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| EEE Standar ds documents are devel oped within the | EEE Societies and the Standards Coordinat-
ing Committees of the IEEE Standards Board. Members of the committees serve voluntarily and
without compensation. They are not necessarily members of the Institute. The standards developed
within |EEE represent a consensus of the broad expertise on the subject within the Institute as well
as those activities outside of |EEE that have expressed an interest in participating in the develop-
ment of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply
that there are no other ways to produce, test, measure, purchase, market, or provide other goods and
services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time astandard is approved and issued is subject to change brought about through developmentsin
the state of the art and comments received from users of the standard. Every |EEE Standard is sub-
jected to review at least every five years for revision or reaffirmation. When a document is more
than five years old and has not been reaffirmed, it is reasonable to conclude that its contents,
athough still of some value, do not wholly reflect the present state of the art. Users are cautioned to
check to determine that they have the latest edition of any |EEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of
membership affiliation with IEEE. Suggestions for changes in documents should bein the form of a
proposed change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as
they relate to specific applications. When the need for interpretations is brought to the attention of
|EEE, the Institute will initiate action to prepare appropriate responses. Since |EEE Standards rep-
resent a consensus of all concerned interests, it is important to ensure that any interpretation has
also received the concurrence of abalance of interests. For this reason, |EEE and the members of its
societies and Standards Coordinating Committees are not able to provide an instant response to
interpretation requests except in those cases where the matter has previously received formal
consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, |IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may
require use of subject matter covered by patent rights. By publication of this standard,
no position is taken with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which alicense may be required by an |EEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or persona use is
granted by the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate
feeis paid to Copyright Clearance Center. To arrange for payment of licensing fee, please contact
Copyright Clearance Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA;
(508) 750-8400. Permission to photocopy portions of any individual standard for educational class-
room use can al so be obtained through the Copyright Clearance Center.
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Introduction

(This introduction is not a part of ANSI N42.23-1996, American National Standard Measurement and Associated Instrument Quality
Assurance for Radioassay L aboratories.)

This standard is the responsibility of the Accredited Standards Committee on Radiation Instrumentation,
N42. Committee N42 delegated development of this standard to Subcommittee N42.RM. Drafts were
reviewed by Committee N42, Subcommittee N42.RM, and other interested parties, and the comments
received were utilized in producing the standard as finally approved. The standard was approved by N42 |et-
ter ballot of 2 March 1995, closed 15 December 1995.

At the time it approved this standard, the Accredited Standards Committee on Radiation |nstrumentation,
N42, had the following members:

Louis Costrdl, Chair Luigi Napoli, Administrative Secretary
Organization Represented Name of Representative
American Conference of Governmental Industrial Hygienists.........ccoccoeeeeeeee Jesse Lieberman
Battelle Pacific Northwest Laboratories..........couveerererineieneneeeseesieese e Kenneth L. Swinth
EG&G ORTEC ..ottt sttt s b e resaene s Sanford Wagner
GAMMEMELTICS ...t Ernesto A. Corte
HarShaW/BICION ...ttt Joseph G. Bellian
Health PhySICS SOCIELY ......coueoeeuiieeiriereeie e George Campbell

Joseph R. Stencel (Alt.)
Institute of Electrical and Electronics ENgiNEErs........ccoveevrreneienneerencnesieenne Louis Costrell

Julian Forster (Alt.)
Anthony J. Spurgin (Alt.)

Lawrence Berkeley Laboratory ........cccovreerenrneeinnesreseseseesesssreeseseeneeesnene Edward J. Lampo
Lawrence Livermore National Laboratory............ccceereeeneieneneseneiesesesieens Paul L. Phelps
LITCO .ttt Al N. Tschaeche
Massachusetts Institute of Technology, Bates Linear Accelerator Center ......... Frank X. Masse
Oak Ridge National Laboratory ...........coureerererieeniresieeesseeesesesseesesesieenenns Chuck L. Britton
USArmy Center for EW/RSDA ..ottt Edward Groeber
US Department of Commerce,
National Institute of Standards and Technology ..........cccoeerereerieiereneecreeene Louis Costrell
Michael Unterweger (Alt.)
US Department Of ENEIQY .......ceeiveiveeiiririeeeririeese e Gerald Goldstein
US Federal Emergency Management AQENCY .....coovereerrerereeereneseeenenessesenesneeens Carl R. Siebentritt
M EMBDEIS-a-LaITE. ... cveeeee et Morgan Cox
John M. Gallagher
Jack M. Selby
Edward J. Vallario
Lee J. Wagner

At the time this standard was approved, Subcommittee N42.RM had the following members:

Frank X. Masse, Chair J. M. R. Hutchinson, Secretary
Robert Ayres Michael Devine David E. McCurdy
Joseph G. Bellian Roger Ferris D. M. Montgomery
John D. Buchanan Robert J. Gehrke Carl W. Seidel
R. F. Coley Y. Kobyashi John Sonewald
Bert M. Coursey Markku Koskelo M. P. Unterweger
J. L. Lazewatsky
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The working group for this standard had the following members:
David E. McCurdy, Project Leader

Donald R. Alexander James T. Harvey Richard E. Lockwood
Jon A. Broadway Kenneth G. W. Inn John Matuszek
Donald R. Elle Mathias M. Lardy William Raines
Terence Grady Chung-King Liu Colin Sanderson

The following persons were on the balloting committee that approved this document for submission to the
American National Standards Institute:

Joseph G. Bellian Edward Groeber Joseph R. Stencel

George Campbell Edward J. Lampo Kenneth L. Swinth
Ernesto A. Corte Jesse Lieberman Al N. Tschaeche

Louis Costrell Frank X. Masse Michael Unterweger
Morgan Cox Paul L. Phelps Edward J. Vallario

Julian Forster Jack M. Selby Lee J. Wagner

John M. Gallagher Carl L. Siebentritt Sanford Wagner

Gerald Goldstein Anthony J. Spurgin Edward C. Wenzinger, Sr.

Mary Lynne Nielsen
|EEE Standards Project Editor
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American National Standard
Measurement and Associated
Instrumentation Quality Assurance
for Radioassay Laboratories

1. Overview

1.1 Introduction

This standard is the basis for the creation of measurement quality assurance (MQA) programs that will opti-
mize the quality of radioassays performed by service laboratories in the United States. Where quality perfor-
mance testing criteria have been established for a specialized sector of the radioassay |aboratory community,
this document shall serve as an umbrella standard that provides the guidance relative to the organizational
relationships and responsibilities of the accrediting organization and the reference, monitoring, and service
laboratories.

A well-defined and implemented QA program provides the structures, policies, and responsibilities for the
execution of quality control and assessments of operations to ensure success in meeting the data quality
objectives of al projectsin which radioassay is an integral part. A nationa program for testing, accrediting,
and monitoring of all types of radioassay laboratoriesis outlined in this standard as a mechanism for achiev-
ing such agoal at the national level.

1.2 Purpose
The purpose of this standard is to provide

@) Guidance for a national program for testing, accrediting, and monitoring of al types of radioassay
laboratories

b)  Guidance for the minimum regquirements necessary to maintain a viable service laboratory for the
measurement of low and intermediate levels of radioactivity in all types of test media

c) Ciriteriafor the establishment of monitoring and reference laboratories

d) Operational and QA criteriafor service, monitoring, and reference radioassay laboratories

e) Guidance for the National Institute of Standards and Technology (NIST) and an accrediting organi-
zation to implement this standard
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This standard does not address quality assurance for the collection of samples requiring radioassays. It does
not address directly the quality assurance necessary for radon-in-air measurements, although the principles
provided in this standard should form the basis of QA programs for those laboratories that perform radioac-
tivity measurements as part of their radon analyses.

1.3 Scope

This standard serves as a guide for MQA programs devel oped for specialized sectors of the radioassay com-
munity, that is: bioassay, routine environmental monitoring, environmental restoration and waste manage-
ment, radiopharmaceuticals, and nuclear power chemistry. The standard also provides the means for
establishing the more limited objectives that govern day-to-day operations of an individual laboratory,
including mandated protocols, recommendations, and information to implement and maintain a radioassay
QA program.

The overall utility of radioassay data results from the combination of defensible and traceable measure-
ments, preceded by careful planning to determine data quality objectives (DQO). This standard addresses
only those aspects of the user’'s program that deal with measurement-related issues. Guidance on the use of
DQOsis provided in annex D.

This standard addresses

a)  Theoperational framework of a national measurement assurance program

b) The roles of the accrediting organization; the National Institute of Standards and Technology
(NIST); and the reference, monitoring, and service laboratories

¢) The protocol for the preparation and distribution of test media by the monitoring or reference
laboratories

d) The bases for calculating the required accuracy and precision parameters of radioassay
measurements

€) Theprotocol for the evaluation and reporting of test results

f)  The protocol for the assessment and evaluation of test results and reporting assessment findings by
the accrediting organization

g) Guidance for determining the decision limit concentration and the a priori minimum detectable con-
centration for each radionuclide (see annex A)

h)  Therequirements for reporting radioassay results by service laboratories to the customer

i)  Eleven key elements of a viable QA program applicable to the service, monitoring, and reference
laboratories

i) The QA and QC programs for the service, monitoring, and reference laboratories

