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QH].p DESignation: D 6122 - 99 An American National Standard

Standard Practice for
Validation of Multivariate Process Infrared
Spectrophotometers 1

This standard is issued under the fixed designation D 6122; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.6 This practice is not intended as a quantitative perfor-

1.1 This practice covers requirements for the validation off@nce standard for the comparison of analyzers of different
measurements made by on-line, process near- or mid-infrare£Sign. _ . o o
analyzers, or both, used in the calculation of physical, chemi- 1.7 Although thls practice deals primarily with validation of .
cal, or quality parameters of liquid petroleum products. Theqn-lme, process'mfrared qnalyzers, the prpcedures an.d statis-
parameters are calculated from spectroscopic data using mdical tests described herein are also applicable to at-line and
tivariate modeling methods. The requirements include verifilaboratory infrared analyzers which employ multivariate mod-
cation of adequate instrument performance, verification of thé&!s. .
applicability of the calibration model to the spectrum of the 1.8 This standard does not purport to address all of the
sample under test, and verification of equivalence between th@fety concerns, if any associated with its use. It is the
result calculated from the infrared measurements and the resigSponsibility of the user of this standard to consult and

produced by the primary method used for the development gistablish appropriate safety and health practices and deter-
the calibration model. mine the applicability of regulatory limitations prior to use.

1.2 This practice does not cover procedures for establishing Refdrenced bocuments
the calibration model used by the analyzer. Calibration proce-"
dures are covered in Practices E 1655 and references therein.2-1 ASTM Standards: _ o

1.3 This practice is intended as a review for experienced D 1265 Practice for Sampling Liquefied Petroleum Gases
persons. For novices, this practice will serve as an overview of D 3764 Practice for Validation of Process Stream Analyz-
techniques used to verify instrument performance, to verify ers : ,
model applicability to the spectrum of the sample under test, D 4057 Practice for Manual Sampling of Petroleum and
and to verify equivalence between the parameters calculated Petroleum Rroduc%s _ _
from the infrared measurement and the results of the primary D 4177 Practice for Automatic Sampling of Petroleum and
method measurement. Petroleum P_roduc%s _ o _

1.4 This practice teaches and recommends appropriate sta-D 6299 Practice for Applying Statistical Quality Assurance
tistical tools, outlier detection methods, for determining  lechniques to Evaluate Analytical Measurement System

whether the spectrum of the sample under test is a member of _Performancé _

the population of spectra used for the analyzer calibration. The E 131 Terminology Relating to Molecular Spectroscopy
statistical tools are used to determine if the infrared measure- E 275 Practice for Describing and Measuring Performance
ment results in a valid property or parameter estimate. of Ultraviolet, Visible, and Near Infrared Spectrophotom-

1.5 The outlier detection methods do not define criteria to ~_6ters , - ,
determine whether the sample, or the instrument is the cause of E 932 Practice for Describing and Measuring Performance
an outlier measurement. Thus, the operator who is measuring _Of Dispersive Infrared Spectrophotometers
samples on a routine basis will find criteria to determine thata E 1421 Practice for Describing and Measuring Performance
spectral measurement lies outside the calibration, but will not ~Of Fourier Transform Infrared (FT-IR) Spectrometers:
have specific information on the cause of the outlier. This _L€Vvel Zero and Level One TeSts L
practice does suggest methods by which instrument perfor- E 1655 Practices for Infrared, Multivariate, Quantitative

mance tests can be used to indicate if the outlier methods are Analysis _ o
responding to changes in the instrument response E 1866 Guide for Establishing Spectrophotometer Perfor-
mance Tests
E 1944 Practice for Describing and Measuring Performance
1 This practice is under the jurisdiction of ASTM Committee D-2 on Petroleum
Products and Lubricants and is the direct responsibility of Subcommittee D02.25om———————————
Validation of Process Analyzers and Statistical Quality Assurance of Measurement 2 Annual Book of ASTM Standardéol 05.01.

Processes for Petroleum and Petroleum Products. 2 Annual Book of ASTM Standardgol 05.02.
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of Fourier Transform Near-Infrared (FT-NIR) Spectrom- analyzer by optical fibers.
eters: Level Zero and Level One Tests 3.4.17 instrument n—spectrophotometer, associated elec-
tronics and computer, spectrophotometer cell and, if utilized,

3. Terminology transfer optics.

3.1 Definitions: _ 3.4.18 instrument standardizatiom—a procedure for stan-
3.2 For definitions of terms and symbols relating to IR gardizing the response of multiple instruments such that a
spectroscopy, refer to Terminology E 131. _ ~ common multivariate model is applicable for measurements
3.3 For definitions of terms and symbols relating to multi-conducted by these instruments, the standardization being
variate calibration, refer to Practices E 1655. accomplished by way of adjustment of the spectrophotometer
3.4 Definitions of Terms Specific to This Standard: hardware or by way of mathematical treatment of the collected

