation require-
P y P ' _ments, reaction time, concentration of reagents, interferences,

should prepare the test method write-up in final form. The plarz:alibration, and sample size. Potentially significant factors

for cqllaboratlve st.udy IS develpped in accordance V.V'th thISmust be investigated and controlled in the written test method
practice and submitted along with the test method write-up tg

the Results Advisor for concurrence except as specified in 1.3, advance of the collaborative test. Also, disregard of such
P P ' Ectors may introduce so much variation among operators that

1.4, and 1.5. Upon receipt of concurrence, the collaborative te§ sults are misleading or inconclusi¢é) (see 9.3 and 9.4). A

is conducted, data analyzed, and precision and bias Stateme?usggedness study conducted in a single laboratory is particu-

formul_ated by the task group. Th_e final precision and blasIarly useful for such investigations and should be conducted to
statistics must be based on retained data from at least Zg

independent laboratories. The statements, with backup da ove a test method is ready for interlaboratory testing (see

including the reported results summary, the calculations lead- uide E 1169 for details).
9 P Y, 6.2 Only after a proposed test method has been tried,

ing up to the statements, and the test method write-up wit roved, and reduced to unequivocal written form should a

precision and bias statements included are submitted to the termination of its precision and bias be attempted
subcommittee vice-chairman who in turn sends a copy of it to P pted.

7. Planning the Collaborative Test

4 Annual Book of ASTM Standardeol 11.02. 7.1 Based upon the task group’s knowledge of a test method
5 Annual Book of ASTM Standardgol 14.02. and having the unequivocal write-up, several factors must be
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considered in planning the collaborative test to properly assesseparately as concentrates for addition to this matrix by each
the precision of the test method. The testing variables that mustboratory or the reference matrix containing the analyte(s)
be considered in planning are discussed below. It is generallsnay be supplied to each participant. Information on how the
not acceptable to control significant sources of variability in thereference matrix was prepared in the study shall be clear in the
collaborative study which cannot be controlled in routine useprecision and bias statement of the test method so users can
of the test method, because this leads to false estimates of theproduce it properly.
test method precision and bias. In addition, the task group must 7.2.5.2 Additional collaborative testing should also be con-
determine within the resources available how to best estimatgucted using other matrices specified in the scope of the test
the bias of the test method. method. Since these matrices must be the same for each study
7.2 Testing Variables participant, they may have to be prepared (or obtained from a
7.2.1 Itis desirable to develop a statement of precision of &ingle source), preserved, and distributed to all laboratories. As
test method that indicates the contribution to overall variatiorwith the reference matrix, analytes may be supplied in a
of selected causes such as laboratory, operator, sample matrdgparate spiking solution or already added to the matrix. A
analyte concentration, and other factors that may or have bedarticularly attractive matrix might be a standard material
shown to have strong effects on the results. Since any tegvailable from an organization such as the National Institute of
method can be tried in only a limited number of applications,Standards and Technology (NIST). Use of uniform sample
the standard deviation calculated from the results of a study camatrices is necessary in these studies since they enable a more
be only an estimate of the universe standard deviation. For thigertain comparison with the reference matrix than is possibly
reason, the symbo$ (sample standard deviation) is used With matrices supplied separately by each participant.
herein. The precision estimates generated from the study data (1) Use of matrices with naturally occurring, non-zero
will usually be the overall standard deviatios;) and the background levels of the analyte(s) being studied will result in
pooled single-operator standard deviatigg) for each sample precision and bias estimates that will be much more difficult to
matrix and concentration studied. properly compare with estimates from the reference matrix.
7.2.2 Laboratories, operators, sample matrices, and analyte (2) Any matrix spiking that may be necessary shall not
concentrations are the only sources of variability represented isignificantly change the natural characteristics of the matrix.
the precision and bias statements resulting from the usual (3) With the exception of the kind of limited study
collaborative study. They may not represent the additionatiescribed in 1.3.2, the matrix-of-choice approach, in which
influence that can arise from differences in sample splittingeach participant is expected to acquire their own sample of a
field preservation, transportation, etc., all of which may influ-designated type, should not be used. Such studies are basically
ence routine analytical results as shown in the general precisidAcompatible with the statistical approaches employed in this
definitions in Terminology D 1129. practice; both the ranking test and the individual outlier test are
7.2.3 Laboratories—The final precision and bias statistics incapable of distinguishing laboratory effects from matrix
for each analyte, matrix, and concentration must be based affects. In addition, the presence of variable background
data from at least six laboratories that passed all of the outlieconcentrations prevents the assignment of a proper mean
tests (see 10.3 and 10.4), that is, retained data. To be assuredcohcentration level to each precision estimate produced in the
meeting this requirement, it is recommended that usable datstudy.
be obtained from a minimum of eight independent laboratories. 7.2.5.3 The same study design should be used for all sample
To guarantee eight providing usable data, it will often bematrices. A separate precision and bias statement should be
necessary to get ten or more laboratories to agree to participaigenerated for each sample matrix with a brief description of the
because some may not provide data and others may not provigeatrix tested.
usable data. Maximizing the number of participating laborato- 72 5 4 Wwhen studies are available indicating the applicabil-
ries is often the most important thing that can be done Gty of the test method for matrices untested in 7.2.5.1 and
guarantee a successful study. 7.2.5.2 and not meeting the other requirements of this practice,
7.2.4 Even if the single-operator standard deviation is theat the discretion of the task group responsible for the test
only statistic to be estimated in the study (see 1.3.2), thergnethod and the Results Advisor, and providing the data are
should be a minimum of eight operators providing usable dataanalyzed in accordance with Section 10 of this practice, this
so you are assured of data from six operators after all outliesupporting data may be included in a separate section of the
removal. precision and bias statement. A clear but brief description of
7.2.5 Sample Matrices-The collaborative study shall be the matrices shall be included and the study protocol em-
conducted with at least one representative sample matriployed. It is the intent of this practice that ultimately, data
which should be reproducible by subsequent user-laboratorieoncerning the precision and bias of the test method in the full
so that they can compare their results with the results of theange of matrices covered in the scope and analyzed in
collaborative study. accordance with this practice, will be made available to the
7.2.5.1 Typically, a reagent water prepared according taisers of the test method.
Specification D 1193 or a synthetic medium, such as the 7.2.6 Analyte Concentratiors-f pilot work has shown that
substitute wastewater described in Specification D 5905 or thprecision is linear with increasing analyte concentrations, at
substitute ocean water described in Specification D 1141, ikast three Youden pairgs), that is, six concentrations,
used as the reference matrix. Analytes may be suppliedovering the range of the test method should be included for
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each matrix. If the pilot work suggests that precision is othewusually different analyte concentrations that differ from each
than constant or linear, more concentration levels should bether by up to 20 %. As a matter of convenience to whomever
analyzed. The study concentrations should generally be rathés preparing the samples or spiking concentrates, up to half the
uniformly distributed 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 thelind 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
quantitative results from many of the participating laboratoriesstudy samples.
if participants are permitted to use their detection limit to 7.3.2 The only difference in treatment of data from a
censor their results. Zeroes or less thans that result from thigouden-pair study is the calculation used to estimate the means
censoring process are non-quantitative results and cannot b@d standard deviations; these calculations may be found in
included in the statistical analysis of study results specifiedfouden and Steine(6). Once developed, these mean and
later in this practice. Conducting the specified statisticalstandard deviation estimates are treated the same as statistics
analysis on whatever quantitative data are available under suétom a study with the usual replicate design. A detailed
circumstances can produce misleading precision and biasxample with and without raw experimental data is given in
estimates. If it is considered necessary to include samples at &efs.(7) and (8), respectively.
near the detection limit, such samples shall be in additionto the 7.3.3 The value of the nonreplicate design is that the
minimum required three Youden pairs at concentrations thagingle-operator standard deviation estimates are free of any
can be readily measured by qualified laboratories. Data frordonscious or unconscious analyst bias. The procedures for
analyses of the basic three or more Youden pairs that can lgilculating overall and single-operator standard deviations are
quantified can then be statistically analyzed as specified tgiven in 10.4 and 10.5 and illustrated in Appendix X3.
produce a proper traditional precision and bias statement for 7 4 Measurement of Bias

