QHW Designation: E 2056 — 00

Standard Practice for

Qualifying Spectrometers and Spectrophotometers for Use
in Multivariate Analyses, Calibrated Using Surrogate
Mixtures *

This standard is issued under the fixed designation E 2056; 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 epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope allowed in the test method. Specifically, this practice recom-
1.1 This practice relates to the multivariate calibration ofMends that the test method developer demonstrate that all

spectrometers and spectrophotometers used in determining thglibrations that are allowed in the test method produce
physical and chemical characteristics of materials. A detailegtatistically indistinguishable results.

description of general multivariate analysis is given in Practice 1.4 For surrogate test methods that reference spectrometer/
E 1655. This standard refers only to those instances wher@Pectrophotometer performance practices, such as Practices
surrogate mixtures can be used to establish a suitable calibrg-275, E 387, E 388, E579, E925, E 932, E 958, E 1421,
tion matrix. This practice specifies calibration and qualificationE 1683, E 1866 or E 1944, this practice recommends that
data set requirements for interlaboratory studies (ILSs), that ignstrument performance data be collected as part of the ILS to
round robins, of standard test methods employing surrogat@stablish  the — relationship ~ between spectrometer/
calibration techniques that do not conform exactly to Practice§P€ctrophotometer performance and test method precision.

E 1655. 2. Referenced Documents

Note 1—For some multivariate spectroscopic analyses, interferences 2 1 ASTM Standards:

and matrix effects are sufficiently small that it is possible to calibrate using D 6277 Test Method for Determination of Benzene in

mixtures that contain substantially fewer chemical components than the Spark-lgniti Enai Fuels by Mid Inf ds t
samples that will ultimately be analyzed. While these surrogate methods park-ignition Engineé Fuels by Mid Inirare pectros-

generally make use of the multivariate mathematics described in Practices COP ) o o ]
E 1655, they do not conform to procedures described therein, specifically D 6300 Practice for Determination of Precision and Bias

with respect to the handling of outliers. Data for Use in Test Methods for Petroleum Products and

1.2 This practice specifies how the ILS data is treated to Lubricant§_ .
establish spectrometer/spectrophotometer performance qualifi- E 131 Terminology Relating to Molecular Spectroscopy

cation requirements to be incorporated into standard test E 275 Practice for Describing and Measuring Performance
methods. of Ultraviolet, Visible, and Near Infrared Spectrophotom-

eters
Note 2—Spectrometer/spectrophotometer qualification procedures are g 337 Test Method for Estimating Stray Radiant Power of
intended to allow the user to determine if the performance of a specific -
spectrometer/spectrophotometer is adequate to conduct the analysis so a%%%%Ct;OphﬁoT]ef;S bsy the Olpél qug F(Ijltﬁr MS?I]\IOd | h
to obtain results consistent with the published test method precision. est Method for Spectral Bandwidth an avelengt
Accuracy of Fluorescence Spectrophotométers

Id include b be limited d d it d SE 579 Test Method for Limit of Detection of Fluorescence
would Include but not be limited to mid- and near-infrared, of Quinine Sulfaté

ultraviolet/visible, fluorescence and Raman Spectroscopies. g g1 practice for Conducting an Inter-Laboratory Study to
1.2.2 The surrogate calibrations covered in this practice are: Determine the Precision of a Test MetHod

multiinear regr(_assion (MLR), principal components r_egression E 925 Practice for the Periodic Calibration of Narrow Band-
(PCR) or partial least squares (PLS) mathematics. These

ibrati q described in detail in Pract Pass Spectrophotometérs
calibration procedures are described in detall In Practices g 935 pragtice for Describing and Measuring Performance

E 1655. of Dispersive Infrared Spectrometérs

. 1.'3 _For surrogate test methods, thi_s prgctice .recommends E 958 Practice for Measuring Practical Spectral Bandwidth
limitations that should be placed on calibration options that are of Ultraviolet-Visible Spectrophotometérs

E 1421 Practice for Describing and Measuring Performance

1 This practice is under the jurisdiction of ASTM Committee E13 on Molecular
Spectroscopy and is the direct responsibility of Subcommittee E13.11 on Chemo=—————————

metrics. 2 Annual Book of ASTM Standardgol 05.03.
Current edition approved Sept. 10, 2000. Published November 2000. Originally 3 Annual Book of ASTM Standasdéol 03.06.
published as E 2056 — 99. Last previous edition E 2056 — 99. 4 Annual Book of ASTM Standardéol 14.02.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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of Fourier Transform Infrared Spectrophotometers: Level 4.5 When the ILS is conducted to establish the precision of

Zero and Level One Tests the surrogate test method, the calibration data for all of the
E 1655 Practices for Infrared, Multivariate, Quantitative participating laboratories should be collected and used to
Analysis® calculate a pooled standard error of calibration for the test
E 1683 Practice for Testing the Performance of Scanningnethod. The pooled standard error of calibration and its
Raman Spectrometérs associated degrees of freedom should be reported in the test
E 1866 Guide for Establishing Spectrophotometer Performethod.

mance Tests 4.5.1 When a user is calibrating a spectrometer/

E 1944 Practice for Describing and Measuring Performancepectrophotometer, the standard error of calibration is calcu-
of Fourier Transform Near-Infrared Spectrometers: Levelated and compared to the pooled standard error of calibration

Zero and Level One Tests from the ILS to determine if the performance of the calibrated
) spectrometer/spectrophotometer is adequate to produce analy-
3. Terminology ses of the precision specified in the test method.
3.1 Definitions 4.5.2 If a user is purchasing a precalibrated spectrometer/

3.1.1 For definitions of terms and symbols relating tospectrophotometer, the instrument vendor should supply the
infrared, ultraviolet/visible and Raman spectroscopy, refer tagstandard error of calibration and its statistical comparison to

