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Standard Practice for
Validation of Process Stream Analyzer Systems

This standard is issued under the fixed designation D 3764; 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.

INTRODUCTION

Operation of a process stream analyzer system typically involves four sequential actidities. (
Analyzer Calibration—When an analyzer is initially installed, or after major maintenance has been
performed, diagnostic testing is performed to demonstrate that the analyzer meets the manufacturer’s
specifications and historical performance standards. These diagnostic tests may require that the
analyzer be adjusted so as to provide predetermined output levels for certain reference m&erials. (
Correlation—Once the diagnostic testing is completed, process stream samples are analyzed using
both the analyzer system and the corresponding primary test method. A mathematical function is
derived that relates the analyzer output to the primary test method (PTM). The application of this
mathematical function to an analyzer output produces a predicted PTM r&yuittitial Validation-

—Once the relationship between the analyzer output and primary test method results has been
established, an initial validation is performed to demonstrate that the predicted PTM results agree with
those from the primary test method within the tolerances established from the correlation activities and
with no statistically observable systemic bia4). Continual Validation—During normal operation of

the process analyzer system, quality assurance testing is conducted to demonstrate that the agreement
between the analyzer and primary test method results during the initial validation is maintained. This
practice deals primarily with the third and fourth of these activities.

1. Scope 1.3 Two procedures for validation are described: the line
1.1 This practice describes procedures and recommendg@mple procedure and the validation reference material (VRM)

tions for the validation of a total process analyzer system or it§ljéction procedure.

subsystems, or both, used in the direct measurement of 1.4 Only the analyzer system or subsystem downstream of

physical or chemical characteristics of petroleum and petroth® VRM injection point or the line sample extraction point is

chemical products. Procedures for initial validation and subse?eing validated by this practice.

quent continuous quality assurance of system performance arel-5 The line sample procedure is limited to applications
described. where material can be safely withdrawn from the sampling

1.2 Validation is achieved by statistical assessment of rePoint of the analyzer unit without significantly altering the
sults generated for common materials by the total analyzeProperty of interest. _ o o
system or its subsystem versus results generated by an ASTM1.6 Validation information obtained in the application of
or other established primary test method (PTM). this practice is applicable only to the type a_nd property range

1.2.1 For analyzers used in product certification, the ana®f the materials used to perform the validation.
lyzer system precision determined by the statistical assessmentl-7 Procedures for conducting an initial validation are
is typically compared to the site precision for the PTM. de_scnbed. These. proce_dures are typically conducted at ms}al—

1.2.2 For other analyzer applications, analyzer system pra@tion or after major maintenance once the system mechanical
cision determined by the statistical assessment is compared #ness-for-use has been established.

prespecified performance criteria based on the intended use, 1.8 Procedures for the continual validation of system per-
formance are described. These procedures are typically applied
at a frequency commensurate with the criticality of the
* This practice is under the jurisdiction of ASTM Committee D02 on Petroleum application_
Products and Lubricants and is the direct responsibility of Subcommittee D02.25 on 1.9 This practice app”es if the process stream analyzer
Validation of Process Analyzers. .
Current edition approved Dec. 10, 2001. Published April 2002. Originally system and the primary test method are based on the same

published as D 3764 - 80. Last previous edition D 3764 - 92 (1998). measurement principle(s), or, if the process stream analyzer
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system uses a direct and well-understood measurement prin-3.1.2 precision n—the closeness of agreement between
ciple that is similar to the measurement principle of the primaryindependent test results obtained under stipulated conditions.
test method it is intended to predict. E 456

1.10 This practice is not intended for use if the process 313 repeatability conditions n—conditions where inde-
stream analyzer system utilizes an indirect or mathematicallpendent test results are obtained with the same method on
modeled measurement principle such as chemometric or mujldentical test items in the same laboratory by the same operator

tivariate analysis techniques. Users should refer to Practicgsing the same equipment within short intervals of time.
D 6122 for detailed validation procedures for these types of E 456

analyzer systems. 3.1.4 reproducibility conditions n— conditions where test

1.11 This practice does not address procedures for dlagnoF‘ésults are obtained with the same method on identical test

ing causes of validation failure. items in different laboratories with different operators usin
1.12 This practice does not address the methodology fo(ﬁ(ijfferent equipment P E 456 g

establishing the correlation equation used to generate predicte ) . . . .
9 q 9 b 3.1.5 site precision conditions+—conditions under which

PTM results using analyzer outputs, nor the expected predic- . . .
tion error. The former is assumed to have been c:orrectl)t}(?st resul'gs are obt.a|.ned by one or more operators in a §|ngle
ite location practicing the same test method on a single

developed as part of the analyzer application developmer?t . X
work. measurement system using test specimens taken at random