the test method. Results from analyses of Youden pairs at or 7 4 1 The concept of accuracy comprises both precision and
near the detection limit can be included in this tradmonalbias (see Terminology D 1129 and Practice E 177). As dis-
statistical analysis if it turns out that most laboratories report, ,cced in Practice E 177. there is not a single form for
quantified results. Otherwise, results for low-level samples;aiements of accuracy that can be universally recommended.
must be statistically ana_lyz_ed using specialized procedures, ffgince the accuracy of a measurement process is affected by
example, procedures S|m|kl1§1rhto those undeL developm?nth_lgoth random and systematic sources of error, measures of both
Subcommittee D19.02, which are beyond the scope of thigjnqs of error are needed. The standard deviation is a universal
practice. measure of random sources of error (or precision). Bias is a
7.2.7 Since the order of analyses should not be a source @heasure of the systematic errors of a test method.
systematic variability in the study, each participant should 7 4 5 A collaborative study evaluation of bias for a specific
either be told to randomize the order of study sample analyseg oy produces a set of analyte/sample means. The difference
or be given a specific random order for their analyses. between a true value (however defined) and the related mean is

~ 7.2.7.1 Whenever the time of analyses has been shown i estimate of the average systematic error, that is, bias of the
influence the analytical results, close control over the time ofgest method.

analyses will be essential. 7.4.3 There are three major approaches commonly used to
7.2.8 If pilot work has shown that the sample container mustest 3 measurement procedurd) (neasurement of known
be of a specific material prepared in a specific manner prior tenaterials, 2) comparison with other measurement procedures,
use, the variation in containers obtained and prepared by theng @) comparison with modifications of the procedure itself
participants will be a random variable and should be treated 8®). The third approach may involve the standard addition
such in the planning of the study and in the statistical analysigachnique or the simultaneous analysis of several aliquots of
of the data. different sizes (for example, 0.5, 1, 1.5, 2, 2.5 units). The task
7.2.9 The manner of preservation or other treatment of thgroup will select the approach that best suits its needs within
sample prior to typical use of the test method, if known tothe resources available to it.
affect the precision or bias, or both, of results, shall be 744 The most likely task group approach will be the use of
incorporated into the collaborative study design. known materials. Since reference standards are unlikely to be
7.3 Measurement of Precision available, the task group will prepare its samples with added
7.3.1 Every interlaboratory study done to provide precision(therefore known to them) quantities of the constituent(s) being
and bias estimates for a D-19 test method must use tested. The best available chemical and analytical techniques
Youden-pair design rather than a replicate sample desigffior preparing, stabilizing, if necessary, storing and shipping the
Justifiable exceptions to this requirement shall be approvegdrepared samples should be known within the task group and
through the process provided in 1.5. In a Youden-pair designwill not be addressed in this practice. However, if the sample
each participant receives (or prepares from a concentrate) @eparation and handling techniques used for the study are
separate sampler each analysis required in the studyhere  different from those expected to be used for samples during
are no replicate analyses; each participant analyzes each studytine application of the test method, those differences shall
sample once and only once, per analyte if appropriate. Amonpe pointed out in the precision and bias statement. Future users
the set of samples each laboratory analyzes for a specifiaf the test method may decide that these differences had an
matrix, there are pairs of samples containing similar buteffect on the precision or bias results, or both, from the study.
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7.5 Quality Control During the Study cost of availability of calibration materials is judged to be a
7.5.1 The Quality Control section to appear in the testsignificant deterrent to participation or if currently available
method must be drafted before the collaborative study design isaterials are inadequate and not considered typical for subse-
finalized and the study design must assure that the collaborguent routine use of the test method, these materials may be
tive study will produce any background data not otherwisegistributed with the study samples. If calibration standards are
available to properly complete the final Quality Control sec-provided, the Precision and Bias section of the test method
tion. Each part of the draft Quality Control section must begpoyd so note, including the concentrations and matrix of the

used during the collaborative study unless insufficient backsnqards and any specific instructions for their use.