Terminology E 131. the pooled standard error of calibration.
3.1.2 For definitions of terms and symbols relating to 4.6 During the ILS, each participating laboratory analyzes a
multivariate analysis, refer to Practices E 1655. set of qualification samples and reports both the compositions
3.2 Definitions of Terms Specific to This Standard: of the qualification set and the estimates made using the

3.2.1 spectrometer/spectrophotometer qualification-the  multivariate analysis. A pooled error of qualification is calcu-
procedures by which a user demonstrates that the performantgted and reported as part of the test method along with its
of a specific spectrometer/spectrophotometer is adequate t@rresponding degrees of freedom.
conduct a multivariate analysis so as to obtain precision 4.6.1 Before a user may use the spectrometer/
consistent with that specified in the test method. spectrophotometer, it must be qualified to perform the surro-

3.2.2 surrogate calibration n—a multivariate calibration gate test method. The qualification set is analyzed, and a
that is developed using a calibration set which consists oftandard error of qualification is calculated. The standard error
mixtures with pre-specified and reproducible compositions thadf qualification is statistically compared with the pooled
contain substantially fewer chemical components than thetandard error of qualification to determine if the performance

samples that will ultimately be analyzed. of the calibrated spectrometer/spectrophotometer is adequate to
3.2.3 surrogate test methoar—a standard test method that produce analyses of the precision specified in the test method.
is based on a surrogate calibration. 4.6.2 Spectrometer/spectrophotometer qualification is re-

. quired regardless of whether the calibration is performed by the
4. Summary of Practice vendor or the user.

4.1 Asurrogate test method must specify the composition of 4.6.3 Spectrometer/spectrophotometer qualification should
two sets of samples. One set is used to calibrate thge repeated after major maintenance has been performed on the
spectrometers/spectrophotometers. The second set of sampigsectrometer/spectrophotometer so as to determine whether
is used to qualify the spectrometer/spectrophotometer to pefecalibration is required.
form the analysis. The compositions of both sets are expressed =
in terms of weight or volume fraction depending on whether®- Significance and Use
the samples are prepared gravimetrically or volumetrically. The 5.1 This practice should be used by the developer of
compositions of both sets should be specified in the surrogatgandard test methods that employ surrogate calibrations.
test method. If the surrogate test method is being used to 5.1.1 This practice assists the test method developer in
estimate a physical property, then the test method shouldetting and documenting requirements for the spectrometer/
indicate what value of the property is to be assigned to each afpectrophotometers that can perform the test method.
the calibration and qualification samples. 5.1.2 This practice assists the test method developer in

4.2 The surrogate test method should specify the minimunsetting and documenting spectral data collection and compu-
spectrometer/spectrophotometer requirements for instrumentation parameters for the test method.
that can be used to perform the test method. 5.1.3 This practice assists the test method developer in

4.3 The spectrometer/spectrophotometer test method shouselecting among possible multivariate analysis procedures that
specify the exact conditions that are to be used to collect anaould be used to establish the surrogate calibration. The
where appropriate, to calculate the spectral data used in th@actice describes statistical tests that should be performed to
calibration and analysis. ensure that all multivariate analysis procedures that are allowed

4.4 The test method should specify the exact mathematiosithin the scope of the test method produce statistically
that are to be used to develop the multivariate calibrationindistinguishable results.

Allowable spectral preprocessing methods should be defined. 5.1.4 This practice describes statistical calculations that the
The specific mathematics (MLR, PCR or PLS) should betest method developer should perform on the calibration and
specified, and the acceptable range for the numbers of variablegsialification data that should be collected as part of the ILS
should be given. that establishes the test method precision. These calculations
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establish the level of performance that spectrometersduring actual application of the test method.
spectrophotometers must meet in order to perform the test 6.2.3 When calibrating for a property that depends on more
method. than one chemical component, the calibration set should
5.2 This practice describes how the person who calibrates aniformly span the range over which the property analysis is to
spectrometer/spectrophotometer can test the performance loé conducted, and all components that contribute to the
said spectrometer/spectrophotometer to determine if the peproperty should be varied independently.
formance is adequate to conduct the test method. 6.2.4 The test method should specify the compositions of
5.3 This practice describes how the user of a spectrometettie calibration samples, including components and target
spectrophotometer can qualify the spectrometertoncentrations. The purity of materials to be used in preparing
spectrophotometer to conduct the test method. the calibration samples should also be specified in the test

I thod.
6. Surrogate Calibrations mee 30Qua|ification Sets

6.1 Practices E 1655 assumes that the calibration set used t0og.3.1 The sets of surrogate samples that are used to qualify

develop a multivariate model contains samples of the samge spectrometers/spectrophotometers should satisfy the vali-
type as those that are to eventually be analyzed using thgation requirements of Practices E 1655k i the number of
model. Practices E 165_5 requires use of outl_ler stat_|st|_cs tQariables (MLR wavelengths or frequencies, PCR principal
ensure that samples being analyzed are sufficiently similar tgomponents or PLS latent variables) used in the model, then
the calibration samples to produce meaningful results. Fofhe minimum number of qualification samples should be the
some spectroscopic analyses, however, it is possible to caljreater of 20 or &

brate using gravimetrically or volumetrically prepared mix- 6.3.2 The compositions of the qualification samples should
tures that contain significantly fewer components than thgpan the same ranges as did the calibration samples.
samples that will ultimately be analyzed. For these surrogate 6.3.3 The test method should specify the compositions of
test methods, the outlier statistics described in Practices E 163he qualification samples, including components and target
are not appropriate since all samples are expected to be outlieggncentrations. The purity of materials to be used in preparing

relative to the simplified calibrations. Thus, surrogate testhe qualification samples should also be specified in the test
methods cannot fulfill the requirements of Practices E 1655method.