3.4.1 action limit, n—the limiting value from an instrument  gpectra.
performance test, beyond which the analyzer is expected 10 3 4 19 jine samplen—a process or product sample which is
produce potentially invalid resuits. withdrawn from a sample port in accordance with Practices
3.4.2 analyzer, n—all piping, hardware, computer, soft- p 1265 D 4057, or D 4177, whichever is applicable, during a
ware, instrumentation and calibration model required to aUtOperiod when the material flowing through the analyzer is of
matically perform analysis of a process or product stream. piform quality and the analyzer result is essentially constant.
3.4.3 analyzer calibration n—seemultivariate calibration 3.4.20 moving range of two control charh— a control
3.4.4 analyzer intermediate precision— a statistical mea- hart that monitors the change in the absolute value of the

sure of the expected long-term variability of analyzer resultsjigerence between two successive differences of the analyzer
for samples whose spectra are neither outliers, nor nearegts it minus the result from the primary method.

neighbor inliers. 3.4.21 multivariate calibration n—an analyzer calibration

gjg ana:yzer mode{n;lgeemultn{a{!att_e n|10del fth that relates the spectrum at multiple wavelengths or frequen-
4.6 analyzer repeatabilityn—a statistical measure of the  joq 1 the physical, chemical, or quality parameters.

expected short-term variability of results produced by the 3.4.22 multivariate modeln—a multivariate, mathematical

analyzer for samples whose spectra are ngither qutiers NQlle or formula used to calculate physical, chemical, or quality

nearest neighbor inliers. .
earest neighbo ers parameters from the measured infrared spectrum.

h3.s4i.c7al 2?}2%?;' rgrsulljarllit—thzrar#:gtl;rlci dﬁigrg‘g{eamﬁn 3.4.23 nearest neighbor distance inliem— a spectrum
phy ' » ord yp b Y appy (:ilesiding within a gap in the multivariate calibration space, the

the calibration model to the spectral data collected by theresult for which is subject to possible interpolation error.

analyzer. . o
3.4.8 analyzer validation testn—seevalidation test ! 3.'4'24 pputal bagrground n—the _spectrum of radiation
incident on a sample under test, typically obtained by measur-

3.4.9 calibration transfer n— a method of applying a . o .
multivariate calibration developed on one analyzer to a differ!N9 the radiation transmitted through the spectrophotometer
cell when no sample is present, or when an optically thin or

ent analyzer by mathematically modifying the Ca“bratlonnonabsorbing liquid is present.

model or by instrument standardization. . ‘ . ,
3.4.10 check samplen—a single, pure liquid hydrocarbon 3.4.25 optical reference filtern—an optical filter or other
. ’ device which can be inserted into the optical path in the

compound, or a known, reproducible mixture of liquid hydro- : )
carbon compounds whose spectrum is constant over time suShectrophotometer or probe producing an absorption spectrum
which is known to be constant over time, such that it can be

that it can be used in a performance test. . .
3.4.11 control limits, n—limits on a control chart which are US€d in place of a check or test sample in a performance test.

used as criteria for signaling the need for action, or for judging 3-4-26 outlier detection limits n—the limiting value for
whether a set of data does or does not indicate a state gPplication of an outlier detection method to a spectrum,
statistical control. E 456 beyond which the spectrum represents an extrapolation of the
3.4.12 exponentially weighted moving average control @libration model. o _
chart, n—a control chart based on the exponentially weighted 3-4.27 outlier detection methodsi—statistical tests which
average of individual observations from a system; the obser@re conducted to determine if the analysis of a spectrum using
vations may be the differences between the analyzer result, afgmultivariate model represents an interpolation of the model.
the result from the primary method. 3.4.28 outlier spectrumn—a spectrum whose analysis by a
3.4.13 individual observation control chartn—a control  Multivariate model represents an extrapolation of the model.
chart of individual observations from a system; the observa- 3.4.29 performance testn—a test that verifies that the
tions may be the differences between the analyzer result arfgerformance of the instrument is consistent with historical data
the result from the primary method. and adequate to produce valid results.
3.4.14 inlier, n—seenearest neighbor distance inlier 3.4.30 physical correction n— a type of pos processing
3.4.15 inlier detection methodsn—statistical tests which where the correction made to the numerical value produced by
are conducted to determine if a spectrum resides within #he multivariate model is based on a separate physical mea-
region of the multivariate calibration space which is sparselysurement of, for example, sample density, sample path length,
populated. or particulate scattering.
3.4.16 in-line probe n—a spectrophotometer cell installed  3.4.31 post-processingv—performing a mathematical op-
in a process pipe or slip stream loop and connected to theration on an intermediate analyzer result to produce the final
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result, including correcting for temperature effects, adding averify that the instrument is functioning properly. The intent of
mean property value of the analyzer calibration, and convertinthese tests is to provide a rapid indication of the state of the
into appropriate units for reporting purposes. instrument. These tests are necessary but not sufficient to
3.4.32 pre-processingv—performing mathematical opera- demonstrate valid analyzer results.
tions on raw spectral data prior to multivariate analysis or 4.4 After the initial performance test is successfully com-
model development, such as selecting wave length regiongleted, an initial validation test is conducted to verify that the
correcting for baseline, smoothing, mean centering, and assignesults produced by the analyzer are in statistical agreement
ing weights to certain spectral positions. with results for the primary method. Once this initial validation
3.4.33 primary methodn—the analytical procedure used to is completed, the analyzer results are considered valid for
generate the reference values against which the analyzer is bathmples whose spectra are neither outliers or nearest neighbor
calibrated and validated; Practices E 1655 uses the terinliers.

