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Acronyms Used in the MARLAP Process

AL ........ action level

APS ....... Analytical Protocol Specification

CcoC ....... chain of custody

CSU ....... combined standard uncertainty

DL ........ discrimination level

DQO....... data quality objective

GPC ....... gas proportional counting

GUM ...... Guide to the Expression of Uncertainty in Measurement

HSA ....... historical site assessment

ISO........ International Organization for Standardization

LCS ....... laboratory control sample

LGBR...... lower bound of the gray region

LSC ....... liquid scintillation counting

MARLAP ... Multi-Agency Radiological Laboratory Analytical Protocols
Manual

MDA ...... minimum detectable amount or minimum detectable activity

MDC ...... minimum detectable concentration

MQC ...... minimum quantifiable concentration

MQO ...... measurement quality objective

MVRM ..... method validation reference material

QAPP ...... quality assurance project plan

PE......... performance evaluation

PT......... performance/proficiency testing [materials]

PM ........ project manager

RHT ....... radiological holding time

ROI........ region of interest

RPD ....... relative percent difference

SOW ....... statement of work

SA ........ spike concentration added

SR......... unspiked sample result

SSR ....... spiked sample result

TAT ....... turnaround time

TEC ....... technical evaluation committee

UBGR ..... upper bound of the gray region

V&V ....... verification and validation
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Symbols Used in the MARLAP Process

The total standard deviation of the data. It is represented by:
G= losz + Glel/Z

The standard deviation of the contaminant concentration in the sampled
population (i.e., the sampling contribution to uncertainty)

The “true” standard deviation of the measurement process (i.e., the
laboratory contribution to uncertainty)

The width of the gray region.
A = (Action Level — Discrimination Level) = (AL-DL)
It also can be expressed as
A = (upper bound of the gray region — lower bound of the gray region)

Required relative method uncertainty above the action level (AL)
expressed as a fraction:

Qur = [ g / AL

Required absolute method uncertainty at and below the AL. An upper
bound to the value of oy,.
uy e = A/10 for the mean of a sampled population
Uy = A/3 for an individual sample

The statistical factor for assessing the probability of an analyte being
detected when none is present. Also referred to as the “Type I error rate.”
Commonly assigned a value of 0.05.

The statistical factor for assessing the probability of an analyte not being
detected when it is present. Also referred to as the “Type II error rate.”
Commonly assigned a value of 0.05.
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1. Introduction

Carl Gogolak — carl@gogolak.org
Bob Litman — drbob20@comcast.net
Keith McCroan — mccroan.keith@epa.gov
Dave McCurdy — demccurdy@aol.com

Carl Gogolak, Ph.D., is a physicist with more than 35 years experience. He has conducted
experimental and theoretical studies of low-level environmental radiation fields to assess the
radiological impacts of energy production and to assure adequate environmental
surveiflance of nuclear facilities. He was a major contributor to both MARRSIM and
MARLAP, for which he authored or co-authored several chapters and appendices dealing
with uncertainty, the gray region, and data qualig. He was an original developer and
instructor on previous versions of the MARLAP Part | training course prior to his retirement
from the Environmental Measurements Laboratory of the U.S. Department of Energy and
later the Department of Homeland Security.

Robert Litman, Ph.D., has been a researcher and practitioner of nuclear and radiochemical
analysis for the past 33 years. He is well respected in the nuclear power industry as a
specialist in radiochemistry and instrumentation. Dr. Litman co-authored two chapters of

ARLAP. His particular areas of expertise are gamma spectroscopy and radiochemical
separations.

Keith McCroan, Ph.D., is an information technoloEgy specialist with the National Air and
Radiation Environmental Laboratory of the U.S. Environmental Protection Agency, where he
has worked since 1991. Although his formal education was in mathematics and computer
science, he has become better known among radiochemists as a statistician and
metrologist. Dr. McCroan was the principal author of five chapters and appendices of
MARLARP, including the chapters on measurement uncertainty and detection and
quantification limits, and was a contributor to four other chapters.