Since this is an umbrella MQA standard, no guidance or requirements have been established for the mini-
mum performance criteria of precision, accuracy, or detection limits applicable to the routine operation of a
radioassay laboratory. However, this standard requires that the service laboratory and its client (either from
within the same company or governmental organization, or external) establish precision, bias, detection
limit, and other quality performance specifications for each radionuclide within a preprocessing agreement
or contract. These quality performance specifications shall be related to the data quality objectives requiring
the radioassays. For radioassays requiring a quality measurement assurance program, this standard requires
the use of athird-party monitoring laboratory to evaluate the ongoing capability of the service laboratory to
meet pre-established, contractual performance specifications. If agreed by the client and service laboratory,
the internal QA program of the service laboratory may function as a monitoring laboratory as long as the
requirements for the monitoring laboratory as established in this standard are met.

This standard has outlined the minimum requirements necessary to maintain a viable measurement assur-
ance program by a radioassay laboratory. As outlined in this standard, the testing of the reference, monitor-
ing, and service laboratories to assay radionuclides specified in the various testing categories properly is for
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accreditation purposes only. This testing program has been devel oped to ensure that all radioassay |aborato-
ries have, at a minimum, radiation measurement instrumentation, representing each radioactive emission
type, that has been calibrated with radioactive materials traceable to NIST. Thistesting is considered a mini-
mum effort in the accreditation process. As stated previoudly, it is the responsibility of a person or organiza-
tion requiring radioassays to incorporate detailed performance specifications for each radionuclide and
matrix within a contract for the service laboratory. A monitoring laboratory shall be utilized to evaluate the
compliance by the service laboratory with the performance specifications.

Several annexes have been developed to provide additional background information, clarifications, and, in
some cases, requirements of the standard. Annex A is considered part of this standard and, as such, the
requirements specified shall be followed. Annexes B, C, and D provide information and guidance to support
the general concepts and recommendations outlined in this standard.

2. References

This standard shall be used in conjunction with the following publications. When the following standards are
superseded by an approved revision, the revision shall apply.

ANSI N13.30-1996, American National Standard for Performance Criteria for Radiobioassay.

ANSI N343-1978 (Reaff 1984), American National Standard Internal Dosimetry for Mixed Fission and
Activation Products.

ANSI 734.1-1993, American National Standard for Certification—Third-Party Certification Programs for
Products, Processes, and Services.

ANSI/ASME N45.2.9-1979, Requirements for Collection, Storage and Maintenance of Quality Assurance
Records for Nuclear Power Plants.2

ANSI/ASME NQA-1-1994, Quality Assurance Program Requirements for Nuclear Facilities.

ASTM E 29-933, Standard Recommended Practice For Indicating Which Places Of Figures Are To Be Con-
sidered Significant In Specified Limiting Val ue3

|EEE Std 1012-1986 (Reaff 1992), |EEE Standard for Software Verification and Validation Plans.*

NBS IR 89-4125, Operational And Technical Requirements For Laboratory Accreditation Program For Per-
sonnel Dosimetry Processors, July 1989.°

3. Glossary

The following terms are of a restricted nature for the purposes of this standard. Terms defined in the Glos-
sary of Termsin Nuclear Science and Technology [B1]® are not defined in this standard.

1ANSI publications are available from the Sales Department, American National Standards I nstitute, 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA.

2ASME publications are available from the American Society of Mechanical Engineers, 22 Law Drive, Fairfield, NJ 07007, USA.

SASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959, USA.

4IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, PO. Box 1331, Piscataway,
NJ 08855-1331, USA.

5NBS publications are available from the Superintendent of Documents, US Government Printing Office, PO. Box 37082, Washington,
DC 20013-7082, USA.

6The numbersin brackets preceded by the letter B correspond to those of the bibliography in clause 6.
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3.1 Special word usage

The word “shall” is used to denote a requirement; the word “should” is used to denote a recommendation;
and the word “may” is used to denote permission, neither a requirement nor a recommendation. To conform
to this standard, all radioassays shall be performed in accordance with its requirements, but not necessarily
with its recommendations; however, justification shall be documented for deviations from recommendations.

3.2 Specific terms

3.2.1 accreditation: The systematic and objective determination of the competence of a laboratory to per-
form its services according to specific test methods/standards, made by a qualified accreditation body, and
issuance of a certificate attesting to that competence by the body.

3.2.2 audit: A planned and documented activity performed to determine by investigation, examination, or
evaluation of objective evidence the adequacy of and compliance with established procedures, instructions,
drawings, and other applicable documents, and the effectiveness of implementation. An audit should not be
confused with surveillance or inspection activities performed for the sole purpose of process control or prod-
uct acceptance.