d dat ist t tablish credible interi ired perfor- . .
grounc data ex1st o estabiish credible interim required perior 9.1.3 As an aid, the task group chairman may use Form B,

mance criteria for that part. B f Vidual . . .
7.5.2 All quality control data/information produced to meet Dat@ Report from Individual Laboratories,” as in Appendix

the requirements of 7.5.1 shall be reported to the task groufy? (& completed example is shown in Fig. X2.1).
chair along with results from analyses on the study samples. 9.2 The batch of samples containing a specific member of a
. i Youden pair should be clearly marked with a common unique
8. Collaborative Study Design Approval code, informative to the distributors but not informative to the
8.1 After approval by the task group, the task group chaifstudy participants. Samples should be sized to supply more
(or designee) will summarize the proposed design of thehan the minimum amount necessary to participate in the study
collaborative study. This summary will includel)(the test (with reasonable allowance for pipetting, rinsing, etc.) to allow
method to be tested in ASTM format and as approved by thgyy trial runs and analytical restarts that may be necessary. A
task group; @) the analytes to be included in the stud§y (e geparate set of samples shall be provided for each operator.
number of samples in accordance with the paired-sample pla§ample concentrations should not be easily surmised values (1,

of 7.3.1; @) the approach for determining the bias of the test : C
method as exemplified in the collaborative stud§) the range 5, etc). The assignment of samples to the participating

. . ! laboratories should be randomized within each concentration
of concentration covered, and approximate concentration fal

material in each sample or se6) the approximate number of c1evel. The above recommendations should help assure statisti-

laboratories and analysts7)(the matrices and QC samples €@l independence of results.

being tested;&) plans for developing study samples; afjl 9.3 A copy of the test method under investigation, the

copy of the instruction and data reporting package to be givemritten instructions for carrying out his/her part of the pro-

to each study participant. This summary should be presented gram, and the necessary study samples should be supplied to

the Results Advisor in the form of a letter. each operator. No supplementary instructions or explanations
8.1.1 As an aid, the task group chairman may use, “Apsuch as by telephone or from a task group member within a

proval of Plans for Interlaboratory Testing,” Form A, and in cooperating laboratory should be supplied to one participant if

Appendix X1 (a completed example is shown in Fig. X1.1). not to all. Study materials should be distributed from one

8.2 Upon review of the plan, the Results Advisor will advise|gcation, and the operator’s reports should be returned to one
the task group chairman whether the plan meets the requirgscation.

ments of this practice or what. changes are necessary to meet9_4 The written instructions should cover such items &k: (
the requirements of this practice.

. , directives for storing and subdividing the samp®); [frepara-
8.3 Upon receipt of approval of the collaborative test plan ion of sample prior to using the test metho®) brder of

by the Results Advisor, the task group chairman (or desi ned L )
y group ( g nalyses of samples (random order within each laboratory is

will conduct the collaborative test. ) ) X
often best); 4) details regarding the reporting of study results
9. Conducting the Collaborative Study on the reporting form; andbj the time limit for return of the

9.1 A single entity, acting for the task group, will prepare reporting form.
the samples for the collaborative study and ship them to the 9.4.1 Laboratories shall be required to report all figures
participants with instructions for the study, a copy of the exacbbtained in making measurements, instead of rounding results
test method (if not already supplied), and the participanbefore recording them. This may result in recording one or
reporting form (or reporting instructions). more significant figures beyond what may be usual in the
9.1.1 The instructions for the collaborative study shallReport section of the test method. A decision about rounding

require sufficient preliminary work by potential collaborators g)| gata can be made by the task group when the final statistical
to adequately familiarize them with the test method prior toanalyses are performed.

study measurements. This is necessary to ensure that eac
collaborative study is made by a peer group and that a learnin
experience is not included in the statistics of the collaborativ . .
study. The task group may also develop procedures to quali port background Ievels_ for every matrix that they use in the
prospective collaborators, and this approach is strongly reconftudy- The task group will make any background corrections
mended. that may be necessary.

9.1.2 Each laboratory should usually supply its own cali- 9.4.3 Zeros and negative numbers should be reported when-

bration materials, as independent calibration materials are ever they represent the actual test results produced. Test results
significant source of interlaboratory variability. However, if the should never be censored by a participant. The reporting of less

.4.2 The laboratories shall report results from analyses of
udy samples without background subtraction and shall also
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than or greater than results negates the objectivity of subsé¢ions of the same analyte and matrix. Also, assign an appro-
quent statistical calculations and should be avoided. Nevepriate rank to nonquantitative results.
report zero in place of a less-than or other nonquantitative test 10.3.1.2 Identical results would each be given the average
result. of the ranks the group is entitled to receive.