1.13 This standard does not purport to address all of thefrom the same sample of material, over an extended period of

safety concerns, if any, associated with its use. It is thdiMe SPanning at least a 15 day interval. D 6299
responsibility of the user of this standard to establish appro- 3:1.5.1 Discussior—A measurement system may comprise
priate safety and health practices and determine the applicamultiple instrument being used for the same test method.
bility of regulatory limitations prior to use. 3.1.6 site precisionn—2.77 times the standard deviation of
results obtained under site precision conditions. D 6299

3.2 Definitions of Terms Specific to This Standard:

2.1 ASTM Standards: _ o 3.2.1 Analyzer System ltems
D 1265 Practice for Sampling Liquefied Petroleum (LP) 3.2.1.1 analyzer output, #-a signal (pneumatic, electrical,

Gases (Manual Methot) or digital), proportional to the property being measured that is

D:gt?;ezrrﬁcgfg dlfJoC;SManual Sampling of Petroleum andsuitable for readout or control instrumentation external to the
analyzer system.

D 4177 Practice for Automatic Sampling of Petroleum and
3.2.1.2 analyzer system result,—athe measured property

Petroleum Products e : .
D 5842 Practice for Sampling and Handling of Fuels forreadlng, in the accepted property measurement units, that is
displayed by the analyzer unit readout instrumentation or

Volatility Measurements itted 4 fth |
D 6122 Practice for Validation of Multivariate Process In- transmitted to end user of the analyzer system.

frared Spectrophotometérs 3.2.1.3 analyzer unit, rR—the instrumental equipment nec-
D 6299 Practice for Applying Statistical Quality Assuranceessary to automatically measure the physical or chemical
Techniques to Evaluate Analytical Measurement SystenProperty of a process or product stream sample using either an

2. Referenced Documents

Performance intermittent or a continuous technique.

E 456 Terminology Relating to Quality and Statisfics 3.2.1.4 analyzer unit repeatability, +-2.77 times the stan-

F 307 Practice for Sampling Pressurized Gas for Gas Analydard deviation of results obtained from repetitive analysis of
sis’ the same material directly injected into the analyzer unit under

repeatability conditions.
o 3.2.1.5 continuous analyzer unit,-Aan analyzer that mea-
3.1 Definitions: sures the property value of a process or product stream on a
3.1.1 accepted reference value (ARMi—a value that continuous basis and dynamically displays the instantaneously
serves as an agreed-upon reference for comparison, and whigpdated analyzer output.
is derived as: 1) a theoretical or established value, based on 35 1 gintermittent analyzer unit,-a-a cyclic type analyzer
scientific principles, Z) an assigned or certified value, based onnat performs a measurement sequence on samples from a

e_xperimental work of some na';i(_)nal or international Orgamza'process or product stream and displays a new analyzer output
tion, or (3) a consensus or certified value, based on collaboray; the conclusion of each cycle.

tive experimental work under the auspices of a scientific or
engineering group.

3. Terminology

3.2.1.7total analyzer system,-nthe complete analyzer
system inclusive of the sample loop, sample conditioning unit,
analyzer unit, readout instrumentation, and excess sample

2 Annual Book of ASTM Standardgol 05.01. return system (See Flg' 1)'

3 Annual Book of ASTM Standardéol 05.02. 3.2.2 Time Unit ltems—General Terms

4 Annual Book of ASTM Standardgol 05.03. : : : : _

S Annual Book of ASTM Standardeol 05,04 3.2.2.1 qnaly;er unit cycle time,+for intermittent analyz

s Annual Book of ASTM Standardéol14.02. ers, the time interval between successive updates of the
7 Annual Book of ASTM Standardgol 15.03. analyzer output.
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FIG. 1 Total Analyzer System

3.2.2.2 analyzer unit dead time,-athe time interval be- step change in property characteristic and when the analyzer
tween the introduction of a step change in property characteeutput indicates a value corresponding to 63 % of the subse-
istic at the inlet of the analyzer unit and the initial indication of quent change in analyzer results.
analyzer response to this change. (1) Discussion—or intermittent analyzers, if the analyzer
(1) Discussion—-For intermittent analyzers, if the analyzer unit time constant is less than one analyzer unit cycle time, the
dead time is less than one analyzer unit cycle time, the analyzanalyzer time constant cannot be directly measured.
unit dead time cannot be directly measured. 3.2.2.5lag time, n—the time required for material to travel
3.2.2.3 analyzer unit response time-f(see Fig. 2) the time from Point A to Point B in the total analyzer system (Points A
interval between the introduction of a step change in propertand B are user-defined)
characteristic at the inlet of the analyzer unit and when the (1) Discussion-kag time is a function of an analyzer
analyzer output indicates a value corresponding to 99.5 % afystem design parameters such as length and diameter of lines,
the subsequent change in analyzer results; number of fittings, flow restrictions, and the flow rate of the
(1) Discussion-For continuous and intermittent analyzers material (process or product stream) through the analyzer
with sufficiently short cycle times, the total analyzer responsesystem (see Fig. 1 and Fig. 2).
time is the analyzer dead time plus three times the analyzer unit 3.2.2.6 sample conditioning unit lag time,—nthe time
time constant. For intermittent analyzers with long cycle timesyrequired for material to travel from the start of the sample
the analyzer unit response time is effectively equal to theconditioning unit to the analyzer unit inlet.
analyzer unit cycle time. For intermittent analyzers with 3.2.2.7 sample loop lag time, -athe time required for
intermediate cycle times, the analyzer unit response timenaterial to travel from the process takeoff point of the sample
should be defined as the multiple of the analyzer unit cycldoop to start of the sample conditioning unit.
time needed to exceed 99.5 % response. 3.2.2.8 total analyzer system response time;(see Fig. 2)
3.2.2.4 analyzer unit time constant(see Fig. 2) the time The time interval between when a step change in property
interval between the initial response of the analyzer unit to aharacteristic at the sample loop inlet and when the analyzer