reference method in place of the term primary method. 4.5 During routine operation of the analyzer, validation tests
3.4.34 process analyzer system—seeanalyzer are conducted on a regular, periodic basis to demonstrate that
3.4.35 process analyzer validation samples—seevalida-  the analyzer results remain in statistical agreement with results

tion samples for the primary method. Between validation tests, performance

3.4.36 spectrophotometer celh— an apparatus which al- tests are conducted to verify that the instrument is performing
lows a liquid hydrocarbon to flow between two optical surfacesn a consistent fashion.
which are separated by a fixed distance, the sample pathlengtg, N
while simultaneously allowing light to pass through the liquid. =" Significance and Use
3.4.37 test samplen—a process or product sample, or a 9.1 The primary purpose of this practice is to permit the user
mixture of process or product samples, which has a consta@ Vvalidate numerical values produced by a multivariate,
spectrum for a finite time period, and which can be used in dnfrared or near-infrared, on-line, process analyzer calibrated to
performance test; test samples and their spectra are generalligasure a specific chemical concentration, chemical property,
not reproducible in the long term. or physical propertyThe validated analyzer results are ex-
3.4.38 transfer opticsn—a device which allows movement pected to be equivalent, over diverse samples whose spectra
of light from the spectrophotometer to a remote spectrophoare neither outliers or nearest neighbor inliers, to those
tometer cell and back to the spectrophotometer; transfer optigoduced by the primary method to within control limits
include optical fibers or other optical light pipes. established by control charts for the prespecified statistical
3.4.39 validation samples n—samples that are used to confidence level.
compare the analyzer results to the primary method results 5.2 Procedures are described for verifying that the instru-
through the use of control charts and statistical tests; validatioment, the model, and the analyzer system are stable and
samples used in the initial validation may be line and tesproperly operating.
samples, whereas validation samples used in the periodic 5.3 A multivariate analyzer system inherently utilizes a
validation are line samples. multivariate calibration model. In practice the model both
3.4.40 validated resultn—a result produced by the analyzer implicitly and explicitly spans some subset of the population of
for a sample whose spectrum is neither an outlier nor a nearest! possible samples that could be in the complete multivariate
neighbor inlier that is equivalent, within control limits to the sample space. The model is applicable only to samples that fall
result expected from the primary method, so that the result cawithin the subset population used in the model construction. A

be used instead of the direct measurement of the sample by ts@mple measurement cannot be validated unless applicability is
primary method. established. Applicability cannot be assumed.

3.4.41 validation test n—a test performed on a validation ~ 5.3.1 Outlier detection methods are used to demonstrate
sample that demonstrates that the result produced by trapplicability of the calibration model for the analysis of the
analyzer and the result produced by the primary method arerocess sample spectrum. The outlier detection limits are based

equivalent to within control limits. on historical as well as theoretical criteria. The outlier detection
) methods are used to establish whether the results obtained by
4. Summary of Practice an analyzer are potentially valid. The validation procedures are

4.1 This section describes, in summary form, the stepdased on mathematical test criteria that indicate whether the
involved in the validation of an infrared analyzer over the longprocess sample spectrum is within the range spanned by the
term. Before this practice may be undertaken, certain precoranalyzer system calibration model. If the sample spectrum is an
ditions shall be satisfied. The preconditions are described inutlier, the analyzer result is invalid. If the sample spectrum is
Section 7. This practice consists of four major procedures. not an outlier, then the analyzer result is valid providing that all

4.2 Each time a spectrum of a process sample is collectedther requirements for validity are met. Additional, optional
statistical tests are performed to verify that the multivariateests may be performed to determine if the process sample
model is applicable to the spectrum. Only spectra whosspectrum falls in a sparsely populated region of the multivari-
analysis represents interpolation of the multivariate modelandte space covered by the calibration set, too far from neigh-
which are sufficiently close to spectra in the calibration may beboring calibration spectra toensure good interpolation. For
used in the analyzer validation. example, such nearest neighbor tests are recommended if the

4.3 When the analyzer is initially installed, or after major calibration sample spectra are highly clustered.
maintenance is concluded, performance tests are conducted td5.3.2 This practice does not define mathematical criteria to
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determine from a spectroscopic measurement of a samplkecommended if there is a likelihood that samples degrade with
whether the sample, the model, or the instrument is the caugane. Chemical changes occurring during storage will cause
of an outlier measurement. Thus the operator who is measuringhanges in the spectrum, as well as changes in the property or
samples on a routine basis will find criteria in the outlier quality parameter measured by the primary method.

detection method to determine whether a sample measurement6.3.4 If possible, at the time of line sample withdrawal,
lies within the expected calibration space, but will not havecollect sufficient quantity of sample material to allow for
specific information as to the cause of the outlier withoutmultiple measurements of the property or quality parameter by

additional testing. the primary method, should such measurements be required.
6. Apparatus and Considerations for Quantitative On- 7. Preconditions
Line Process IR Measurements

7.1 Certain preconditions shall be met before this practice
6.1 Infrared or Near-Infrared Spectrophotometer: can be applied.
6.1.1 The analyzer covered by this practice is based on an 7.1.1 Install the analyzer in accordance with manufacturer’s

infrared spectrophotometer, double-beam or single-beam, suifastructions.

able for recording accurate measurements in the near-infrared7.1.2 Develop and validate the multivariate calibration

(780 to 2500 nm, 12820.5 to 4000 ch or mid-infrared  model used on the process analyzer using methods described in

(4000-400 cri) regions, or both. The spectral range measuredractices E 1655. If a calibration transfer method is used to

by the analyzer shall be the same as that of the instrument us@@nsfer the model from one analyzer to another, verify the

in collecting the spectral data upon which the multivariatetransferred model as described in Practices E 1655.

calibration model is based. Complete descriptions of the 7.1.3 Aquality assurance program for the primary method is

instrumentation and procedures that are required for quantitgequired in order to determine the usability of values generated

tive on-line process IR measurements are beyond the scope Iof the primary method in the validation of analyzer perfor-

this practice. Some general guidelines are given in Annex Almance using this practice (see Section 8).