While surrogate test methods may make use of the mathemat-6.4 Precision of Surrogate Calibration Test Methods

ics described in Practices E 1655, they should not claim to 6.4.1 An ILS determines the precision of a surrogate test
follow the procedures described in that practice. method. The interlaboratory study must conform to the require-
6.1.1 Indeveloping surrogate test methods, it is necessary ¥@ents of Practice E 691, and to any other relevant practices.
thoroughly understand and account for potential spectral inteleor example, a test method applicable to petroleum products
ferences. Typically, the spectral range used in surrogate calshould conform to Practice D 6300.
brations will be limited so as to minimize interferences. For 6.4.2 The standard error of calibrati®E G, ogard @nd the
those interferences that cannot be eliminated through limitingtandard error of qualificatioBEQrogard fOr @ surrogate test
the spectral range, representative components that mimic thgethod cannot be used reliably to infer the precision that can
interference should be included in the calibration mixtures. be expected for the analysis of actual samples. However,
6.1.2 Test Method D 6277 provides an example of & SUITOSEG, ,;;04ae@NASEQ,,ogaicdle representative of the necessary
gate test method. The FT-MIR analysis of benzene in gasolingpectrometer/spectrophotometer performance that must be

is calibrated using mixtures of benzene, isooctane, toluene angthieved in order to obtain precision comparable to that
xylenes and PLS mathematics. The calibration mixtures conestablished by the ILS.

tain far fewer components than gasoline, but the spectral range . )
used in the analysis is limited to a narrow range about % Requirements for Test Methods Using Surrogate
relatively interference-free benzene peak. Toluene and xylenes Calibrations
are used in the calibration mixtures to adequately mimic the 7.1 Surrogate Calibrations of Individual Spectrometers/
interferences that are present in gasolines. Spectrophotometers
6.2 Calibration Sets 7.1.1 The multivariate spectroscopic analysis is calibrated
6.2.1 The sets of surrogate samples that are used to calibraising a set of surrogate mixtures. These mixtures are prepared
the spectrometers/spectrophotometers should satisfy the reelumetrically or gravimetrically to compositions defined by
quirements of Practices E 1655 ks the number of variables the test method. Spectra of the mixtures are collected under
(MLR wavelengths or frequencies, PCR principal componentgonditions defined by the test method. The spectral data is
or PLS latent variables) used in the model, then the minimunpretreated as prescribed in the test method, and a multivariate
number of calibration samples should be the greater of 24 oralibration model is developed as prescribed in the test method.
6k. 7.1.1.1 They values that are used in the development of the
6.2.2 When calibrating for a single component, the calibramodel can be the concentrations of individual components in
tion set should uniformly span the range over which thethe surrogate mixtures, or the sum of component concentra-
analysis of that component is to be conducted. Additionations depending on the application.
components that are present in the calibration set to simulate 7.1.1.2 For some applications, thevalues that are used in
interferences should be independently and uniformly variedhe calibration may be property values that can be calculated
over a range at least as large as is likely to be encounterddom the compositions of the mixtures.
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Note 3—For some surrogate calibrations, it may be possible tovariate model to analyze the calibration spectrum, denoted as

establish a correlation equation that relates the surrogate analyses )1/0
. . |J1

results from another analytical test method. It is recommended that 7213 Th b f calibrati les for thdab
multiplicative or additive factors determined from such a correlation not Ve e number of calibration samples for jfdabo-
be incorporated into thg values of the surrogate calibration. Instead, the fatory, denoted as;, and
y values should consist of the actual component concentrations, the 7.2.1.4 The number of variables used in the multivariate
surrogate test method results should be reported in terms of thesgodel for thejth laboratory, denoted a§

concentrations, and the test method should contain a separate section tha 29 Th led dard f calibration i lculated
compares the two test methods and gives the correlation equation. e e pooled standard error of calibration Is calculate

I as:
7.1.2 A standard error of calibration for the surrogate
calibration is calculated as:

PSEQurrogate = (2)

@)

SEQurrogate =

The sum with indey is over them laboratories, and, is 1
for labs that use a mean-centered calibration and O for labs
whose calibration is not mean-centered.

7.2.3 The degrees of freedom for the pooled standard error

where:

DOF = the number of degrees of freedom for the calibra-
tion and isn—k-1 if the model is mean centered, and
n—k otherwise,

n = the number of surrogate mixtures used in the Of calibration,DOF (PSEG.ogad. is calculated as:
calibration, m
k = the number of variables (MLR wavelengths or DOF(PSEGurogad = 2,1 —K —3, ®)

frequencies, PCR principal components, or PLS

latent variables) used in the model 7.2.4 The surrogate test method should document both

y. = the component concentration for tH& calibration ~ PSEGurrogaie@nd DOF (PSEGyrrogard-
sample, and 7.3 Determining Adequacy of Spectrometer/
Y = the estimate of the concentration of tffecalibra- Spectrophotometer CalibratiorsThe surrogate test method
tion sample. should indicate that, when a spectrometer/spectrophotometer is
7.2 Pooled Standard Error of Calibratian calibrated either by an end user or a vendor, the adequacy of
7.2.1 During the interlaboratory study that establishes théhe calibration is tested by compari®EG,,;ogate With
precision of the surrogate test method, each ofrthpartici- ~ PSEG0gate The comparison is done using &atest. The

pating laboratories should report a complete set of calibratiofr.gipration Value is calculated as:
results consisting of the following:

. . SE
7.2.1.1 The component concentration or property forithe Featibration = $ 4)
calibration sample from thg" laboratory, denoted ag, urrogate
7.2.1.2 The estimate of the concentration of itAealibra- The calculatedrjipraiion Value is compared to the criticl

tion sample from thé™ laboratory obtained using the multi- value from Table 1 foDOF (see 6.1.2) degrees of freedom in

TABLE 1 95 Percentiles of the F Statistic (One-Sided Test)