3.2.3 analyte: The particular radionuclide(s) to be determined in a sample of interest. As a matter of clarity
when interpreting various clauses of this standard, a gamma-ray spectral analysisis considered one anayte.

3.2.4 assessment: A planned and documented activity performed to determine whether various elements
within a quality management system are effective in achieving stated quality objectives.

3.2.5 accuracy: A concept employed to describe the dispersion of measurements with respect to a known
value. A measurement with small systematic uncertaintiesis said to have high accuracy.

3.2.6 average relative bias (B,): The average relative bias,B,, for atest category is calculated from the indi-
vidual relative biases, By;, and defined as

N
z Bri

B, = '—I{l
where
N is the maximum number of test samples measured by an individual service laboratory in a given

test category. The sample size N shall be at least five.
i isthe ith sample

3.2.7 background: Ambient signal response, recorded by measuring instruments, that is independent of
radioactivity contributed by the radionuclides being measured in the sample.

3.2.8 bias: (a) The deviation of the expected value of arandom variable from a corresponding stated (correct
or known) value. (b) A fixed deviation from the true value that remains constant over replicated measure-
ments within the statistical precision of the measurement. Syn: deterministic error, fixed error, systematic
error.

3.2.9 bias statistic: An estimation of bias calculated from afinite sample of data using a specified formula
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3.2.10 blind matrix spike: A matrix spike sample sent through normal processing wherein the processor
knows that the sample is of quality control origin but does not know the nuclide or nuclide concentration.
The terminology “single-blind matrix spike” is aso commonly used.

3.2.11 blind quality control (QC) sample: Similar to a spike sample except that a blind sampleis presented
to the laboratory or analyst by whom the sample may be recognized as a QC sample but the quantity and
identity of the analytes are unknown. Syn: single-blind QC sample.

3.2.12 blind replicate: A replicate sample unknown to the analyst.

3.2.13 blind replicate reference standard: A sample of known concentration prepared from a purchased
standard reference material and submitted as a blind sample into the laboratory.

3.2.14 certified reference material: A reference material, one or more of whose property values are certi-
fied by a technically valid procedure, accompanied by or traceable to a certificate or other documentation
that is used by a certifying body.

3.2.15 concentration; The quantity of radioactive material stated in terms of activity (or mass) per unit of
volume or mass of a medium.

3.2.16 condition adverse to quality: An al-inclusive term used in reference to any of the following: fail-
ures, malfunctions, deficiencies, defective items, and nonconformances. A significant condition adverse to
quality isone that, if uncorrected, could have a serious effect on safety, quality, or operability.

3.2.17 data quality objective (DQO): The qualitative and quantitative statements that specify the quality
of data required to support decisions for any process requiring radiochemical analysis (radioassay).

3.2.18 decision level concentration (DL C): Quantity of analyte at or above which an a priori decision is
made that a positive quantity of the analyte is present. For this standard, the probability of a Type | error
(probability of erroneously reporting a detectable nuclide in an appropriate blank or sample) is set at 0.05.

3.2.19 deficiency: A deviation from the accepted procedures, practices, or standards, or a defect in an item
that could lead to degradation of quality.

3.2.20 double-blind matrix spike: A matrix spike sample sent through normal processing wherein the pro-
cessor has no knowledge that the sasmpleis of quality control origin.

3.2.21 double-blind quality control (QC) sample: Similar to a blind sample, except that the identity as
well as the composition (quantity and identity of analytes) are unknown to the analyst.

3.2.22 flow down: Passing to alower level or tier contractual requirements related to administrative, techni-
cal, or quality performance.

3.2.23 instrument quality control (QC) chart: A chart developed to evaluate the response of an instrument
to predetermined, statistically based limits as determined by an appropriate QC source. The predetermined
statistical limits are not typically developed with the overall quality performance (bias and precision) param-
eters for an analytical technique in mind.

3.2.24 instrument tolerance chart: A chart developed to evaluate the response of an instrument to a prede-
termined tolerance level as determined by an appropriate quality control source. The predetermined toler-
ance level, typically expressed as a percent, is set with the overall quality performance (bias and precision)
parameters for an analytical technique in mind. For practical reasons, the response of most instruments is
held in control to atolerance not to exceed 3% and 5% as related to the initial instrument calibration.
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3.2.25 matrix spike: An aiquot of a sample that is spiked with a known concentration of the analyte of
interest.

3.2.26 minimum detectable amount (MDA): The amount of a radionuclide that, if present in a sample,
would be detected with a 3 probability of nondetection while accepting a probability a of erroneously
detecting that radionuclide in an appropriate blank sample. For this standard, the a and 3 probabilities are
both set at 0.05.