(Warning—There are inherent dangers associated with the use )

of electrical instrumentation, on-line processes, and hydrocaB- Reference Values and the Quality Assurance Program

bon materials. The users of this practice should have a practical for the Primary Method

knowledge of these hazards and employ appropriate safe-8.1 The property reference value against which analyzer

guards.) results are compared during validation is established by apply-
6.1.2 In developing spectroscopic methods, it is the responing the primary measurement method which was used in the

sibility of the user to describe the instrumentation and themodel development to line samples representing the process

performance required to achieve the desired repeatabilitystream.

reproducibility, and accuracy for the application. 8.2 A quality assurance program for the primary method is
6.2 Process Analyzer System: required for values generated by this method to be used in
6.2.1 The process analyzer system typically includes thenalyzer validation.

spectrophotometer, transfer optics, the hardware for sample 8.2.1 Carefully check the laboratory apparatus used for

handling, the hardware for introduction of reference standardprimary method measurement before these tests are performed

and solvents, the computer for controlling the spectrophotomto ensure compliance with the requirements of the primary test

eter and calculating results, and the multivariate model. Thenethod.

system configuration should be compatible with the mid- 8.2.2 Test control materials of known composition and

infrared or near-infrared IR measurement and this practice. quality on a regularly scheduled basis. Plot the primary method
6.3 Collection of Line Samples: results on control charts to ensure the long-term performance
6.3.1 Withdraw line samples in accordance with acceptedf the primary test. Individual values, exponentially weighted

sampling methods as given by Practices D 1265, D 4057, amoving average, and moving range of two control charts are all

D 4177, whichever is applicable. Flush the entire sample loopecommended for charting the performance of the primary

with the process stream sample prior to withdrawal of the linemethod. Calculate the values for these control charts using

sample. equations given in Sections 12 and 13. Plot the differences
6.3.2 The intent of this practice is to collect samples thabetween the primary method result, and the expected value for

correspond directly to the spectra being collected by thehe standard sample. Determine the historical precision of the

analyzer. Collect the sample at a port close to the optical probgrimary method from these regular tests, and compare it to

and at a time correlated with the collection of the samplepublished values for the method to determine if the test is

spectrum. This practice requires that parameters that canithin expected limits. Compare the historical precision to the

impact the result also be recorded at the time of samplanalyzer precision using statistical tests.

collection and the effect of these parameters be properl

accounted for when comparing the results with the primar%- Procedure

method result. For a more detailed discussion of the various lag 9.1 A flowchart for the steps involved in this practice is

times that can influence the correspondence between ttshown in Fig. 1 and Fig. 2.

analyzer measurement and collection of line samples, see 9.2 Initial Performance Tests:

Practice D 3764. 9.2.1 After the multivariate process analyzer has been
6.3.3 Sample storage for extended time periods is noinstalled (or reinstalled following major maintenance), check
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Preconditions (Section 7)
Installation per Manufacturer's Instructions
Validated Calibration Model
Validated Calibration Transfer Method

. Primary Method Quality Control -

v

Initial Performance Tests
Collect 20 Check or Test Spectra (9.2.1)

Generate Historical Database
for Level 0, A or B Tests (9.2.2.2)
&

Generate Charts and Action Limits
for Performance Tests (Annex B)

Action
Limits

\Llwmlts?

9221

Initial Validation Tests

‘ Yes Collect Spectra of
Update History »| 20 Test/LineSamples
(9.3.1)

Start Normal Operation (9.4) Analyzer

Set Timers for Background, [™—

Check/Test & Line Samples Validated

!

Fig. 2
Normal Operation

FIG. 1 Flowchart of Process Analyzer Validation Practice Initial Startup and Restart after Maintenance
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Fig. 1
Startup & Restart

Periodic Validation Test

Take Spectrum & Line
Sample (9.5.1.1) &

Submit Sample to Lab

Set
™ Line

Timer
- (9.5.1.3) Colloct
ac r = Background
groun (9.8)

Periodic Performance
Test - Collect Spectrum of

Check/Test Sample or
Optical Filter (9.7.1)
Update Historical Database

(9.7.1.3 and A2.4)

Update

Control | Yes
Charts 9.5.1.5)
(9.5.1.4)

No | (9.5.1.6)
Record Spectrum
(9.4.1.1)

Yes

Yes

Results
Invalid

Analyze Spectrum
(9.4.1.3)

Perform Level
0,A or B Test
on Check\Test [ .
Sample or
Optical Filter
(9.4.2)