Denominator, Degrees of Numerator
Freedom 7 8 9 10 12 14 16 18 20 25 30 40 50 100
7 3.79 3.73 3.68 3.64 3.57 3.53 3.49 3.47 3.44 3.40 3.38 3.34 3.32 3.27
8 3.50 3.44 3.39 3.35 3.28 3.24 3.20 3.17 3.15 3.11 3.08 3.04 3.02 2.97
9 3.29 3.23 3.18 3.14 3.07 3.03 2.99 2.96 2.94 2.89 2.86 2.83 2.80 2.76
10 3.14 3.07 3.02 2.98 291 2.86 2.83 2.80 2.77 2.73 2.70 2.66 2.64 2.59
11 3.01 2.95 2.90 2.85 2.79 2.74 2.70 2.67 2.65 2.60 2.57 2.53 2.51 2.46
12 291 2.85 2.80 2.75 2.69 2.64 2.60 2.57 2.54 2.50 2.47 2.43 2.40 2.35
13 2.83 2.77 2.71 2.67 2.60 2.55 2.51 2.48 2.46 2.41 2.38 2.34 2.31 2.26
14 2.76 2.70 2.65 2.60 2.53 2.48 2.44 2.41 2.39 2.34 2.31 2.27 2.24 2.19
15 2.71 2.64 2.59 2.54 2.48 2.42 2.38 2.35 2.33 2.28 2.25 2.20 2.18 2.12
16 2.66 2.59 2.54 2.49 2.42 2.37 2.33 2.30 2.28 2.23 2.19 2.15 212 2.07
17 2.61 2.55 2.49 2.45 2.38 2.33 2.29 2.26 2.23 2.18 2.15 2.10 2.08 2.02
18 2.58 2.51 2.46 241 2.34 2.29 2.25 2.22 2.19 2.14 2.11 2.06 2.04 1.98
19 2.54 2.48 2.42 2.38 2.31 2.26 2.21 2.18 2.16 211 2.07 2.03 2.00 1.94
20 2.51 2.45 2.39 2.35 2.28 2.22 2.18 2.15 2.12 2.07 2.04 1.99 1.97 1.91
25 2.40 2.34 2.28 2.24 2.16 2.11 2.07 2.04 2.01 1.96 1.92 1.87 1.84 1.78
30 2.33 2.27 2.21 2.16 2.09 2.04 1.99 1.96 1.93 1.88 1.84 1.79 1.76 1.70
35 2.29 2.22 2.16 211 2.04 1.99 1.94 1.91 1.88 1.82 1.79 1.74 1.70 1.63
40 2.25 2.18 2.12 2.08 2.00 1.95 1.90 1.87 1.84 1.78 1.74 1.69 1.66 1.59
45 2.22 2.15 2.10 2.05 1.97 1.92 1.87 1.84 1.81 1.75 1.71 1.66 1.63 1.55
50 2.20 2.13 2.07 2.03 1.95 1.89 1.85 1.81 1.78 1.73 1.69 1.63 1.60 1.52
60 2.17 2.10 2.04 1.99 1.92 1.86 1.82 1.78 1.75 1.69 1.65 1.59 1.56 1.48
70 2.14 2.07 2.02 1.97 1.89 1.84 1.79 1.75 1.72 1.66 1.62 1.57 1.53 1.45
80 2.13 2.06 2.00 1.95 1.88 1.82 1.77 1.73 1.70 1.64 1.60 1.54 1.51 1.43
90 2.11 2.04 1.99 1.94 1.86 1.80 1.76 1.72 1.69 1.63 1.59 1.53 1.49 1.41
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the numerator andOF (PSEC,gatd (S€€ 6.2.3) in the
denominator.

7.3.1 If the calculated .,jipraiion VAIUE is less than or equal
to the criticalF value, then the calibration of the spectrometer/

spectrophotometer is comparable to or better than those that7 5.5 The degrees of freedom for the pooled standard error
participated in the ILS, and the user may continue with thepf calibration,DOF (PSEGunogatd, IS calculated as:
qualification of the spectrometer/spectrophotometer. m
7.3.2 If the calculated . pration Value is greater than the DOF(PSEQogatd = ,Zi q ™

critical F value, then the calibration is poorer than those that
participated in the ILS. The cause of the poorer performanc%
should be identified and corrected, and the spectrometer/
spectrophotometer should be recalibrated.

PSEQurrogate = (6)

7.5.6 The surrogate test method should document both

SEQurrogateand DOF (PSEQurrogatg'

7.6 Qualification of an Individual Spectrometer/

SpectrophotometerThe surrogate test method should indicate
Note 4—TheF-test in 7.3.1 is a one-sided test conducted at the 95 9g¢hat, when a spectrometer/spectrophotometer is qualified by an

level. The test is one-sided since it is only necessary to show that thend user, the performance of the calibrated spectrometer/

variance for the current calibratioEG,,qatc) i NOt worse than that  spectrophotometer is tested by comparBBQrogate With

for the calibrations used in the interlaboratory stuﬁ';‘BE(;urmgatez). If PSEQurrogate The comparison is done via af-test. The

SEC;U_m,gme2 and PSEQ,,rogarc COMe from _the same population, then Fquaiitication Value is calculated as:
there is only a 5 % chance that thg, i, aiion Will be greater than the value
SE(iurrogate

in Table 1. _ 8
qualification PSEQ ( )
7.4 Standard Error of Qualification for Individual uroeate B
Spectrometers/Spectrophotometers The calculatedr,,ficaionValue is compared to the critical

lue from Table 1 foq degrees of freedom in the numerator
7.4.1 Before a spectrophotometer can be used to analyi@1 . - '
actual samples, it must be qualified. A qualification set o NADOF (SEQurrogard degrees of freedom in the denominator.

surrogate mixtures are prepared volumetrically or gravimetri- 7&?'1 If_tt_heICSICUIlateE?ﬁa“ﬁC??]O"Valu?_ f'_s I(ta_ss tr:jar: orfeql:;ll
cally to compositions defined by the test method. Spectra of thi® ect?ocmr:alt(;?/s e\(/:?rlcj)ehot:rgete(raisqg:nlqlcz?r;%rlle tc?oar b?a;ter ?han
qualification mixtures are collected under conditions define P P P P