3.2.27 minimum detectable concentration (MDC): The MDA expressed in concentration units.

3.2.28 monitoring laboratory: An accredited laboratory that prepares and distributes test materialsto a ser-
vice laboratory for the purpose of monitoring the day-to-day operation of the service laboratory. The service
laboratory may also be amonitoring laboratory providing third-party testing materialsto another service lab-
oratory or a specia quality assurance function within the service laboratory not involved in the routine pro-
cessing of samples.

3.2.29 nonblind testing: Testing of capabilities when the service laboratory is aware that they are being
tested for conformance.

3.2.30 nonconfor mance: A deficiency in characteristic, documentation, or procedure that renders the qual-
ity of an item or service unacceptable or indeterminate. Any activity in the laboratory that adversely affects
data quality can result in nonconformance.

3.2.31 nonper manent recor ds: Those records required to show evidence that an activity was performed in
accordance with the applicable requirements but that need not be retained for the life of the project.

3.2.32 performancecriteria: The established level of quality (bias, precision, detection sensitivity, etc.) and
operational commitments (turnaround times, reporting protocol, etc.) that are

— Agreed upon between the service laboratory and the customer (or inter-governmental agencies or
intra-company entities) within aformal contract, or

— Established by the service laboratory and documented within the operational or quality assurance
program manual of the laboratory, or

— Both

3.2.33 permanent record: Records that shall be maintained for the lifetime of the project or as long as
required by contract. These records may be forwarded to the customer for retention in their recordkeeping
system upon request or at the end of the contract period. Syn: lifetime records.

3.2.34 precision: A concept employed to describe dispersion of measurements with respect to a measure of
location or central tendency. A measurement with small random uncertaintiesis said to have high precision.

3.2.35 precision statistic: An estimator of precision calculated from afinite sample of data using a specified
formula

3.2.36 qualification (personnel): The characteristics or abilities gained through education, training, or
experience, as measured against established requirements, such as standards or tests, that qualify an individ-
ual to perform arequired function.

3.2.37 qualified procedures. An approved and validated procedure that has been demonstrated to meet the
specified requirement for itsintended purpose.

3.2.38 quality assurance (QA): All those planned and systematic actions necessary to provide adequate
confidence that an analysis, measurement, or surveillance program will perform satisfactorily in service.
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3.2.39 quality assurance (QA) program plan: A document that contains or references the quality assur-
ance elements established for an activity, group of activities, a scientific investigation, or a project and
describes how conformance with such requirementsis to be assured for the activities.

3.2.40 quality control (QC): Those actions that control and measure the attributes of the analytical process,
standards, reagents, measurement equipment, components, system, or facility according to predetermined
quality requirements.

3.2.41 quality control (QC) chart: See: instrument QC chart.

3.2.42 reagent blank: A volume of demineralized water for liquid samples carried through the entire analyt-
ical procedure. The volume or weight of the blank shall be approximately equal to the volume or weight of
the sampl e processed.

3.2.43 reference laboratory: A laboratory responsible for the national testing program for a sector of the
radioassay community. A reference laboratory is authorized to prepare testing media by adding known
amounts of radioactive material for distribution to service laboratories. The reference laboratory is responsi-
ble for evaluating the performance of the service laboratories in terms of accuracy and precision.

3.2.44 reference material (standard): A material or substance, one or more properties of which are suffi-
ciently well established to be used for the calibration of an apparatus, the assessment of a measurement
method, or for assigning values to materials.

3.2.45relative bias (B,;): Therelative bias statistic for the ith measurement in a category with respect to the
“true or expected” value (value of the spike known by comparison with or derivation from a standard refer-
ence material) is defined as

L (A-Ag)
n Aa’

where

A istheith measurement in a category being tested, not necessarily areplicate, but possibly a differ-
ent quantity of spike for each measurement
A,  isthe stated quantity in the test sample, as defined by the spike

In order to avoid the expense of alarge number of replicates at each radioactivity level in each category, the
relative bias (which may be obtained at differing quantity levels) for that test category is calculated from N
individual relative bias (By;) values and is defined as

B, isthe relative bias

N is the maximum number of test samples measured by an individual service laboratory in a given
test category. The sample size N shall be at least five.
i isthe ith sample
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3.2.46 relative precision (Sp): For the purposes of this standard, the relative dispersion of the values of By
from its mean B,, defined as

N
S (B;—B,)?
i=1 )
N-1

B, isthe relative bias

B, istheindividua relative bias

N is the maximum number of test samples measured by an individual service laboratory in a given
test category. The sample size N should be at |east five.

i isthe ith sample

3.2.47 replicate: One of multiple aliquants of a sample.