Report Result || Report Result

Validated Not Validated
] (9.4.1.3) (9.4.1.3)
J

poy

FIG. 2 Flowchart of Process Analyzer Validation Practice Normal Operation

the performance of the instrument. The objective of the check  is to determine that current performance of the instrument is
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consistent with performance which is known to produce valid 9.4.1 Once the initial analyzer system validation is com-
analyses. Conduct this initial check out of the instrumentpleted, normal operations for analysis of process samples may
within a short period (preferably within 24 h) after installation. be conducted. Conduct tests of the performance of the analyzer
Collect spectra of 20 check or test samples and analyze theand of the validity of the analyzer results on a periodic,
using one or more of the Level O, Level A, or Level B regularly scheduled basis. When these tests are not scheduled,
performance tests described in Annex A2 and Practice E 1868he normal application of the analyzer for on-line analysis

9.2.2 Compare the results for the initial performance tests tgroceeds as follows:
performance test action limits. These action limits may be 9.4.1.1 Collect a spectrum of the process sample.
based on historical data for the same tests, on simulations of 9.4.1.2 Optionally, conduct tests on the spectrum in order to
the effects of performance changes on the analyzer results, determine that the quality of the spectrum is adequate for use
on a combination of historical and simulated data. Methods foin estimating results by way of application of the multivariate
establishing action limits are discussed in Annex A2 andmodel. Spectrum quality tests are generally defined by the
Practice E 1866. instrument manufacturer or model developer, or both. If

9.2.2.1 If the performance test results are within actionspectrum quality tests are used, allow a finite number of retries
limits, then the procedure continues with the initial validationon the spectrum collection before the analyzer is considered
tests. If the performance test results are not within action limitsinoperative, and the results produced invalid.
check installation, instrument standardization or calibration 9.4.1.3 Analyze the spectrum using the calibration model, to
transfer, or combination thereof, and correct the cause of thproduce one or more results, possibly uncertainties in these
inadequate performance. Repeat the initial performance testsesults, and statistics which are used to determine if the

9.2.2.2 If action limits for performance tests have not beerspectrum is an outlier or nearest neighbor inlier relative to the
established, use the results for the initial performance tests ample population used in the development of the calibration
generate an initial historical database against which future testsodel (see Section 11 and Annex A3). If the spectrum recorded
can be compared, and continue the validation procedure witduring normal operation of the analyzer is not an outlier or
the steps described in 9.3. In the absence of historical data eearest neighbor inlier, then the calculated property values
performance simulations, the performance of the instrumerproduced are considered valid as long as the analyzer quality
cannot be verified, but shall be assumed. Should the analyzepntrol charts are up to date and the differences between the
fail to validate, inadequate instrument performance could b@nalyzer results and the primary method results are within
responsible. control limits. If the spectrum recorded during the normal

9.3 Initial Validation (see Section 12 for details): operation of the analyzer is an outlier or nearest neighbor inlier,

9.3.1 Once the initial performance tests are completedthen the specific results associated with that spectrum are
collect spectra of 20 line and test samples and analyze thefPnsidered to be invalid.
using the multivariate model. In order for the results to be used 9.4.2 When six successive spectra recorded during the
in the initial validation test, the spectra of the 20 line or testhormal operation of the analyzer are all outliers, conduct
samples shall not be either outliers or nearest neighbor inlief@erformance tests to determine if the instrument performance is
(see Section 11 and Annex A3). Replace samples whose speci#éthin action limits (see 10.3.3).
are outliers or nearest neighbor inliers with other line or test 9.5 Periodic Validation Tests:
samples. 9.5.1 Conduct periodic analyzer validation tests at regularly

9.3.2 Withdraw line samples from the process using methscheduled intervals, preferably once a week (see Section 13).
ods described in Practices D 1265, D 4057, or D 4177, which- 9.5.1.1 Simultaneously, withdraw a line sample from the
ever is applicable, and analyze them by the primary methodorocess and collect a spectrum of the process stream with the
The line sample shall correspond directly to the spectrunprocess analyzer.
collected in 9.3.1. 9.5.1.2 Analyze the spectrum using the multivariate model

9.3.3 Check that the standard deviation of the analyzeto produce a result, and to produce outlier and nearest neighbor
results for the 20 validation samples is at least 72 % of thénlier statistics. If the spectrum is an outlier or nearest neighbor
reproducibility of the primary method for each property/ inlier, it cannot be used for the validation test, and the
component being modeled. If not, collect spectra of additionaprocedure starts over with 9.5.1.
line or test samples, or both, until the standard deviation is 9.5.1.3 Analyze the line sample by the primary method used
adequate. in the development of the calibration.

9.3.4 Compare values calculated by the analyzer to those 9.5.1.4 Compare the analyzer and primary method results
obtained by the primary method using statistical tests describealy plotting their difference on control charts as described in
in Section 12. If the values are within statistical agreementSection 13.
then the analyzer results are considered valid, and the analyzer9.5.1.5 If the difference is within control limits, then the
can be used to analyze line samples. If the values are not withjpredicted result for the analyzer is considered to be valid.
statistical agreement, then the installation, instrument standard-9.5.1.6 If the difference is not within control limits, then the
ization or calibration transfer, or combination thereof, areresult for the analyzer are invalid. Check the control charts for
checked and corrected, and the procedure starts over withe primary method (see Section 8) to ensure that the primary
initial performance tests as described in 9.2. method is within control limits. If the primary method is not