David E. McCurdy, Ph.D., is a nationally recognized expert in radioanalytical method
development, and he has 39 years of experience in the areas of radiometrology,
radiochemical method development, radlobioasse'l_{. radiological laboratory operations,
environmental monitoring and pathway analysis. He was the principal author or co-author of
seven chapters and appendices of MARLAP.
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1. Introdustion

During the group exercises, you will follow the various steps needed to
select and validate an analytical method for determining americium-241 in
groundwater at a former nuclear extraction facility. Participants will form
teams and apply MARLARP principles to:

Determine the required method uncertainty at the action level

Write an Analytical Protocol Specification for a selected nuclide/matrix
combination

Evaluate and approve a method based on laboratory validation
documentation

Apply data validation and verification qualifiers to a data set
Perform representative uncertainty calculations



Enabling Goals

After this course, you will be able to —

1. Navigate through MARLAP and understand its
organization

2. Recognize that the feg d |
to the MARLAP process

3. Describe, using specific equations, how the required
method uncertainty is used in the MARLAP process.

4. Apply the MARLAP process during the project planning,
implementation, and assessment phases




* A multi-agency guidance manual for project planners and
managers and radioanalytical laboratories

+" Participants include: EPA, DOD, DOE, DHS, NRC,
NIST, USGS, FDA, Kentucky, and California

» Companion to MARSSIM

1. Introduction 3

Eight federal agencies (EPA, Defense, Energy, Homeland Security, Nuclear
Regulatory Commission, Food and Drug Administration, US Geological
Survey, National Institute of Standards and Technology) plus two states
(Kentucky and California)

MARSSIM = Multi-Agency Radiation Survey and Site Investigation Manual.
MARSSIM provides guidance on how to design and implement a study to
demonstrate that a site meets appropriate release criteria.

MARLAP provides guidance and a framework for project planners and
laboratory personnel to ensure that radioanalytical data will meet the needs
of decisionmakers.

Websites:
MARLAP:  http://www.epa.gov/radiation/marlap/
MARSSIM: http://www.epa.gov/radiation/marssim/



Provide guidance and a framework to—




MARLAP Objectives

* Providing a framework and an information resource for
using a performance-based approach for radioanalytical
- work

 Promoting a directed planning process involving
radioanalytical laboratory expertise '

 Providing guidance on how to link project planning,
implementation and assessment from an analytical
perspective

» Making collective knowledge and experience in
radioanalytical laboratory work widely available

* Providing guidance on obtaining and evaluating laboratory
services

MARLAP is not a methods manual.



Data Collection Activities

Examples of MARLAF's applicability —

Cleanup of contaminated sites
Environmental monitoring

Waste management

Effluent monitoring of licensed facilities
Site characterization

Emergency response

Background studies

Decommissioning of nuclear facilities

1. Introduction




Manual Outline B

MARLAP Part | (Volume 1)
* Chapter | — Introduction

* Chapter 2 — Project Planning Process

* Chapter 3 — Key Analytical Planning Issues and Developing APSs
¢ Chapter 4 — Project Plan Documents

* Chapter 5 — Obtaining Laboratory Services

+ Chapter 6 — Selection and Application of an Analytical method

» Chapter 7 — Evaluating Methods and Laboratories

¢ Chapter 8§ — Radiochemical Data Verification and Validation

» Chapter 9 — Data Quality Assessment

* Five Appendices

1. [ntreduction

Part | principally directed towards the project planning, implementation and

assessment phases and emphasizes:

Preparation of project plan documents

Establishing a Statement of Work (SOW)

Identifying and obtaining proper laboratory services
Performance-based method selection and approval
Method validation guidance

Initial and ongoing laboratory performance evaluation
Data validation and assessment processes

Associated appendices cover:

A

Directed Planning Approaches

B. The DQO Process
C.
D
E

MQOs for Method Uncertainty and Detection and Quantification Capability

. Content of Project Plan Documents
. Contracting Laboratory Services

While Part | is of greatest significance to project planners and managers,‘lab
personnel need to understand what Part | contains in order to provide
necessary input during the planning process.

This course concentrates on Part |.