Step
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: ' § Change
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FIG. 2 Analyzer Time Units



Ay D 3764

output indicates a value corresponding to the 99.5 % of the 4. Summary of Practice
subsequent change in analyzer results; the total analyzerg 1 Either line sample or VRM results from the total
system response time is the sum of the sample loop lag tim@nalyzer system or its subsystem, and corresponding PTM
the same conditioning loop lag time, and the total analyzefesyts for the same materials are obtained. Differences be-
response time. tween the analyzer system predicted PTM results and actual
3.2.2.9 composition-specific VRM,—ra validation refer- pTM results are statistically assessed. Precision and bias
ence material consisting of a single, pure compound, or &tatistics are generated and assessed against pre-specified
known, reproducible mixture of compounds for which anperformance criteria. The system or subsystem performance is
accepted reference value or site assigned value can be calG@bnsidered to be validated for materials and property ranges
lated or measured. representative of those used in the validation if the perfor-
(1) Discussion-A composition-specific VRM may be a mance criteria are met.
commercial standard reference material (SRM) having a cer- 4.2 After initial validation, continued statistical quality
tified accepted reference value. control analyses are conducted to ensure on-going performance
3.2.2.10continual validation, A-the quality assurance pro- of the analyzer system meets the levels established from the
cess by which the bias and precision performance determingditial validation.
during initial validation are shown to be sustained.
3.2.2.11direct measurement,—+ra quantitative measure- 5. Significance and Use

ment result ok_)ta_ined using a p.rinciple or principlle_s that eXpress 5 1 This practice can be used to quantify the performance of
the characteristic property of interest in its defining units. 4 process stream analyzer system or its subsystem in terms of
3.2.2.12indirect measurement-xa correlated quantitative precision and bias relative to those of a primary test method for
measurement result obtained using a measurement principjge property of interest.
that produces values that do not express the desired characters 2 This practice provides developers or manufacturers of
istic property but which can be modified empirically, using process stream analyzer systems with useful procedures for
mathematical modeling techniques, to estimate the necessagya|uating the capability of newly designed systems for indus-
defining units of the property of interest. trial applications that require reliable prediction of measure-
(1) Discussion-Methods that utilize chemometric or mul- ments of a Specific property by a primary test method of a
tivariate analysis are indirect measurements for generatinfowing component or product.
correlative characteristic property measurement results. 5.3 This practice provides purchasers of process stream
3.2.2.13initial validation, n—validation that is performed analyzer systems with some reliable options for specifying
when an analyzer system is initially installed or after majoracceptance test requirements for process stream analyzer
maintenance, once system mechanical fitness-for-use has begjstems at the time of commissioning to ensure the system is
established. capable of making the desired property measurement with the
3.2.2.14line sample, r—-process material that can be safely appropriate precision or bias specifications, or both.
withdrawn from a sample port and associated facilities located 5.4 This practice provides the user of a process stream
anywhere in the total analyzer system without significantlyanalyzer system with useful information for on-going quality
altering the property of interest. assurance testing designed to update or revalidate an analyzer
3.2.2.15 primary test method (PTM)~ran ASTM or other  system through the application of statistical quality control
established standard test method that produces results acceptechniques.
as the reference measure of a property. 5.5 Validation information obtained in the application of
3.2.2.16 process-derived VRM,—ra validation reference this practice is applicable only to the material type and property
material derived from an isolated batch of process or produdtange of the materials used to perform the validation. Selection
stream material with chemical or physical characteristics, opf the property levels and the compositional characteristics of
both, that is suitable for determination of an accepted referendée samples must be suitable for the application of the analyzer
value or site assigned value for the property of interest. system. This practice allows the user to write a comprehensive
3.2.2.17site assigned value (SAVa property value of a Validation statement for the analyzer system including specific
reference material that is based on multiple results from eitheimits for the validated range of application. Users are cau-
the analyzer unit or a primary test method, obtained under sitéoned against extrapolation of validation results beyond the
precision conditions. material type and property range used to obtain these results.
3.2.2.18validation, n—the statistically quantified judgment (Warning—Users are cautioned that for measurement systems
that the analyzer system or subsystem being assessed d&&t show matrix dependencies, bias information determined
produce predicted PTM results with acceptable precision anffom pure compounds or simple mixtures of pure compounds
bias performance when compared to actual results from @y notbe representative of that achieved on actual process or
primary test method measurement system for common matdroduct samples.)
rials.
3.2.2.19validation reference material (VRM)for valida- 6 System Components
tion and quality assurance testing, a material having an 6.1 Fig. 1 illustrates a total analyzer system incorporating a
accepted reference value or site assigned value for the properdglection and arrangement of components that are typical but
of interest. not specific for any particular analyzer system. A total analyzer
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system design addresses the chemical and physical propertidsmonstrate that the analyzer meets the manufacturer’'s speci-
of the process or product stream to be measured, providesfizations or historical performance levels, or both. If necessary,