3.2.48 routine measurements. Radioassays performed on samples by established, validated, verified, and
controlled procedures.

3.2.49 screening measurements: Measurements made to detect radioactive material under routine condi-
tions, but not used to quantify the amount of a given radionuclide.

3.2.50 service laboratory: A laboratory, either internal to an agency (or company) or commercially con-
tracted, that performs radioassay measurements for the purpose of providing analytical results, exclusive of
the purpose of monitoring or testing. Syn: processing laboratory.

3.2.51 single-blind quality control (QC) sample: See: blind QC sample.

3.2.52 standard deviation: The sguare root of the variance of arandom variable. For this application, the
variance is a measure of the variation of the observations within a measurement set. The standard deviation
is often estimated using a set of measurements of the random variable. The standard deviation has the same
units as the measured quantity, and thereforeis particularly convenient when describing the variability of the
measured quantity. This parameter may also be expressed as a relative standard deviation (i.e., as a percent-
age of the measured quantity).

3.2.53 standard reference material (SRM): Materia characterized by the National Institute of Standards
and Technology (NIST) for the activity of radionuclides and issued with a certificate that gives the results of
the characterization.

3.2.54 surveillance: The act of monitoring or observing whether an item or activity conforms to specific
requirements. A surveillance is less extensive than an audit and concentrates on asingle activity or item. Itis
usually conducted more frequently than an audit. Reports are issued to cognizant personnel or groups with a
request for corrective action if required.

3.2.55 tolerance chart: See: instrument tolerance chart.

3.2.56 traceability: Demonstrated lineage of measurement process quality to the national physical
standards.
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3.2.57 traceablereference material or standard: A NIST prepared standard reference material or asample
of known activity concentration prepared from a NIST traceable reference material (derived standard mate-
rial). See also: certified reference material.

3.2.58 unbiased: A measurement of a random variable is called unbiased if the expected value of the mea-
surement is equal to the stated value of the property being measured.

4. National performance testing program

This clause describes the respective roles of the organizations depicted in figure 1 that will provide indepen-
dent verification of the performance of each service laboratory: NIST; the national reference laboratory(ies);
site- or contract-specific monitoring laboratories; and the national accrediting organization(s). Figure 1 does
not necessarily indicate a hierarchic structure, but rather a framework within which to describe organiza-
tional responsibilities as well as test-sample, information, and data flow.

For the purpose of this standard, testing is broadly defined to include any verification organization that fur-
nishes performance evaluation samples to a service laboratory and/or evaluates the effectiveness of the oper-
ational and QA programs of a service laboratory. A distinction is drawn between a reference laboratory,
which is responsible for a national testing program, and a monitoring laboratory, whose scope is limited to
those QA/QC functions required to assure the quality of measurements at a specific site or within a specific
contractual arrangement. While it is anticipated that there will be only a few national reference laboratories,
there may be many monitoring laboratories per category within the radioassay community, each with its set
of analytical requirements for the service laboratory(ies) that it monitors. Accreditation of any laboratory
shall be conducted by an independent accrediting organization that shall evaluate the performance testing
and other QA/QC records of the laboratory against criteria developed specifically for each type of labora-
tory. The accrediting organization shall be the National Voluntary Laboratory Accreditation Program
(NVLAP) or asimilar private or industrial accreditation program, such asthe American Association for Lab-
oratory Accreditation (A2LA).

Accreditation of each laboratory shall be limited to the analyte and matrix type specified, and each labora-
tory shall clearly represent those capabilities for which it is accredited.

4.1 Organizational responsibilities

The core group of organizations (NIST, reference laboratories, internal quality assurance) of the recom-
mended national performance testing program (see figure 1) begins with a structure similar to that of the vol-
untary program that is now functioning. Specific responsibilities are placed on the core organizations,
however, to ensure national intercomparability of radioassay data. The additional organizationsin figure 1, a
monitoring laboratory and an accrediting organization, are included to formalize, on a national scale, some
practices that are now used by parts of the radioassay community. Each monitoring laboratory shall develop
a performance-testing program specific to the analytical requirements of a particular user group (e.g.,
agency, company, or site). The accrediting organization shall develop assessment criteria and perform
assessments appropriate to the laboratory being assessed (reference, monitoring, and service laboratories).

Through the combination of integrated and comprehensive MQA strategies, the quality and integrity of the
measurements or services of alaboratory can be assured. Of these strategies, major emphasis shall be placed
on

a)  Stronginternal QA programs

b) Active and thorough onsite expert evaluations

c)  Strict adherence to the operational criteria

d) Laboratory evaluation by “blind” testing from interlaboratory and intralaboratory QC samples
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This combination of checks will assure that production processing will remain in control. Although periodic
product evaluation remains a necessity, its frequency can be minimized when the production process remains
in control.