9.5 The task group chair (or designee) should monitor the 10.3.2 For the matrix/analyte, total the rank scores for each
collaborative study to assure that results are reported bagkboratory over all of the concentrations. If the total rank sum
within the agreed upon time limit and are free of obviousfor any particular laboratory is designatedRysthen if either:

procedural, transcription, clerical, or calculation errors. Careful R < the lower value in Table 1, or
design of the reporting form (or reporting instructions) will R > the upper value in Table 1,
facilitate this task. that laboratory is a candidate to be marked as an outlier and

ignored in subsequent calculations with a 5 % risk of this
i?dgement being incorrect.
5K 10.3.2.1 If more than 20 % of the laboratories reporting
usable data for the matrix/analyte are outlier candidates, order
the candidate laboratories according to the difference between
their total rank sum and the nearest critical value given above,

ar nabl 10.3%) eliminating anv individual outlier %nd reject individual or tied groups of laboratories until
unreasonable (see 10.3§) € ating any ual outlie rejection of the next laboratory would exceed the 20 % limit. If

data points (10.4);4) for each matrix and analyte concentra- rejection of a group of laboratories with equal distances would

gg? dsélé(\j/'g;bg?;ﬂgtﬁgeggg f?gﬁqra#:?gt:i'ggéeaoaﬁ:rzaoé i;algéguse the 20 % limit to be exceeded, randomly reject labora-
ries from the group until rejection of the next laboratory

ltﬁtmr?] thi :)las riro dmbealg hrmi%nvsFlkeWrﬁ crc:vsr); r(]must s;btra?/vould exceed the 20 % limit. Data from laboratories ultimately
€ mean reported bac g ou ajue whenever necess .Dy)’ (marked as outliers should be ignored for subsequent calcula-
tabulating the statistics6f assembling information required tions
for the research report; and, if desired)(summarizing these ' : .

: : : 10.3.3 Repeat 10.3 for every matrix and analyte studied.
results in a graph or regression equation for the test method 10.4 Rejecr'zion of UnusableyData and Indivi()j/ual Outlier

statement.
10.1.1 As an aid to following the steps, the task group chairReSUIts' and Calculation of Final Mean and Overall Standard

may find it helpful to review the sample calculations of Peviation Estimates o _
precision and bias given in Appendix X3. 10.4.1 Reject nonquantitative responses since they are use-

10.2 Tabulation of Data—The data reported by the labora- Iess_ for subsequen_t cglgulations. These rejections do not count
tories shall be made consistent in reporting units and, ifgainst the 10 % limit in 10.4.4 because such responses are
possible, in the number of reported values per operator dfnusable. Itis the task group’s responsibility to judge whether
laboratory(10). Before beginning, remove any unusable datg'eported zeros are truly quantitative qnalytl_cal results, and this
sets generated by laboratories that did not follow significanhould usually be done after consulting with each laboratory
study instructions or used an unacceptable variation of the te§fat reported a zero, whenever that is possible.
method being studied. Unless each laboratory used its own 10.4.2 Let the remaining data reported for a specific matrix/
matrix with a unique background concentration, all outlieranalyte/concentration be designated i =1 to n. Then
testing and precision estimates are to be based on the concéilculate the meanX) and overall standard deviatios} as
tration reported rather than on background-corrected results follows:

10.2.1 Sometimes looking at the histogram of a set of data .

5

10. Collaborative Study Data Analysis

10.1 For each matrix/analyte, the steps involved by the ta
group chair in the data analysis consist oft) (tabulating the
data; @) eliminating any laboratories that did not follow
significant study instructions, were not in control during the
study, or were so consistently high or low that their results ar

will help one recognize or understand, or both, the cause of
unusual data. _
10.3 Rejection of Outlier Laboratories- If one or more =~ @
laboratory’s data for an analyte in a specific matrix are so
consistently high or low that there must be a large systematic

error specific to that laboratory, all the data from the laboratory i (x - %2

for that analyte/matrix should be rejected. Identify outlier _ 2 @
laboratories by applying the Youden laboratory ranking test St n-1

(11) at the 5 % significance level. 10.4.3 Calculate th& value for the most extreme remaining

10.3.1 For example, saylaboratories reported results for a yajye ) as follows:
specific matrix and analyte. Within the data set reported for T= -3/ 3
each concentration, assign a rank score from 1 for the highest 0 St ®)
result ton for the lowest result. If the absolute value of is greater than the critical value for

10.3.1.1 For this test, aii rank scores for each concentra- N measurements from Table2,is considered an outlier value
tion shall be assigned, even if one or more of the laboratoriegnd ignored for subsequent calculatiqag,13,14)

did not report a result for this particular concentration. The 10.4.4 If an outlier was just removed in 10.4.3, return to
rank of any missing results should be the mean rank of thd0.4.2 unless the removal of one more individual outlier would
actual data reported by that laboratory for the other concentraexceed 10 % of the usable data originally reported for this
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TABLE 1 Upper and Lower Limits of the Acceptable Ranges for Total Rank Sums (5 % Level of Significance)

Note 1—This table was prepared by James Longbottom, USEPA, NERL, Cincinnati, OH, and is an adaptation and extension of Youdei(3.Table 7
According to Thompson and Willkél5), lower values in this table g + n (0.05@!)/2 n)*9 - (g + 1)/2,
and upper values rg — n (0.05(g!)/2n)*9 + (g + 1)/2, wheren = the number of laboratories amp= the number of concentrations.