representative sample, and handles it without adversely affec&djust the analyzer system components so as to obtain recom-
ing the value of the specific property of interest. Included aranended analyzer output levels for specified reference materi-
a sample loop, piping, hardware, a sampling port, samplels.

conditioning devices, an analyzer unit instrumentation, any 7.3 |nspect the entire analyzer system to ensure it is in-

data analysis computer hardware and software, and a readothiled properly, is in operating condition, and is properly

display. N _ adjusted after completion of the initial commissioning proce-
6.2 Sample Loop-Piping connected to the main process qyres.

stream to deliver a portion of the stream to a location close to
the analyzer system with .minimum lag time and return theg \/3jidation Procedure
unused material to the main process stream. o o . )
6.3 Sampling SystemSample probes, valves, lines, con- 8.1 The objective of the validation procedures is to quantn‘y
tainers, pressure regulator, and gages that constitute the equfp® Performance of a process stream analyzer system or its
ment employed to obtain a proper sample from the sample loopubsystem in terms of precision and bias relative to the
and introduce either it or a validation standard sample to th@recision and bias of the primary test method for the property
analyzer. of interest. The user must specify acceptable precision and bias
6.4 Sample Conditioning Unit-A collection of devices to performance criteria before initiating the validation. These
properly treat a portion of the sample from the sample loop s@riteria will be dependent on the intended use of the analyzer.
that it meets the requirements for testing by the process 8.1.1 For analyzer systems used in product certification,
analyzer. These components can incorporate temperature analyzer system precision criteria will typically be based
pressure adjustment, change of state (liquid, vapor), or removadirectly to the site precision of the PTM. Bias criteria will be
of contaminants. based on regulatory or contractual requirements.

6.5 Inlet Port—Appropriate piping with selector valve(s)  8.1.2 For analyzer systems used in other types of service,

for placement either at the inlet to the analyzer unit or, wherprecision and bias criteria must be developed based on the
dictated by the measurement specifications, at the inlet to thgtended use of the analyzer results.

sample conditioning unit. The purpose of this inlet portis 0 g 5 The Jine sample procedure directly fulfills the validation
allow injection of validation standards or other calibration objective since the validation results for both the process
material into the analyzer system with quick switching betweeréystem and the primary test method are obtained on process
these typically containerized materials and the flowing Processamples. Depending on circumstances that are described as
stream. _ _ follows, the validation reference material procedure may or
6.5.1 For many analyzer systems the inlet port requires g,y not fulfill this objective adequately, particularly when the

manifold arrangement for validation or quality assurancegjigation reference materials are composition-specific, or not
studies. Such a manifold, with suitable valving, provides arepresentative of current process samples.

means to use a contamer_|zed supply of standby material when 8.2.1 If the process analyzer system is not based on identi-
a flowing process stream is not available for the purpose. It alsg o .
cally the same measurement principle as the primary test

\[/)v?\ren::ttshg;“igk dsévg:gt;'lgg between different validation St"’md"’lrdsmethod, or if the sample analyzed by the process analyzer

6.6 Sample Por—An appropriate probe or fitting in the system is not identical to that submitted to the primary test
pipihg to permit collection of representative samples formethod for angly3|s (after sa_mple conditioning for both met_h-
laboratory analyses using a primary test method ods are considered), then it is recommended that the line

6.7 Analyzer Unit—Instrumentation designed to automati- sample procedure be used to validate the process stream

: X analyzer performance.
cally measure the chemical or physical property of a process or

product stream sample and provide either an intermittent or a 8-2-2 If the process analyzer system is based on identically

continuous output signal representing the measurement resuffl€ S28me measurement principle as the primary test method, if
6.8 Readout Instrumentatienlf it is not an integral com- e sample analyzed by the process analyzer system (post

ponent of the analyzer system, a device to display or record gample conditioning) is compositionally identical to the mate-

both, the property measurement analyzer result. rial in the process, and, if sample conditioning steps in the
' PTM do not materially change the sample that was taken from
7. Preparation of Analyzer System for Validation the process and submitted for analysis, then the validation

7.1 Implementation of this practice requires that the proceskeference material procedure is expected to adequately fulfill
stream analyzer system operates under conditions specifiedthe validation objective regardless of the nature of the VRM.