9.4 Normal Operation: within control limits, determine and correct the cause of the
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error, and repeat the primary method test. If the primaryanalyzer, the spectra of these samples are analyzed using the
method is within control limits, conduct performance tests toappropriate Level 0, Level A, or Level B performance test, and
check if the instrument performance is within action limits. If the results are plotted on charts and compared to action limits.
the instrument performance is not within action limits, serviceFor analyzers equipped with in-line probes, it may be imprac-
to the analyzer may be necessary. tical to remove the probe to conduct performance tests. For

9.5.2 Collect validation samples, analyze them by the prisuch analyzers, alternative procedures described in Annex A2
mary method, and compare the analyzer and primary methoand Practice E 1866 may be used to conduct performance tests.
results using control charts on a periodic basis. The exachdequacy of the spectra is determined by comparison to a
period between validation samples will depend on the nature diistorical database of spectra of sufficient and insufficient
the analyzer application. At minimum, collect and analyze aguality. Alternatively, simulations of possible changes in in-
validation sample at least once within each seven-day periogtrument performance can be used to define the performance
More frequent validation testing may be appropriate forthat is adequate for a given application. A description of Level
applications where analyzers are being used to certify products, A, and B tests, and of methods for setting action limits for
The period between validation samples should not be less thaserformance tests based on historical data and on simulations,
the typical time required to obtain the reference data by way ofire described in detail in Annex A2 and Practice E 1866.

the primary method. ) . 10.2 When conducting the performance tests, operate the
9.6 If the laboratory, primary method results for a line jhsiryment in the most stable and reproducible conditions

sample are not available by the time the next time sample igiainable, as defined by the manufacturer. Allow sufficient
scheduled to be collected, then the results produced by t arm-up time before the commencement of any measure-

analyzer are to be considered invalid until such time as the,ants. If the calibration model was based on spectra of

overdue results become available and the control charts a@amples held within a specified temperature range, then allow

updated. _ all samples, including check and test samples, to equilibrate to
9.7 Performance Tests: this temperature prior to spectral measurement. If possible, the
9.7.1 It is recommended that performance tests be corypica| configuration used for measurements of test and check
ducted on a regularly scheduled basis, preferably daily, besamples should bilentical to that used for measurement of
tween the periodic analyzer validation tests. The objective Ofine samples. If identical optical configurations are not possible
the test is to demonstrate that the analyzer performance |§,e o analyzer design, the user should recognize that the
consistent between validation tests. Details on performancgeformance tests may not measure the performance of the
tests are given in Section 10, Annex A2, and Practice E 186G nire instrument. Data collection and computation conditions
9.7.1.1 If the results for the performance tests are withing,,q,1q pe equivalent to those used in the collection of the
action limits, continue operation of the analyzer. _spectra used in the calibration model. Introduce fresh reference
9.7.1.2 If the results of the performance tests are not withiny, a¢eria) into the spectrophotometer cell for each measurement.
action limits, then repeat the test. If the results of the repeat teg|,, through the cell during the measurement is not required.
are not within action limits, then the analyzer results arepsie and time stamp the spectral data used in performance

considered invalid, and the analyzer should be serviced.  tagts and store the results of the tests in a historical database.
9.7.1.3 If action limits have not been established for the 10.3 Timing of Analyzer Performance Tests:

performance tests, it is recommended that validation tests be
performed more frequently to establish the historical database 10-3-1 Conduct performance tests on a regularly scheduled

against which the limits can be set (see Annex A2 and PracticBaSis, preferably daily, to test instrument performance consis-
E 1866). tency between validation tests. Compare the results of the

9.8 Optical Backgrounds: performance tests with action limits for the tests. If a signifi-
9.8.1 Collect new optical backgrounds on a regularly schegcant change in the performance is observed, conduct a second

uled interval, or when indicated by analyzer performance?n@lysis to verify the change. If the significant change in
results. performance is verified, mark analyzer resuitst validated

9.8.2 Tests may be conducted on the collected optica‘l‘”t” the cause and effect of the change can be determined. If
background to determine its quality. Background quality testdn€ change in performance is not verified, conduct analyses of
are generally defined by the instrument manufacturer or modd}Ve additional check or test samples to demonst_ratg that _the
developer, or both. first occurrence was an anomaly, before continuing with

9.8.3 If background quality tests are used, allow a finite"0'mal operation. o
number of retries on the spectrum collection before the 10.3.1.1 The significance of a change in instrument perfor-
analyzer is considered inoperative, and the results producédance may be unknown in the absence of historical data or

invalid. simulations. In such case, more frequent validation testing may
be required to demonstrate the relationship between analyzer
10. Performance Tests performance and valid analyses. If, after a change in instrument