Number of Concentrations

Number of 6 8 10 12 14
Laboratories
Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper
7 11 37 17 47 23 57 29 67 35 77
8 12 42 18.5 535 25 65 32 76 39 87
9 13 47 20 60 27.5 72.5 35 85 42.5 97.5
10 14 52 215 66.5 29.5 80.5 38 94 46 108
11 14.5 57.5 23 73 32 88 41 103 50 118
12 15.5 62.5 24.5 79.5 34 96 43.5 112.5 53.5 128.5
13 16.5 67.5 26 86 36.5 103.5 46.5 121.5 57 139
14 17.5 72.5 27.5 925 38.5 111.5 49.5 130.5 60.5 149.5
15 18 78 29 99 40.5 119.5 52.5 139.5 64 160
16 19 83 30.5 105.5 42.5 127.5 55 149 67.5 170.5
17 20 88 32 112 45 135 58 158 715 180.5
18 21 93.5 33.5 118.5 47 143 61 167 75 191
19 215 98.5 35 125 49 151 63.5 176.5 78.5 201.5
20 22.5 103.5 36.5 131.5 51 159 66.5 185.5 82 212
21 23 109 38 138 53.5 166.5 69 195 85 223
22 24 114 39 145 55.5 174.5 72 204 88.5 2335
23 25 119 40.5 151.5 57.5 182.5 74.5 2135 92 244
24 25.5 1245 42 158 59.5 190.5 775 222.5 95.5 254.5
25 26.5 129.5 435 164.5 61.5 198.5 80 232 99 265
26 27 135 45 171 63.5 206.5 83 241 102.5 275.5
27 28 140 46 178 65.5 214.5 85.5 250.5 106 286
28 29 145 475 184.5 67.5 222.5 88 260 109.5 296.5
29 29.5 150.5 49 191 69.5 230.5 91 269 112.5 307.5
30 30.5 155.5 50.5 197.5 715 238.5 93.5 278.5 116 318
31 31 161 51.5 204.5 73.5 246.5 96.5 287.5 119.5 328.5
32 32 166 53 211 75.5 254.5 99 297 123 339
33 325 171.5 54.5 217.5 77.5 262.5 101.5 306.5 126 350
34 335 176.5 55.5 224.5 79.5 270.5 104.5 3155 129.5 360.5
35 34 182 57 231 81.5 278.5 107 325 133 371
36 35 187 58.5 237.5 83.5 286.5 109.5 334.5 136 382
37 35.5 192.5 59.5 2445 85.5 294.5 1125 3435 139.5 3925
38 36.5 197.5 61 251 87.5 302.5 115 353 143 403
39 37 203 62.5 257.5 89.5 310.5 117.5 362.5 146 414
40 38 208 63.5 264.5 91.5 318.5 120 372 149.5 4245
41 38.5 213.5 65 271 93.5 326.5 123 381 153 435
42 39 219 66 278 95.5 334.5 125.5 390.5 156 446
43 40 224 67.5 284.5 97 343 128 400 159.5 456.5
44 40.5 229.5 69 291 99 351 130.5 409.5 162.5 467.5
45 41.5 234.5 70 298 101 359 133 419 166 478
46 42 240 71.5 304.5 103 367 136 428 169.5 488.5
47 43 245 72.5 3115 105 375 138.5 437.5 172.5 499.5
48 43.5 250.5 74 318 107 383 141 447 176 510
49 44 256 75.5 324.5 108.5 391.5 143.5 456.5 179 521
50 45 261 76.5 3315 110.5 399.5 146 466 182.5 531.5

matrix, analyte, and concentration. If 10.4.2 cannot be repeated
for this matrix/analyte/concentration, proceed to the next step.

10.4.5 Return to 10.4.2 for the next matrix, analyte and @
concentration, until final retained data sets and the related
mean and overall standard deviation estimates are available fo¥here: ) ) )
every combination studied. m = the number of retained pairs of results available for
10.5 Calculation of Single-Operator Standard Deviation that Youden pair, analyte, and matrix,
Estimates D, = the difference between the retained value from labo-

ratory i for the Youden sample with the higher true
value of the pair minus the retained value from
laboratoryi for the other sample of the pair, and

% = the mean of then usableD; values.

10.5.1 To complete the required statistical calculations,
estimate the single-operator standard deviat®yg) from the
retained data pairs available for each Youden pair, analyte, an
matrix in the study as follows:
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TABLE 2 Critical Values for T (Two-Sided Test ata 5 % 11. Format of the Precision and Bias Statement Required
Significance Level) When Standard Deviation is Calculated from in Each Test Method
the Same Samples (for Single-Value Outlier Testing) (see 10.4)

11.1 For most test methods, a collaborative study will be
Number of Useable Values, n Critical Value for T conducted and the following requirements apply.

11.1.1 A brief note shall provide the reader of the test

! 2 method with a complete understanding of the collaborative
9 2.21 study conducted. At a minimum, this note shall include the
10 2.29 number of laboratories that contributed data, the matrices
ﬁ 5;?5; studied, the version of Practice D 2777 followed in designing
13 2.46 and analyzing the study data, and any other significant aspects
i;‘ ggé of the study not presented elsewhere in the test method.
16 2.58 11.1.1.1 Regarding significant study aspects thaist be
i; ggg described, if the analytical conditions used during the collabo-
19 268 rative study were more restrictive than those allowed in the test
20 2.71 method, it is particularly important that these restrictive con-
;; ;;g ditions be fully described in the Precision and Bias statement of
23 278 the test method. Results from the collaborative study may not
24 2.80 apply to other analytical conditions allowed in the test method.
;g ;gf 11.1.2 The following caution shall also be included, “Re-
35 2.98 sults of this collaborative study may not be typical of results for
ig 2'83 matrices other than those studied.”
50 3.13 11.1.3 The study results shall always be available in the
60 3.20 form of a table, which, for each matrix, analyte, and concen-
;g gzgg tration studied, will usually include the true concentratioh (
90 3.35 added to the matrix, and must include the number of values
100 3.38 reported, the number of values retained (that is, left after outlier