Manual Outline (Continued)

MARLAP Part.Il (Volume 2)

* Chapter 10 — Field and Sampling Issues

» Chapter 11 — Sample Receipt, Inspection, and Tracking

» Chapter 12 — Laboratory Sample Preparation

* Chapter 13 — Sample Dissolution

» Chapter 14 — Separation Techniques

» Chapter 15 — Quantification of Radionuclides

* Chapter 16 — Data Acquisition, Reduction, and Reporting
* Chapter 17 — Waste Management

* Appendix F — Laboratory Subsampling

1. Introduction

Part |l directed towards laboratory personnel and the analysis process.
Part 1l spans two printed volumes because of size

» Sample handling and preparation for analysis

» Techniques for sample dissolution

» Techniques for analyte separation

» Techniques for radiological counting of samples
 Data reduction

« Waste management in radioanalytical laboratories
* Quality control

« Statistical methods of data evaluation



Manual Outline (Continued)

MARLAP Part Il (Volume 3)
Chapter 18 — Laboratory Quality Control
Chapter 19 — Measurement Uncertainty

Chapter 20 — Detection and Quantification Capabilities
Appendix G — Statistical Tables

1 Intraduczion



. Pl . h DATA LIFE CYCLE
anning phase PROCESS PROCESS OUTPUTS
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Complats Data Package
Venfied Data
Verdicaton Data Verficabon Report
Vatabon Oata Ve Regor
Data Qualty Assessment Assossment Reporl
Data of Known Qualty Appropriate for the Intended Uss

i. Introduction

Data life cycle provides structure for considering major project phases
involving data collection

Ensure that data will be of known quality and adequate to meet intended
use

Planning phase:
— Directed planning process
— Plan documents
— Contracting services
Implementation phase
— Sampling
- Analysis
Assessment phase:
— Verification
— Validation
— Data quality assessment



The MARLAP Process | st coen ~*
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* MARLAP is an iterative process, with feedback.

« MARLAP establishes proper linkages among the three phases of the
data life cycle.

 Integration of the phases ensures that the analytical data requirements
(defined during planning) can serve as measurement performance
criteria during implementation phase, and subsequently as data
evaluation criteria during assessment phase.




e Example: 295r in milk (Instructors)

— A MARLAP project example running through all the course
modules

e Exercise: 22'Am in ground water (Participants)

— Participants group into project teams and apply MARLAP
principles applicable to each module
— Information developed during each module will be used in
subsequent exercises
 These exercises will demonstrate the MARLAP process
and enhance your ability to use it on your own projects

Participant groups will work on exercises during:

Module 3 — Data Quality Objectives and the Gray Region (Day 1)
Module 4 — Key Analytical Planning Issues (Day 1)

Module 7 — Evaluating Measurement Uncertainty (Day 2)

Module 9 — Method Validation (Day 2)

Module 11 — Data Validation and Verification (Day 2)

12



Focus on the planning phase of the project

Provide a template for getting started

Require teamwork in implementing the MARLAP
process

Meet the time available, but realistic

The exercise will require participants to apply the MARLAP process by

referring to materials located following Tabs 17 to 21 in the course book.
These materials will be introduced by instructors at the appropriate time.

Solutions will be distributed and discussed after each exercise.

Delineating the gray region and determining the required method
uncertainty (Module 3)

Developing Analytical Protocol Specifications (Module 4)
| Determining measurement uncertainty (Module 7)

Validating laboratory methods (Module 9)

Data validation and verification (Module 10)

13






PROJECT FPLANNING PROCESS

Module 2

Carl V. Gogolak
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Planning Questions

* How much data do we need?
* What will we measure?

* Where?

* How?

» How will we know when to stop collecting data and
make a decision?