10.1 Performance tests are conducted to determine whethperformance is observed, the analyzer results remain in control,
the performance of the instrument (the spectrophotometer, tithe change is not adversely effecting analyzer results. If,
optical cell, and all transfer optics in between) is adequate thhowever, the analyzer results go out of control relative to the
produce spectra of the quality sufficient for valid analysesprimary method, the change is adversely affecting analyzer
Typically, check or test samples are introduced into theresults.
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10.3.1.2 If historical data or simulations exist to demon-11. Verification that the Model is Applicable to the
strate that change in performance is sufficient to produce Spectrum of the Process Stream Sample — Spectral
invalid analyses, then service the analyzer to correct the Outlier and Nearest Neighbor Inlier Detection

problem. Service of this type is considered major mainténance, 17 1 The spectra of the calibration samples define a set of
and initial performance and validation tests are required beforg, i-nies that are used in the calibration model. If. when

resuming analyzer operation. . ~ unknown samples are analyzed, the variables calculated from
10.3.2 When an analyzer is installed, or after major mainthe spectrum of the unknown sample lie within the range of the
tenance has been performed, conduct 20 instrument perfopariables for the calibration, the estimated value for the
mance tests using the check or test sample over a 24-h periggknown sample is obtained by interpolation of the model. If
to capture any diurnal performance variations. Compare thghe variables for the unknown sample are outside the range of
performance test results for the 20 samples with performancge variables in the calibration model, the estimate represents
test action limits to determine if the analyzer performance isan extrapolation of the model. Additionally, if the spectrum of
adequate. Add the test results for the 20 analyses to th@e sample under test contains spectral features that were not
historical database against which future performance tests affesent in the spectra of the calibration samples, then these
compared. Once these performance tests have been succegStures represent variables that were not included in the
fully completed, initiate the initial validation of the analyzer. cajibration, and the analysis of the sample spectrum represents
10.3.3 If, during the course of normal operation, the spectran extrapolation of the model.
of six successive samples are determined to be spectral outliers11.2 For the purpose of this practice, an analyzer result is

(see Section 11 and Annex A3), it is recommended thagonsidered valid only if the analysis involves an interpolation
performance tests be conducted to demonstrate that the outligf the multivariate calibration model. Outlier detection meth-
diagnostics are responding to chemical changes in the proceggs are used to determine if an analysis represents an interpo-
stream and not to changes in the instrument performance. If thgtion or an extrapolation of the multivariate model. The
results for the performance tests are outside action limits, thegyathematics involved in outlier detection are described in
the outlier diagnostics may be responding to instrument pefpractices E 1655 and in Annex A3. The calculation of outlier
formance and the analyzer should be serviced. If the results fQjtatistics is by necessity an integral part of the analyzer
the performance tests are within action limits, then the outliekoftware since these calculations shall be conducted each time
diagnostics are most likely responding to changes in thehe multivariate model is applied to a spectrum to produce a
process which are producing materials outside the range of th@sult. Appropriate limits for outlier tests will generally be set
current calibration. If the process remains outside the range qfy the calibration model developer based on statistics from the
the calibration for extended periods, it is recommended that thggjibration set.

instrument perfor.mance t_)e verified periodically using perfor- 11 5 1 A Mahalanobis Distance or leverage statistic is em-
mance tests, until such time as the process returns to a staifyyed to determine if the spectrum being analyzed represents

where the model is again applicable. If the process has changeg, interpolation or extrapolation of the variable space defined
so as to be permanently outside the range of the callbratlorg,y the calibration model.

then a new model should be developed following Practices
E 1655. Revalidate the analyzgr with the new model fOIIOV‘”ngextrapolation of the calibration model due to spectra features
the procedure described herein. _ o which were not present in the spectra of the calibration set.
10.3.4 Conduct performance tests if a bias is observed 14 5 3 optionally, a Nearest Neighbor Distance statistic can
between the analyzer and primary method values to determing, ohioved to determine when the spectrum being analyzed
if the bias is the result of a change in instrument performanceg, s i a sparsely populated region of the multivariate calibra-
10.4 Reference Materials for Instrument Performance TestStjgn space. While analyses of such spectra represent interpola-
10.4.1 Check samples are generally used for conductingon of the model, there may be insufficient information in the
performance tests. Check samples are single, pure, liquighodel to produce valid analyses for these samples. The use of
hydrocarbon compounds or mixtures of liquid hydrocarbona Nearest Neighbor Distance statistic is recommended if the
compounds of definite composition. An alternate to using &alibration samples are highly clustered in the multivariate
check sample is to use an actual process sample called a tggiace. It is the responsibility of the model developer to
sample. For systems equipped with in-line probes, opticalietermine if use of a Nearest Neighbor Distance statistic is
filters may be used as reference materials for instrumerdppropriate. If a Nearest Neighbor Distance statistic is em-
performance tests. ployed, then the results for any sample whose Nearest Neigh-

. bor Distance exceeds the predetermined limit are considered
Note 1—Performance tests conducted on test samples are only in-

tended to check the stability of analyzer performance over time. While thdnvalid. Such samples are referred to as Nearest Neighbor

analyzer results for the test sample can be compared to the results for thaliers.

primary method, such comparisons are not a substitute for the validation 11.3 Annex A3 discusses available outlier detection meth-

tests described in Sections 12 and 13. Analyzer results for test samples cg@ls. Further details on outlier methods and on notations used in

be u_sed in the calculation of the analyzer intermediate precision (segeir calculations are in Practices E 1655. Users may substitute

Section 16). other outlier detection methods providing they are at least as
10.4.2 Details on reference materials for instrument perforfigorous as those described in Annex A3 and Practices E 1655.

mance tests are given in Annex A2 and Practice E 1866. If alternative outlier detection methods are substituted, it is the