A Values of T for n = 25 are based on Grubbs (12). For n > 25, the values of T testing), and (from the retained data)) the mean response (
T e e e e o v o T A2 X), (2) bias as a percent of, and ) the overall standard
in Grubbs (14), although the level of significance shown in Practice E 178 has deviation &;). For each matrix, analyte, and Youden pair of
been doubled because our use here is a two-sided test, rather than a one-sided sample concentrations, the table shall include the number of
fest retained datgairs and the single-operator standard deviation
(s,) estimated from these pairs of retained values. This table
shall be included in the test method unless equivalent math-
ematical or graphical relationships of the mean (or bsand
%0, to concentration are provided instead. If a matrix had a
naturally occurring, non-zero background level for this analyte,
the mean background level reported by laboratories passing the
outlier testing for the Youden pair with the lowest study
concentration shall also be reported in this table, and the bias
“estimates shall be calculated from the recovery of the true
ngpikes, that isx—average background. This table shall always
be included in the research report provided to the Results
'Advisor and filed at ASTM Headquarters. If the full table is not
included in the test method, at least a listing of the true
Bias (%) = 100x —b—c)/c () concentrations studied for each matrix and analyte, and the

number of values retained for each, shall be included in the

10.5.2 The calculation of, for a blind duplicate is the same
as for a Youden pair. One of the duplicate samples is arbitraril
selected as the higher sample for this calculation.

10.6 Calculation of Bias

10.6.1 The calculation of the bias of a test method will
logically follow the collaborative study design (7.4). The usual
collaborative study technique will involve reporting the recov
ery of added (therefore known) amounts of the analytes bei
measured.

10.6.2 The calculation of bias for a specific matrix, analyte
and concentration is as follows:

where: - .
X = the mean of retained data for that matrix, analyte andPecision and bias statement.
concentration, 11.1.4 Mathematical or graphical relationships developed
¢ = the true concentration added, and from the study results shall represent the general way precision
b = the mean background concentration reported, if nec-and bias vary with concentration. These relationships can be
essary. very helpful to a user of a test method who must estimate the

10.6.3 Where other types of studies are used to develop recision and bias at a specific concentration within the range
true concentration for use in estimation of the test method biastudied. Graphs that simply connect the estimates from the
special care shall be taken to assure that the other studyollaborative study (connect the dots) are not acceptable.
provides a logical reference value. Consultation with theMathematical relationships shall be accompanied by some
Results Advisor and other recognized experts may be apprandication of the goodness of their fit to the study statistics,
priate in such cases. unless those statistics are given in the test method.
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11.2 If there is some reason why a full collaborative study 12.1.2 All statistical calculations.
could not be done, the precision and bias statement shall 12.1.3 A summary of the final statistical estimates in tabular
present a complete justification with reference to 1.3, 1.4, oform.
1.5, whenever appropriate. If a special exemption was ap- 12.1.4 A copy of the final test method, including the
proved by Committee D-19 on the recommendation of theprecision and bias statement based on the study results.
Results Advisor and the Technical Operations Section of the 12.1.5 A copy of every document given to the participants
Executive Subcommittee of Committee D-19, the date of thafuring the collaborative study.

exemption shall also be provided. 12.1.6 Acomplete list of the laboratories (names, addresses,
11.3 Test Methods with Non-Numerical Reports ~ principal contact, etc.) that participated in the study. Do not
11.3.1 When a method specifies that a test result is gjentify the source of specific study data using anything other
non-numerical report of success or failure based on criteria ihan randomly assigned laboratory numbers or codes. The
the procedure, the statement on precision and bias should regglationship between these numbers/codes and the contributing
as follows: laboratories must be held strictly confidential.

_11.3.1.1 Precisi(_)n and Bias—No statement is made about 1517 A description of how the study samples were pre-
either the precision or the bias of Method D XXXX for pared, etc.

measuring (insert here the name of property) since the result 12.1.8 Any background information that may have influ-

merely states whether there is conformance to the criteria foénced the results and any other information required for the

success specified in the procedure. research re :
o ] port, along with a copy of correspondence docu-
11.4 Test Methods Specifying Other Procedures menting approval by the Results Advisor.

11.4.1 When a method specifies that the procedures in 15 1 9 5nce satisfied with this study file, the Results Advi-

anothgr ASTM method are to be used, a statement sgc.h as tg r shall see that it is sent to ASTM for filing as the official
following should be used to assure the user that precision a search report

bias statements apply. : - .
11.4.1.1 Precision and Bias-The precision and bias of this . 12.2 Experimental Data-The precision and bias statement

test method of measuring (insert here the name of the pro ertl the test method shall include a footnote indicating where the
9 prop g.lpporting data can be found. The footnote shall read as in the

are as specified in Method (insert here the designation of th . .
ollowing example:

other method). : . .
Supporting data for the precision and bias statements have

12. Approval of Data Analysis and Statements been filed at ASTM Headquarters. Request RR:D__ .

12.1 Approval of the precision and bias statement shall be
obtained from the Results Advisor before the test method id3- Keywords
submitted for committee ballot, providing him/her with a copy 13.1 collaborative study; interlaboratory study; method
of: bias; method precision; method recovery; round-robin study;

12.1.1 All test data resulting from the collaborative test. statistical analysis; Youden study design

APPENDIXES
(Nonmandatory Information)

X1. APPROVAL OF STUDY DESIGN

X1.1 Using Test Method D 5790 also known as USEPA
Method 524.2, as an example, Fig. X1.1 was sent by the Task
Group Chair to the Results Advisor for his approval before
preparation of the samples for the interlaboratory study actu-
ally began.

X2. REPORTING OF STUDY DATA

X2.1 An example of the data reporting forms that couldconditions they used from among options allowed in the test
have been submitted by each participating laboratory for eacinethod. On this questionnaire, they were also encouraged to
analyte is provided as Fig. X2.1. provide any comments they considered appropriate.