7.1.1 Meets all applicable electrical and safety codes. 8.2.3 If the process analyzer system is not based on identi-
7.1.2 Meets the supplier’'s recommendation. cally the same measurement principle as the primary test
7.1.3 Complies with operating conditions specified by themethod, or if the sample analyzed by the process analyzer
manufacturer. system is not identical to that submitted to the primary test

7.1.4 Includes a predicted PTM algorithm, if necessary. method for analysis and the user wishes to use the VRM
7.2 After installation or major maintenance, conduct suchprocedure, then it is recommended that the user conduct
diagnostic tests as recommended by the manufacturer tealidation using both the line sample procedure and the VRM
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procedure for a period of time sufficient to demonstrate that thé’ractices D 1265, D 4057, D 4177, D 5842, or F 307 for
VRM procedure adequately reflects process analyzer systeprocedures for sample collection. Record the titgecorre-
performance. sponding to the start of sample collection. Record the analyzer
8.2.3.1 The Iinitial process analyzer system validationsystem result (tJ) observed att,. Collect the volume of
should be done using both procedures to demonstrate that batmple required for PTM analysis. Record the titgewhen
procedures agree on the accuracy of the analyzer predicteimple collection ends.
PTM results. 8.3.3.3 Ifthe sample collection intervigh-t. is less than the
8.2.3.2 The statistical quality control for continual valida- total subsystem lag time, record the analyzer resyltAat a
tion should be done using both procedures for a period of timé&ime one subsystem lag time interval afief A ;(t) and Ay(ty)
adequate to demonstrate that both procedures provide accegigree to within known analyzer system repeatability, assign
able agreement on the precision and bias of the predicted PTK,(t) as the predicted PTM result (A) for the collected line
results. sample. Otherwise, the line sample and results are discarded.

Note 1—If the process analyzer system is not based on identically thé./\la't until steady state is r?'eStab“Shed before beginning the
same measurement principle as the primary test method, then the analy2é#¢ Sample procedure again.
system may react differently to variations in the sample matrix than does 8.3.3.4 If the sample collection intervial- t. is longer than
the primary test method. In such case, analyzer results for process sampigfe subsystem lag time, then record analyzer resyltg)And
might be biased relative to primary test method results even when thg\l(tg at times corresponding to one total analyzer response

VRM procedure results shown no such bias. The bias can be minimized b -
using a process stream (test) sample for which an ARV or SAV wa terval aftert; andt, respectively. If A(t) and A(te) agree to

determined as the VRM. The test sample used in this fashion should B¥ithin the known repeatability of the analyzer system, assign

representative of the current process stream. either A (t)) or A,(tp), or the average of these two results, as the
Note 2—If, due to differences in sample pretreatment, the samplepredicted PTM value (A) for the collected line sample.

analyzed by the process stream analyzer and the sample analyzed by ®¢herwise, the line sample and results are discarded. Wait until

primary test method are not identically the same, then the use of the VRMteady state is re-established before beginning the line sample
procedure may not accurately reflect agreement between the proceg%cedure again.

analyzer and the primary test method. The VRM may not be affected in th . .
same manner as process samples by the different sample pretreatments.8'3'3'5 Obtain a PTM result (P) for the line sample col-

Again, this effect can be minimized by using current process stream (testfcted.
samples as VRMs. 8.3.3.6 For each line sample collected, calculate the differ-
8.3 Line Sample Procedure ence Q) between the analyzer system predicted PTM value (A)

8.3.1 Genera—This procedure is applicable for analyzer @nd the actual PTM value.
Systems that are equipped with Samp]e ports anywhere within 8.3.3.7 Follow the instructions in Practice D 6299 (SeCtion
the system that can facilitate the safe collection of materiaPn Procedure for Pretreatment, Assessment, and Interpretation
intended for analysis by the analyzer unit without significantlyof Test Results) and assess all theresults following the
altering the property of interest. The subsystem downstream ¢fuality control (QC) sample results protocol. Interpret the
the sample port is considered to be validated for currengontrol chart generated and determine if the system that
process stream samples if validation results are in statisticélenerated thes& results is in statistical control.
control, and the predict_ed_ PTM_resuIts are in_a_greement v_vith Nore 3—The system that generated the results comprises the
actual PTM results within satisfactory precision and biasanalyzer subsystem being validated, the PTM, and the process of
limits. obtaining the line samples.