11.2.2 A spectral residuals statistic is employed to detect


https://standards.iteh.ai/catalog/standards/sist/bc7b2816-b430-46e5-9267-f71610a49460/astm-d6122-99

iy D 6122

user’s responsibility to demonstrate that any analyzer resultsamples must yield potentially valid results (for example, the
that are marked as invalid by the tests described herein are alspectra must not be outliers) as defined in Section 11. For
marked as invalid by the substituted methods. analyzer validation, select samples with chemical concentra-
11.4 While it is generally preferable that the outlier statisticstions or physical properties which are interpolations within the
be generated using the same modeling method that was usedramge for which the calibration was developed and validated.
generate the calibration model, this is not required. For 12.2.2 Select initial validation samples which exhibit suffi-
instance, MLR models do not provide spectral residual statiseient variation in the property or composition being measured.
tics. If an MLR model is used as the calibration model, anAt a minimum, it is recommended that the standard deviation
additional PCR or PLS model may be used to provide theof the analyzer results among the initial validation samples
necessary residuals statistics. If a supplementary model is usstiould be at least 72 % of the reproducibility of the primary
to generate outlier statistics, construct the supplementammethodfor each property to be measured.
mOd‘?' .usmg the same set of Ca“brfatlon s_amples l'!sed for theNOTE 2—Seventy-two percent of the reproducibility is equivalent to
predictive model, and apply the outlier S_tat'St'CS V\_’h'c_h will betwice the standard deviation of the reproducibility. Strictly speaking, the
used on the process analyzer system in the validation of th&andard deviation of both the analyzer results and the primary method
model in accordance with Practices E 1655. values are preferably at least 72 % of the reproducibility of the reference
11.4.1 Outlier tests detect differences in the spectrum of therethod to ensure that there is sufficient variation in the results to perform
process sample relative to the spectra of the calibratio@ meaningful statistical test. However, the primary method values (see
samples. These spectral differences may be due to differencag&ction 8) are not necessarily available at the time the initial validation

. - - . amples are collected. If the analyzer does not pass the initial validation
in the chemistries of the samples, or due to differences in th ests described in 12.1, and if the standard deviation in the reference

performance of the spectrometer used to collect the SPECUgajyes is less than 72 % of the reproducibility, the user should consider
Table 1 discusses inferences that may be drawn from outligepeating the initial validation with samples that show a larger variability.
test results. The outlier tests by themselves do not distinguish Note 3—If the primary method against which the analyzer results is
between the instrument and the sample being the cause of theing compared is not an ASTM method, the reproducibility of the
outlier result. Instrument performance tests may be used tgethod may not be known. The repeatability of the primary method values

help determine f the outler test s responding to changes in thE .22 B 0 ehouid De awar that the repeatabilty
process or in the instrument. will generally be smaller than the reproducibility, and that 72 % of the
12. Analyzer System Initial Validation repeatability will typically represent less variation than 72 % of the
o o ; producibility. If the analyzer does not pass the initial validation tests
12.1 The initial validation of the analyzer is performed by described below, the user should consider repeating the initial validation
comparing the analyzer and primary method results for a set afith samples that show a larger variability.

at least 20 initial validation samples. The primary method ;5554 Samples in the required property range for validat-

. . ‘iﬁb one property may not be suitable for validating another
test is performed on the regression results. The null hypothes operty derived from the same spectral measurement. (For

for the test is that the slope of the regression line is less than xample, three motor gasoline grades may span five octane

equal to zero, that is, that there is no positive correlatior}ange but may have a constant Reid vapor pressure. They

between the two sets of results. If the null hypothesis iS4 thus, be suitable for initial validation of an analyzer
rejected, then there is a statistically significant positive corre;

lation b h f | measuring octane, but not Reid vapor pressure).
ation between the two Sets of resufts. 12.2.2.2 While line samples are preferable, the process may
12.2 Initial Validation Samples:

1221 Initial validati fth | . ; d with not exhibit sufficient variation during the period of initial
12.2.1 Initial validation of the analyzer is performed With @ | 5jiqation to provide the required sample variation. In this
minimum of 20 samples. The actual number of samples used ifse test samples that were not used for the model develop-
the initial validation is designated bw. Spectra of these

ment may be included in the set of samples used for initial
validation to achieve the required variation. Confirm the

TABLE 1 Inferences Related to Outlier Detection or Instrument integrity of these test samples by appropriate testing prior to

Mahalanobis  Spectral Fatlr:rer:ances Status of Analyzer use. Preferably, te.St. §amp|¢s §hould not make up more than
Distance Test Residual Result 25 % of the set of initial validation samples.
Test 12.2.2.3 Check samples resembling the process stream may
Less than less spectrum within range of result valid if be used in place of test samples providing that their spectra are
limit than calibration spectra control charts are not outliers.
fimit current and within 12.2.3 Initial Validation Correlation (Slope) TestTest the
Greater than ~ less  possible instrument malfunction  invalid result correlation between the analyzer results, and the primary
limit than or model extrapolation due to method results for the 20 initial validation samples by the
fimit sample C(’fgrpggl'fg‘rtaggfide range following calculation:
Lessthan  greater possible instrument malfunction  Invalid result 12.2.3.1 Perform aregression of the primary method results,
limit than limit S;;grgi%';tgsg:'sg?;r‘;gzrﬁ)m Y,, versus the analyzer results, Calculate the slope of the
calibration spectra regressionm, as follows:
Greeliitsqritthan th%ialti?r:it p033|0brliqlgg‘tarlug(?rr:pgzltfigr;cuon invalid result _ 2 (Ya_ Ya)(Yr _ Yr) "

E ( Ya_va)2
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