2. Diracted Piaaning Frocess



Nd ?Ianning

« We will measure everything everywhere with the
highest possible precision and accuracy

* We will stop when the money runs out

2. Direcied Planning Frocess



Directed Planning Process

* Involves all stakeholders, decisionmakers, and technical experts
* Involves technical experts as principals

 Each participant plays a constructive role in clearly defining:
— The problem

Data the decisionmaker needs to resolve that problem

Why the decisionmaker needs that type and quality of data
The tolerable decision error rates

How the decisionmaker will use the data to make a defensible decision

* Encourage efficient planning by framing and organizing complex
issues

» Promotes communication among the stakeholders

* Documentation provides project management with a more efficient
and consistent transfer of knowledge to new project members

2. Qirzsted Planning Frocess

Brings together the stakeholders, decisionmakers, and technical experts at the
beginning of the project to obtain commitment for the project and a consensus
on the nature of the problem and the desired decision.

Involves radioanalytical and other technical experts as principals to ensure the
decisionmakers. data requirements and the results from the field and
radioanalytical laboratory are linked effectively.

Enables each participant to play a constructive role in clearly defining:
— The problem that requires resolution;

— What type, quantity, and quality of data the decisionmaker needs to
resolve that problem;

— Why the decisionmaker needs that type and quality of data;

— What are the tolerable decision error rates; and

—~ How the decisionmaker will use the data to make a defensible decision.
Encourages efficient planning by framing and organizing complex issues.

Promotes timely, open, and effective communication among the stakeholders,
resulting in well-conceived and documented plans.

Documentation provides project management with a more efficient and
consistent transfer of knowledge to new project members.



1. State the problem
2. Identify the decision

3. Specify the decision rule and the tolerable decision
error rates

4. Optimize the strategy for obtaining data

2. Dirzcted Plasning Frocess

1. State the problem:
» Describe clearly the problem(s) facing the stakeholder or customer.
2. Identify the decision:

» Define the decision(s) or the alternative actions that will address the
problem(s)

» Define the inputs and boundaries to the decision.
3. Specify the decision rule and the tolerable decision error rates:
» Develop a decision rule to get from the data to the desired decision

 Define the limits on the decision error rates that will determine the type
and amount of data needed.

4. Optimize the strategy for obtaining data:

» Determine the optimum, cost-effective way to reach the decision while
satisfying the desired quality of the decision.
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'DQO Process Crosswalk (MARLAP and QA/G4)

} 1. State the problem

2. (a) (b) & (c)
Identify the decision

3.(a) & (b)

Specify the decision rule and the
tolerable decision error rates

4, Optimize the strategy
for obtaining data




DQO Process Steps 1-4

Step 1. State the Problem.
Define the problem that necessitates the study;
identify the planning team, examine budget, schedule

Y
Step 2. ldentify the Goal of the Study.
State how environmental data will be used in meeting objectives and
solving the problem, identify study questions, define alternative outcomes

h 4

Step 3. Identify Information Inputs.
Identify data & information needed to answer study questions.

[
Step 4. Define the Boundaries of the Study

Specify the target population & charactenstics of interest,
define spatial & temporal mits, scale of inference

Z. Dirgzted Piaaning Frocess



DGO Proce 5DG

h 4

Step 5 Develop the Analytic Approach.
Define the parameter of interest, specify the type of inference,
and develop the logic for drawing conclusions from findings

Decision making Estimation and other
(hypothesis testing) analytic approaches
]  J

Step 6. Specity Performance or Acceptance Criteria

y 4
Specify probability imits for Develop performance critena for new data
false rejection and false being collected or acceptable critena for
acceptance decision efrors existing data being considered for use
v y
A
A 4

Step 7. Develop the Plan for Obtaining Data

Select the resource-effective sampling and analysis plan
that meets the performance cntena
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1. State the Problem
(Section 2.5.1)

Information Needed by the
Project Planning Team

¢ Facts relevant to current
situation (e.g., site history,
ongoing studies).

driving risk.
¢ Matrix of concem.

* Regulatory requirements and
related issues.

+ Existing data and its reliability.
» Known sampling constraints.

* Resources and relevant
deadlines.

Radi'oanalyticél Specialists
Participation / Input

« Evaluate existing radiological data
for use in defining the issues (e.g.,
analytes of concern).

* Analytes of concern or analytes | * Assure that the perceived problem 1s

really a concern by reviewing the
underlying data that are the basis for
the problem definition.