. - that obtained by laboratories that participated in the ILS. The
by the test method. The spectral data is pretreated as prescrlbﬁ or may use t)Le spectrometer/sgectroghotometer to conduct
in the test method, and analyzed using the multivariate cali

. . . analyses in accordance with the surrogate test method.
bration model as described in the test method. y 9

o _ 7.6.2 If the calculatedr,aication Value is greater than the
7.4.2 A standard error of qualification is calculated as:  cyitical F value, then the qualification data is poorer than that
for laboratories that participated in the ILS. The cause of the

=

q
;1  —w)? poorer performance should be identified and corrected, and the
SEQurmogate= —q (5)  spectrometer/spectrophotometer should be recalibrated.
where: Note 5—TheF-test in 7.6.1 is also a one-sided test conducted at the
g = the number of surrogate qualification mixtures, 95 % 'eve;' Tr;ﬁ testis or;e_— S'?ed S'n‘t:e I |s|_?nl3;_(r)1§cessary to show t?at the
y, = the component concentration for tit& qualification ~ Varance for the current instrument qualificatioBEQogace) IS NO
sample, and worse than that for the qualification of instruments used in the interlabo-

a & . e ratory study PSEQ,ogate) f SEQurmogate @nNd PSEQ rogard COME
¥ = the estimate of the concentration of iﬂbqualn‘lcatlon from the same population, then there is only a 5% chance that the

sample. F qualification Will be greater than the value in Table 1.
7.5 Pooled Standard Error of QualificatieaDuring the
interlaboratory study that establishes the precision of th
surrogate test method, each of theparticipating laboratories
should report a complete set of qualification results consisting 8.1 The surrogate test method should contain an apparatus
of the following: section that details requirements for the spectrometer/
7.5.1 The component concentration or property for ithe spectr(_)photometers that can be used to conduct the test r_nethod
qualification sample from thg" laboratory, denoted as, analysis. The surrogate test method should reference instru-

752 Th timate of th rati £ i lifi ment performance standards by which acceptable
. € estima (iho € concentration ot Ihequalifica- | spectrometer/spectrophotometer performance is determined.
tion sample from thg™ laboratory obtained using the multi-

. o Where possible, spectrometer/spectrophotometer performance
variate model to analyze the qualification spectrum, denoted agyta should be collected during the ILS that establishes the
¥;, and precision of the surrogate test method. This data is used to

7.5.3 The number of qualification samples analyzed by thelemonstrate that the participating instruments meet the pro-
j™" laboratory, denoted . posed performance requirements.

7.5.4 The pooled standard error of qualification is calculated 8.2 FT-IR Spectrophotometers
as: 8.2.1 The surrogate test method should indicate which types

8. Spectrometer/Spectrophotometer Requirements and
Performance Tests
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of beamsplitters, sources and detectors are permitted for uske check is performed on transmittance or absorbance spectra,
with the test method. and the peak finding algorithm to be used to determine the peak

8.2.2 The surrogate test method should specify a spectrgiositions. If a required wavelength or frequency accuracy or
range over which the spectrophotometer is to operate. Typirecision, or both, is specified, then wavelength or frequency
cally, the spectral range will be considered to be the frequencgccuracy tests should be conducted on all spectrophotometers
range over which the single beam energy spectrum exceedtsed in the ILS to demonstrate that they meet the proposed
10 % of its maximum value. requirement.

8.2.3 The surrogate test method should specify a spectral 8.3.2.2 The surrogate test method should specify a maxi-
resolution in wavenumbers that is to be used for data collecnum allowable spectral slit width or spectral bandwidth. A test
tion. method for testing spectral slit width or bandwidth should be

8.2.4 The surrogate test method should reference Practicégecified, and these tests should be conducted on all spectro-
E 1421 or E 1944 depending on whether the surrogate tegthotometers used in the ILS to demonstrate that they meet the
method is a mid- or near-infrared test method. proposed requirement.

8.2.4.1 The surrogate test method should specify a maxi- 8.3.2.3 The surrogate test method should specify a photo-
mum allowable noise level measured in some specific fremetric precision that is required to perform the analysis. The
quency range. The frequency ranges used need not correspapigcision should typically be specified as the standard devia-
to those in Practices E 1421 or E 1944 if the ranges suggestdi®n observed at a specific signal level for a specified number
therein do not correspond to those used in the surrogatef replicate measurements. If the surrogate test method speci-
calibration model. The noise measurement is typically done ofies a required photometric precision, then photometric preci-
a 100 % line spectrum obtained by ratioing two successiv&ion tests should be conducted on all spectrophotometers used
single beam background spectra. Root mean square noiseifs the ILS to demonstrate that they meet the proposed
typically measured over some frequency interval after subtragequirement.
tion of an average transmittance signal. If a maximum allow- 8.3.2.4 The surrogate test method should specify a required
able noise level is specified, then noise level tests should béearity of absorbance or a maximum allowable stray radiant
conducted on all spectrophotometers used in the ILS tg@ower, or both. The test method should reference appropriate
demonstrate that they meet the proposed requirement. practices for how these performance parameters are measured,

8.2.4.2 The surrogate test method should specify a max@and such measurements should be conducted on all spectro-
mum allowable nonphysical energy as a percentage of thehotometers used in the ILS to demonstrate that they meet the
single beam maximum energy. The nonphysical energy medroposed requirement.
surements in Practices E 1421 and E 1944 are sensitive tests of8.4 Fluorescence Spectrophotometers
spectrophotometer linearity. If a maximum allowable non- 8.4.1 The surrogate test method should define source or
physical energy level is specified, then nonphysical energyletector requirements for performing the analysis.
level tests should be conducted on all spectrophotometers usedg 4.2 A surrogate test method that employs fluorescence
in the ILS to demonstrate that they meet the propose@pectrophotometers should typically reference Practices E 388
requirement. or E 579, or both.

