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Preface

Thisdocument describes project method validation guidancethat aradioanal ytical |aboratory should
comply with in order to validate methods used to process samples submitted during aradiological
or nuclear incident, such asthat caused by aterrorist attack. EPA laboratories using radioanalytical
processes consistent with the guidance provided in the Radiological Laboratory Sample Analysis
Guide for Incidents of National Sgnificance should first validate their methods according to the
guidance provided in this document. The use of the guidance in this document, as well asin the
Radiological Laboratory Sample Analysis Guide for Incidents of National Sgnificance, will assist
in fulfilling EPA’s responsibilities as outlined in the National Response Framework Nuclear/
Radiological Incident Annex. These responsibilitiesinclude response and recovery actionsto detect
andidentify radioactive substances, and to coordinatefederal radiological monitoring and assessment
activities. Additionally this document identifies aformalized process for the devel opment (Section
4.0) and testing (Section 5.0) of anew method so that thereis confidence that radioanalytical results
meet project-specific data requirements.

The need to ensure adequate laboratory infrastructure to support response and recovery actions
following a major radiological incident has been recognized by a number of federal agencies. The
Integrated Consortium of Laboratory Networks (ICLN), created in 2005 by 10 federal agencies',
consists of existing laboratory networks across the Federal Government. The ICLN is designed to
provide anational infrastructure with a coordinated and operational system of |aboratory networks
that provide timely, high quality, and interpretable results for early detection and effective
consequence management of acts of terrorism and other events requiring an integrated laboratory
response. It also designatesresponsiblefederal agencies(RFAS) to providelaboratory support across
response phasesfor chemical, biological, and radiological agents. To meet its RFA responsibilities
for environmental samples, EPA has established the Environmental Response Laboratory Network
(ERLN) to addresschemical, biological, and radiol ogical threats. For radiological agents, EPA isthe
RFA for monitoring, surveillance, and remediation, and will shareresponsibility for overall incident
response with the U.S. Department of Energy (DOE). As part of the ERLN, EPA’s Office of
Radiation and Indoor Air isleading aninitiativeto ensurethat sufficient environmental radioanal yti-
cal capability and competency exists across a core set of |aboratoriesto carry out EPA’ s designated
RFA responsibilities.

Laboratoriesthat support EPA’ sincident-response mission will undergo training and should adopt
theuseof thematerial presented in thisdocument, with emphasison validating methodsfor expected
radionuclide and matrix combinations in the event of a terrorism incident involving radioactive
materials. As soon as reasonably possible, rapid radioanalytical methods expected to be used to
process anticipated radionuclide and matrix combinations from the early to intermediate phases of
aradiological incident should be validated according to the guidance of the document. During these
early phases of an incident response, there may be insufficient timeto validate methods. Therefore,
it is prudent to validate the applicable radioanalytical methods for various sample matrices as part
of the preparatory actionsthat are necessary to respond properly to apossible radiological incident.

! Departments of Agriculture, Commerce, Defense, Energy, Health and Human Services, Homeland Security, Interior,
Justice, and State, and the U.S. Environmental Protection Agency.
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Laboratoriesdevel oping new methodsand operational protocol sshould review the detail ed guidance
on recommended radioanalytical practices found in the Multi-Agency Radiological Laboratory
Analytical Protocols Manual (MARLAP) referenced in this document. Familiarity with Chapters
6 and 7 of MARLAP will benefit readers of this document.

This document is one in a planned series designed to present radioanalytical |aboratory personnel,
Incident Commanders (and their designees), and other field response personnel with key laboratory
operational considerations and likely radioanalytical requirements, decision paths, and default data
guality and measurement quality objectivesfor samplestaken after aradiol ogical or nuclear incident,
including incidents caused by a terrorist attack. Documents currently completed or in preparation
include:

e Radiological Laboratory Sample Analysis Guide for Incidents of National Sgnificance —
Radionuclides in Water (EPA 402-R-07-007, January 2008)

e Radiological Laboratory Sample Analysis Guide for Incidents of National Sgnificance —
Radionuclidesin Air (EPA 402-R-09-007, June 2009)

e Radiological Laboratory Sample Screening Analysis Guide for Incidents of National
Sgnificance (EPA 402-R-09-008, June 2009)

® Method Validation Guide for Qualifying Methods Used by Radiological Laboratories
Participating in Incident Response Activities (EPA 402-R-09-006, June 2009)

e Guidefor Radiological Laboratoriesfor theldentification, Preparation, and Implementation of
Core Operations for Radiological Incident Response (in preparation)

e Guide for Radiological Laboratories for the Control of Radioactive Contamination and
Radiation (in preparation)

e Radiological Laboratory Sample Analysis Guide for Incidents of National Sgnificance—
Radionuclidesin Soil (in preparation)

Comments on this document, or suggestions for future editions, should be addressed to:

Dr. John Griggs

U.S. Environmental Protection Agency

Office of Radiation and Indoor Air

National Air and Radiation Environmental Laboratory
540 South Morris Avenue

Montgomery, AL 36115-2601

(334) 270-3450

Griggs.John@epa.gov
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Acronyms, Abbreviations, Units, and Symbols
(Excluding chemical symbols and formulas)

(o A alphaparticle

O v probability of a Type | decision error

AAL ........ analytical action level

AL ......... action level

APS ........ analytical protocol specification

B oo, beta particle

Lo probability of a Type Il decision error
Bg.......... becquerel (1 dps)

ChLy¢ .vvon... critical net concentration level

CsU ........ combined standard uncertainty
d........... day

DAC........ derived air concentration

DP ......... decay product(s)

dom ........ disintegration per minute

dps ......... disintegration per second

DQO........ data quality objective

DRC ........ derived radionuclide concentration

DWC ....... derived water concentration

EPA ........ [United States] Environmental Protection Agency
Yo gammaray

o I gram

Gy.......... gray [unit of absorbed radiation dose in materials; 1 gray = 100 rad]
h oo hour

IC .......... Incident Commander [or designeg]
ISO......... International Organization for Standardization
keV ......... thousand electron volts

L.t liter

m .......... meter

MARLAP . ... Multi-Agency Radiological Laboratory Analytical Protocols Manual
MARSSIM ... Multi-Agency Radiation Survey and Site Investigation Manual

MDB ....... minimum detectable bias

MDC ....... minimum detectabl e concentration
MeV ........ million electron volts
mn......... minute

mL ......... milliliter (10° L)

MQO ....... measurement quality objective
mrem ....... millirem (107 rem)

MSE ........ mean sgquared error

MV ......... method validation

MVRM ...... method validation reference material
PAG ........ protective action guide

pCi ......... picocurie (102 Ci)
PE.......... performance evaluation
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PT .......... proficiency test/testing

QC ......... quality control

rad ......... unit of absorbed radiation dose in materials; 100 rad = gray
RDD ........ radiological dispersal device (i.e., “dirty bomb”)
rem......... roentgen equivaent man (traditional units; 1 rem = 0.01 Sv)
RSD ........ relative standard deviation

S i second

Soiaks - - - standard deviation of blank sample net results
S International System of Units

SV sievert (1 sievert = 100 rem)

Uyg e o eee e e required method uncertainty

Dur wovenennn relative required method uncertainty

Voo year

viii
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Radiometric and General Unit Conversions

To Convert To Multiply by |ToConvert [To Multiply by
years (y) seconds (s) 3.16 x 10’ S y 3.17x 10°®
minutes (min) | 5.26 x 10° min 1.90 x 10°®
hours (h) 8.77 x 10° h 1.14 x 10°*
days (d) 365x 10> |d 2.74 x 10°°
disintegrations
per second (dps) becquerels (Bg) |1 Bq dps 1
Bg picocuries (pCi) |27.0 pCi Bg 3.70 x 107
Ba/kg pCilg 2.70x 102 |pCilg Bg/kg 37.0
Bg/m® pCi/L 270x 102  |pCilL Bgm® |37.0
Bg/m® Bo/L 107 Bg/L Bgym®*  |10°
microcuries per
milliliter pCi/L 10° pCi/L uCi/mL | 10°
(uCi/mL)
disintegrations | uCi 450 x 10”7 :
per minute (dpm) | pCi 450x 10 R 2l 2.2
cubic feet (ft°) cubic meters 2.83x107 cubic meters | cubic feet |35.3
(m°) (m°) (ft)
galons (gal) liters (L) 3.78 L ga 0.264
gray (Gy) rad 10° rad Gy 10
roentgen equiva: | e ert (Sv) 107 Sv rem 10°
lent man (rem)

NOTE: Traditional unitsare used throughout this document instead of International System of Units
(SI) units. Protective Action Guides (PAGs) and their derived concentrations appear in official
documentsin thetraditional unitsand are in common usage. Conversion to Sl unitswill be aided by
the unit conversionsin thistable. Conversions are exact to three significant figures, consistent with
their intended application.
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1.0 Introduction

The United States Environmental Protection Agency (EPA) isresponsible for assessing the extent
of environmental contamination and human health consequences in the event of a radiological
incident such as a terrorist incident involving radioactive materials. Although EPA will be mainly
involved in the intermediate and recovery phases of an incident response, there also may be
involvement in some activities in the early phase. For a terrorist event such as a radiological
dispersion device, the radionuclide(s) and the types and number of sample matrices that may be
collected and analyzed can vary dramatically depending on the type of device used and radioactive
material incorporated. Theradioanalytical |aboratoriesused to processthe samples must not only be
capable of identifying and quantifying the radionuclide(s) in various matrices, but they must also
have the capacity to process alarge number of samplesin a short time (thousands of samples per
week). Sufficient laboratory capacity is a balance of adequate facility processing areas and nuclear
instrumentation, validated radioanal ytical methods available, and trained staff.

In order to make proper assessments and decisionsin the event of aradiological incident, EPA will
utilizeonly qualified radioanal ytical laboratoriesthat havethe capability, capacity and quality needed
to process sampl es taken from affected areas. Analytical protocol specifications (APSs), including
measurement quality objectives (MQOs), will be preestablished to define the expected quality of the
datafor incident situations. The objective of this document isto establish systematic and objective
methodol ogies and acceptance criteriafor validating analytical methods, based on the stated quality
requirements of a specific incident-response project, such asrecovery from aradiological dispersal
device. Laboratories devel oping new methods and operational protocols should review the detailed
guidance on recommended radioanalytical practices found in current editions of MARLAP and
MARSSIM.

Several radiological sample analysisguidesfor incident response have been devel oped that provide
information on the expected radionuclides of concern and MQOs to make decisions relative to
sample processing prioritiesfor thewater, air particul atefilter, and soil/solid matrices. Aspart of the
laboratory qualifying process, laboratories must demonstrate their ability to meet the APSs and
MQOsfor the methods used to analyze each radionuclide and sample-matrix combination. EPA will
requireaninitial project method validation and a subsequent participation in aperformance evalua-
tion (PE) program as a means to demonstrate that the methods used by a laboratory are capable of
meeting the MQOs for incident response applications. For incident-response applications, project
method validation will be required and applied to methods currently being used by the laboratories,
including EPA Safe Drinking Water Act required methods, as well asto newly devel oped methods
and methods that have been modified for incident response. Project method validation and
participation in a PE program will be required for gross alpha and beta screening methods as well.

In this document, the term “project method validation” is synonymous with “incident response
method validation.”

2.0 Method Validation Description

The Multi-Agency Radiological Laboratory Analytical Protocols Manual (MARLAP) Chapter 6
discusses two distinct applications of method validation: general method validation and project
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method validation. General method validation is the process of demonstrating that a method is
suitable for its general intended use, such as routine radioanalytical processing of samples for the
determination of environmental levels of agiven radionuclide. For general method validation, the
methods would address internal measurement quality objectives, and typical sample matrix
constituents and nominally interfering concentrations of expected chemical and radionuclide
interferences. EPA has developed a draft general method validation process document (EPA 2006,
Validation and Peer Review of U.S. EPA Radiochemical Methods of Analysis) that covers the
method validation parameters for radioanalytical methods. That document provides guidance to
satisfy EPA requirements for general method validation for measurement uncertainty, method bias
and trueness, precision, detection capability, anal yte concentration range, specificity and ruggedness.

In contrast, thisdocument provides guidance on project method validation applicableto methodsfor
processing samples during aresponse to aradiological incident, including radiological incidents of
national significance. Project method validation demonstrates that a method is capable of meeting
project-specific MQOs (in other words, a required method uncertainty at a specific radionuclide
concentration). The method selected for a project needs to address specific sample matrix
characteristics, chemical and radionuclide interferences, special sample preparation requirements,
sample-processing turnaround times, and MQOs defined in an analytical protocol specification
(APS). Thisdocument addressesthe method validation expectationsfor an incident responsefor the
MQOs of the required method uncertainty and the required minimum detectable concentration
(MDC). The method validation procedures for the method uncertainty MQO follow the guidance
provided in MARLAP Chapter 6. As discussed in MARLAP, the principa MQO is the required
method uncertainty at an action level. Although the MDC M QO normally would not be specified as
an MQO for incidence response applications, this document provides method validation guidance
for a“required MDC” MQO.

Even though a laboratory has a method that has undergone general method validation, use of the
method for the incident response application will require project method validation. The degree of
effort and required level of project method validation will depend on the degree of method
development or use, and the MQOs of the project, asincluded in the APSs.

Proper planning is critical for successful method validation because many method validation
parameters must be considered, evaluated and documented. Method development and method
validation generally are not separate processes. The types of experiments conducted during method
development and the types of tests performed during method validation have many similarities.

3.0 Method Description

The components of a method or measurement process requiring validation should be clearly
described. Generally, alaboratory method includesall physical, chemical and radiometric processes
conducted at a laboratory in order to provide an analytical result. The processes for radiochemical
methods may include sampl e preparation or dissol ution, chemical separations, preparation of sample
test sources, nuclear counting, analytical calculations, data review and qualification, and data
reporting (MARLAP Chapter 6). Method validation efforts should evaluate al process components
combined. Some radiochemical methods may also include procedures for sampling (e.g., methods
for radon in air analysis or for volatile radioactive organic compounds in soils and other solid
matrices), in which case the sampling procedures should be included in the validation tests. The

2
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measurement process components validated, and the combination of procedures comprising a
method, must be clearly and completely stated.

The purpose of a method (i.e., measurement objectives) and the intended use of the data must be
clearly defined. In addition, method scope and applicability must be well defined and clearly
described and consi stent with the documented performance of the method. These measureswill help
minimize misapplication by the users. Method scope and applicability include the following:

» Themeasurement processcomponentsvalidated (e.g., samplepreparation, dissolution, chemical
isolation, precipitation, final product for counting, radiation measurement process, etc.)

» The nature (chemical-physical form, type of radiation and quantity measured) of the radionuc-
lides and matrices (chemical and physical form) studied

» Therange of analyte concentration levels for which the method is claimed to be suitable

A description of any known limitationsand any assumptionsupon whichamethodis based (e.g.,
radiological and non-radiological interferences, minimum sample size, etc.)

* A description of how themethod and anal ytical parameterschosen meet the measurement quality
objectives for the intended application, when applicable

 Aliquant sample size for processing

4.0 Method Performance Characteristics

The performance characteristics of a radiochemical method that may be evaluated in method
validation include:

* Method uncertainty at a specific radionuclide concentration (action level)
 Detection capability (minimum detectable concentration)

» Biag/trueness

» Analyte concentration range

* Method specificity

* Method ruggedness

A brief discussion of each of these performance characteristics will be covered in the following
sections. For more detailed information on a characteristic, the reader is referred to MARLAP
(Chapters 3 and 6); EPA (2006) Validation and Peer Review of U.S. EPA Radiochemical Methods
of Analysis; EURACHEM Guide (1998) The Fitness for Purpose of Analytical Methods, A
Laboratory Guide to Method Validation and Related Topics; ISO 17025; and ANSI N42.23.