X2.2 Each participant was also required to provide specific
information defining their analytical system and the analytical
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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 (inc.
Y Meoocwrema] $le L

draft number and date):
2s )

7 7/ “
Copy df method in ASTM 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:
o.2, /' ] 2 75

Units (spelled out): Vhﬁ49u94}¢a4na,,//lal§4~

X.1.6 PFstimated number of laboratories —713 and analysts —7725
{Should be > 8 labs to guarantee 6 values after outlier testing.)

.7 Matrices beino tested (at least 1 reproducible matrix t
: . _@iﬂ:& 5,

X.1.8 QC Samples being testea; knomﬁc agibee widle tacl _
wiadnif [(g=10 M@__WMMM .

X.1.9 Plans for developing study samples: ATTACHMENT # Z

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

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

Approved by

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

10
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Complete Title of Test Method, Draft Number, and Date: Measurement of Purgeable Organic
Compounds in Water by Capillary Column Gas Chromatography, Draft 3, July 18, 1991.

Laboratory Code: 1

Analyte: Chlorobenzene

Reagent Water Drinking Water | Wastewater Ground Water TCLP Buffer
Sple | Result Sple | Result Sple | Resuit Sple | Result Sple | Result
No. |uglL No. |ug/lL No. | ug/L No. |uglL No. |ugll
QC1 9.06 § QC2 QC3 QC4 9.98 | QCS

Bkg nd Bkg Bkg Bkg nd Bkg

1 0.23 111 21 31 nd 41

2 0.21 {12 22 32 0.20 {42

3 124 113 23 33 1.14 | 43

4 23.82 | 14 24 34 2195 |44

5 1.08 {15 25 35 0.97 {45

6 571 116 26 36 5.25 | 46

7 19.21 } 17 27 37 18.04 {47

8 445 118 28 38 4.61 |48

9 82.99 |19 29 39 77.89 |49

10 67.65 120 30 40 65.23 | 50

FIG. X2.1 Reporting of Study Data: Sample of Form B—Data Report from Individual Laboratories

11
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TABLE X3.1 ASTM Test Method D 5790: Reagent Water, 5 mL Purge—Raw Data for Chlorobenzene Analysis A

Concentration in pg/L

Laboratory Sample 5 & Sample 3 Sample 8 Sample 6 Sample 7 Sample 4 Sample 10 Sample 9
or Analyst 0.88 1.10 4.41 5.29 17.64 22.05 61.73 74.96
1 1.08 1.24 4.45 571 19.21 23.82 67.65 82.99
6 2.35 0.96 4.53 5.24 17.14 21.43 64.30 70.40
8 1.30 1.30 4.90 6.80 21.70 25.60 61.40 85.40
15 1.20 1.40 3.90 4.80 15.70 18.70 54.10 66.10
21 2.20 0.93 4.90 4.00 16.90 18.10 53.80 81.80
25 1.21 1.10 4.50 5.37 17.90 22.22 62.10 75.10
26 1.20 1.20 4.40 4.90 16.70 21.50 62.40 71.80
27 1.10 1.00 4.30 5.80 22.10 26.60 75.00 89.10
31 0.80 0.00 5.30 5.50 19.10 24.03 74.80 88.90
38 1.30 1.70 4.70 6.60 23.50 24.10 74.40 89.50
47 1.10 1.20 4.10 5.30 17.90 22.40 77.90 63.50
49 1.00 1.30 4.90 5.40 12.80 18.70 26.10 37.60
52 1.20 1.10 4.80 5.60 19.80 23.50 69.80 83.10
54 0.55 0.79 3.33 3.65 14.31 17.86 50.41 60.89
56 1.00 1.30 4.70 5.80 19.30 24.10 66.50 82.90

A Values represent analytical results after correction for background concentration by the study coordinator.
B Change to match sample identification used during study.

X3. SAMPLE CALCULATION OF PRECISION AND BIAS

X3.1 The following is a sample of the precision and bias X3.5 Calculate the initial meanXBAR and standard
calculations from the data reported in the Test Method D 579@eviation 6;) of the remaining data for each concentration and
study for one analyte in one matrix. These procedures shall bealculate the initial single-outlier test values, (see 10.4).
followed for each analyte and matrix combination in the study.Since at least one value, but not more than 10 % of the usable

) data, can be removed for each concentration, and 10 % of 13 is

X3.2 Example data are presented in Table X3.1, as SUgess than two, at most, one value can be removed using
gested in 10.2. Note that values shown represent analyticafngle-outlier testing, for each concentration. Only Thealues
results after correction for background concentration by thgr the most extreme values for Samples 10 and 9 exceed the
task group or its representative, the study coordinator. 2.46 critical value for sets of 13 values, and so are removed as

X3.3 Test for lab-ranking outliers (see 10.3). Table X3'20utllers. Table X3.3 gives the results of these calculations.

shows the results of the lab-ranking calculations on the data in x3 5 Taple X3.4 shows the data with all outliers indicated
Table X3.1. Since 20 % of the 15 laboratories reporting usable 4 Table X3.5 contains the final statistics.

data is exactly three, up to three laboratories can be removed

with this test. Laboratory 38 fails for providing consistently  x3.7 From the final statistics, the responsible task group
high responses and Laboratory 54 fails for providing consischose to develop the following regressions to relBAR s,
tently low responses, relative to the other laboratories thajnds, to the true concentrationQ) for C values between 0.88
reported. and 75 micrograms per litre:

. ) XBAR =1.035 C) +0.03, (R?=1.00)
X3.4 There are no less-than values to reject as unusable; s, =0.119 €) + 0.01, R 2=0.97)

however, the zero reported by Laboratory 31 for Sample 3 is s,=0.074 C) +0.08, R2=0.75)
not considered to be a legitimate quantitative response and is _,, > X .
therefore rejected as unusable. Under normal study conditions, R~ indicates the proportion of the total variability in the
Laboratory 31 would be contacted to resolve questions regardléPendent variable which can be explained by the regression.
ing their zero response, but this was not possible for prepara- Nore X3.1—This X3.7 step is optional and need not be followed by
tion of this example. other task groups.