8.2.4.3 If the spectrophotometer must be purged to perform 8.4.2.1 The surrogate test method should specify a required
the analysis, then a maximum allowable water vapor level ofyavelength accuracy or precision, or both. The test method
carbon dioxide level, or both, should be specified. If ashould also specify the standard reference material to be used
maximum allowable water vapor level or carbon dioxide level for checking the wavelength or frequency, whether the check is
or both, is specified, then water vapor tests or carbon dioxidgerformed on transmittance or absorbance spectra, and the
tests, or both, should be conducted on all spectrophotometefgak finding algorithm to be used to determine the peak
used in the ILS to demonstrate that they meet the proposegbsitions. If a required wavelength accuracy or precision, or
requirement. both, is specified, then wavelength accuracy tests or precision

8.3 Dispersive Infrared and Ultraviolet-Visible Spectropho- tests, or both, should be conducted on all spectrophotometers
tometers used in the ILS to demonstrate that they meet the proposed

8.3.1 The surrogate test method should define source @equirement.
detector requirements for performing the analysis. 8.4.2.2 The surrogate test method should specify a maxi-

8.3.2 Asurrogate test method that employs dispersive inframum allowable spectral slit width or spectral bandwidth. A test
red spectrophotometers should reference Practices E 275 prethod for testing spectral slit width or bandwidth should be
E 932 depending on whether the test method is a near- @pecified, and these tests should be conducted on all spectro-
mid-infrared test method. A surrogate test method whichphotometers used in the ILS to demonstrate that they meet the
employs UV-visible spectrophotometers will typically refer- proposed requirement.
ence Practices E 275, E 387, E 925, or E 958, or a combination 8.4.2.3 The surrogate test method should specify a mini-
thereof. mum sensitivity required to perform the analysis. The test

8.3.2.1 The surrogate test method should specify a requireshethod for testing the sensitivity should be specified. If a
wavelength or frequency accuracy or precision, or both. Theninimum sensitivity is specified, then tests should be con-
test method should also specify the standard reference materidiicted on all spectrophotometers used in the ILS to demon-
to be used for checking the wavelength or frequency, whethestrate that they meet the proposed requirement.
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8.5 Raman Spectrometers instances may be small, this cannot be assumed in developing a surrogate
8.5.1 The surrogate test method should define source st method. If multiple types of preprocessing are to be allowed within a
detector requirements for performing the analysis surrogate test method, then it is up to the test method developer to
8.5.1.1 The surrogate test method should speci;‘y a require%emonstrate that they all produce statistically indistinguishable results.
frequency accuracy or precision, or both. The test methody Recommended Limitations on Use of Multivariate
should also specify the standard reference material to be used cgiculation Procedures
for checking the wavelength or frequency, and the peak finding . o . .
algorithm to be used to determine the peak positions. If a 10.1 Typically, no two multivariate calibration models de-

required frequency accuracy or precision, or both, is specifie&'eloped using differing algorithms or different numbers of

then frequency accuracy tests or precision tests, or both, :~3hoch?”‘"‘bleS will produce identical results. For example, PCR

be conducted on all spectrophotometers used in the ILS tmodels.built with diffgring numbgrs of_principal components
demonstrate that they meet the proposed requirement. W|II_ typ!cally show differences in their standard errors of

8.5.1.2 The surrogate test method should specify a max'(_:allbratlon and qualification and relative biases in their predic-
mum allowable spectral slit width or spectral bandwidth. A test'o"S: Additionally, different models that appear to produce

method for testing spectral slit width or bandwidth should becomparable results based on their standard errors of calibration

specified, and these tests should be conducted on all spectr%r-'d qualification may produce significantly different results

photometers used in the ILS to demonstrate that they meet tl)(i—f\hen applied to actual samples. Therefore, it is strongly
proposed requirement. recommended that surrogate test methods employ only one

: discrete modeling procedure.

8.5.1.3 The surrogate test method should specify a maxi- .

mum allowable dark signal level. Dark signal level tests should 10.1.1 Do not assume that PLS and PCR produce equwalgnt

be conducted on all spectrophotometers used in the ILS t _odels. Full-spectra surrogate test methods should specify

demonstrate that they meet the proposed requirement. either PLS or P.C.R’ not bqth, un_less PLS and PCR_are Sho"Y”
to produce statistically indistinguishable results as discussed in

9. Data Collection and Computation Requirements 10.2.

9.1 The surrogate test method should specify exact condi- 10.1.2 The specific number of variables to be used in the

tions to be used in the collection of the spectral data. Fomodel should be specified in the test method.
example, the test method may specify some or all of the 10.1.3 Mean-centering, if used, should be a requirement, not

following: an option. Autoscaling of spectral data should not be recom-
9.1.1 Number of scans to be signal averaged or signanended for PCR or PLS calibrations. If autoscaling is em-

integration time, ployed for MLR calibrations, it should be a requirement, not an
9.1.2 Scan speed, and option.

9.1.3 Bandw'dt_h’ slit width C?r resolution. Note 7—Autoscaling involves mean-centering the spectral data, and

9.2 If computations are required to convert the raw collecteghen scaling the data at each wavelength (frequency) by the standard
data to the form used by the multivariate model, the surrogat@eviation of the calibration set at that wavelength (frequency). For
test method should specify exactly how those computationgill-spectrum methods such as PCR and PLS, autoscaling can scale up the
should be done. For example, for an FT-IR method, thevariance associated with noise occurring at spectral baseline points
surrogate test method should specify the type of apodizatioﬁ?'ati‘_’e to the varignce ass_ociated Wi_th signal at spectral features, thus
level of zero-filling, and type of phase correction that is to be®cctVely decreasing the signal-to-noise of the data.
used in calculating the spectra. 10.2 If the test method developer wants to include more

9.3 If the surrogate test method requires that the spectrdhan one modeling algorithm or a range of numbers of
data be preprocessed prior to multivariate calibration or analyvariables, then the developer is responsible for demonstrating
sis, then the test method must specify exactly how thdhat all allowed modeling procedures produce statistically
preprocessing is to be performed. The surrogate test methaddistinguishable analyses when applied to the actual samples
must mathematically define the preprocessing function includused in the ILS.