4.1 Method Uncertainty
MARLAP defines method uncertainty as follows:

Method uncertainty refers to the predicted uncertainty of the result that would be measured if the
method were applied to a hypothetical laboratory sample with a specified analyte concentration.
Although individual measurement uncertaintieswill vary from one measured result to another, the
required method uncertainty is atarget value for the individual measurement uncertainties, and is
an estimate of uncertainty (of measurement) before the sample is actually measured.
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Method uncertainty can be thought of as an estimate of the expected analytical standard deviation
at aspecified radionuclide concentration. For certain projects, including incident response, arequired
method uncertainty should be specified. An example of arequired method uncertainty specification
would be “...at a**'Cs soil concentration of 10 pCi/g, the required method uncertainty is 1 pCi/g.”
In many applications, including incident response laboratory analyses, the specified radionuclide
concentrationisreferred to astheanalytical actionlevel (AAL) and may be based on either incident-
specific, risk-based or regulatory mandated value, such as a protective action guide (PAG) as
presented in the Radiological Laboratory Sample Analysis Guides for Incidents of National
Sgnificance. Radioanalytical results from an incident response are compared to action level
concentrations, and thusit is very important to have results that are of sufficient quality to support
decisionsto be made. Specifying arequired method uncertainty at the AAL ensuresthe dataquality
needed to make decisions.

To be consistent with MARLAP, certain nomenclature for the required method uncertainty is used
for incident response applications. The notation “u,,;” is specified for the absol ute required method
uncertainty at or below the action level and has units of activity or activity concentration that match
the AAL value. Above the action level, arelative required method uncertainty ¢, defined as the
Uw/AAL, is specified (¢, is unitless). For the **'Cs soil example provided above, ¢, would be
equal to:

= lp—Cl/g = 0.10 (10%) at concentrations greater than 10 pCi/g

10 pCi/g
M ethod uncertainty should not be confused with measurement uncertainty, whichMARLAPand the
International Organization for Standardization (1SO) (1993a) defined as:

“Parameter associated with the result of a measurement that characterizes the dispersion of the
values that could reasonably be attributed to the measurand.”

Each radioanalytical method that will be used by alaboratory processing samples from an incident
responsewill be evaluated to determineif itsuncertainty meetsthe required method uncertainty. The
result of each test sample processed during the method validation processis compared to the limits
of acceptability established for the specific validation level, i.e., amultiple of the required method
uncertainty. A method will be considered acceptable if it meets the method validation criteria
provided in Section 5.4 for the appropriate level of validation. Derived radionuclide concentrations
(DRCs) corresponding to the AAL for the water, air filter and soil matrices can be found in the
Radiological Laboratory Sample Analysis Guide for Incidents of National Sgnificance (see
Appendix A for summary tables). For project method validation, MARLAP recommends that the
uncertainty of a method be evaluated at or near an action level radionuclide concentration. In the
absenceof defined AA L sand required method uncertainties (either by thelncident Commander [1C]?
or other project manager), default AALs and corresponding required method uncertainties for the
method validation test samples provided in Sections 5.2 and 5.4 can be used. The default valuesin
Appendix A may be considered “ acceptable’ starting levels. The IC may develop and require other

2 Throughout this guide, the term “Incident Commander” (or “IC") includes his or her designee.

4
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AALsand required method uncertainties. If so, the IC should verify whether the laboratory can meet
the new method uncertainty requirements for the updated AALS.

4.2  Detection Capability

In some cases, the detection capability of amethod, rather than the required method uncertainty, is
theimportant M QO of aproject. Detection capability for thisguide usesthe concept of the minimum
detectable concentration (MDC) or minimum detectable value. MARLAP defines the minimum
detectable value of the analyte concentration in a sample as:

An estimate of the smallest true value of the measurand that ensures a specified high probability,
1 - B, of detection.?

For radioanalytical processes, the probability of detection (1 - ) of 0.95 is commonly used. The
definition of the minimum detectabl e val ue presupposes that an appropriate detection criterion has
been specified, i.e., “critical net concentration” for this document. This approach assumes that the
measured radionuclide net concentration in asamplewill beabovethecritical net concentration 95%
of thetime if the true concentration is equal to the MDC.

MARLAP (Chapter 20) provides a detailed discussion on how to calculate the critical net
concentration and MDC using a number of equations for various applications. The equations
providedin MARLAP calcul ate estimates of these method detection parametersfor a given method
based on either ameasured signal response of asingle blank sample or from a popul ation of sample
blanks that have been processed by the method under evaluation. For those applications when a
required MDC for amethod has been specified asan MQO, the detection capability of the method
should be evaluated during method validation.

4.3 Bias and Trueness

Bias refers to the overall magnitude of systematic errors associated with the use of an analytical
method. The presence of systematic errors can be determined only by comparison of the average of
many resultswith areliable, accepted reference value. Method bias may be estimated by measuring
material s whose composition isreasonably well known, such as reference materials, by comparing
results to those from at least one alternate method or procedure, or by analyzing spiked materials.

SO (1993a) defines bias as:

“[T]he mean value that would result from an infinite number of measurements of the same
measurand carried out under repeatability conditions minus a true value of the measurand.”

According to MARLAP (Chapter 6), bias typically cannot be accurately determined from asingle
result or a few results because of the uncertainty in the measurement process to determine the
measurand. Biasisnormally expressed asthe absol ute or rel ative deviation of the average of agroup
of samples from the “true” or “known” value. Since it is a calculated estimate, a bias should be

% Here, # means the probability of a Type Il decision error.
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reported with a combined standard uncertainty and include the number of data points used to
calculate the bias.

It is assumed that the mean response of the method is essentially a linear function of analyte
concentration over the useful range of the method. As defined in MARLAP, “this function can be
characterized by itsy-intercept, which reflectsthe mean response at zero concentration, and itsslope,
which reflects the ratio of the change in the mean response to a change in sample analyte
concentration.” The “absolute bias’ of a method can be thought of as the difference between the
average concentration of the radionuclide at the y-intercept and the true concentration of zero.

The IC will specify a method bias limit as an APS when method bias is considered an important
method performance characteristic for themethod or aquality parameter for the project. Method bias
must be eval uated during method devel opment, general and proj ect method validation processes, and
subsequently, the processing of batch quality control (QC) samples processed with the incident
response samples (MARLAP Chapter 7).

Themethod uncertai nty acceptance criteriaprovidedin MARLAP (Chapter 6), aswell asfor project
method validation in Section 5.4, assume that laboratories would not use a method that has a
significant bias. When a method has excessive bias, the method validation test results for the
required method uncertainty will be unacceptable. Appendices D and E provideinformation on bias
evaluation methods as related to the method validation acceptance criteria.

4.4  Analyte Concentration Range

The analyte concentration range of amethod isamethod performance characteristic that definesthe
span of radionuclide activity levels, ascontained in asample matrix, for which method performance
has been tested and data quality deemed acceptable for their intended use. However, not all sample
matrices encountered during an incident response will have preestablished analytical action levels
with corresponding required method uncertainty values or required MDCs. Therefore, incident
response method validation must be sufficiently flexible to address not only those typical sample
matrices (liquids, air filters, swipes, and soil/solids) for which there are action level s, but also those
matrices for which there are no specified action levels. The subsequent subsections discuss the
analytical concentration range options for method validation for both situations. For both options,
the method isto betested at alow, mid and upper validation test concentration/activity except when
noted.

4.4.1 Derived Radionuclide Concentrations Corresponding to Established Action Levels

MARLAP (Chapter 6) recommends that a method be validated at the expected action level for a
radionuclideand matrix combination. Therefore, an analyte concentration range shouldincludeeither
an established regulatory limit or a defined action level, typicaly near the midpoint of the
radionuclide activity (concentration) range for a project. For a radiological incident response
application, the established AAL would normally be a derived radionuclide concentration
corresponding to a PAG or arisk-based dose as designated by an agency representative. There may
befour or five action levelsfor the various matrices contaminated, with the range of concentrations
asgreat asfour ordersof magnitude. Derived radionuclide concentrationsfor the various established
AALSs have been generated for water and air-filter matrices (AALsfor soils/sediments and building
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materials are being developed), and can be found in the Radiological Laboratory Sample Analysis
Guide for Incidents of National Sgnificance series. Summary tables of the established AALs for
these three matrices can be found in Appendix A. AALs vary according to the matrix, phase of the
incident and applied PAG.

At most laboratories, samples that have been screened and found to contain very high radionuclide
activities probably will be subdivided (when possible) prior to specific radioanalytical processing.
Also, samples requiring multiple radionuclide analyses should be subdivided. Both situations will
result in lower-activity subsamples (aliquants) for processing. For example, when asamplethat has
avery high radionuclide concentration or activity isreceived by alaboratory, the samplelikely will
be subdivided (possibly into five parts) so that a different radioanalytical pathway for each
radionuclide may be performed in parallel. For agueous and soil samples, the radionuclide
concentration of the radionuclides in the aliquants would be the same as the original agueous and
soil concentrations, but the aliquant activity available for processing will be reduced proportionally
from the original sample size. For air-filters, the total activity on the filter matrix represents the
activity in avolume of air collected. For swipe samples, the activity on the sample represents the
activity removed from a surface area swiped. Air filter and swipe samples may be digested prior to
radiochemical processing and the digestate volume generated represents the total activity on the
original samplefor the air volume collected or surface area swiped. Aliquanting these digestatesto
obtain a lower subsample activity or for multiple analyses is also a common practice. Thus, it is
important to know the exact fraction of the original sample taken so that the analysts know that a
sufficient sub-sample quantity has been processed to ensure that the MQOs have been met.

When developing incident response methods for high activity samples, it isimportant to note that
theanalytical concentration range and detection capability specificationswill be significantly higher
than what is usually found in normal procedures for environmental monitoring sample processing.
This difference in concentration range should be emphasized in the procedure’ s scope.

4.4.2 Default Analytical Action Levels

Established AALs based on PAG-derived radionuclide concentrations may not be available for all
matrices encountered in an incident response, such as concrete or asphalt. In the absence of
established PAG action levels, default AALs may be used for the validation test concentration or
activity levels. Section 5.4 provides guidance on selecting default AALSs applicable to method
validation for the three general matrix categories of liquids, air sampling media/swipes and solids.
Thedefault AALsapproximate the expected derived radionuclide activity level for asamplevolume
or mass for a 100-mrem or 10 risk-based AAL. These AAL levels were chosen because they can
be conveniently scaled to other possible proj ect-specific AALsfor thevariousmatrices. For example,
if aspecific project had an AAL at 20 mrem (one-fifth of 2100 mrem AAL), thetablevauesfor the
AALSs can be scaled down ssimply by dividing the listed values by five.

4.5 Method Specificity

MARLAP defines “method specificity” as “the ability of the method to measure the analyte of
concern in the presence of interferences.” EURACHEM (1998) defines selectivity or specificity as
“the ability of a method to determine accurately and specifically the analyte of interest in the
presence of other components in a sample matrix under the stated conditions of the test.”
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By extension, this guide defines method specificity as:

The ability to correctly identify and quantify the radionuclide(s) of interest in the presence of other
interferences in a sample under stated conditions of the test.

Method specificity should be evaluated during method development and the general and project
method validation processes for the applicable matrices, radionuclide(s) of interest and known
interfering radionuclides. Method specificity may be evaluated during method validation by
anayzing:

» Matrix samplesthat have been characterized in terms of radionuclide and chemical constituent
content;

» Appropriate matrix blanks; and

» Matrix blanks spiked with interferences.

Each specific sample matrix should betested for method specificity, e.g., concrete, asphalt, soil, etc.
Matrix samples and blanks should be chosen to be as representative of the target matrix as is
practical. When possi ble, matrix blanks should contain the chemical speciesand potential interfering
radionuclides, other than the radionuclide(s) of interest, at concentrations that are reasonably
expected to be present in an actual sample. Each of thethree optionsto determine method specificity
may provideinsight into therel ative degree of expected quantitative effect that theinterferenceswill
have on the identification and quantification of the radionuclide(s) of interest at different
concentrations.

Method specificity istypically expressed qualitatively and quantitatively. A radiochemical method
specificity statement would include descriptions of parameters, such as:

» Expected radionuclide and chemical interferences

 Effects of the interfering substances on the measurement process

* Measurement information that substantiates the identity of the analyte (e.g., haf-life, or
decay emission and energy)

 Effects of oxidation or molecular state of the target or interfering radionuclides

» Chemical processes that can remove interfering materials (e.g., ion exchange, solvent
extraction)

* Summary of results from analysis of standards, reference materials and matrix blanks

4.6 Method Ruggedness

MARLAP defines “method ruggedness” as “the relative stability of method performance for small
variations in method parameter values.” EURACHEM (1998) discusses the concept of method
ruggedness and robustness interchangeably. Ruggedness is a measure of how well a method's
performance stands up to less than perfect implementation. In any method there are certain steps
which if not carried out sufficiently, exactly or carefully may have a significant effect on method
performance and thereliability of theresults. Typically, these critical steps areidentified during the
method development process, and annotations are made in the method description that provide
limiting conditionsand an allowabl e range of application. It isadvantageoustoidentify thevariables
in the method that have the most significant effect on the analytical results so that they are closely
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controlled. Ruggednessor robustnesstests have been devel oped whichinvolve experimental designs
for examining method performance when minor changes are made in operating steps or in some
cases environmental conditions (EPA 2006, Validation and Peer Review of the U.S. EPA
Radiochemical Methods of Analysis). Thetestsinvolve making deliberate variationsto the method,
and investigating the subsequent effect on performance.

An example of method ruggednessisthe adjustment of pH during the separation of strontium from
calcium in the analysis of milk for Sr. The pH of the milk is buffered at 5.4 and disodium EDTA
isadded prior to passing the sol ution through a cation exchange column. Thecalciumwill effectively
complex withEDTA at thispH, forming an anion, whilethe strontium remainsacation. A pH lower
than about 5.2 will not provide enough EDTA anion to effectively complex calcium, and a pH
greater than about 5.5 will begin to effectively complex strontium. Thus for this analysis method,
ruggedness deals with pH control in the range of 5.2 to 5.5.

Method ruggedness is typically evaluated during method development and prior to method
validation. Therefore, no specific testsfor ruggedness will be included in this document for project
method validation of the radioanalytical methods used for incident response.

5.0 Incident Response Method Validation Guidance, Tests, and Requirements

This section provides guidance, specific tests and minimum requirements for project method
validation for methods used to process samplesfrom aradiological incident. This section addresses
the following selected method performance characteristics:

Method specificity

Analyte concentration range

Method validation levels for testing the required method uncertainty
Verification of required detection limit specification

Discussion of matrix considerations and method bias tests are also included in this section. Before
initiating the method validation process, a validation plan should be prepared that incorporates the
various guidance and requirements specified in this section and Section 6, Method Validation
Documentation.

5.1 Method Specificity

Method specificity is evaluated during general method validation for normal routine applications,
e.g., environmental surveillance programs. During general method validation, the method should be
evaluated for the applicable matrices and radionuclide(s) of interest and known interfering chemical
constituents and radionuclides over a typical expected range. For some incident response
applications, method validation testing for method specificity may be more focused than general
method validation. Incident response scenarios may involve one or many radionuclides and a
multitude of matrices. To ensure method specificity for the incident response application have been
met, the proficiency testing (PT) samples used for incident response method validation should
contain the known or expected concentration levels of the matrix chemical species and potential
interfering radionuclides. Adeguate method specificity during project method validation should be
evaluated by analyzing:
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» Matrix PT samplesthat have been characterized in terms of expected radionuclide and chemical
constituent content;

» Appropriate matrix blanks containing the applicable radionuclide and chemical interferences,
and

» Matrix blanks spiked with interferences.

During method devel opment, decontamination factors® should be eval uated for the more commonly
expected radionuclide interferences so that the final method can improve method performance and
adequately address radionuclide interferences. Also, the concentration of the interfering radionuc-
lides should be added during method development at their 100 mrem AAL-derived radionuclide
concentrations. Matrix blank results having no absolute bias would indicate adequate method
specificity. Excessive absolute or relative bias, erroneous chemical or radiotracer yields, or possibly
excessive method uncertainty may be indications of inadequate method specificity.