12
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TABLE X3.2 ASTM Test Method D 5790: Reagent Water, 5 mL Purge—Ranking Test for Chlorobenzene Analyses

Laboratory Rank Sum by
Sample 54 Sample 3 Sample 8 Sample 6 Sample 7 Sample 4 Sample 10 Sample 9 Laboratory
or Analyst
or Analyst
1 11 6 10 5 6 6 6 6 56
6 1 12 8 11 10 11 8 11 72
8 35 4 3 1 3 2 11 4 315
15 7 2 14 13 13 12.5 12 12 85.5
21 2 13 3 14 11 14 13 8 78
25 5 9.5 9 9 8.5 9 10 9 69
26 7 7.5 11 12 12 10 9 10 78.5
27 9.5 11 12 35 2 1 2 2 43
31 14 15 1 7 7 5 3 3 55
38 3.5 1 6.5 2 1 35 4 1 2256
47 9.5 75 13 10 8.5 8 1 13 70.5
49 12.5 4 3 8 15 12.5 15 15 85
52 7 9.5 5 6 4 7 5 5 48.5
54 15 14 15 15 14 15 14 14 116 ©
56 12.5 4 6.5 35 5 35 7 7 49
A Change to match sample identification used during study.
B This rank sum is below the lower limit given in Table 1; reject all data from this laboratory for this analyte.
€ This rank sum is above the upper limit given in Table 1; reject all data from this laboratory for this analyte.
TABLE X3.3 ASTM Test Method D 5790: Reagent Water, 5 mL Purge—Single-Outlier Tests for Chlorobenzene Analyses
Sample Number 5 3 8 6 7 4 10 9
True concentration (C) pg/L 0.88 1.10 4.41 5.29 17.64 22.05 61.73 74.96
Number of retained values 13 12 13 13 13 13 13 13
Mean recovery (XBAR) 1.29 1.17 4.59 5.40 18.17 22.36 62.76 75.28
Overall standard deviation (s;) 0.46 0.15 0.38 0.65 2.48 2.65 13.28 14.08
Most extreme value 2.35 0.93 5.30 4.00 12.80 18.10 26.10 37.60
Single-outlier test value (T) 2.30 1.60 1.87 2.15 2.17 1.61 2764 2.684
A This T value exceeds the critical value of 2.46 in Table 2 for sets of 13 reported values.
TABLE X3.4 ASTM Test Method D 5790: Reagent Water, 5 mL Purge—Retained Data for Chlorobenzene Analyses
Note 1—Current significance levels:
1. Lab ranking data rejection tests, alpha = 0.05.
2. Individual outlier tests using Thompson(s) role, alpha = 0.05.
Concentration in pg/L
Laboratory Lab Sample 5 Sample 3 Sample 8 Sample 6 Sample 7 Sample 4 Sample 10 Sample 9
or Analyst Rejected 0.88 1.10 4.41 5.29 17.64 22.05 61.73 74.96
1 1.08 1.24 4.45 5.71 19.21 23.82 67.65 82.99
6 2.35 0.96 4.53 5.24 17.14 21.43 64.30 70.40
8 1.30 1.30 4.90 6.80 21.70 25.60 61.40 85.40
15 1.20 1.40 3.90 4.80 15.70 18.70 54.10 66.10
21 2.20 0.93 4.90 4.00 16.90 18.10 53.80 81.80
25 1.21 1.10 4.50 5.37 17.90 22.22 62.10 75.10
26 1.20 1.20 4.40 4.90 16.70 21.50 62.40 71.80
27 1.10 1.00 4.30 5.80 22.10 26.60 75.00 89.10
31 0.80 0.00 4 5.30 5.50 19.10 24.03 74.80 88.90
38 B 1.308 1.708 4708 6.60 B 23.50 8 24108 74.40 B 89.50 &
47 1.10 1.20 4.10 5.30 17.90 22.40 77.90 63.50
49 1.00 1.30 4.90 5.40 12.80 18.70 26.10 8 37.60 &
52 1.20 1.10 4.80 5.60 19.80 23.50 69.80 83.10
54 B 0.55 8 0.79 8 3338 3.65°8 14318 17.86 8 50.41 B 60.89 &
56 1.00 1.30 4.70 5.80 19.30 24.10 66.50 82.90

A = Rejected as a nongquantitative response.

B = Rejected.

13
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TABLE X3.5 ASTM Test Method D 5790: Reagent Water, 5 mL Purge—Final Statistical Summary for Chlorobenzene Analyses

Sample Number 5 3 8 6 7 4 10 9

Number of retained values 13 12 13 13 13 13 12 12

True concentration (C) pg/L 0.88 1.10 4.41 5.29 17.64 22.05 61.73 74.96

Mean recovery (XBAR) 1.29 1.17 4.59 5.40 18.17 22.36 65.81 78.42

Percent recovery 146.33 106.29 104.10 102.11 103.02 101.41 106.61 104.62

Overall standard deviation (s;) 0.46 0.15 0.38 0.65 2.48 2.65 7.74 8.74

Overall relative standard deviation,% 35.50 12.91 8.24 11.99 13.64 11.85 11.77 11.15

Number of retained pairs 12 13 13 12

Single standard deviation, (s,) 0.40 0.48 0.80 7.31

Analyst relative deviation,% 32.60 9.68 3.94 10.14
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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