8.3.2 Line Sample Procedure Requirements:

8.3.2.1 Select point of line sample withdrawal.

8.3.2.2 Determine the total lag time of the system or
subsystem downstream of the sample withdrawal point (se
Figs. 1 and 2 for guidance).

8.3.3.8 If the system that generated theresults is in
statistical control, proceed with calculation of system precision
gnd bias statistics. Otherwise, investigate the out-of-control
points and take appropriate corrective actions to address the

8.3.3 Initial Validation—Collect analyzer unit results from root cause(s). Replace the out-of-control points by repeating

at least 15 implementations of the line sample procedure ungdpe line sampling procedure. o .
site precision conditions, with nominally 8 to 12 h between 8-3.3.9 Assess the standard deviation ofAlresults against
each implementation, as follows: the appropriate site standard deviation of the PTM (site
8.3.3.1 Observe the analyzer unit output until the chang®ecision starjdgrd deviation). For cer'glflcat|on applications, the
between readings over at least three subsystem lag times doggndard deviation of thi results is typically expected to meet
not exceed the known repeatability of the analyzer unit (that isO" better 1.4 times the site standard deviation of the PTM. For
the manufacturing process is at steady state). If steady stagdher applications, the standard deviation of shehould meet
conditions cannot be achieved, the line sample validatioh® Specifications for the intended use.
procedure should not be executed at this time. If the analyzer 8.3.3.10 Assess the bias by performing a one-sarfget
system repeatability is unknown, the repeatability of theusing all theA results in accordance with Practice D 6299. If
primary test method can be used as the reference for dathe bias is statistically significant, assess the bias magnitude
comparison. against the application requirement for practical significance.
8.3.3.2 After steady state has been verified, begin collecting 8.3.3.11 If both the precision and bias meet the application
the process line sample from the sample port. Refer toequirements, the subsystem is considered to have met the
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initial validation requirements for materials representative ofcontrol charts, using the protocol for a single check standard.
the line samples used in the assessment. Use the SAV instead of the ARV for VRMs that do not have
8.3.3.12 Prepare a validation statement and control char&RVs.
for the A results. Establish control limits based on the results 8.4.3.6 If the data exhibits in statistical control behavior,
from initial validation. follow the procedure in Practice D 6299 to estimate the site
8.3.3.13Continual Validatior—Deploy the control chart precision and bias of the analyzer subsystem for the specific
constructed for theA results into operation. Continue to VRM. For the bias test use the protocol for a single check
validate the information from the initial validation by populat- standard.
ing the control chart with newA results at a frequency  8.4.3.7 Assess the standard deviation of results for each
commensurate with the criticality of the analyzer application./yRM against the appropriate site standard deviation of the
A recommended frequency is at least once a week. FrequengyTM. For product certification applications, the subsystem is
can be reduced if the subsystem stability and precision igxpected to meet or better the site precision of the PTM. For
monitored by way of other QC material in accordance withother applications, the standard deviation of the results should
Practice D 6299. exceed the pre-specified precision criteria for the intended use.
8.4 VRM Injection Procedure . 8.4.3.8 If the one-sample-test for bias is statistically
8.4.1 General—This procedure requires analyzer system tOsjgnificant, assess the bias magnitude against the application
be equipped with storage and injection facilities designed fOPequirement for practical significance.
the delivery of a VRM into the analyzer unit. The subsystem g 4 3 g |f hoth the precision and bias meet the application
downstream of the VRM injection point is considered 0 beoqjirements, the subsystem is considered to have met the
validated if validation results are in statistical control, and theitial validation requirements for materials of the same type
predicted PTM results are in agreement with actual PTM,q property range as the VRMs used in the assessment.
results within satisfactory precision and bias limits. The “g 4 5 10 prapare a validation statement and control charts

validation applies only for analyses of materials of the samg, "o, -1, vRM. Establish control limits based on results from
type as the VRM. initial validation.

8.4.2 Injection procedure r_equwe_ments. 8.4.4 Continual Validatior—Deploy the control charts con-

8.4.2.1 Select the point of injection. structed for each VRM. Obtain additional results using the

8.4.2.2 Determine the total lag time of the subsysten\/RM injection roceduré at a frequenc commensurategwith
downstream of the injection point (use Fig. 1 for guidance). the criti(J:aIit of?he analyzer a Iicgtion (¥ ically at least once

8.4.3 Initial Validation—Collect analyzer unit results from Y Y bp ypicatly

' : A a week). Plot results on control charts. Assess control chart

at least 15 implementations of the VRM injection procedure forStatus in accordance with procedures in Practice D 6299, The
each selected VRM under site precision conditions, with P i

nominally 8 to 12 h between each implementation, as follows!‘requency of VRM injection can be reduced if the subsystem

8.4.3.1 Isolate the subsystem to be validated from th%i?étgl %ngcgéfgzlgg vﬁthmlgrna::gifedDbgzggy of other QC
regular process stream sample flow. '