5.2  Analyte Concentration Range

The radionuclide concentration range applicable to method validation for radiological incident
response should extend from alower bound (~0.5 AAL) to an upper bound (3 AAL) that are both
amultiple of anincident response action level. For radiological incident response applications, the
analyte concentration range for the method validation process and validation test levels should be
established based on the established PAG or risk-based derived radionuclide concentrations as
designated by arepresentative of the responsible government agency. If the laboratory has not been
provided with action levels by the IC, default values listed in Table 1 may be used. Also, derived
radionuclide concentrationsfor the various AALsfor water, air filter and soil matrices can befound
in the Radiological Laboratory Sample Analysis Guide for Incidents of National Sgnificance.
Summary tablesof the AAL-derived radionuclide concentrationsfor thewater and air filter matrices
can be found in Appendix A® of this document. These tables list the expected AALSs for various
mediamainly for the late intermediate and recovery phases, but also for the early phase. The AAL-
derived radionuclide concentrations will vary according to the matrix, phase of the incident and
applied PAG. For air filters, an activity per sample corresponding to an AAL concentration for an
assumed air volume sampled should be used.

The validation test concentration/activity values should be adjusted to reflect the typical sample
aliquant sizethat would be analyzed. In some cases, the original sample may be aliquanted directly,
but in other cases the sample must be completely digested before sample aliquanting. When the
radionuclide(s) identity isknown, the number of aliquants may be small, but when theidentity isnot
known, the number of aliquants may be three or more depending on the decay particle emission type.

* The term “decontamination factor” is defined as the amount of interferent in the sample before chemical separation
divided by the measured amount in the sample after chemical separation.

®The|C may develop and require other AAL s and required method uncertainties. If so, the IC should verify whether the
laboratory can meet the new method uncertainty requirements for the updated AALs. Calculating the test levels for
method validation should be consistent with Table 2.
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In the absence of established PAG AALSs, default AALs may be used. Default AALS (activity per
sample aliquant) for three general matrix categories and radionuclide emission type are provided in
Table 1. Default AALs can be used for similar matrix categories, as discussed in Section 5.3 (for all
solutions, use water; for swipes, use air-filter materials; and for pulverized concrete, use soil). It
should be noted that these default AALs and associated required method uncertainty values (Table
4) for the stated general matrix categories do not have a dosimetric basis but may be considered
adequate for method validation purposes.

TABLE 1 —Default Analytical Action Levelsfor General Matrix Categories

Default Test Level Activity in Each Sample
Aliguant (Total pCi) ™
Matrix : : Alpha Pure Beta Gamma
Category Size Assumptions for Values (#'Am) () (*Co)
- 5-mL Screen 20 12 33
Liquids . —
100-mL Nuclide-Specific 40 240 660
3
Air Sampling - r:gS(Ta“S;lrjze;]rtls % 22 1,900 8,400
Media/Swipe Nuclide-Specific 55 480 2,100
Solid il 29
ids— sail, 3
ot 100 g TBD
500 g

[1] Test-level activity correspondsclosely to 100-mrem dose-derived concentration val uesfor water and 10~ risk-based
DAC for air (Appendix A). Thetable values were calculated for the noted radionuclides. To calculate air sampling
default AALsfor 107 risk-based applications, the 10~ risk-based val uesin the table can be scaled down by afactor
of 100. Table values for the solids and soil are pending.

[2] Test-level activity assumes that the air filter has been split into four aliquants after sample digestion.

[3] TBD: To bedetermined pending development of Radiological Laboratory Sample Analysis Guide for Incidents of
National Significance—Radionuclidesin Soils and Solids.

For each matrix category, default AALs are provided for both screening and specific radionuclide
methods requiring validation. Thetest level values stated in Table 1 were calculated using the DRC
for the 100-mrem AAL valuesfor the gross alpha, beta, and gammascreening levels and for 2Am,
5y, and *Co for the specific a phaand beta/gammaradionuclide categories. Thedefault AALshave
been adjusted to reflect thetypical samplealiquant size (column 2 of Table 1) that would beanalyzed
by alaboratory.

For practical reasons and to prevent potential laboratory/instrumentation contamination and
radiol ogical safety issues, thetest level sfor incident response method validation purposesarelimited
to three levels related to the designated (established) PAG AALs (derived radionuclide
concentrations) or default AALSs. The use of three test levels is consistent with the specifications
indicated in Table 3 and Section 5.4. For incident response method validation, the validation test
levels are denoted as lower, mid, and upper. For method validation levels B, C, D, and E (Section
5.4), the recommended three concentration test levelsfor the replicate PT samples are presented in
Table 2. Thelower level test level of ~0.5 AAL was chosen to avoid detectability issues that could
occur at lower test concentrations. The mid test level corresponds to the established PAG AAL or
default AAL test level. It is assumed that a laboratory will use the same sample aliquant size and

11



Method Validation Guide for Radiological Laboratories Participating in Incident Response Activities

counting time to analyze the test samples for all three test-level concentrations (values typically
selected to meet the required method uncertainty at the mid test level, or AAL).

TABLE 2—Method Validation Test Concentrations

Test Leve Relative Concentration
Upper ~3AAL
Mid ~1 AAL
L ower ~05AAL

53 Matrix Considerations

For method validation, the method under consideration shall address a specific radionuclide and
matrix combination. In many applications, a matrix may be described by a general name or type,
such aswater or air particulate. However, when devel oping and documenting the applicability of a
method, a description of the sample matrix should be specific and address possible variationsin the
matrix that may be encountered when such will impact method performance. In addition, validation
of amethod appliesonly to the specifically defined matrix described in the method validation plan,
which must be consistent with the matrix description in the method applicability statement. Listed
below are some specific matrices that may be encountered for radioanalytical processing during an
incident:

» Liquids
— Fresh water
— Surface water
— Groundwater
— Ran
— Salt/brackish water
— AqQueous suspensions
— Aqueous solutions
— Sewer and water treatment effluents or discharges
— Collection of volatiles
— Organic liquids
— Liquids generated during decontamination activities

* Air sampling media
— Glassfiber, cellulose, acetate filters
— Charcoa canisters or loose particles
Molecular sieve
Silicagel

* Swipes
— Glassfiber, cellulose, acetate filter paper

» Solids
— Soil, sediment, stone, sod, vegetation, wood
— Manufactured/construction

12
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— Concrete, asphalt, brick, ceramics, plaster, plastics, metas, clothes, paper, stone, wood, etc.
— Sludges

— Sewer and water treatment

— Solids generated during decontamination activities

5.4 Method Validation Levels for Testing the Required Method Uncertainty

The primary method validation approach used in this document follows the concepts presented in
MARLAP Chapter 6 for the required method uncertainty MQO. The MARLAP method validation
approach and validation acceptance criteria assume that the laboratory method being validated has
no significant bias. However, this may not always be the case. Appendix D providesaninsight into
the effect of method bias on the probability of failing the MARLAP validation acceptance criteria.

An aternate approach that may be used to determine if a method has acceptable method validation
performanceis presented in Appendix E. This approach is based on the mean squared error (M SE)
or root mean squared error concept and has a greater power to detect excessive imprecision or bias
in many cases.

If amethod fails to meet the method validation acceptance criteria as presented in the subsequent
sections, the laboratory should:

» Evaluate the possible reasons for the failure;

* ldentify the root causes for the failure; and

» Update the method with the appropriate corrections or additionsto ensure the method will meet
the specified MQOs.

The updated method must go through another validation process using the same requirements
applied to the first attempt at method validation.

5.4.1. Method Validation Requirements Based on MARL AP Concepts

Similar to the MARLAP (Chapter 6) graded approach to project method validation, there are four
proposed tiers or “levels’ of method validation (Levels B, C, D, E) to demonstrate a method’'s
capability of meeting the required method uncertainty MQO applicable to aradiological incident.
For this guide, the MARLAP method validation Level A for the same radionuclide and matrix
combination has been combined with validation Level B (see Table 3). The level(s) of method
validation needed should be designated by the IC. The laboratory will select a method based on
various operational aspects and the status of it’'s existing methods to meet the required method
uncertainty u,,. or ¢, Specification for adesignated (established) AAL (Appendix A) or arequired
method uncertainty for adefault AAL (Section 5.2). Theu,,isspecifiedintheunitsof theAAL. The
our 1S a fractional unitless value (e.g., 0.13) and is calculated by dividing the u,,, by the AAL.
Appendix A contains tables listing the required method uncertainties for screening and nuclide-
specific methodsfor certain established AALsand samplematricesrelated to apotential radiological
incident.

The four levels (B-E) of method validation for testing compliance with the required method
uncertainty using specified PT samples cover the following:
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Level B — Existing methods for radionuclide and matrix combinations for same, similar or
dlightly different matrices (internal PT samples);

Level C — Existing methods that require modification to accommodate matrix differences
(internal or external PT samples);

Level D — Adapted or newly devel oped methods (internal and external PT samples); and

Level E—Adapted or newly devel oped methods using method validation reference materials
(method validation reference materials).

During the method validation process, the |aboratory shall evaluate the method as to the required
method uncertainty and relative bias for the three test concentrations (Table 2) for the specified
method validationlevel, aswell asthe absol ute biasthrough the use of at | east seven blanks (Section
5.6 and Appendix E). The acceptable performance of a method to meet the required method
uncertainty will vary according to the level of validation as described in subsequent subsections. It
should be noted that the probability of acceptable performance for meeting a required method
uncertainty specification is dependent on the magnitude of existing method bias. The greater the
magnitude of the method bias, the more likely the method will not meet the required method
uncertainty specification. If excessive bias is measured during the method validation process, the
method should be revised to eliminate the bias as much as possible.

For radiological incident response applications, the analyte concentration range for the method
validation process, and thusthevalidation test level s, should be established based on the established
PAG or risk-based derived radionuclide concentrations as designated by an agency representative.
Derived radionuclide concentrations corresponding to the various established AALs (PAG or risk-
based) for water, air parti culate and soil matriceshavebeen provided in the Radiol ogical Laboratory
Sample Analysis Guide for Incidents of National Sgnificance and summarized inthe Appendix A.
In the absence of validation test activity levels based on established AALs (PAG or risk-based),
default AALsspecifiedin Section 5.2 may beused. Vaidation test activity/samplelevel s(designated
established AALsor default AALS) areto be used in conjunction with all method validation levels
stated in Table 3 and the required method uncertainty values for the radionuclide and matrix
combinations provided in the Radiological Laboratory Sample Analysis Guide for Incidents of
National Sgnificance (Appendix A) or in Section 5.2.

A method is considered validated for a project when it has met the required method uncertainty
acceptance criteriastated in Table 3 and the acceptance criteriafor other method characteristics such
as bias and required MDC, as may be stated by the IC. When the required method uncertainty
specificationsin Table 3 are met for default AALS, it will be assumed that the method has met the
required method uncertainty acceptance criteriafor all PAG or risk-based action levels above the
default AALS.

All method validation levelsrequirereplicate samplesat threedifferent validation test concentration/
activity levelsbelow, at, and abovethederived radionuclide concentration correspondingtoan AAL
(designated, established, or default). To ensure testing for sufficient method specificity, the known
concentration levels of potentially interfering radionuclides should be included in the test samples.
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TABLE 3—Method Validation Requirements and Applicable to Required Method Uncertainty

Validation Sample Acceptance Levels™ Replicates # of
Level @ Application Type Criterion @ (Concentration) ch Analy
Existing Method Measured Value
B Radionuclide— Same, | Internal | Within £2.8 u,,; or 3 3 9
Similar or Slightly PT 2.8 @ Of
Different Matrix Validation Value
Internal or Measured Value
Similar Matrix: Within+2.9 u,; or £
C g External 3 5 15
New Application pr 2.9 @, Of
Validation Value
Adapted, Newly Internal or megeg\ljal%? +
D Developed, Rapid External ST MR T 3 7 21
Methods PT 3.0 gy f
Validation Value
Method Measured Value
Adapted, Newly |\, i dation | ithin £3.0 y, or
E Developed, Rapid of 0 f 3 7 21
Methods Reference 3.0 ¢ O
Materials | Validation Value

(1]
(2]

MARLAP method validation Level A for the same radionuclide and matrix combination has been included into
validation Level B.

The acceptance criterion is applied to each analysis/'test sample used for method validation, not the mean of the
analyses. u,; and ¢, values are the required absolute and relative method uncertainty specifications stipulated in
the Radiological Laboratory Sample Analysis Guide for Incidents of National Sgnificance for gross screening
concentrations and quantification of individual radionuclide concentrations in various matrices. The acceptance
criteriaare chosen to give afalse rejection rate of ~5% when the measurement processis unbiased, with astandard
deviation equal to the required method uncertainty (u, or ¢,). The stated multiplier (k = 2.8, 2.9, 3.0) for the
required method uncertainty was calculated using the formula & =z +05(1 _a)uNwhere N is the number of
measurements, o is the desired false rejection rate, and, for any p, z, denotes the p-quantile (0 < p < 1) of the
standard normal distribution (MARLAP Appendix G, Table G.1). Theu,, or ¢, valuesare provided in Appendix
A or Table4.

For certain matrices, not all samplesin agiven test level can be spiked with the same known radionuclide activity
or concentration. In such cases, the measured activity or concentration in the test sample should be compared to the
known value for that test sample.

At least seven blank samples should be analyzed as part of method validation but are not considered part of the three
required concentration test levels.

(3]

[4]

54.2 Required Method Uncertainty Acceptance Criteria

For all four method validation levels for method uncertainty, acceptable method validation is
determined by comparing each test sample result for a given test concentration or activity with the
required method uncertainty specification (k x u,,; or k x¢,) providedin Table 3. Thevaluesfor u,,,
or ¢, arestipulatedinthe Radiological Laboratory Sample AnalysisGuidefor Incidentsof National
Sgnificance (Appendix A) for the three basic incident response matrices of water, air filter/swipes,
and soil. A “K’ value can be either 2.8, 2.9, or 3.0. It should be noted that the required method
uncertainty specification and AAL-derived radionuclide concentrations may vary according to the
matrix, the phase of the incident response and applied PAG.

Appendix B provides examples for testing a method’ s acceptability to meet validation Level D for
an established PAG AAL and adefault AAL test level in awater matrix.
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5.4.2.1 Level B Method Validation: Same, Similar, or Slightly Different Matrix

Most qualified laboratories will have existing methods to analyze for the radionuclides of interest
in the three most common matrices of water, air particulate filters and soil/sediment. Under method
validation Level B, amethod that has been previoudy validated for adifferent project and used for
one matrix may be used for that same matrix or modified for use for a very similar matrix. An
example of a dightly different matrix might be a method used for water samples having low
dissolved solids, modified for water samples containing high dissolved solids. Level B requiresthe
laboratory to conduct amethod validation study for the radionuclide and matrix combination where
three replicate samples from each of the three concentration levels are analyzed according to the
method. Table 2 is to be used to determine the lower, middle, and upper testing levels for the
replicate analyses. The test samples are internal PT samples prepared at the laboratory. In order to
determine if a proposed method meets the project MQO requirements for the required method
uncertainty, each internal PT sample result is compared with the method uncertainty acceptance
criteriain Table 3. The acceptance criteriain Table 3 for Level B validation stipulate that, for each
test sample analyzed, the measured value must be within £2.8 u,,,, for test-level concentrations at or
less than the AAL or + 2.8 ¢, for the test-level concentration above the AAL. These acceptance
criteriaapply to either established AALs stated in Appendix A or default AALs (Section 5.2). The
values of u,, and ¢, for select radionuclide and matrix combinations are provided in Appendix A
for established PAG AALsor in Table 4 for default AALS. The required method uncertainty values
for the established PAG AALsarebased on the Radiol ogical Laboratory Sample Analysis Guidefor
Incidents of National Sgnificance for the three basic matrices addressed: water, air and soil. The
Table 4 valuesfor u,, are base on the default AALs stated in Table 1, and the ¢,,; values are taken
fromtheair and water editions of the Radiological Laboratory Sample Analysis Guidefor Incidents
of National Sgnificance. For example, in Table4 theu,, vaue of 5.2 pCi/samplefor specific a pha-
emitting nuclidesin awater matrix (column two, row two) is calculated by multiplying therelative
required method uncertainty (¢,,:) of 0.13 (column three, row two) for this radionuclide and matrix
combination by the default AAL in Table 1 (column three, row two) of 40 pCi/sample value. The
our Values used in Table 4 are 0.30 for screening measurements and 0.13 for specific radionuclide
analyses. Theu,,, valueslisted arein unitsof pCi per sample, assuming the aliquant samplesizesthat
will be used in the method validation process given in Table 1.