ing all parameters required for its computation either directly, Note 8—The errors between different multivariate models developed

or k_)y r_eference to the literature. For example, if_ the Secon%sing the same calibration data set are not completely independent. Thus,
derivative of the spectrum must be calculated prior to multi+he statistical tests described in 10.2.1-10.3.2 thatassume independence,
variate calibration or analysis, then the test method musdre not strictly applicable. The tests may allow a small number of models
specify how the derivative is calculated. If, for instance, ato pass as equivalent when there are in fact small biases or differences in
Savitzky-Golay digital filter is used, the test method should precision, however, the tests are not expected to indicate inequality for
indicate which derivative, the polynomial degree and numbef°dels that are, in fact, equivalent.

of points for the digital filter and preferably list the digital filter ~ 10.2.1 Calibration and qualification data from each labora-
parameters. tory that participates in the ILS should be modeled using all

Note 6—Different types of preprocessing produce different multivari- proposed algorithms and ranges of variables. The various

ate models, and different analysis results. While the difference in som&10dels should all be applied for a_na|y5i5 of the spectra of the
ILS samples, and the concentration/property estimates from

each model s i i ision.
®Savitsky, A., and Golay, M.J.Analytical Chemistry Vol 36, 1964, pp. hould be compared |n.terms of bias and precision
1627-1639, with corrections by Steiner, J., Termonia, Y., and Deltouknalytical 10.2.2 For each proposed m(_)qelmg procedure, calculate the
Chemistry Vol 44, 1972, pp. 1906-1909. surrogate test method repeatability using the data from the ILS.
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Compare all possible pairs of repeatability estimates using afhe surrogate test method should not include both as multi-

F-test: variate modeling procedures.
2 2
E o= lifr>r F i< 9 Note 9—Although theF-tests in 10.2.2 and 10.2.3 are two-sided tests
repeatapiity 2 T T Trepeatabilty — 2 T T ©) conducted at the 95 % probability level, the criti€avalue against which

wherer; and r; are the calculated repeatability for two e CalcUlated epeaaiity ANAF reproduciviiny Are compared come from the
different multivariate modeling procedures CompEt;gp 97.5 percentiles of thE-statistic (Table 2). If the ratio,/r,,~ (or R,7/R,")

bility to the criticalF-value from Table 2 Whe.re the degrgaets Ofwas calculated without requiring that the larger variance be in the
ability -

. umerator, the calculatelepcatabiity (Freproducibiiy) Value would have to
freedom for both the numerator and denominator should bOtﬁe compared against both the lower 2.5 percentile point and the upper 97.5

be the repeatability degrees of freedom from the ILS. percentile point of theF-distribution to determine if the two variances

10.2.2.1 IfF epeataniityS l€SS than the criticdf-value, then  were statistically distinguishable. Because of the nature of the
the repeatability of the results produced by the two different-distribution, comparing2/r,? (or R,%R,?) to the 2.5 percentile is
multivariate modeling procedures are comparable. Continuequivalent to comparing,?/r,? (or R,?/R,?) to the 97.5 percentile point.
with the reproducibility and bias tests. Requiring that larger variance is always in the numerator allows the

10.2.2.2 If Frepeatab“ity is greater than the criticaf-value, “two—tai!ed” test to be accomplished in one step. If the variance of the two
then the repeatability of the results produced by the th)gpngtlons were equal, then there would be only a 2.5 % chance that
different multivariate modeling procedures are not comparablda, s, Py more than the tabulated amount, and a 2.5 % chance that
The surrogate test method should not include both as multi:-gvjrbsegy more than the tabulated amount with degrees of freedom
variate modeling procedures. '

10.2.3 For each proposed modeling procedure, calculate the 10.2.4 For each sample used in the ILS, results for the
surrogate test method reproducibility using the data from th@roposed modeling procedures are compared pairwise. For
ILS. Compare all possible pairs of repeatability estimates usingach modeling procedure, calculate the grand average of the
an F-test: estimates over replicates from atllaboratories. Calculate the

R R difference between these average values:
Freproducibility: gz if R| > Rj ’ Freproducibility:Ez if RI < R] (10) I I
21 y;(@) j;lyij(b)

whereR; and R are the calculated reproducibility for two bias (ab) = —
’ m

different multivariate modeling procedures. COMpPBY&,oquc
ibitity t0 the criticalF-value from Table 2. wherey; (a) andy; (b) are means of the replicate estimates for
10.2.3.1 IfFeproqucibiiiy S 1€ss than the criticadt-value, then  the it sample measured in tH& laboratory using modeling

multivariate modeling procedures are comparable. Continue

— (11)

with the bias test. . \/2dpias(ab)| 12)
10.2.3.2 IfF eproaucibility IS greater than the criticé-value, V(R (@/2.77% + (R (0)/2.77/

then the reproducibility of the results produced by the two here:
different multivariate modeling procedures are not comparable.W ere.

TABLE 2 97.5 Percentiles of the F Statistic (for Two-Sided Test)