» Consider how resource limitations
and deadlines will impact
measurement choices.

* Use existing data to begin to define

the analyte of concern and the
potential range of concentrations.

" Output/ R.roduct
t

* Problem defined
with specificity.

« ldentification of the
primary decision-
maker, the available
resources, and
constraints.

From MARLAP Table 2.1

2. Directed Plannina Frocess
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2a. ld'e'ntify the Dc-éision(s)

(Section 2.5.2)

N — T — e —

| Information Needed by the it Radioanalytical Specialists
' Project Planning Team ! Participation / Input

Ou.tput/ Product

* Analytical aspects related to | » Available protocols for sampling and * Staternents that link

the decision. analysis. the defined problem to
» Possible alternative actions. | * Provide focus on what analytes need the associated
« Sequence and priority for to be. measured, considering analyte decisior.ls and '
addressing the problem. relationships and background. alternative actions.

 Begin to address the feasibility of
different analytical protocols.

* Begin to identify the items of the
APSs. proalq ool pobedt 98¢

* Begin to determine how sample

collection and handling will affect
MQOs.

K heos Gl 0%

From MARLAP Table 2.1

11



2b. Identify I'nputé to the Decisions

(Section 2.5.2.2)

Information Needed by the
Project Planning Team

» All useful existing data.

* The general basis for
establishing an action level.

* Acquisition strategy options
(if new data are needed).

B

' Radioanalytical Specialists

Participation / Input

* Review the quality and

sufficiency of the existing
radiological data.

+ Identify alternate analytes.

Output / Product

* Defined list of needed new
data,

+ Define the characteristic or
parameter of interest
(analyte/matrix).

* Define the action level.

+ Identify estimated
concentration range for
analytes of interest.

From MARLAP Table 2.1

12



2c. Define the D-cciéi'on'B'ouhdarice )

(Section 2.5.2.5)

Information Needed by the
Project Planning Team

* Sampling or measurement
timeframe.

» Sampling areas and
boundaries.

* Subpopulations.

« Practical constraints on data
collection (season,
equipment, turnaround time,
etc.).

+ Available protocols.

. Radioanalytical Specialists

Participation / Input

+ Identify temporal trends and

spatial heterogeneity using
existing data.

* With the sampling
specialists, identify practical
constraints that impact
sampling and analysis.

» Determine feasibility of
obtaining new data with
current methodology.

« Identify himitations of
available protocols.

* Temporal and spatial

Output / Product

boundaries.
* The scale of decision.

From MARLAP Table 2.1

2. Directed Planning Frocess

13



| da. Devel'o'p a Decisién Rule-

(Section 25.3)

Information Needed by the
Project Planning Team

« Statistical parameter to
describe the parameter of
interest and to be compared
to the action level.

* The action level
(quantitative).

* Availablc protocols for

+ The scale of decisionmaking.

. Radioanalytical Specialists

Participation / input

sampling and analysis.

» Identify potentially useful
methods.

+ Estimate measurement
uncertainty and detection
limits of available analytical
protocols.

. Output/ Product

* A logical, sequential series

of steps (“if...then”) to
resolve the problem.

From MARLAP Table 2.1

2. Diracted Plaanirg Frocess

14



2b. 5pécify Limits on Decision Error Rates
(Section 25.3) -

Information Needed by the
Project Planning Team

making wrong decisions.

* Possible range of the
parameter of interest.

+ Allowable differences
between the action level and
the actual value.

» Tolerable level of decision
errors or confidence.

o ) i
Radioanalytical Specialists

Participation / Input

+ Assess variability in existing

data for decisions on
hypothesis testing or statistical
decision theory.

+ Evaluate whether the tolerable
decision error rates can be met
with available laboratory
protocols, or if the error
tolerance needs to be relaxed
or new methods developed.

Output / Product

+ Defined baseline condition

(null hypothesis) and
quantitative estimates of
acceptable decision error
rates.

« Defined range of possible
parameter values where the
consequence of a Type 11
decision error is relatively
minor (gray region).