TABLE 4 —Required Method Uncertainty (uy; and ¢,.) Valuesfor Default AAL Test Levels

Air Sampling
Water [2°) M edia/Swipes 2 Solids!>®
Uwr (PCi/ Uwr (PCi/ Uyr (PCi/

Radionuclide!™ sample) Pur sample) Pur sample) Pur

Gross o Screen 0.60 0.30 6.7 0.30 TBD TBD

Specific Alpha-Emitting 5.2 0.13 0.73 0.13 TBD TBD
Nuclides - based on **Am

Gross f§ Screen 3.6 0.30 580 0.30 TBD TBD

Specific Beta Emitting 31 013 63 0.13 TBD TBD

Gamma Screen 9.9 0.30 2,500 0.30 TBD TBD

Specific Gamma-

Emitting!” 86 0.13 270 0.13 TBD TBD

Nuclides - based on ®Co
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Notes:

[1] For each radionuclide category, the absolute required method uncertainty (u,z) isapplied to thelower and mid test
levels. The relative required method uncertainty (¢,.) isto be used for the upper test level.

[2] Required method uncertainty valuesfor water correspond to the 100-mrem dose-derived concentration values from
Scenario 1 of the Radiological Laboratory Sample Analysis Guide for Incidents of National Sgnificance-
Radionuclidesin Water (EPA 2008).

[3] Required method uncertainty valuesfor air sampling mediacorrespond to the 10~ risk-based derived air concentra-
tion values from Scenario 1 of the Radiological Laboratory Sample Analysis Guide for Incidents of National
Sgnificance-Radionuclidesin Air (EPA 2009a).

[4] Thedefault values stated in the specific emitting nuclide rows apply to all radionuclidesin the designated emission
category. The reference to a radionuclide is presented only as information indicating the basis for the specific
emission category.

[5] TBD: To bedetermined pending development of Radiological Laboratory Sample Analysis Guide for Incidents of
National Significance—Radionuclidesin Soils (In preparation).

[6] Table values have been rounded after calculations.

5.4.2.2 Level C Method Validation: New Application of an Existing Method to a Different
Matrix

When alaboratory hasavalidated method for aradionuclidein one matrix but not others, the method
may require modification to accommodate a completely different media/matrix (water versus soil)
or avery different similar matrix (two soils of different physicochemical compositions). The degree
of adaptation or modification needed will vary according to chemical and physical differencesinthe
two matrices. Because of the extent of these differences, a laboratory may choose to validate the
method for the radionuclide and matrix combination through method validation Level C. Level C
method validation requiresthelaboratory to conduct amethod validation study whereinfivereplicate
samples from each of the three concentration levels are analyzed according to the method. Table 2
isto be used to determine the lower, mid and upper testing levelsfor the replicate analyses. The test
samples are internal PT samples prepared at the laboratory. In order to determine if a proposed
method meets the project M QO requirementsfor the required method uncertainty, each internal PT
sample result is compared with the method uncertainty acceptance criteria of Table 3. The
acceptance criteria stated in Table 3 for Level C for new applications stipulate that, for each test
sample analyzed, the measured value must be within £2.9 u, for test level concentrations at or less
thanthe AAL or £ 2.9¢,, for thetest level concentration above the AAL. These acceptance criteria
apply to either established PAG AALsstated in Appendix A or default AALS (see Section 5.2). The
values of u,, and ¢, for select radionuclide and matrix combinations are provided in Appendix A
for established PAG AALsor in Table 4 for default AALSs.

5.4.2.3 Level D Method Validation: Adapted or Newly Developed M ethods, I ncluding Rapid
Methods

In some cases, alaboratory may not have a method for a certain radionuclide and matrix combina-
tion. For such situations, the laboratory may either develop a new method internally or adapt a
method from the literature. In this case, the new method should undergo general method validation
first and then incident response method validation. A laboratory would validate the new method for
the radionuclide and matrix combination through method validation Level D or E (Section 5.4.2.4).
Level D method validation requires the laboratory to conduct a method validation study wherein
seven replicate samples from each of the three concentration levels are analyzed according to the
method. Table 2 isto be used to determine the lower, mid and upper testing levelsfor the replicate
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analyses. For validation Level D, thetest samplesareinternal PT samples prepared at thelaboratory.
In order to determine if a proposed method meets the project MQO requirements for the required
method uncertainty, each internal PT sample result is compared with the method uncertainty
acceptance criteria in Table 3. The acceptance criteria stated in Table 3 for Level D validation
stipulate that, for each test sample analyzed, the measured value must be within £3.0 u,,, for test
level concentrations at or less than the AAL or + 3.0 ¢, for the test level concentration above the
AAL. These acceptance criteria apply to either established PAG AALs stated in Appendix A or
default AALs (Section 5.2). The values of u,,, and ¢, for select radionuclide and matrix combina-
tions are provided in Appendix A for established AALsor in Table 4 for default AALSs.

5.4.2.4 Level E Method Validation: Adapted or Newly Developed M ethods, I ncluding Rapid
Methods, Using Method Validation Reference Materials

Methods devel oped by the laboratory or adapted from the literature that have undergone general
method validation but not project method validation for an incident response are to be validated
accordingto LevelsD or E of Table 3. Both of these method validation level s have the same number
of required test sample replicates and validation acceptance criteria. However, validation Level E
isused when the sample matrix under consideration isunique and the |C determinesthat the method
should be validated using the same matrix as the expected sample matrix. In this case, specia
method validation referencematerial (MVRM) would be used in the method validation process. The
use of MVRM may be important for unique non-potable water matrices, soils or sediments, and
manufactured type sample matrices.

Level E method validation requires the laboratory to conduct a method validation study wherein
seven replicate samples from each of the three concentration levels are analyzed according to the
method. Table 2 isto be used to determine the lower, mid and upper testing levelsfor the replicate
analyses. The test samples are external MVRM samples prepared for the laboratory. In order to
determine if a proposed method meets the project MQO requirements for the required method
uncertainty, each MVRM sampleresult iscompared with the method uncertai nty acceptancecriteria
of Table 3. The acceptance criteria stated in Table 3 for Level E validation stipulate that, for each
test sample analyzed, the measured value must be within +3.0 u,,, for test level concentrations at or
less than the AAL or = 3.0¢, for the test level concentration above the AAL. These acceptance
criteriaapply to either established PAG AALs stated in Appendix A or default AALS (See Section
5.2). The values of u,,, and ¢, for select radionuclide and matrix combinations are provided in
Appendix A for established AALsor in Table 4 for default AALS.

Figure 1 (page 20) identifies the general approach to the method validation path that needs to be
taken for aspecific combination of radionuclide and matrix. Laboratories should usethischart to see
wherethey arein the method validation process. It may be helpful for laboratoriesto createasimilar
flowchart in their method validation documentation to assist reviewers, auditors, and training
personnel in recognizing the thought process used by the laboratory to validate methods.

5.5  Verification of Required Detection Limit (MDC) Specification

This section provides specifications for the method validation processto verify the required MDC
specification MQO. Figure 2 (page 20) illustrates the process used to verify the required MDC for
amethod. The specifications presented are separate requirementswith respect to the project method
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validation process for the required method uncertainty MQO. General method validation require-
mentsareto be met prior to theinitiation of thisverification process. The specificationsgiveninthis
section are distinct from those given for the required method uncertainty MQO method-validation

process.

L. 13. Develop method 15,
Radionuclides o X 14. Complete general MvRR N Yes
3 for radionuclide and > P !
matrix AAL . : method validation ~, required
. specified matrix
specified
2 *

2. Use default
Ablsin Table 1 il

3. v
hethod 16. Obtain
< exists for y MR
\radiunuclide 18. Level D required

? 5 (Sections 5.4.1 £5.42.3)

Can existin
Yes method heg i
mndiﬁe!:f far . 17. Level E required
matrix h (Sections 541 & 6542 4)
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exists for samef
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(Sections 5.4.1 & 542 1)
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Figure 1 — Method Validation Process for the Required Method Uncertainty MQO
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Figure 2 — Validation Process for Verifying the Required MDC MQO

55.1 Calculation of the Critical Net Concentration

The critical net concentration shall be calculated for the required MDC method validation process.
The calculation of the critical net concentration for the method is based on the analytical results of
the blank matrix samplesused in the MDC validation process. A minimum of seven blank samples
isrequired. To ensuretesting for sufficient method specificity, the matrix blanks should contain the
anticipated concentration level sof chemical interferencesand the potential interfering radionuclides
(naturally occurring and incident response-related).

Thecritical net concentration (CL,), withaType error probability of « = 0.05, is calculated using
the following equation (consistent with MARLAP, Chapter 20, Equation 20.35):

CLy (pCi/unit) =1, _(n-1) X sp,. (1)
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where s, 1S the standard deviation of the n blank-sample net results (corrected for instrument
background) in radionuclide concentration units of pCi/sample, andt,_,(n-1) isthe (1-a)-quantile
of the t-distribution with n-1 degrees of freedom (see MARLAP Table G.2 in Appendix G).
Although the Type | error rate of 0.05 isroutinely used and accepted, it is possible that other error
rates may be used in incident response situations.

For seven (minimum) blank results (six degrees of freedom) and a Type | error probability of 0.05,
Equation (1) reducesto:

CLy (pCi/unit) =1.94xsy, )

If the number of blank samples is different than the minimum value of seven, refer to MARLAP
Chapter 20, Attachment 20A for appropriate guidance. Care must be taken to ensurethat all samples
and blanks are analyzed under conditionsthat aretypical of those used for routine analyses using the
same sampleweight or volume and with the sameinstrumentswith representative counting efficien-
ciesand background levels. The calculated critical net concentration will be used in the verification
processto determineif amethod is capable of meeting the required M DC specification as described
in Section 5.5.2.

5.5.2 Testing for the Required MDC

When arequired MDC specification for aradionuclide and matrix combinationisgiven asan MQO
rather than the required method uncertainty, the method should be validated by verifying that the
method can meet the required MDC. Asnoted in Table 5, method validation for the required MDC
specifies that ten replicate samples, each spiked at the required MDC, should be analyzed and
evaluated. In addition, the results of at least seven blank samples are used to determine the critical
net concentration of the method (Section 5.5.1). The ten replicate spiked samples and seven blanks
should contain the chemical species and potential interfering radionuclides which are reasonably
expected to be present in an actual sample. To ensure the testing for sufficient method specificity,
the expected concentration levels of the chemical species and potential interfering radionuclides
should be used during testing. Figure 2 (page 20) provides an overview of the method validation
process for verifying the required MDC MQO.

Testing for therequired MDC verification is based on the null hypothesisthat thetrue MDC for the
method is at or below the required MDC. If the true MDC of the method has been calculated
properly and is equal to or less than the required MDC, the probability of failing to detect the
radionuclide at or above the critical net concentration is at most . For project method validation
related to incident response, £ is assumed to be 0.05. The number of “non-detects’ (sample results
below the critical net concentration) for a set of n samples spiked at the required MDC is assumed
to have a binomial distribution with parameters  and n. For a set of ten samples spiked at the
required MDC, the number of Y sample results expected to be below the critical net concentration
is not more than two (2) for ag of 0.05. If Y is greater than two, the null hypothesisis rejected.

Thefollowing protocol should be used to verify amethod’ s capability to meet the required method
MDC for each radionuclide (including gross screening)-matrix combination:
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1. Analyze a minimum of seven blank samples (representing the matrix of interest) for the
radionuclide under consideration.

2. From the blank sample net results, calculate the estimated Critical Net Concentration
(Section 5.5.1), CL .

3. Analyze ten replicate samples (representing the matrix of interest) spiked at the required
MDC for the radionuclide under consideration.

4. From the results of the ten replicate samples spiked at the required MDC, determine the
number (Y) of sample results at or below the estimated Critical Net Concentration.

5.1f Y < 2, the method evaluated at the required MDC passes the test for the required MDC
specification.

6. If Y > 2, the method evaluated at the required MDC fails the test for the required MDC
specification.

Appendix C provides an example for testing a method's capability to meet a required MDC
specification.

TABLE 5—Method Validation Requirements Applicableto Required MDC Verification

M ethod Sample Acceptance Levels # of
Characteristic | Application Type Criterion (Concentrations) | Replicates | Analy
Number of Sample

. Required Results Below Single Concentration
g etgg'l‘i’t” MDC '”tFe,rT”a' Critical Net | at the Required MDC | 10 10
B y Specification Concentration Vaue Vaue
<2

Note: At least seven blank samples should be analyzed to estimate the critical net concentration as part of the required
MDC verification.

5.6 Method Bias Tests

In order to provide quality data, a method should not have a significant bias. Depending on the
radiological incident, acceptabl e absol ute and rel ative bias criteriafor amethod may be specified by
the IC. Since the degree of acceptability of method bias depends on many parameters and circum-
stances, specific acceptance criteria for method bias have not been included for this method
validation process. However, because the acceptance criteria for method uncertainty and required
MDC verification will not tol erate asignificant method bias or measurement uncertainty, acceptable
method bias is indirectly evaluated when evaluating method uncertainty and the required MDC.
Appendix D provides an example of the effect of bias on the probability of failing the required
method uncertainty validation acceptance criteriafor method validation Level D.

Method biasisinitially evaluated during method devel opment, general and project method validation

processes, and then continuously during the processing of incident response samplesusing batch QC
samples (MARLAP Chapter 7). Testsfor absolute and rel ative biases shall be made for the method
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validation level specified by the IC. The absolute bias shall be evaluated using the blank sample
results and the relative bias evaluated for each test level (lower, mid and upper) using the results of
the replicates.

When there is asignificant absolute or relative bias, the probability of failing the required method
uncertainty acceptance criteriaof Section 5.4.2 may become significant depending on the magnitude
of the actual method uncertainty. Appendix D provides an example of the probability of failing
method validation Level D for three actual method uncertainty values (as compared to the required
method uncertainty) as afunction of relative bias up to 20%. In general, to avoid failure to meet the
method validation acceptance criteria, it isbest to have an actual method uncertainty at the AAL that
isafraction of the required method uncertainty.

The following equations, taken from MARLAP Chapter 6 (Attachment 6A) and other statistical
references, are used to test for absolute and relative biases.

5.6.1 AbsoluteBias Testing
The protocol for testing for absolute biasis the following:

1. Calculate the mean (X) for “N” (at least seven) blank sample net results using Equation 3.

X-=3" X €

where N should be at least seven blank sample results.

2. Cdculate the experimental standard deviation (s,) of the same results® using Equation 4.

1 N -
Sx i A ) (Xi_x)2
N_12|:1 (4)

3. Use Equation 5 to calculate the [T| value:
|X]

s,/ YN

1T = (5)

® Notice that the sum under the radical in equation 4 is divided by the number of degrees of freedom, N — 1, not the
number of results, N. When calculated in this manner, s,2 is an unbiased estimator for the variance of the results. If the

true mean of the results, u, were known, a better estimate of the variance would be % le (X, —,) , but becausethe

mean is estimated from the data, the number of degrees of freedom is reduced by 1. Notice also that the expression in
the denominator of the right-hand side of Equation 5 gives the experimental standard deviation of the mean, more

commonly known as the “standard error of the mean.” The division by +/N in this case accounts for the effect of
averaging N independent results.
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4. An absolute bias in the measurement processisindicated if
|T|>t1_a/2 (N_l) (6)

where, t,_,, (N-1) represents the (1 - o/2)-quantile of the t-distribution with N-1 degrees of
freedom. For seven blanks, an absolute biasisidentified at asignificancelevel of 0.05, when
[T| > 2.447.

5.6.2 RelativeBiasTesting

5.6.2.1 Test Level Samples with Same Known Value

When the samplesfor atest level have the same concentration (e.g., water) or activity, the protocol
for testing relative bias for each method validation test level is the following:

1. Calculatethemean (X) and estimated standard deviation (s,) of thereplicateresultsfor each
method validation test level using Equations 3 and 4, respectively.