The national performance testing program does not relieve a laboratory of its responsibilities to provide a
strong internal QA program, one that provides for an adequate operational environment, personnel qualifica-
tions and training, procedures manuals, instrumentation, calibration, data reduction, record systems, and
data reporting. The internal QA program also assures stable operations between proficiency evaluations.
These responsibilities can only be fulfilled by an independent and proactive internal QA program within
each laboratory that is maintained as part of the core program depicted in figure 1. The requirements for
every laboratory’s internal QA program are described in clause 5. Although figure 1 shows an internal QA
program only for service laboratories, it shall be understood that a strong internal QA program is required
for the monitoring and reference laboratories, aswell asfor NIST.

The following discussion (including figure 1 and throughout this standard) uses the following key. Keyed
points are shown in parentheses throughout this standard.

KEY

(1) Assessment criteria, assessments (NIST, reference laboratory (RL), monitoring laboratory (ML), and service labo-
ratory (SL), each under different criteria)

(2) Accreditation reports and certificates

(3) Test samples (traceable, nontraceable, blank, split, or replicate)

(4) Testresults

(5) Performance or monitoring reports

(6) Test samplesfor verification

A laboratory shall first calibrate its measurement systems using NIST traceable reference standards when
available, obtained from a reference laboratory (NIST, in the case of a reference laboratory) (3). Periodic
proficiency evaluations (PE) shall be performed subsequently to demonstrate measurement consistency with
the national physical standards and to test the capabilities of the laboratory to verify its own ability to pro-
duce high-quality products (3). Two testing strategies shall be available:

a) Samplesof known concentrations of radionuclides of undisclosed values are obtained from a NIST-
traceable laboratory (“blinds’) (3)

b) Thelaboratory assaysits own material” and sends a sample aliquant(s) to the next higher laboratory
for conformational analysis (6)

For a service laboratory, either a monitoring or a reference laboratory shall provide the necessary perfor-
mance evaluations. For a monitoring laboratory, PE testing should function through a reference laboratory,
while the reference laboratory(ies) should be served by NIST. In both strategies, analyses shall be per-
formed, comparisons made between the radioassay value obtained by the service laboratory and that
obtained by its reference or monitoring laboratory, and PE reports generated and forwarded to the appropri-
ate organizations (4, 5). The laboratory shall be notified of its performance through areport. For the purpose
of accreditation, the reference, monitoring, and service laboratories shall each be tested to ensure a degree of
traceability for instrument calibrations to the basic radiation emission types for common media (2).

The objective of periodic onsite evaluations isto assure the technical and scientific soundness of the methods
and processes of the laboratory. Technical experts and representatives from an “accrediting organization”
shall review and evaluate the analytical and service procedures of the laboratory (including validation of all
key steps, as well as product and/or service verification), documentation, QA program, and proficiency test

"Selected samples may be needed to establish homogeneity of the material.
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Figure 1—Conceptual diagram of the national performance testing program
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results to determine if the operations meet the operational criteria (1). The expert evaluations assure that the
processes to be used by the laboratory are capable of yielding products that meet technical and quality spec-
ifications. A laboratory shall limit its claim to accreditation solely to those radionuclides and media for
which it has been certified.

4.1.1 National Institute of Standards and Technology

Therole of NIST is greatly expanded through the implementation of this standard. All 1aboratories perform-
ing radioassays shall maintain traceability (either directly or through the secondary testing laboratories) to
NIST. Also, NIST shall be directly involved in an accreditation program patterned along the lines, or as a
part, of the National VVoluntary Laboratory Accreditation Program (NVLAP), or an equivalent private accred-
itation program.

NIST shall prepare and distribute to the reference laboratory(ies) those standard reference materials (SRMs)
required by the community of radioassay |aboratories to be accredited within this national performance test-
ing program (3). NIST shall conduct tests with the reference laboratory to verify whether it meets the mea-
surement performance criteria of the accreditation to ensure traceability to the national radioactivity
measurement standard (3, 6). NIST shall determine if the reference laboratory meets testing requirements
and shall report its findings to the accrediting organization as outlined in the following list (5). In the event
of anonagreement, NIST shall act as an official technical expert to the accrediting organization and assist in
the resolution of technical disputes. A complete set of tests shall be conducted with each reference labora-
tory over a maximum of a four-year period for radionuclides to be used by the reference laboratory in dis-
charging its responsibilities within this standard. The number of test and verification samples shared
between NIST and each reference laboratory shall be established by agreement of NIST, the reference labo-
ratory, and the accrediting organization; the number of samples should represent a minimum of 5% of each
reference laboratory’s production limit by analyte.