From MARLAP Table 2.1

2. Diracted Pianning Frocess

15



4. Optimize the Stfategy for Obtaining Data

(Section 25.4)

 Information Needed by :

the Project Planning
_Team

All outputs from all
previous clements
including paramcters
(analytcs and matrix) of
concem, action levels,
anticipated range of
conccntration, tolcrablc
dcaision crror ratcs,
boundarics, rcsourccs, and
practical constraints.

-

Available protocols for
sampling and analysis.

From MARLAF Table 2.1

2oted Planning

- Radioanalytical Specialists .
Participation / Input

Samplc preparation, compositing,

subsampling.

Availablc protocols.

Mecthods required by regulations (if any).

Detcction and quantitation capability.

Achicvablc MQOs by method, matnix,
and analyte.

QC samplc types, frequencices, and
cvaluation critcria.

Samplc volume, ficld processing,
preservatives, and container
rcquircments.

Realistic MQOs for samplc analysis.
Complete parameters for the APSs.

Resources and timeframe to develop and
validatc ncw mcthods, if requircd.

* Availablc protocols for

Output / Product

sampling and analysis.

* Thc most rcsourcc-cffective
sampling and analysis
design that mects the
cstablished constraints (i.c.,
number of samplcs nceded
to satisfy thc DQOs and thc
tolcrable decision crror
ratcs).

* A mcthod for testing the

hypothcesis.

MQO:s and the statement(s)

of thc APSs.

» The process and criteria for
data asscssment.

16



MARLAP Recommends...
(Section 2.8)

oanaly! : j be a part of the 1ntegrated
effort of the prOJect planmng team

* The planning process rati  be docur d ar
the documentation mtegrated w1th the pI'O_]eCt plan
documents

app h in which the sophistication, level
of QC and over31ght and resources applied are
appropriate to the project

17






DQOs and the Development
of MQOs

Module 3

Carl V. Gogolak




Data Quality Objectives

DQOs define the performance e T IS
criteria that limit the EPA Guidance on Systematic
eye.- . Planning Using the Data
prObablhtleS of makmg Quality Objectives Process
decision errors by:

<o

o EPA QA/G-4
* Considering the purpose of

collecting the data

 Defining the appropriate type
of data needed

* Specifying tolerable
probabilities of making
decision errors

5. BGOs and the Development of MA0s

U.S. Environmental Protection Agency (EPA). 2006. Guidance for the Data Quality
Objective Process (EPA QA/G-4). EPA/240/B-06/001, Washington, DC. Available at
www.epa.gov/quality1/qa_docs.html.

MARLAP Section 2.5 and Appendix B.



Measurement Quality Objectives

DQOs apply to both sampling
and analysis activities @ 3
{ &, @i}

Multi-Agency Radiological

MQO§ can be yiewed as the Laboratory Analytical Protocols Manual
analytical portion of the

overall project DQOs

MQOs are the part of the

project DQOs that apply to
the measured activity result
and its associated uncertainty 5304 '-USGS NST

Juty 2604

MARLAP Section 3.3.7



Measurement Quality Objectives

MQOs are statements of performance objectives or requirements
for a particular analytical method performance characteristic. For
example:

* Method uncertainty
 Detection capability
* Ruggedness
» Specificity
* Range
In a performance-based approach:

» MQOs are used initially for the selection and evaluation of
analytical protocols

* MQOs are subsequently used for the ongoing and final evaluation
of the analytical data

The most important MQO is the analytical uncertainty at a
specified concentration (the action level)

MARLAP Section 3.3.7.1



Measurement Uncertainty

Uncertainty defined:

dispersion of values that could
reasonably be attributed to the
measurand.” [GUM]

typically expressed as an estimated

uncertainty

“A parameter associated with the result
of a measurement that characterizes the | ¢

The uncertainty of a measured value is

standard deviation, called a standard

First edition 1395
ISBN 92-67-10188-9

Printed in Switzerland

NIST Technical Note 1297
1994 Edition

Barry N. Taylor and Chris E. Kuyatt

Physics Laboratory

National institute of Standards and Technology
Gaithersburg, MD 20893-0001

(Supercedes NIST Technical Note 1297, January 1393}

September 1334

B G

Refer to Attachment 3A in the course book behind Tab 13.
International JOrganization for Standardization (1ISO). 1995.

in Measuremsnt. 1ISO, Geneva, Switzerland.