2. Use Equation 7 to calculate the [T| value

X-K
7= X=X ™
52/ N +u*(K)
where:
X isthe average measured value
Sy is the experimental standard deviation of the measured values
N isthe number of replicates
K isthe reference value
u(K) isthe standard uncertainty of the reference value
3. A relative bias in the measurement processisindicated if
| Tl > tl —a/2(veff) (8)
The number of effective degrees of freedom for the T statistic is calculated as follows:
2 2
veﬁ=(N—1)(1+”2LK)) 9)
sy/N

V4 &s calculated by the equation generally is not an integer so v should be truncated (rounded
down) to an integer. Then, given the significance level of 0.05, the critical valuefor |T| isdefined
tobet, ,(v«), the(1 - a/2)-quantile of thet-distribution with v degreesof freedom (seeMARLAP
Appendix G, Table G.2).
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5.6.2.2 Test Level Samples with Slightly Different Known Vaues

When the PT samples for a test level have dightly different concentrations or activities (e.g.,
independently prepared’ water samples, air filters, or swipes), thefollowing protocol (paired t-test)
for testing relative bias for each method validation test level is:

1. Calculate the average difference (D) between the measured value and the known spiked
value using Equation 10:

— 1 N
D =WZ:1<><i -K,) (10)

where
X isthe measured value for the i sample at a particular test level
K; istheknown value for the same sample
N isthe number of samples at that test level

2. Cadculate the standard deviation of the differences, S,, as:

_ 1 N )2
SD - N _1Zi:1(Di - D) (11)

3. Cadculate the absolute value of thet statistic as:

|
Tl (12)

S /N
4. A relative biasin the measurement process for atest level isindicated if

| T|>1,_,,,(N-1) (13)

6.0 Method Validation Documentation

The information and data to be retained should be specified in the method validation plan for each
radionuclide and matrix combination. When the laboratory conducts project method validation for
incident response applications, the detail ed anal ytical method and all records, laboratory workbooks,
and matrix spike data used to validate the analytical method should be retained on file and be
retrievable for a specified length of time after the method has been discontinued. Data eval uations
such as comparison of individual results to the validation acceptance criteria and absolute biasin

" During the preparation of the proficiency test samplesfor atest level, the spread in activity deposited on the samples
of thetest level should be controlled so that the coefficient of variation of the test-sampl e activities does not exceed 3%.
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blanksand, when avail able, method precision and bias, should be part of the datavalidation package
retained as part of the documentation related to thelaboratory’ s quality system. In addition, for each
radionuclide and matrix combination, asynoptic method validation report containing the analytical
method identification, method validation acceptance criteria, test levels, validation results and a
method acceptability decision should be generated and retained.

7.0 References

American National Standards Institute (ANS) N42.23. Reapproved 2003. Measurement and
Associated Instrumentation Quality Assurance for Radioassay Laboratories.

U.S. Environmental Protection Agency (EPA). 2006. Validation and Peer Review of U.S
Environmental Protection Agency Radiochemical Methods of Analysis. FEM Document Number
2006-01, November 8.

U.S. Environmental Protection Agency (EPA). 2008. Radiological Laboratory Sample Analysis
Guidefor Incidents of National Sgnificance—Radionuclidesin Water. Revision 0. Office of Air
and Radiation, Washington, DC. EPA 402-R-07-007, January. Available at: www.epa.gov/
narel/recent_info.html.

U.S. Environmental Protection Agency (EPA). 2009a. Radiological Laboratory Sample Analysis
Guidefor Incidentsof National Sgnificance-Radionuclidesin Air. Revision 0. Officeof Airand
Radiation, Washington, DC. EPA 402-R-09-007, June. Availableat: www.epa.gov/narel /recent
info.html.

U.S. Environmental Protection Agency (EPA). 2009b. Radiological Laboratory Sample Screening
Analysis Guide for Incidents of National Sgnificance. Revision 0. Office of Air and Radiation,
Washington, DC. EPA 402-R-09-008, June. Availableat: www.epa.gov/narel/recent_info.html.

EURACHEM Guide. 1998 The Fitness for Purpose of Analytical Methods, A Laboratory Guide to
Method Validation and Related Topics. Available at: http://www.eurachem.org/.

International Standard I SO/IEC 17025. 2005. General Requirementsfor the Competence of Testing
and Calibration Laboratories. 1SO, Geneva, Switzerland.

Inter national Organization for Standar dization (1S0). 1993. Inter national Vocabulary of Basic and
General Termsin Metrology. 2™ Edition. SO, Geneva, Switzerland.

Multi-Agency Radiological Laboratory Analytical Protocols Manual (MARLAP). 2004. EPA 402-
B-04-001A, July. Volumel, Chapters 6, 7, 20, Glossary; Volume Il and Volume l11, Appendix
G. Available at: www.epa.gov/radiation/marl ap.

Multi-Agency Radiation Survey and Ste Investigation Manual (MARSSIM), Revision 1. 2000.

NUREG-1575 Rev 1, EPA 402-R-97-016 Rev1, DOE/EH-0624 Revl. August. Available from
www.epa.gov/radiation/marssim/.

26


http://www.epa.gov/narel/recent_info.html
http://www.epa.gov/narel/recent_info.html
http://www.epa.gov/narel/recent_info.html
http://www.eurachem.org
http://www.epa.gov/radiation/marlap
http://www.epa.gov/radiation/marssim
http://www.epa.gov/narel/recent_info.html
http://www.epa.gov/narel/recent_info.html

Method Validation Guide for Radiological Laboratories Participating in Incident Response Activities

Appendix A:
Tables Summarizing the Derived Radionuclide Concentrations and Required
Method Uncertainties Corresponding to PAGs or Risks for the Water, Air, and Soil

Matrices

TaBLE Al —Alpha-Emitting Radionuclide Concentrations and Required Method Uncertaintiesin

Water Corresponding to 500- and 100-mrem AAL Derived Water Concentrations (DWCs)
pCi/L
500 mrem 100 mrem
Screening Screening Nuclide-
Methods Methods Specific
Required Required Required
AAL Methc_)d AAL Metho_d Methqd
DWC Uncertainty DWC Uncertainty Uncertainty
Radionuclide (112 (Uyr) ™ [1[2[3] (Uyg) ™ (Uyg) ™
Grosso Screen® | 2.0x10° 610 400 120 —
Am-241 2.0x10° 610 400 120 50
Cm-242 1.4x10* 4.3x10° 2.8x10° 850 350
Cm-243 2.5x10° 760 500 150 63
Cm-244 2.9x10° 880 580 180 73
Np-237 3.9x10° 1.2x10° 780 240 98
Po-210 130 40 26 79 33
Pu-238 1.8x10° 550 360 110 45
Pu-239 1.7x10° 520 340 100 43
Pu-240 1.7x10° 520 340 100 43
Ra-226 1 910 280 180 55 23
Th-228 1 2.6x10° 790 520 160 65
Th-230 1.8x10° 550 360 110 45
Th-232 1.6x10° 490 320 97 40
U-234 6.3x10° 1.9x10° 1.3x10° 400 160
U-235 6.6x10° 2.0x10° 1.3x10° 400 160
U-238 7.0x10° 2.1x10° 1.4x10° 430 180
Notes:

[1] Vauesarebased onthe dose conversion factorsin Federal Guidance Report No.13, CD Supplement, 5-
year-old child and the 50" percentile of water consumption.

[2] 365-day intake.

[3] Values obtained by dividing 500-mrem DWC values by 5.

[4] Includes the dose from the decay products originating from the ?°Ra or ?2Th in the bodly.

[5] Valuesfor gross apha screening are based on >Am.

[6] Therequired relative method uncertainty (¢,.) for values greater than the AAL sinthistableisobtained
by dividing the u,; value by the corresponding AAL.
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TABLE A2 — Beta/Gamma-Emitting Radionuclide Concentrationsin Water and Required Method
Uncertainties Corresponding to 500- and 100-mrem AAL Derived Water Concentrations (DWCs)

pCi/L
500 mrem 100 mrem
Screening Screening Nuclide-
Methods Methods Specific
Required Required Required
Method Method Method
Uncertainty Uncertainty Uncertainty
Radionudlide | "o | @a)® | s | () (Uye)®
o P 5.8x10* 18x10" 1.2x10° 3.6x10° —
Ac-227DP® 1.1x10° 330 220 67 28
Ce-141 2.2x10° 6.7x10* 4.4x10* 1.3x10* 5.5x10°
Ce-144 2.9x10* 8.8x10° 5.8x10° 1.8x10° 730
Co-57 6.3x10° 1.9x10° 1.3x10° 4.0x10* 1.6x10*
Co-60 3.3x10* 1.0x10* 6.6x10° 2.0x10° 830
Cs134 4.3x10* 1.3x10* 8.6x10° 2.6x10° 1.1x10°
Cs-137 5.8x10" 1.8x10* 1.2x10* 3.6x10° 1.5x10°
H-3 7.7x10° 2.3x10° 1.5x10° 4.6x10° 1.9x10°
[-125 1.3x10* 4.0x10° 2.6x10° 790 320
[-129 3.3x10° 1.0x10° 660 200 83
[-131 5.4x10° 1.6x10° 1.1x10° 330 140
Ir-192 1.2x10° 3.6x10* 2.4x10* 7.3x10° 3.0x10°
Mo-99 3.2x10° 9.7x10" 6.4x10 1.9x10* 8.1x10°
P-32 5.9x10" 1.8x10* 1.2x10* 3.6x10° 1.5x10°
Pd-103 7.8x10° 2.4x10° 1.6x10° 4.9x10* 2.0x10"
Pu-241 1.0x10° 3.0x10* 2.0x10 6.1x10° 2.5x10°
Ra-228 160 49 32 9.7 4.0
Ru-103 2.3x10° 7.0x10" 4.6x10* 1.4x10* 5.8x10°
Ru-106 2.2x10* 6.7x10° 4.4x10° 1.3x10° 550
Se-75 6.7x10" 2.0x10" 1.3x10* 4.0x10° 1.6x10°
Sr-89 6.3x10* 1.9x10* 1.3x10* 4.0x10° 1.6x10°
Sr-90 1.2x10* 3.6x10° 2.4x10° 730 300
Tc-99 2.4x10° 7.3x10" 4.8x10* 1.5x10* 6.0x10°
Notes:

[1] Vauesarebased onthe dose conversion factorsin Federal Guidance Report No.13, CD Supplement, 5-
year-old child and the 50" percentile of water consumption.

[2] 365-day intake.

[3] Values obtained by dividing 500-mrem DWC values by 5.

[4] Gross beta screening values are based on *'Cs.

[5] Therequired relative method uncertainty (¢,) for values greater than the AAL sis obtained by dividing
the u,, value in this table by the corresponding AAL value.
[6] Includesthe dose from the decay products originating from the ??Ra or ?*’Ac in the body.
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TABLE A3 - Alpha-Emitting Radionuclide Concentrationsin Air and Required Method
Uncertainties Corresponding to 2-rem and 500-mrem AAL Derived Air Concentrations (DACs)

pCi/m?
2rem 500 mrem

Screening Nuclide- Screening Nuclide-

Method Specific Method Specific

Required Required Required Required

Method Method Method Method

AAL | Uncertainty | Uncertainty AAL Uncertainty Uncertainty
Radionudlide D[PSC (u[g]R) (u[g]R) Dﬁ]C (u[hg]R) (u[g]R)
g‘;sn{i] 0.70 0.21 — 0.17 0.052 —
Am-241 0.70 0.21 0.088 0.17 0.052 0.021
Cm-242 11 3.3 14 2.8 0.85 0.35
Cm-243 0.97 0.29 0.12 0.24 0.073 0.030
Cm-244 12 0.36 0.15 0.29 0.088 0.037
Np-237 13 0.40 0.16 0.34 0.10 0.043
Po-210 16 4.9 2.0 3.9 1.2 0.49
Pu-238 0.62 0.19 0.081 0.15 0.046 0.020
Pu-239 0.56 0.17 0.071 0.14 0.043 0.018
Pu-240 0.56 0.17 0.071 0.14 0.043 0.018
Ra-226 12 7.0 2.1 0.88 1.8 0.55 0.23
Th-228 @ 1.7 0.52 0.21 0.42 0.13 0.053
Th-230 0.66 0.20 0.083 0.17 0.052 0.021
Th-232 0.61 0.19 0.077 0.15 0.046 0.019
U-234 7.1 2.2 0.89 18 0.55 0.23
U-235 7.9 2.4 0.99 2.0 0.61 0.25
U-238 8.3 2.5 1.0 2.1 0.64 0.26
Notes:

[1] Morbidity for long-term inhalation. Child as receptor. Vaue corresponds to solubility class having

|lowest value.

[2] Includesthe dose from the decay products originating from the ?°Ra or ?2Th in the bodly.

[3] Required method uncertainty valuesare based on asampled aerosol volume of 68 m® at the 2 rem or 500-
mrem DAC. Therequired rel ative method uncertainty (¢,) for valuesgreater thanthe AALsinthistable
is obtained by dividing the u,; value in thistable by the corresponding AAL value.

[4] The gross a screening values are not related to a specific radionuclide.
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TABLE A4 —Beta/lGamma-Emitting Radionuclide Concentrationsin Air and Required Method
Uncertainties Corresponding to 2-rem and 500-mrem AAL Derived Air Concentrations (DACs)

pCi/m?
2rem 500 mrem
Screening Nuclide- Screening Nuclide-
Method Specific Method Specific
Required Required Required Required
Method Method Method Method
AAL Uncertainty | Uncertainty AAL Uncertainty | Uncertainty
Radionucide| " | Y G | %E | 4% Gl
ook 420 130 — 110 3 —
Ac-227+DP 0.43 0.13 0.054 0.11 0.033 0.014
Ce-141 1.8x10* 5.5x10° 2.3x10° 4.5%10° 1.4x10° 570
Ce-144 1.3x10° 400 160 320 97 40
Co-57 6.7x10 2.0x10" 8.4x10° 1.7x10* 5.2x10° 2.1x10°
Co-60 2.2x10° 670 280 540 170 69
Cs134 3.3x10° 1.0x10° 420 820 250 100
Cs-137 1.7x10° 520 210 430 130 54
H-3 2.6x10° 7.9x10" 3.3x10* 6.4x10 1.9x10* 8.1x10°
1-125 1 1.3x10* 4.0x10° 1.6x10° 3.2x10° 970 400
1-129 1@ 1.9x10° 580 240 470 140 59
1-1311© 9.1x10° 2.8x10° 1.1x10° 2.3x10° 700 290
Ir-192 1.0x10* 3.0x10° 1.3x10° 2.5x10° 760 310
Mo-99 6.8x10" 2.1x10" 8.6x10° 1.7x10* 5.2x10° 2.1x10°
P-32 1.7x10* 5.2x10° 2.1x10° 4.3x10° 1.3x10° 540
Pd-103 1.5x10° 4.6x10* 1.9x10* 3.8x10* 1.2x10* 4.8x10°
Pu-241 29 8.8 37 7.3 2.2 0.92
Ra-228 12 4.2 1.3 0.53 1.0 0.30 0.13
Ru-103 2.3x10* 7.0x10° 2.9x10° 5.7x10° 1.7x10° 720
Ru-106 1.0x10° 300 130 250 76 31
Se-75 5.0x10* 1.5x10* 6.3x10° 1.3x10* 4.0x10° 1.6x10°
Sr-89 8.4x10° 2.6x10° 1.1x10° 2.1x10° 640 260
Sr-90 420 130 53 110 33 14
Tc-99 5.0x10° 1.5x10° 630 1.3x10° 400 160
Notes:

[1] Derived air concentration yielding stated committed effective dose assuming a 365-day year. Child as receptor.
Value corresponds to solubility class having lowest value.
[2] Includes the dose from the decay products originating from the 2Ra or 2’Ac in the body. DP refers to “decay

products.”

[3] Required method uncertainty values are based on a sampled aerosol volume of 68 m? at the 2 rem or 500-mrem
DAC. Therequired relative method uncertainty (¢,:) for values greater than the AALsin thistableis obtained by
dividing the u,,, value in this table by the corresponding AAL value.

[4] All nuclides can be collected on a fibrous or membrane air filter media except *H, %1, 2|, and ! in the vapor

states.

[5] Gross beta screening values are based on *°Sr.