8.4.3.2 Commence injection of the VRM. 8.5 Validation of Total Process Analyzer System

8.4.3.3 Observe the analyzer unit output until the change 8-5:1 The complete analyzer system, inclusive of the sample
between readings over at least three subsystem lag times dde8P. can be validated by a combination of line sample and
not exceed the known repeatability of the analyzer unit (that isY RM procedure where:
steady state has been reached). If the analyzer system repeat8.5.1.1 The Line sample procedure is deployed to validate
ability is unknown, the repeatability of the primary test methodthe entire system using current production material by sam-

can be used as the reference for data comparison. pling from a location located in close proximity to the process
8.4.3.4 Record the steady state analyzer unit output as tHakeoff point of the sample loop. _
result for one implementation of VRM injection procedure. 8.5.1.2 The VRM procedure is deployed to validate the

8.4.3.5 Pre-treat and assess the collected data in accordar@galyzer unit for material that is not currently available from
with Practice D 6299, including the construction of the I/MR the process.
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ANNEX
(Mandatory Information)

Al. PROCEDURE FOR DEVELOPING A VALIDATION REFERENCE MATERIAL

Al.1 Determine the number of validation standards and the A1.2.4 To establish an ARYV, it is necessary that the primary
quantity of each that is appropriate for the proposed validationest method results be obtained under reproducibility condi-
and quality assurance testing uses for the specific analyzéions, to minimize effects of inter-laboratory bias and test
system application. variability.

Al.1.1 If the analyzer system is known or suspected t0 A1.3 To establish an SAV, it is recommended that different
produce nonlinear results, at least three validation standardsperators and apparatus combinations be utilized to the maxi-
having different accepted reference values can be required. mum extent possible so the data are representative of site

Al1.1.2 The desired quantity of each validation standardorecision conditions.

shall be sufficient to sustain necessary analyzer system opera-A1.3.1 If it is considered necessary to obtain the multiple
tion long enough to determine the data for initial validation of determinations in a single laboratory that has only one piece of
the system. In addition, it is recommended that enough materigjpparatus available, make the multiple determinations over an
be included in a given lot, to permit on-going statistical quality extended period of time using multiple operators and testing
control (SQC) testing after the validated system is placed imther samples between the validation standard measurements.
service. The quantity of validation standard selected for suclthis approach will provide data obtained in a manner that is
SQC testing will depend on the stability of the material, closest to site precision conditions.
available storage capacity, and so forth. A1.3.2 If the validation standard primary test method results
A1.1.3 Obtain the validation reference material(s) and stor@re determined in a single laboratory, it is recommended that
them under conditions that will ensure essentially no degraddhe laboratory maintain records verifying their bias status,
tion of the critical property accepted reference value once it i9ased on participation in an industry-wide round-robin ex-
established. change sample testing program.

Al.1.4 Commercial standard reference materials are often Al.4 Calculating the Accepted Reference Value (ARV) or

available for use as a designated validation reference materiad;; Assigned Value (SAV) for the Validation Reference Mate-
The property and the accepted reference value are availablg,).

from the supplier. Al.4.1 Tabulate the primary test method results for the

. N alidation standard and visually screen for extreme values or
Al.2 When commercial standard reference material is noY y

; o -outliers, or both, by an accepted statistically based rejection
available, the validation standard may be prepared from on SItg’riterion.s Remove the outliers to further analyze the data. No

process or product material meeting the desired specificationﬁ,lore than 10 % of the data points should be removed through
Utilization of this type of material requires testing by a primary this process

test method, preferably under reproducibility conditions, to AL.4.2 Determine the arithmetic average)(and the vari-
establish the accepted reference value of the selected proper&ﬁce'sz) of the acceptable validation standard data

A1.2.1 Collect and store the appropriate quantity of an Al1.4.2.1 Calculate the arithmetic average value using the
on-site process or product material for use as a validatiofollowing equation:
standard. Prepare and fill the necessary number of individual SX
containers of validation standard for primary test method X = N, (AL11)
analyses to determine the ARV or SAV of the desired property.

A1.2.2 For each validation standard, obtain a minimum of Where: L
ten primary test method results X, = individual test results on the validation standard, and

i N, = number of test results.
Al1.2.2.1 More than ten primary test method results can be a1 4 2 2 Calculate the variance by either of the following
necessary to provide an average value having acceptabgauations:
confidence limits. This can vary significantly for different

primary test methods and validation standard properties. [2 X2 - (= X1)2:|

A1.2.2.2 The controlling factors in defining the number of §%= W )Nf
test results required are: degree of precision desired, testing Tt
costs, precision of the primary test method, and the criticality _
of the analyzer system accuracy and precision. 22X = X)° (AL3)

Al1.2.3 For guidance in determining the number of primary =1
test method results required to establish desired confidence
limits for the ARV or SAV of the validation standard, refer to 8 Supporting data are available from ASTM International Headquarters. Request
instructions provided in Al.4. RR: D02-1481.