All test samples shall contain sufficient radioactivity such that counting statistics do not contribute signifi-
cantly to the uncertainty. Reports of traceability shall be issued by NIST to the reference laboratory and the
accrediting organization upon acceptable completion of atest. The report of measurement traceability shall
include

a) Thename and address of the reference laboratory

b) Identification of the test radionuclide

c) Thecertified activity concentration and total propagated uncertainty

d) Thereference time (date of sample preparation or collection)

e) Thecharacteristics of the test sample and radionuclide(s), i.e., haf-life, interferences, acid/base con-
centration, and carrier concentration

f)  Thereported value and total uncertainty from the reference laboratory

g) The composition of the reference laboratory’s random and systematic uncertainty and the method
for their combination

h)  The percent difference between the values of NIST and the reference laboratory

i)  Anevaluation and conclusion of the success by the reference laboratory in meeting the traceability
criteriafor acceptability

4.1.2 Accrediting organization

A key element mandated by this standard is the development of a method for accrediting service laborato-
ries. The responsibilities of an accrediting organization within the framework of this standard will be drawn,
at least in part, from existing NVLAP programs, such as for accreditation of personnel dosimetry processors
(see NBS IR 89—41258) and from generic criteria developed previoudly for the third-party certification pro-

8| nformation on references can be found in clause 2.
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gram (see ANSI Z34.1-1993). Specific responsibilities shall be developed cooperatively by NIST and repre-
sentatives of user/vendor/regulatory organizations.

Written consensus assessment criteria and checklists shall be developed by the accrediting organization,
NIST, the reference and service laboratories, and other appropriate participants (1). Accreditation test sam-
ples (discussed in 4.3) shall be provided by the reference laboratory(ies) and test results provided to the
accrediting organization (3, 4). Expert assessment teams shall assess the performance of the reference and
service laboratories by reviewing internal analytical and QA procedures and documentation, and evaluating
performance on test samples. The assessment teams shall provide assessment reports to the reference labora-
tory and provide documentation to the accreditation organization (5). Both the reference laboratory and the
accrediting organization shall provide technical and QA expertise to the service laboratory as needed to
improve laboratory performance. The accrediting organization shall provide reports (certificates) of accredi-
tation for those radionuclides and mediafor which the laboratory qualifies.

The coordination services of the accrediting organization shall include, but will not necessarily be limited to

a) Developing criteria and protocols for evaluating the overall performance of alaboratory and specifi-
cally for evaluating its QA programs (1)

b)  Organizing and conducting the assessment of the capabilities and QA programs of alaboratory (1)

¢) Evauating the QA/QC performance of alaboratory and determining adequacy for accreditation (1)

d) Reporting its findings for each assessment to the reference or monitoring laboratory as appropriate
2

e) Issuing a certificate of accreditation or a letter describing deficiencies to the laboratory (as
appropriate)

f)  Providing for technical advice to the laboratory in order to improve operational and QA programs
and program plans

g) Evauating the accuracy and reliability of reference methods, including statistical design and perfor-
mance capability (ruggedness testing)® during interlaboratory comparisons

h)  Issuing annual reports to include summaries of all assessments, performance evaluations by analyte
and matrix type, and performance evaluations without anonymity (2)

i) Maintaining alist of accredited laboratories for distribution (laboratories electing to withdraw vol-
untarily shall not be kept on the distribution list)

j)  Maintaining adatabase of performance evaluation results, onsite assessments, and corrective actions

4.1.3 Reference laboratory

The service and monitoring laboratories shall demonstrate measurement traceability for each test category or
specific radionuclide through the reference laboratory. The reference laboratory shall define and develop
traceability protocols and provide for the implementation of such protocols as required by each service labo-
ratory for its accreditation program. Such functions shall include, but may not necessarily be limited to

a)  Traceability to the national physical standard

b)  The provision of test materials to be used for the evaluation of methods or to serve as a basis for the
validation or accreditation of measurement capabilities (3)

¢) Thecapahility to analyze and verify all test materialsit prepares for performance evaluations

d) The performance of intercomparison studies for the purpose of establishing comparability of mea-
suring methods and instruments

e) The evaluation of performance test results, including evaluation of the accuracy and reliability of
service laboratory performance

9A statistical desi gnrefersto the statistical evaluation of the capability of alaboratory. Ruggedness testing refers to the determination of
the limitations or boundary conditions of atechnique, i.e., the extent to which aradioassay procedure is valid when tested with varying
chemical, matrix, and radioactive interferences, aswell asthe level of analyte.
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