Denominator, Degrees of Numerator
Freedom 7 8 9 10 12 14 16 18 20 25 30 40 50 100
7 4.99 4.90 4.82 4.76 4.67 4.60 4.54 4.50 4.47 4.40 4.36 4.31 4.28 4.21
8 4.53 4.43 4.36 4.30 4.20 4.13 4.08 4.03 4.00 3.94 3.89 3.84 3.81 3.74
9 4.20 4.10 4.03 3.96 3.87 3.80 3.74 3.70 3.67 3.60 3.56 3.51 3.47 3.40
10 3.95 3.85 3.78 3.72 3.62 3.55 3.50 3.45 3.42 3.35 3.31 3.26 3.22 3.15
11 3.76 3.66 3.59 3.53 3.43 3.36 3.30 3.26 3.23 3.16 3.12 3.06 3.03 2.96
12 3.61 3.51 3.44 3.37 3.28 3.21 3.15 3.11 3.07 3.01 2.96 291 2.87 2.80
13 3.48 3.39 3.31 3.25 3.15 3.08 3.03 2.98 2.95 2.88 2.84 2.78 2.74 2.67
14 3.38 3.29 3.21 3.15 3.05 2.98 2.92 2.88 2.84 2.78 2.73 2.67 2.64 2.56
15 3.29 3.20 3.12 3.06 2.96 2.89 2.84 2.79 2.76 2.69 2.64 2.59 2.55 2.47
16 3.22 3.12 3.05 2.99 2.89 2.82 2.76 2.72 2.68 2.61 2.57 251 2.47 2.40
17 3.16 3.06 2.98 2.92 2.82 2.75 2.70 2.65 2.62 2.55 2.50 2.44 2.41 2.33
18 3.10 3.01 2.93 2.87 2.77 2.70 2.64 2.60 2.56 2.49 2.44 2.38 2.35 2.27
19 3.05 2.96 2.88 2.82 2.72 2.65 2.59 2.55 2.51 2.44 2.39 2.33 2.30 2.22
20 3.01 291 2.84 2.77 2.68 2.60 2.55 2.50 2.46 2.40 2.35 2.29 2.25 2.17
25 2.85 2.75 2.68 2.61 2.51 2.44 2.38 2.34 2.30 2.23 2.18 2.12 2.08 2.00
30 2.75 2.65 2.57 2.51 2.41 2.34 2.28 2.23 2.20 2.12 2.07 2.01 1.97 1.88
35 2.68 2.58 2.50 2.44 2.34 2.27 2.21 2.16 2.12 2.05 2.00 1.93 1.89 1.80
40 2.62 2.53 2.45 2.39 2.29 2.21 2.15 211 2.07 1.99 1.94 1.88 1.83 1.74
45 2.58 2.49 2.41 2.35 2.25 2.17 211 2.07 2.03 1.95 1.90 1.83 1.79 1.69
50 2.55 2.46 2.38 2.32 2.22 2.14 2.08 2.03 1.99 1.92 1.87 1.80 1.75 1.66
60 2.51 241 2.33 2.27 2.17 2.09 2.03 1.98 1.94 1.87 1.82 1.74 1.70 1.60
70 2.47 2.38 2.30 2.24 2.14 2.06 2.00 1.95 1.91 1.83 1.78 1.71 1.66 1.56
80 2.45 2.35 2.28 2.21 211 2.03 1.97 1.92 1.88 1.81 1.75 1.68 1.63 1.53
90 2.43 2.34 2.26 2.19 2.09 2.02 1.95 1.91 1.86 1.79 1.73 1.66 1.61 1.50
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R (a) andR; (b)

the reproducibilities established from

TABLE 3 Continued

the ILS for results obtained using mul-

Degrees of Freedom

t

tivariate procedures® and b respec-

N 75 1.9921
tively, and 80 1.99006
d = the reproducibility degrees of freedom 85 1.98827
used in calculating?(a) andR,(b). o ppisadl
Compare the calculataealue to the criticat-value in Table 100 1.98397
105 1.98282
3 for d degrees of freedom. . N 10 Log177
10.2.4.1 If the calculated-value is less than the critical 115 1.98081
t-value for all samples in the ILS, then any bias between the 120 1.97993
. . . . 125 1.97912
results produced by the alternative multivariate modeling 130 197838
procedures is statistically insignificant. 135 1.97769
140 1.97705
TABLE 3 95™ Percentile of Student’s | t| Distribution 128 igzggi
155 1.97539
Degrees of Freedom t 160 1.97490
165 1.97445
L 127062 170 57402
3 3I1824 175 1.97361
4 2l7764 180 1.97323
5 2l5706 185 1.97287
6 2I4469 190 1.97253
7 2l3646 195 1.97220
' 200 1.97190
8 2.3060
9 2.2622 . .
10 22981 10.2.4.2 If the calculatetivalue is greater than the critical
1 2.2010 t-value for any of the individual samples in the ILS, then the
b olees alternative multivariate modeling procedures produce results
14 2.1448 that differ by a statistically significant amount. The surrogate
15 2.1314 test method should not include both as multivariate modeling
16 2.1199
17 21008 procedures.
18 2.1009 10.3 In many cases, it is desirable to compare the results
o i produced by the surrogate test method to results produced by
21 2.0796 another analytical test method. A preferred multivariate mod-
;g gg;gg eling procedure may be chosen so as to produce the best
24 2.0639 agreement with the alternative test method. Procedures for
25 2.0595 comparing the surrogate and alternative test methods are
gg g-ggig beyond the scope of this practice.
28 2.0484 10.3.1 If a choice among multivariate modeling procedures
gg 5-8322 is to be made based on comparisons to an alternative analytical
a1 20395 test method, then such comparisons should be done indepen-
32 2.0369 dently of the ILS used to establish the precision of the
33 2.0345 surrogate test method. The data from the ILS that establishes
34 2.0322 .. . .
35 50301 the precision should also be used to estimate the bias between
36 2.0281 the surrogate and alternative test methods.
2; g:g;ii 10.3.2 If a comparison of the surrogate and alternative
39 2.0227 analytical test method is done, then the surrogate test method
40 2.0211 should report the results of that comparison in terms of a
41 2.0195 .- .
1 50181 prediction equation that relates results from the surrogate test
43 2.0167 method (independent variable) to those of the alternative
3‘5‘ g-gii‘; method (dependent variable), and the statistics associated with
46 50129 the prediction equation.
47 2.0117
48 2.0106
49 50096 11. Keywords
gg g-ggjg 11.1 fluorescence spectroscopy; infrared spectroscopy; mo-
60 2.0003 lecular spectroscopy; multivariate analysis; quantitative analy-
65 1.9971 sis; Raman spectroscopy; spectrometer qualification; spectro-
70 1.9944

photometer qualification; ultraviolet-visible spectroscopy
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