(A1.2)
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Al.4.3 Compare the calculated validation standard data Al1.4.6 When a significant difference between the variances
variance to that used to establish the reproducibility precisiomccurs, the reason(s) for the substandard validation standard
statement of the applicable primary test method. The statisticgdrimary test method data requires investigation. Make any
criteria for this judgment is th&-Test, which requires deter- needed changes to the procedure or apparatus, or both, and then

mination of the ratio of the variances as follows: obtain a new set of validation standard primary test method
s? data for comparison of the variances once again. Repeat the
F== (A1.4)  process until the precision of the primary test method data is
G acceptable.
where: Al1.4.7 Assign the accepted reference value (ARV) and
S? = variance of validation standard data, appropriate confidence limits for the property of the validation
o, = historical reproducibility standard deviation of the standard material tested as follows:
primary test method. Al1.4.7.1 Use the arithmetic average result of the validation

Al1.4.3.1 This standard deviation can be obtained by dividstandard primary test method data as the property ARV.
ing the reproducibility R) given in the precision statement of Al.4.7.2 Calculate the 95 % confidence interval limits for
the primary test method by 2.772. the ARV based on the validation standard test data using the

Al.4.4 Determine the limiting value from the statistic  following equation:

Distribution (5 % error level) tables forlN(— 1) degrees of . fid limi LS

freedom in the numerator and 30 degrees of freedom in the 95 % confidence limits= X, = t 7 (ALS)
denominator. (See Table Al.1 for a condensed portion oFthe  \ynere:t = studentst value for the 98 percentile from
Distribution table. standard t-tables for n-1 degrees of freedom. (See Table A1.2

Al.4.5 Compare the calculated value to the limitingF  for a condensed portion of the t-table).
value obtained from thé& Distribution table and interpret as  A1.4.7.3 If the confidence interval width (magnitude be-
follows: tween the upper and lower confidence limits) is too far apart to
Al1.4.5.1 Ifthe calculate& value is equal to or less than the be considered useful, mathematically increbisand recalcu-
limiting F value, the variance of the validation standard data igate until the desired confidence interval width is obtained.
not significantly worse than that of the expected primary tesProceed and collect the additional results to meet the increased
method precision and the validation standard data are qualified requirement.
and acceptable. Al1.4.8 Confirm the validation standard accepted reference
Al1.4.5.2 If the calculate® value is larger than the limiting value at periodic intervals because storage conditions and the
F value, the variance of the validation standard data is not afactors that affect the stability of the material can change with
good as the expected primary test method precision and théme. The analyzer system user best determines the frequency
difference is statistically significant. of confirmation.

TABLE Al1.1 F-Distribution
Degrees of freedom for numerator

1 2 3 4 5 6 7 8 9 10 12 15 20

1 161 200 216 225 230 234 237 239 241 242 244 246 248

2 18.5 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.4 19.4 19.4 19.4 19.4

3 10.1 9.55 9.28 9.12 9.01 8.94 8.87 8.85 8.81 8.79 8.74 8.70 8.66

4 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.91 5.86 5.80

5 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.81 477 4.74 4.68 4.62 4.56

6 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06 4.00 3.94 3.87

7 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.64 3.57 351 3.44

8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.28 3.22 3.15

9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.07 3.01 2.94

10 4.96 4.10 3.70 3.48 3.33 3.22 3.14 3.07 3.02 2.98 291 2.85 2.77
11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90 2.85 2.79 2.72 2.65
12 4.75 3.89 3.49 3.26 3.1 3.00 291 2.85 2.80 2.75 2.69 2.62 2.54
13 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71 2.67 2.60 2.53 2.46
14 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65 2.60 2.53 2.46 2.39
15 4.54 3.68 3.29 3.06 2.90 2.79 271 2.64 2.59 2.54 2.48 2.40 2.33
16 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 2.49 2.42 2.35 2.28
17 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49 2.45 2.38 231 2.23
18 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 2.41 2.34 2.27 2.19
19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42 2.38 231 2.23 2.16
20 4.35 3.49 3.10 2.87 2.71 2.60 251 2.45 2.39 2.35 2.28 2.20 212
el 3.84 3.00 2.60 2.37 221 2.10 2.01 1.94 1.88 1.83 1.75 1.67 1.57
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TABLE Al.2 Table of tat5 % Probability Level

Degrees of Freedom (N-1) t
1 12.706
2 4.303
3 3.182
4 2.776
5 2.571
6 2.447
7 2.365
8 2.306
9 2.262
10 2.228
11 2.201
12 2.179
13 2.160
14 2.145
15 2.131
16 2.120
17 2.110
18 2.101
19 2.093
20 2.086

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

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

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