Refer to NIST TN1297.

Guide to the Expression of Uncertainty

The ISO Guide to the Expression of Uncertainty in Measurement, or GUM, 1995, is available in
U.S. ($25) and international ($92) editions. The editions contain the same material, differing only
in decimal marker, spelling, and size. The ISO International Vocabulary of Basic and General
Terms in Metrology (VIM), 1993, a companion document to the GUM, is available only in an

international edition ($71). The U.S. edition of the GUM is: American National Standard for
Expressing Uncertainty—U.S. Guide to the Expression of Uncertainty in Measurement,

ANSI/NCSL Z540-2-1997.

NIST Technical Note 1297. Taylor, B.N. and C.E. Kuyatt (2003). Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Results. National Institute of Standards and

Technology (NIST), Gaithersburg, MD 20899-0001. Technical Note 1297. Available at:

http://physics.nist.gov/Pubs/pdf.html (pdf) and http://physics.nist.gov/Pubs/guidelines/
contents.html (html). Based on the comprehensive International Organization for Standardization
(ISO) publication, Guide to the Expression of Uncertainty in Measurement.

American National Standards Institute
105-111 South State Street
Hackensack, NJ 07601

(phone) 212-642-4900

(fax) 212-302-1286

ISO Central Secretariat
1 rue de Varembé
Case postale 56
CH-1211 Geneve 20
SWITZERLAND



DQOs .a.nd Uncertainty

""No measurement program or sampling plan can be
adequately designed without some estimate of the
uncertainty in the data relative to the action level.

If there were no measurement uncertainty and no
spatial variability, how many measurements would be
needed to find the average concentration of a
radionuclide in an area?

+tempora]

Total uncertainty = measurement uncertainty -rzf»patial variability
vden (g bt § g

5. DAOs and the Development of 14005

The answer to this question reveals why several samples are usually averaged. To
reduce the decision maker’s uncertainty by reducing both measurement uncertainty
and spatial variability.

Planning is required to know how many samples are actually necessary to make
good decisions.



/u)w mary o’ Wl are QJ-Q,?

Uncertainty and the Action Level

Relatively large uncertainty can be tolerated:
A/G > 4 § Action
g Level !
(a) g 1 Mean A \’ l
The closer the mean of the 3 1€ >
distribution of analytical § ‘ :
, . | I
results is to the action & G . .
level, the smaller the Cl‘cncerﬂvallbn !
uncertainty needs to be to
distinguish the mean from Either more accuracy or more samples are needed:
the action level. -
g 7 ' Acti
§ 1 é L?v:r
() ] Mean
Al ~ 1+ g g/
§ y |
£ '
Tdncedtralldn

3. 0O0s and the Development of MG0s

Figure B.10 appears in MARLAP Appendix B.3.8, page B-24.

Alo is the relative shift referred to in Appendix B, Section B.3.7. Gray region is referred to |n
Chapter 3. A is defined by the picture.

At some concentration less than or equal to the action level, there is a critical value of the
concentration. Critical level is sometimes abbreviated “L".

Above this critical level, the decision maker will decide that the measured concentration is to high
to continue to believe that the average concentration is truly less than the action level.

action level (1.4.9): The term action level is used in this document to denote the value of a

quantity that will cause the decisionmaker to choose one of the alternative actions. The action level

may be a derived concentration guideline level (DCGL), background level, release criteria,

regqulatory decision limit, etc. The action level is often associated with the type of media, analyte

and concentration limit. Some action levels, such as the release criteria for license termlnatlon are

expressed in terms of dose or risk. See total effective dose equivalent ( TEDE) and committed
eftective dose equivalent (CEDE).