[6] These values are based on the vapor plus particulate dose rate.
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TABLE A5 — Alpha-Emitting Radionuclide Concentrationsin Air and Required Method
Uncertainties Corresponding to AAL Derived Air Concentrations (DACs)

pCi/m?
10 Risk AAL
Required 10° Risk AAL
10 Risk Method 10° Risk Required Method
Radionudlide AAL[l]DAC Uncerta[is?ty (Uyr) AALmDAC Uncerta[is?ty (Uyr)
Gross o Screen 1 0.33 0.042 3.3x10°° 4.2x10™
Am-241 0.33 0.042 3.3x10°° 4.2x10™
Cm-242 0.62 0.078 6.2x10°3 7.8x10*
Cm-243 0.34 0.043 3.4x10°° 4.3x10™
Cm-244 0.35 0.044 3.5x10°° 4.4x10™
Np-237 0.43 0.04 4.3x1073 5.4x10™*
Po-210 0.86 0.11 8.6x1073 1.1x10°3
Pu-238 0.24 0.030 2.4x10°° 3.0x10™*
Pu-239 0.22 0.028 2.2x10°° 2.8x10™*
Pu-240 0.22 0.028 2.2x10°° 2.8x10™*
Ra-226 12 0.44 0.055 4.4x1073 5.5x10*
Th-228 @ 0.094 0.012 9.4x107™ 1.2x10™*
Th-230 0.36 0.045 3.6x10° 4.5x10™
Th-232 0.30 0.038 3.0x10° 3.8x10™
U-234 0.45 0.057 4.5x107° 5.7x10™
U-235 0.49 0.062 4.9x107° 6.2x10™
U-238 0.52 0.065 5.2x107 6.5x10™
Notes:

[1] Morbidity for long-term inhalation. VValue corresponds to solubility class having lowest value.

[2] Includes the dose from the decay products originating from the *°Raor ?Th in the bodly.

[3] Required method uncertainty values are based on a sampled agrosol volume of 1,600 m® at the 10~ and
10 risk DACs, respectively. The required relative method uncertainty (¢,) for values greater than the
AALsin thetable is obtained by dividing the u, value by the corresponding AAL value.

[4] The gross a screening values are not related to a specific radionuclide.
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TABLE A6 — Beta/Gamma-Emitting Radionuclide Concentrationsin Air and Required
Method Uncertainties Corresponding to AAL -Derived Air Concentrations (DACs)

pCi/m?
10° Risk AAL
10 Risk AAL Required
10 Risk Required Method 10° Risk Method
Radionudlide AAI[_MI]DAC Uncerta[is?ty (Uyr) AAI[_1’4I]DAC Uncerta:j3 ]nty (Uyr)
Gross 3 Screen
(SE 0 29 38 0.29 0.038
Ac-227+DP @ 0.083 0.010 8.3x10™ 1.0x10™*
Cel141 920 120 9.2 12
Ce 144 69 8.7 0.69 0.087
Co-57 3.3x10° 420 33 4.2
Co-60 120 15 12 0.15
Cs134 180 23 18 0.23
Cs-137 110 14 11 0.14
H-3 Vapor 1.5x10* 1.9x10° 150 19
1-125 1.2x10° 150 12 15
1-129 200 25 2 0.25
1-131 640 8l 6.4 0.81
Ir-192 510 64 51 0.64
Mo-99 2.6x10° 330 26 3.3
pP-32 890 110 8.9 11
Pd-103 7.0x10° 880 70 8.8
Pu-241 14 18 0.14 0.018
Ra-228 [@ 0.28 3.5x1072 2.8x10°° 3.5x10™
Ru-103 1.2x10° 150 12 15
Ru-106 56 7.1 0.56 0.071
Se-75 2.5x10° 310 25 3.1
Sr-89 410 52 4.1 0.52
Sr-90 29 3.7 0.29 0.037
Tc-99 330 42 3.3 0.42
Notes:

[1] Morbidity for long-term inhalation. Value corresponds to solubility class having lowest value.

[2] Includesthe dose from the decay products originating from the ??Ra or ?*’Ac in the body.

[3] Required method uncertainty values are based on a sampled aerosol volume of 1,600 m® at the 10 and
10 risk DAC, respectively. The required relative method uncertainty (¢,,.) for values greater than the
AALsinthetableis obtained by dividing the u,,; value by the corresponding AAL value.

[4] All nuclidescan be collected on afibrous or membraneair filter mediaexcept *H, 1, 2, and **!l inthe
vapor states.
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TABLE A7 — Alpha and Beta/Gamma-Emitting Radionuclide Concentrations in Soil and
Required M ethod Uncertainties Corresponding to Derived Soil Concentrations

Table to be determined following publication of Radiological Laboratory Sample Analysis Guide
for Incidents of National Significance—Radionuclidesin Soil.
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Appendix B:
Examples of the Method Validation Process for
Required Method Uncertainty Specifications

Two examples are provided to demonstrate the method validation process when the MQO involves
a required method uncertainty (u,: or ¢, specification. The first example is when an Incident
Commander (1C) specifies arequired method uncertainty for amethod and an AAL (PAG or risk-
based derived radionuclide concentration) for a typical radionuclide and matrix combination as
provided in Appendix A. The radionuclide and matrix combination for this first exampleis**Am
in potable water. Vaues for the derived radionuclide concentration AAL and required method
uncertainty were obtained from the Radiological Laboratory Sample Analysis Guide for Incidents
of National Sgnificance-Radionuclidesin Water (EPA 2008). Thethreetestinglevel concentrations
were determined using the AAL concentration value and the lower, mid and upper test level
multipliersin Table 2. Acceptablevalidation criteriaare established in Table 3for Validation Level
D.

The second example is when an Incident Commander specifies a required method uncertainty for
amethod used to analyze aradionuclide or matrix not provided in Appendix A. For this example,
the radionuclide and matrix combination is **Am in street runoff water. Values for the derived
AALs and required method uncertainty were obtained from Tables 1 and 4, respectively. The three
testing level concentrations were determined using the AAL concentration value and the lower, mid
and upper test level multipliersin Table 2. Acceptable validation criteria are established in Table 3
for validation Level D.

Example 1. Method Validation for Am-241 in Potable Water; Established AALS

Nuclide: **Am

Matrix: Water

Analytical Action Level: 400 pCi/L (Appendix A, Table A1, 100 mrem)
Proposed Method: Radiochemistry with alpha spectrometry

Required Method Validation Level: D

Required Method Uncertainty®: 50 pCi/L at AAL or below; 13% above AAL

Acceptance Criteria (Table 3): Measured value within £3 u,,, (= 150 pCi/L) of known value <AAL
and +3 ¢, (£ 39%) of known value > AAL.

Test levels (Table 2): Lower (0.5 x AAL =200 pCi/L; Mid (AAL) =400 pCi/L; Upper (3 x AAL)
= 1,200 pCi/L

8 EPA 2008. Radiological Laboratory Sample Analysis Guide for Incidents of National Sgnificance — Radionuclides
in Water, Table 9A.

34



Method Validation Guide for Radiological Laboratories Participating in Incident Response Activities

Data Evaluation:

TABLE B1—Required Method Uncertainty for Am-241in Potable Water

Lower Test Level Mid Test Level Upper Test Level
Concentration Concentrationt! Concentration
200 pCi/L 400 pCi/L™ 1,200 pCi/L
Acceptable Range: Acceptable Range: Acceptable Range:
50 to 350 pCi/L 250 to 550 pCi/L 732 t0 1,670 pCi/L
Measured |Acceptablel Measured |Acceptablel Measured
Test Value Value Value Value Value Acceptable
Sample| +1CSU® (Y/N) +1CSsu® (Y/N) +1CSsuU® Value (Y/N)
1 221+ 27 Y 429 + 40 Y 1,283 + 87 Y
2 179+ 24 Y 381+37 Y 1,117+ 78 Y
3 210 + 26 Y 405 + 39 Y 1,241 + 85 Y
4 190+ 25 Y 304 £+ 32 Y 1,159 + 80 Y
5 169+ 25 Y 362 + 36 Y 1,262 + 86 Y
6 225+ 27 Y 458 + 42 Y 1,138+ 79 Y
7 213+ 26 Y 390+ 38 Y 994 + 72 Y
Notes

[1] Midtest level isat the AAL (Table 2)

[2] AAL taken from Table 9A, Radiological Laboratory Sample Analysis Guide for Incidents of National
Sgnificance— Radionuclides in Water (EPA 2008).

[3] Approximatecombined standard uncertainty for a100-minute count onan al phadetector having atypical
detector efficiency plusanother 5% uncertainty for other method parametersat theactionlevel. Counting
timewas estimated so that the required method uncertai nty would be met at the AAL. All sampleswould
be counted for the same length of time regardless of the test level.

Example 2. Method Validation for Am-241 in Street Runoff Water - Default AAL and
Required M ethod Uncertainty

Nuclide: **Am

Matrix: Street runoff water

Default AAL: 40 pCi/sample (Table 1, liquid, specific nuclide)

Proposed Method: Radiochemistry with alpha spectrometry. Specific nuclide measurement.
Required Method Validation Level: D, new matrix

Required Method Uncertainty: 5.2 pCi/test sample at AAL or below; 13% above AAL
(Table 4)

Acceptance Criteria (Table 2): Measured Vaue within £3 u,,, (£15.6 pCi/sample) of known value
<AAL and £3 ¢, (£ 39%) of known value > AAL
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Method Validation Test Levels (Table 2): Lower (0.5 x AAL) = 20 pCi/sample; Mid (AAL) =40
pCi/sample; Upper (3 x AAL) = 120 pCi/sample

Data Evaluation:

TABLE B2 —Required Method Uncertainty for Am-241in Street Runoff Water

Lower Test Level Concentration Mid Test Level Concentrationt Upper Test Level Concentration
20 pCi/sample 40 pCi/samplé? 120 pCi/sample
Acceptable Range: Acceptable Range: Acceptable Range:
4.4t035.6 pCi 24.4t055.6 pCi 73.2t0 167 pCi
Measured
Test | Measured Value | Acceptable | Measured Value | Acceptable Value Acceptable
Sample +1Csu Value (Y/N) +1Csu Value (Y/N) +1Csu Value (Y/N)
1 223+23 Y 442+ 3.6 Y 128.6 £ 8.0 Y
2 176+ 20 Y 36.7+32 Y 112.2+7.2 Y
3 209122 Y 424+ 35 Y 1247+7.8 Y
4 234+24 Y 38.1+£32 Y 1170+ 74 Y
5 158+ 1.9 Y 50.5+39 Y 140.0+£ 8.6 Y
6 21.7+£22 Y 415+34 Y 1220+ 7.7 Y
7 188+ 2.1 Y 31.1+£28 Y 113.4+£7.2 Y
Notes:

[1] Midtest level isat the AAL, (Table 2)

[2] Table1, liquid, specific nuclide

[3] Approximate combined standard uncertainty for a15-minute count on an alphadetector having atypical
detector efficiency plusanother 5% uncertainty for other method parametersat theactionlevel . Counting
timewas estimated so that the required method uncertainty would be met at the AAL. All sampleswould
be counted for the same length of time regardless of the test level. Sample volume ~ 100 mL.
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Appendix C:
Example of the Method Validation Process
for Verification of the Required MDC Specification

Refer to Section 5.5.2 (page 21) for the protocol to follow for verifying that amethod’ sMDC meets
the required MDC specification.

Nuclide: *Sr

Matrix: Street runoff water

Required MDC = 2 pCi/L (MQO designated by Incident Commander)

Proposed Method: Radiochemistry with beta counting on gas proportional counter. Samplevolume
=1L, counting time = 240 minutes. Analytical result calculations to include detector efficiency,
detector background (cpm) and Y ingrowth factor.

Number of Blanks: 7

Number of Spiked Test Samples: 10

Testing Level: 2 pCi/L of *Sr

Calculations:

a) *Sr concentration and associated combined standard uncertainty for the blanks and test samples.
b) Critical Net Concentration = 1.94 x standard deviation of the seven blank results.

¢) Number (Y) of sample results at or below the estimated Critical Net Concentration

Test: Doesthe number (Y) of sampleresultsat or below the estimated Critical Net Concentration
exceed 2?

e If Y < 2, the method tested at the required MDC passes the test for therequired MDC
specification.
» IfY >2,themethod tested at therequired MDC failsthetest for therequired MDC specification.

TABLE C1 —Resultsof Blank Sample Analyses

Blank Number Result (pCi/L)
1 -0.21+0.44
2 0.10+0.45
3 0.44 £ 0.46
4 0.82+0.46
5 -0.40 £ 0.44
6 -0.75+£0.44
7 0.61+0.46
Average 0.09
Standard Deviation of Results 0.57
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TABLE C2 —Resultsof MDC Test Sample Analyses; Test Concentration = 2.0 pCi/L

Test Sample Number Result (pCi/L) Result <Critical Net
Concentration (1.11 pCi/L)
1 257+ 0.50 N
2 1.00+£0.47 Y
3 243+ 0.50 N
4 1.57+0.48 N
5 2.29+0.50 N
6 1.71+0.48 N
7 2.01+0.49 N
8 3.14+0.52 N
9 0.86 + 0.46 Y
10 1.43+0.48 N
Average 1.90
Standard Deviation of Results 0.72
Y - Number of Results <Critical Net 2
Concentration

Conclusion: The hypothesis that the true MDC for the method is at or below the required MDC
cannot be regjected. Therefore, the method is assumed to be capable of meeting the required MDC
specification.
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Appendix D:
Example of the Effect of Bias on the Probability of Failing the Method Validation
Acceptance Criteria for Required Method Uncertainty

Suppose oneis validating a method for water using Level D acceptance criteria, so tests should be
made at three concentration levels with seven samples at each level. Consider that the action level
is100 pCi/L, and that thisisone of thetest levels. Also supposethat the required method uncertai nty
at 100 pCi/L is u,, = 10 pCi/L, i.e. the relative required method uncertainty is ¢, = 10%. The
acceptance bounds are then 100 + 30 pCi/L. For the purpose of this illustration, only a positive
method bias will be considered (although the same effect would occur for negative biases).

In Figure D1, the area under the
curves above 130 pCi/L is the | **°

probability that a single sample will 008 W

fail validation for the given method [

uncertainty and bias. If the method | z oo [

just meets the criterion and thereis | 8 IU',Z\S\

no bias, the figure shows that the | 2 e I"u:l;“

probability of an individual sample | £ 5o | 7~ .

failing is very small (<0.01%). Now | £ /})“\:LZ'FLX

suppose there is a bias of +10%. | = ° 4 The area under the curve

above 130 is the
probability that a single

o

b= =3
] 2

N
l.~:~
g
» % A
v
3

What is the probability of failing a  that a singi
single sample? When the uncertainty L2 fmi'ew"”a"va"dm
is 10 pCi/L it is 2.28%. Of course, if 0 —= 5

the method uncertal nty alremy 70 80 90 100 ConC::?ration 120 130 140 150
exceeds the required 10%, (e.g., 12.5
pCi/L), this probability is even
higher, 5.48%. However, if the
method uncertainty is less than that
required (e.g., 7.5 pCi/L or 5 pCi/L), then this probability becomes lower, 0.38% and 0.13%,

respectively.

Figure D1 — Probability of a validation sample failing at
concentration 100 pCi/L with and without bias at various
values of the method standard uncertainty.

The probabilities above are for a single sample. At each level, seven samples must pass. Because
therearethreelevels, thereare 21 tests, and if the probability of failurefor asingle sampleisF, then
the overall probability of failureis about 1 — (1-F)?%. If Fis 2%, 1 — (1-F)* >> 35%.

Consider an example of method validation Level D for awater matrix. There are 3 test levels with
7 samples each, or 21 total samples:

* 05xAAL level =50pCilL; Ug, = 10pCilL, g, =0.20
« AAL level =100 pCi/L; Uge, = 10pCilL, ¢y = 0.10
* 30xAAL level =300 pCilL; Ugy, =30pCilL, g, =0.10

The acceptance criterion is that each measured value (for all 21 samples) must be within £3.0 Ug,,
or £3.0 ¢, Of the validation test activity. The probability of passing the acceptance criteria was
calculated for four assumed relative method uncertainty values. 5%, 7.5%, 10%, and 12.5%. The
range of biases evaluated included 0 to 20% at the AAL.
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Figure D2 shows the overal
probability of failing the Level D
validation as a function of bias and
relative method uncertainty. Itisclear
that if the method just meets the
required relative method uncertainty,
then there is not much room to
accommodate bias. However, when
the relative method uncertainty is
7.5%, about an equal amount of bias
12.5%
10
%0
* When the actual relative method
uncertainty isone-half or lessthan i
the relative required method un- R
certainty, biases up to 15% may Bias (%)
be tolerated without substantially
increasing the probability of Figure D2—Level D validation (21 samples) failing at test

might be tolerated. If the relative
method uncertainty is half that
failing the acceptance criteria. level as a function of relative method bias for relative
method uncertainties of 5%, 7.5%, 10%, and 12.5%.

N\

N

required, threetimesas much biascan
exist without bringing the probability
of failure over 5%.

Probability Method Fails

7.

* Whentheactual relative method uncertainty isequal to therel ative required method uncertainty,
itisbest not to haveabiasin order to maintain areasonable probability of passing the acceptance
criteria

* When the actual relative method uncertainty is greater than the relative required method
uncertainty, the probability of failing the acceptance criteriais extremely high, regardless of the
magnitude of the bias.

Detecting Bias

Testing for abiassmaller than the standard uncertainty isdifficult. Theremust be at |east 16 replicate
measurements to make the minimum detectable bias (MDB) less than o, the true method standard
deviation, and at least 54 replicate measurements to make the MDB less than ¢/2 (see MARLAP
Chapter 6A). This problem seems to be inescapabl e for absol ute bias tests based on method-blank
analyses. For relative biastests based on spiked samples, statistics can beimproved if thereare high-
activity samples whose reference values have small uncertainties.

Themean squared error (M SE) isthe sum of the squared differences between the measurements and
thetrue values. The M SE isthe sum of the variance, ¢%, and the square of the bias, b%. Theroot M SE

= \Jo® + b’ . If the root mean squared error is kept below the required method uncertainty, the
MQOsarelikely to be met. If the biasislessthan onethird therel ative method standard uncertainty,
bias will only contribute 10% to the M SE.
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Thevalidation criteriain MARLAP were devel oped with the presumption that any known biasesin
the method will be corrected, and that any remaining bias will be small compared to the method
uncertainty. Thus, the primary focus was placed on detecting an unacceptably high method
uncertainty. Notethat if the reverseistrue, namely that the method uncertainty is much smaller than
the bias, the method may pass the acceptance criteria while having what might be considered
unacceptably high bias. In the extreme case of zero method uncertainty, a method with bias up to
30% might still passthe criteria. Inthis case different validation criteriamay be desirable. Appendix
E contains aternative method validation criteria which treat the detection of excessive bias and
imprecision more equally using the concept of M SE.
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Appendix E:
An Alternative Method Validation Criterion

Introduction

The method validation process and acceptance criteria described in Section 5.4 are based on the
criteria recommended in Chapter 6 of the Multi-Agency Radiological Laboratory Analytical
Protocols Manual (MARLAP). Thisappendix presentsalternative method performance acceptance
criteria that may have greater power to detect large imprecision and bias in some situations.
However, the number of test levelsand replicatesfor the appropriate method validation level (B, C,
D, E) as presented in Section 5.4.2 are till to be used.

Every measurement process involves both bias and imprecision to some degree. The MARLAP
method validation criterion is predicated on the assumption that the laboratory has eliminated any
substantial bias in the measurement process, so that measurement results are likely to be evenly
distributed about the true value. If this assumption is not true, use of the MARLAP test alone may
in some cases allow a method with a substantial bias to be accepted for use. Although MARLAP
recommends that the candidate method be evaluated for bias, it does not recommend an objective
criterion for determining whether a detected bias is tolerable. Furthermore, as noted in MARLAP
and in Appendix D of thisdocument, testing for biastendsto be difficult in any case, because of the
number of measurements required to detect a bias that is comparable in magnitude to the standard
deviation.

The assumption of this appendix isthat a measurement process may be considered adequate for its
intended useif a certain combination of biasand imprecision, called the “root mean squared error,”
doesnot exceed therequired uncertainty. According to thisview, thefact that biasishard to quantify
is less troublesome, because what one cares about most is not bias alone or imprecision alone but
acombination of the two.

Definitions

Suppose X isan estimator for some parameter K. The variance of X , denoted by V/ ( )A() or O )2< ,
is defined as the expected value of the square of the deviation of X from its mean.

0% = El(X - E(X)?] (ED)

where E(+) denotesthe expected val ue (mean) of the operand within the bracketsor parentheses. The
squareroot of thevariance, denoted by o, , iscalled the standard deviation. The standard deviation

of an estimator is commonly used as a measure of itsimprecision.

Theerror of X (as an estimator for K) is defined to be the difference between X and K.
Error(X) = X - K (E2)
The error )A( - K, Iike)A( itself, isarandom variable.
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The biasof X is defined as the difference between the expected value (or mean) of X and the
value of the parameter K. In symbols,

Bias(X) = E(X)-K (E3)
Thebiasof X alsoequalsits mean error. So Bias()%) = E()A( -K).

If X isanunbiased esti mator (i.e., if E(X) = K), then the standard deviation is agood measure of
the overal quality of X as an estimator. However, in the context of laboratory analyses, the
estimator X is typicaly the result of a measurement made using a specified method and
measurement process, and in this situation, X is usually biased to some extent. It is common to
evaluate a laboratory method or measurement process in terms of both the bias and imprecision
(standard deviation) of the estimator X. During method validation, separatelimits may be set for the
maximum allowable bias and for the maximum allowable standard deviation; however, since the
overall quality of ameasurement processis affected by both bias and imprecision, one may instead
choose to specify alimit for some combination of the bias and imprecision. If thisis done, then a
biased but preci se method may be considered to be asgood asan essentially unbiased but |ess precise
method.

Note that although neither the bias nor the standard deviation is ever known exactly, it is possible
to use statistical methodsto test hypotheses about their magnitudes or to determinelikely boundsfor
their values. Note al so that acknowledging the existence of biasin ameasurement process does not
mean that one should cease trying to find and eliminate the causes of any significant bias.

The“mean squared error” or the“root mean squared error” of an estimator isoften used asameasure

of the estimator’s overal quality. The mean squared error of X, as the name implies, is the
expected value of the squared error of X . So:

MSE(X) = E[(X — K)?] (E4)

Notice that the definition of MSE( X ) resemblesthat of the variance & )2( , but with K substituted

for themean E( )A() . It can be shown mathematically that the mean squared error of X isequal to
the sum of its squared bias and its variance.

MSE(X) = Bias(X)? + o5 (E5)
The root mean squared error of X is simply the positive square root of MSE()A() .

JMSE(X) = E[(X - K)?] = /Bias(X)? + o5 (E6)

So the root mean squared error can be viewed as a mathematical combination of bias and
imprecision. For an unbiased estimator, the root mean squared error is exactly equal to the standard
deviation, but for abiased estimator, the root mean squared error is always larger than the standard
deviation.
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The approach to method validation described in this document is based on the concept of arequired
uncertainty at each activity level. If oneinterprets this required uncertainty, u, as arequired bound

n

for MSE( xj , then an unbiased method can have a standard deviation 0 aslarge asu, or a

perfectly precise method can have a bias as large as u. In genera, both the bias and standard
deviation may be nonzero, but in principle, neither the bias nor the standard deviation is allowed to
exceed the required uncertainty, u, at any level of activity.

Alternative Method Validation Criterion

The validation procedure of Section 5.4 involves making several measurements of samples spiked
at known activity levels. Let L denote the number of activity levels and N the number of
measurements made at each level. Then the test described in Section 5.4 compares each result X;;
(wherei denotes the number of the activity level and j denotes the number of the measurement) to
acceptance limits:

K, £ ku, (E7)
where
K, = target vaueat thei™ activity level (1 <i <L)
k= uncertainty multiplier (from Table 3)
u = required uncertainty at thei™ analyte level

The method isjudged acceptableif every result X;; falls within the appropriate acceptance limitsfor
its activity level.

As noted under Table 3, the uncertainty multiplier, k, may be calculated as follows:

k=12

0.5+05(1-¢)YN (E8)

where a isthe chosen significancelevel, or the probability of afalserejection (a = 0.05), and for any
p, Z, denotesthe p-quantile of the standard normal distribution. (Notethat kisrounded to two figures
in Table3.) Themultiplier k also equalsthe square root of the (1 —a)"™N -quantile of the chi-squared
distribution with one degree of freedom, and for purposes of exposition, it will be convenient to use
the latter interpretation here.

k= X (2170{)1/ LN (1) (E8)

Therequired uncertainty, u,, at each activity level equal stherequired method uncertainty, uy, if K; <
AL, and it equals ¢, K; if K; > AL.

y = Uy » .|f K, <AL (E9)
ow x K, if K > AL
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A moretraditional presentation of the same statistical test would define atest statistic and acritical
value for that statistic. For this test, the statistic can be defined as:

M = max Z? (E10)
<L
IKj<N
where for each i and j, Z; denotes the “Z-score” for the measurement:
S, X - K
T (E11)

The corresponding critical value for the statistic M is just the square of the uncertainty multiplier,
which equals:

rTb = k2 = /}/’(Zl_a)ym (1) (ElZ)
So the method’ s performance is considered acceptable if the value of M does not exceed m...°

Because the statistic M is derived from only the most extreme value of Z;, it essentially discards
much of the information contained in the measurement data, resulting in reduced power for the test.

A different statistic that makes better use of the same datais the following:

N
_ 2
W= max ; Z; (E13)
where all the symbols on the right-hand side are as defined above for M. The critical value of the
statistic Wisthe (1 - o)’ -quantile of the chi-squared distribution with N degrees of freedom:

W, =72, e (N) (E14)

where again a = 0.05. Thistest can also beimplemented by calculating a statistic W, at each activity
level:

N
W=D 2z (E15)
j=1

and comparing W, to the critical value w... If W, at any activity level exceeds w, the method is
rejected.’”

Note that both the MARLAP test and the Wtest can be viewed as chi-squared tests. The MARLAP
test, which is equivalent to the method validation criterion presented in Section 5.4, uses a chi-
squared statistic with one degree of freedom for each of the LN measurements, whilethe Wtest pools
the datafor each activity level to obtain fewer statistics (L of them), each of which has more degrees
of freedom (N).

® Thetest could al'so be based on astatistic equal to the maximum of the absolute values| Z; |, using k as acritical value.

19 The expected vaue of W, equals N times the ratio of the mean squared error (M SE) to the square of the required
uncertainty (u?) at this activity level.
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Under the assumptionsthat the root M SE of the measurement process at each activity level doesnot
exceed the required uncertainty, and that all the measurement results are independent, either test
(MARLAP or W) will incorrectly reject a candidate method at most 5 % of the time (because
o. = 0.05). The greatest false rgjection rate (5 %) occurs when the bias is zero and the standard
deviation at each activity level exactly equals the required uncertainty. The important differences
between the two tests are the differences in their power to reject methods with larger bias or
imprecision. For example, if a candidate method has negligible imprecision, either test will reject
it if the measurement bias at some activity level islarger than a specified multiple of the required

uncertainty. However, the associated uncertainty multiplier for the Wtest (,/ W, / N )isgenerally

smaller than themultiplier (kor /M, ) for the MARLAP test. Furthermore, the MARLAP test has
the undesirable property that it actually loses power to detect such biases as the number of
measurements (N) as each activity level increases, because the value of k increases with N. The

power of the Wtest, on the other hand, improves, because the value of /W, / N decreaseswith N,
approaching 1 as N goesto infinity.

The Holst-Thyregod Test for Mean Squared Error

The Wtest described above was originally derived as atest of variance given a presumed value for
the mean, but it can be employed as a test of the MSE or root M SE, as was done above. Holst and
Thyregod have aso derived a statistical test that explicitly tests hypotheses about the MSE of a
measurement process (Holst and Thyregod, 1999). The Holst-Thyregod statistic is slightly more
complicated to calculate, and tables of percentilesfor thestatistic arenot widely available. However,
the Holst-Thyregod test has an advantage over the W test when the M SE is dominated by bias. In
some situations where the measurement process has good precision and somewhat large bias, the
power of the Holst-Thyregod test far exceeds the power of the Wtest, just asthe power of the Wtest
in some situations can far exceed the power of the MARLAP test. In other situations, and especially
when the M SE isdominated by variancerather than bias, the Wtest outperformsthe Hol st-Thyregod
test. For these reasons, this appendix recommends the W test as the best choice for most method
validation experiments.

Example

Suppose the action level for a certain project is 100 pCi/L and the required method uncertainty is
U, = 10.0 pCi/L at theaction level. Therelative required method uncertainty (at or abovethe action
level) is ¢, = 0.10, or 10 %. A Level D validation experiment is performed for a candidate method,
with three activity levels (L = 3) and seven measurements at each activity level (N = 7). Supposethe
measurement results are as shown in Table EL.
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TABLE E1 —-Method Validation M easur ement Results

Target Value (K)

M easurement (j) 50 pCi/L 100 pCi/L 300 pCi/L

1 36.1 83.2 256.1

2 39 83.7 235.2

3 42.2 84.8 249

4 44.4 75.4 258.5

5 47.5 82.3 265.2

6 40.2 94.7 255.7

7 44 88.4 254.5

Average X = 4191 X = 84.64 X = 253.46

Standard deviation s=3.81 s=5.90 $=9.40

The method appears to have good precision, but it also has arelative bias of approximately -16 %,
whichislarger thantherequired rel ative method uncertainty (10 %).* If one performsthe validation
test described in Section 5.4, the acceptance limits for the results are as shown below.

TABLE E2 — Acceptance Limits, MARLAP Test

Target Value Required Uncertainty Acceptance Limits
Ki/(pCi/L) u/(pCi/L) (K; = ku))/(pCi/L)
50 10 20-80
100 (AL) 10 70-130
300 30 210—390

Note: The “uncertainty multiplier” (k) in this case equals 3.0307, which is rounded to 3.0.

Since all the measured results are within these acceptance limits, the method is judged acceptable
in spite of the obvious negative bias.

If the chi-squared test described in this appendix is used instead, then the critical value for the chi-
squared statisticis
W, = Z(zlfa)m (N) = 15951/3 (7) =1707

and the results are shown in Table E3.

" Presumably the laboratory was unaware of this bias; otherwise, it would have corrected it.
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TABLE E3—Method Validation Results, Alternative Test (W Test)

Activity Level (i)
1 2 3

K, = 50 pCi/L K, = 100 pCi/L K, = 300 pCi/L

M easur ement u, = 10.0 pCi/L u, = 10.0 pCi/L u, = 30.0 pCi/L
0 Xij z - X; - K, Xij - X‘ju—‘Ki Xij z - XUL; K,
1 36.1 -1.39 83.2 -1.68 256.1 -1.4633
2 39 -1.10 83.7 -1.63 235.2 -2.1600
3 42.2 -0.78 84.8 -152 249 -1.7000
4 444 -0.56 75.4 -2.46 258.5 -1.3833
5 475 -0.25 82.3 -1.77 265.2 -1.1600
6 40.2 -0.98 94.7 -0.53 255.7 -1.4767
7 44 -0.60 88.4 -1.16 254.5 -15167

W= z2= 545 (W=)1Zz’=| 186 |[W=)Z’= 17.4

Because the statistics W, and W, both exceed the critical value w, = 17.1, the method is judged to
be unacceptable.

Theoretical Comparison of Statistical Power

The following set of four figures graphically illustrates the power of the MARLAP test and the W
test for the same conditionsassumed in Figure D2 of Appendix D. The power of the Holst-Thyregod
(H-T) test isalso graphed for comparison. The scenario (as above) involvesalevel D validation of
a method for a project where the required method uncertainty is 10 pCi/L at an action level of
100 pCi/L. Each of the following figures assumes a different value for the ratio of the relative
standard deviation (RSD) to the required uncertainty at each activity level. In Figure Ela, theratio
is0.5, so that the RSD at the action level equals5 %. Theratios for Figures E1b, Elc, and E1d are
0.75, 1, and 1.25, respectively. In each graph, the horizontal axis represents possible values for the
relative bias of the method ranging from 0 to 20 %. The vertical axis, labeled P, represents the
probability that amethod with the given rel ative standard deviation and rel ative biaswill berejected.

Inevery case, the Wtest outperformsthe MARLAPtest, although the differencesare most noticeable
when the precision of the method isgood but the biasislarge. Also note that the power of the Hol st-
Thyregod test exceeds that of the Wtest in Figures Ela and E1b but not in E1c and E1d.

Reference

Holst, Erik and Poul Thyregod. 1999. “A statistical test for the mean squared error,” Journal of
Satistical Computation and Smulation, 63:4, 321-347.
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Appendix F:
Glossary

accuracy: The closeness of a measured result to the true value of the quantity being measured.
Various recognized authorities have given the word “accuracy” different technical definitions,
expressed in terms of bias and imprecision. Following MARLAP, this document avoids all of
these technical definitions and uses the term “accuracy” in its common, ordinary sense.

aerosol: A suspension of fine solid or liquid particles within a gaseous matrix (usualy air).

aliguant: A representative portion of a homogeneous sample removed for the purpose of analysis
or other chemical treatment. The quantity removed is not an evenly divisible part of the whole
sample. An aliquot, by contrast, is an evenly divisible part of the whole.

analyte: For thisdocument, an analyte is a specific radionuclide or a category of radionuclides that
comprise gross aphaor beta analyses. An analyte may be on thelist of radionuclides of interest
or aradionuclide of concern for a project. See target analyte.

analyte concentration range: (1) Method validation definition — the radionuclide concentration
range corresponding to three test levels (lower, mid and upper) that are used during method
validation. The mid level concentration corresponds to the action level. (2) MQO definition —
the expected concentration range (minimum to maximum) of an anal yte expected to be present
inasamplefor agiven project. While most analytical protocolsare applicableover afairly large
range of concentration for the radionuclide of interest, performance over a required concen-
tration range can serve asameasurement quality objectivefor the protocol selection process, and
some analytical protocols may be eliminated if they cannot accommodate the expected range of
concentration.

analytical action level (AAL): Thevalue of aquantity that will cause the decision maker to choose
one of the aternative actions. The action level may be aderived concentration level (such asthe
derived water concentration in this document), background level, release criteria, regulatory
decision limit, etc. The AAL is often associated with the type of media, target analyte, and
concentration limit. Some AALs are expressed in terms of aderived radionuclide concentration
corresponding to a dose or risk, such as a protective action guide. MARLAP uses the term
“action level.”

analytical decision level (ADL): The minimum measured value for the radionuclide concentration
in a sample that indicates the amount of radionuclide present is equal to or greater than the
analytical action level at a specified Type Il error rate. (Assumes that method uncertainty
requirements have been met.) Any measurement result equal to or greater than the applicable
ADL isconsidered to have exceeded the corresponding analytical action level. MARLAP uses
the term “critical level.”

analytical protocol specification (APS): Theoutput of adirected planning processthat containsthe
project’s analytical data needs and requirements in an organized, concise form. The level of
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specificity in the APSs should be limited to those requirements that are considered essential to
meeting the project’s analytical data requirements to alow the laboratory the flexibility of
selecting the protocols or methods that meet the analytical requirements.

background (instrument): Radiation detected by an instrument when no source is present. The
background radiation that i s detected may come from radionuclidesin the materials of construc-
tion of the detector, its housing, its el ectronics, and the building, aswell asthe environment and
natural radiation.

background level: A term that usually refers to the presence of radioactivity or radiation in the
environment. From an analytical perspective, the presence of background radioactivity in
samples needs to be considered when clarifying the radioanalytical aspects of the decision or
study question. Many radionuclides are present in measurable quantities in the environment.

bias (of a measurement process): A persistent deviation of the mean measured result from the true
or accepted reference value of the quantity being measured, which does not vary if a measure-
ment is repeated.

blank (analytical or method): A samplethat is assumed to be essentially free of the target analyte
(the “unknown™), which is carried through the radiochemical preparation, analysis, mounting,
and measurement process in the same manner as a routine sample of a given matrix.

calibration: Theset of operationsthat establish, under specified conditions, therel ationship between
values indicated by a measuring instrument or measuring system, or values represented by a
material measure, and the corresponding known value of a parameter of interest.

calibration source: A prepared source, made from acertified reference material (standard), that is
used for calibrating instruments.

carrier: (1) A stable isotopic form of atracer element or nonisotopic material added to effectively
increasethe quantity of atracer element during radiochemical procedures, ensuring conventional
behavior of theelement in solution. (2) A substancein appreciable amount that, when associated
with atracer of aspecified substance, will carry thetracer with it through achemical or physical
process, or prevent the tracer from undergoing non-specific processes due to its low
concentration (IUPAC, 1995). A stableisotope of aradionuclide (usually the analyte) added to
increase the total amount of that element so that a measurable mass of the element is present.

chain of custody: Procedures that provide the means to trace the possession and handling of a
sample from collection to data reporting.

check source: A material used to validate the operability of a radiation measurement device,
sometimes used for instrument quality control. See source, radioactive.
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combined standard uncertainty: Standard uncertainty of an output estimate calculated by com-
bining the standard uncertainties of the input estimates. The combined standard uncertainty of
y is denoted by u,(y). See uncertainty (of measurement).

critical level: Termed analytical decision level in this document in the context of evaluating sample
results relative to an analytical action level. In the context of analyte detection, critical level
meansthe minimum measured value (e.g., of theinstrument signal or theradionuclide concentra-
tion) that indicatesapositive (nonzero) amount of aradionuclideispresent inthematerial within
a specified probable error. The critical level is sometimes called the critical value or decision
level.

critical net concentration: Similar in concept as the “critical level.”

data quality objective (DQO): Qualitative and quantitative statements that clarify the study
objectives, define the most appropriate type of datato collect, determine the most appropriate
conditions from which to collect the data, and specify tolerable limits on decision error rates.
Because DQOs will be used to establish the quality and quantity of data needed to support
decisions, they should encompass the total uncertainty resulting from all data collection
activities, including analytical and sampling activities.

default AAL test level: Radionuclide test concentration for a given general matrix category to be
used in the method validation process in the absences of PAG or risk-based AALS.

derived air concentration (DAC): The concentration of aradionuclide, in pCi/m?, that would result
in exposure to a specified dose level. Generally refers to a protective action guide or other
specified dose- or risk-based factor related to an analytical action level. In this document, for
example, the “500-mrem DAC for 2°Pu” is the concentration of *°Pu, in pCi/m?, that would
result in an exposure of 500 mrem and would refer to the 500-mrem PAG. The DAC is
radionuclide-specific.

derivedradionuclideconcentration (DRC): General application term used in discussionsinvolving
both of the terms DAC and DWC.

derived water concentration (DWC): The concentration of a radionuclide, in pCi/L, that would
result in exposureto aspecified doselevel. Generally refersto aprotective action guide or other
specified dose- or risk-based factor related to an analytical action level.

detection capability: The capability of a measurement process to distinguish small amounts of
analyte from zero.

detection limit: Thesmallest value of the amount or concentration of analytethat ensuresaspecified
high probability of detection. Also called “minimum detectable value.”
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discrimination limit (DL): The DL is the point where it is important to be able to distinguish
expected signal from the analytical action level. The boundaries of the gray region.

dose equivalent: Quantity that expresses all radiations on a common scale for calculating the
effective absorbed dose. This quantity is the product of absorbed dose (grays (Gy) or rads)
multiplied by a quality factor and any other modifying factors (MARSSIM, 2000). The quality
factor adjuststhe absorbed dose because not all types of ionizing radiation create the same effect
on human tissue. For example, a dose equivalent of one sievert (Sv) requires 1 Gy of beta or
gammaradiation, but only 0.05 Gy of alpharadiation or 0.1 Gy of neutron radiation. Becausethe
sievert is a large unit, radiation doses often are expressed in millisieverts (mSv). See total
effective dose equivalent and roentgen.

gray (Gy): The International System of Units (Sl) unit for absorbed radiation dose. One gray is 1
joule of energy absorbed per kilogram of matter, equal to 100 rad. See sievert.

grayregion: Therangeof possiblevaluesinwhichthe consequencesof decisionerrorsarerelatively
minor. Specifyingagray regionisnecessary becausevariability intheanal yteinapopulation and
imprecision in the measurement system combine to produce variability in the data such that the
decision may be “too close to call” when the true value is very near the analytical action level.
The gray region establishes the minimum distance from the analytical action level whereitis
most important to control Type |l decision errors.

hypothesistesting: The use of statistical procedures to decide whether a null hypothesis should be
rejected in favor of an alternative hypothesis or not rejected.

incident response method validation: Project method validation for incident response applications.
See project method validation and method validation.

interferences: The presence of other chemicals or radionuclides in asamplethat hinder the ability
to analyze for the radionuclide of interest.

MARLAP Process: A performance-based approach that devel opsAnal ytical Protocol Specifications,
and uses these requirements as criteria for the analytical protocol selection, development, and
evaluation processes, and as criteria for the evaluation of the resulting laboratory data. This
process, which spansthethree phases of the data life cyclefor aproject, isthebasisfor achieving
MARLAP sbasic goal of ensuring that radioanalytical datawill meet a project’sor program’s
data requirements or needs.

measurand: “Particular quantity subject to measurement” (1SO, 1993a).

measurement quality objective (MQO): The analytical data requirements of the data quality
objectives, which are project- or program-specific and can be quantitative or qualitative. These
anaytical data requirements serve as measurement performance criteria or objectives of the
analytical process. MARLAP refers to these performance objectives as MQOs. Examples of
guantitative MQOs include statements of required analyte detectability and the uncertainty of
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the analytical protocol at a specified radionuclide concentration, such as the action level.
Examples of qualitative MQOs include statements of the required specificity of the analytical
protocol (e.g., the ability to analyze for the radionuclide of interest [or target analyte] given the
presence of interferences).

measurement uncertainty: See uncertainty.

method blank: A sample assumed to be essentially target analyte-free that is carried through the
radiochemical preparation, analysis, mounting and measurement processin the same manner as
aroutine sample of agiven matrix.

method performance characteristics. The characteristics of a specific analytical method such as
method uncertainty, method range, method specificity, and method ruggedness. MARLAP
recommends developing measurement quality objectives for select method performance
characteristics, particularly for the uncertainty (of measurement) at a specified concentration
(typically the action level).

method ruggedness. The relative stability of method performance for small variations in method
parameter values.

method specificity: The ability of the method to measure the analyte of concern in the presence of
interferences.

method uncertainty: Refersto the predicted uncertainty of the result that would be measured if the
method were applied to ahypothetical |aboratory samplewith aspecified anal yte concentration.
Although individual measurement uncertaintieswill vary from one measured result to another,
the required method uncertainty is atarget value for the individual measurement uncertainties
and is an estimate of uncertainty before the sample is actually measured.

method validation (MV): The demonstration that the method sel ected for the analysisof aparticular
analyteinagiven matrix iscapableof providing analytical resultsto meet the project’ smeasure-
ment quality objectives and any other requirements in the analytical protocol specifications.

minimum detectable concentration (MDC): An estimate of the smallest true value of the analyte
concentration that gives a specified high probability of detection.

nuclide-specific analysis: Radiochemical analysis performed to isolate and measure a specific
radionuclide.

null hypothesis(H,): Oneof two mutually exclusive statementstested in astatistical hypothesistest
(compare with aternative hypothesis). The null hypothesisis presumed to betrue unlessthetest
provides sufficient evidenceto the contrary, in which casethe null hypothesisisrejected and the
alternative hypothesis (H,) is accepted.
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performance evaluation (PE) program: A laboratory’s participation in an internal or external
program of analyzing proficiency-testing samplesappropriatefor the anal ytesand matricesunder
consideration (i.e., PE programtraceableto anational standardsbody, suchasNIST). Reference-
material samplesused to eval uate the performance of the laboratory may be called performance-
evaluation, performance or proficiency-testing samples or materials. See proficiency test
samples.

precision: The closeness of agreement between independent test results obtained by applying the
experimental procedure under stipul ated conditions. Precision may be expressed asthe standard
deviation. Conversely, imprecision is the variation of the results in a set of replicate
measurements.

proficiency test (PT) samples. Samples having a known radionuclide concentration used in a PE
program or internally at the laboratory for method validation and for the measurement of bias.

project method validation: The demonstrated method applicability for a particular project.

protective action guide (PAG): The radiation dose to individuals in the general population that
warrants protective action following a radiological event. In this document, PAGs limit the
projected radiation dosesfor different exposure periods: not to exceed 2-rem total effective dose
equivalent (TEDE) during thefirst year, 500-mrem TEDE during the second year, or 5 rem over
the next 50 years (including the first and second years of the incident). See derived water
concentration and analytical action level.

guality control (QC): The overall system of technical activities that measures the attributes and
performance of aprocess, item, or service against defined standardsto verify that they meet the
stated requirements established by the project; operational techniquesand activitiesthat are used
to fulfill requirements for quality. This system of activities and checks is used to ensure that
measurement systems are maintained within prescribed limits, providing protection against out-
of-control conditions and ensuring that the results are of acceptable quality.

radiochemical analysis. The analysis of a sample matrix for its radionuclide content, both
qualitatively and quantitatively.

radionuclide: A nuclide that is radioactive (capable of undergoing radioactive decay).

relative required method uncertainty (¢,): The required method uncertainty divided by the
analytical action level. The relative required method uncertainty is applied to radionuclide
concentrations above the analytical action level. A key measurement quality objective.

rem: The common unit for the effective or equivalent dose of radiation received by a living
organism, equal to the actual dose (in rads) multiplied by afactor representing the danger of the
radiation. Rem is an abbreviation for “roentgen equivalent man,” meaning that it measures the
biological effects of ionizing radiation in humans. One rem is equal to 0.01 Sv. See sievert.
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replicates: Two or more aliquants of ahomogeneous sample whose independent measurementsare
used to determine the precision of laboratory preparation and analytical procedures.

required method uncertainty (u,): Method uncertainty at a specified concentration. A key
measurement quality objective. See relative required method uncertainty.

required minimum detectable concentration (RMDC): Anupper limit for the minimum detectable
concentration required by some projects.

sample: (1) A portion of material selected from alarger quantity of material. (2) A set of individual
samplesor measurementsdrawn from apopul ation whose propertiesare studied to gaininforma-
tion about the entire population.

screening method: An economical gross measurement (alpha, beta, gamma) used in a tiered
approach to method selection that can be applied to analyte concentrations below an analyte
level in the analytical protocol specifications or below afraction of the specified action level.

sievert (Sv): The Sl unit for the effective dose of radiation received by aliving organism. It isthe
actual dosereceived (graysin Sl or radsin traditional units) timesafactor that islarger for more
dangerous forms of radiation. One Sv is 100 rem. Radiation doses are often measured in mSv.
An effective dose of 1 Sv requires 1 gray of beta or gammaradiation, but only 0.05 Gy of alpha
radiation or 0.1 Gy of neutron radiation.

swipe: A filter pad used to determinethelevel of general radioactive contamination whenitiswiped
over a specific area, about 100 cm?in area. Also called “smear” or “wipe.”

target analyte: A radionuclide on the list of radionuclides of interest or aradionuclide of concern
for aproject. For incident response applications, typical radionuclides of interest are provided
in Appendix A.

total effective doseequivalent: The sum of the effective dose equivalent (for external exposure) and
the committed effective dose equivaent (for internal exposure), expressed in unitsof Sv or rem.

Typel decision error: In ahypothesis test, the error made by rejecting the null hypothesis when it
istrue. A Typel decision error is sometimes called a“false rglection” or a“false positive.”

Type |l decision error: In a hypothesistest, the error made by failing to reject the null hypothesis
when it isfalse. A Type Il decision error is sometimes called a “false acceptance” or a“fase
negative.”

uncertainty: A parameter, usually associated with theresult of ameasurement, that characterizesthe
dispersion of the values that could reasonably be attributed to the measurand.
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