critical value (SC) (3B.2): In the context of analyte detection, the minimum measured value (e.g.,
of the instrument signal or the analyte concentration) requ1red to %lve confidence that a positive
(nonzero) amount of analyte is present in the matenal analyzed. The critical value is sometimes
called the critical level or decision level.

gray region (1.6.3): The range of possible values in which the consequences of decision errors
are relatively minor. Specifying a gray region is necessary because variability in the target analyte
in a population 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 action
level. The gray region establishes the minimum distance from the action level where it is most
important that the project planning team control Type Il errors.

uncertainty (1.4.7): The term .uncertainty. is used with several shades of meaning in MARLAP. In
?eneral it refers to a lack of complete knowledge about something of interest; however, in Chapter
9 it usually refers to .uncertainty (of measurement).

uncertainty (of measurement) (3.3.4): .Parameter, associated with the result of a measurement,
that characterizes the dispersion of the values that could reasonably be attributed to the
measurand. (ISO, 1993a).



Critical Value

Normal Distributions

Critical Value

A=3.31
1 _.—'-""FFH_

L]

Ohi)
§,

i

e

el R ARl

0

T\

Signal Absent Signal Present

3. D20Us and che Developmeant of MQOs

MARLAP Attachment B2, Decision Error Rates and the Gray Region for Detection
Decisions.

A critical value (or critical level) is used in hypothesis testing. In this example It is
the value that the test statistic must exceed in order for the null hypothesis to be
rejected.

A critical value is a value determined in advance to decide whether a hypothesis
will be accepted or rejected. If an observed value is at or beyond the critical value
(in the rejection region), the hypothesis is rejected; otherwise (if the observed
value is in the acceptance region), the hypothesis is accepted. Note that the
critical value divides all possible values of the test statistic into these two regions,
the rejection region and the acceptance region.



Connecting the MQOs to the DQ0s

« - Decision errors are possible because there is uncertainty
"in the data

+ One part of the uncertainty is analytical measurement
uncertainty

 Variation among samples with space or time also adds
uncertainty

» To limit decision errors, the analytical measurement
uncertainty should be limited to a level appropriate to the
DQOs

How can you do that before you have any data?

3. BG0s and the Development of M0:s

MARLAP Appendix C, provided at Tab 13..



phasizes Developing an MQO for Method Uncerta

Developing a process to specify Altequiredy

Method Uncertainty refers to the predicted uncertainty of a
measured value that would be calculated if the method were
applied to a hypothetical laboratory sample with a specified
analyte concentration

wMethodwreertainty s a characteristic of the analytical
method and the measurement process e somess,

ap.ds a characteristic of an individual

measurement

See Section 3.3.7 and page 8 of chapter 1.

10



* Developing MQOs for Method Uncertainty

Data are collected so that decisions can be
made about ...

» ... individual samples...as for bioassays /mwrr/ﬂﬂ/;;

* ... the mean of a sampled population ... as
for MARSSIM final status surveys

MARSSIM = Multi-Agency Radiation Survey and Site Investigation Manual.

MARSSIM provides guidance on how to design and implement a study to
demonstrate that a site meets appropriate release criteria.

Website: http://www.epa.gov/radiation/marssim/

11



Decision Rules Specify How the Parameter of Interest and Action Level

Will Be Used To Make a Decision

A decision rule has three parts:
e Parameter of Interest

» Action Level

(XN 14
« Alternative Actions ~_» ghuold be (xpdt ) wet
“Port o€’
Examples e
* Ifthe activity of a sample exceeds a certain level, conclude
the sample contains the radionuclide(s) of interest;
otherwise conclude it does not.

* [f the mean concentration in an area is less than the action
level, conclude the area meets release criteria; otherwise
conclude that corrective action must be taken.

3. DACs and the Developmeni. of MQ0s

MARLAP Appendix B.

12



Decision Rules

“The decision rule will be applied by:
* Collecting data
» Computing test statistic related to the parameter of interest
* Conducting a statistical hypothesis test

Examples

* If the counts from a sample exceed a certain level, conclude the
sample truly contains the radionuclide(s) of interest; otherwise
conclude it does not

* [f the mean concentration from a set of samples is less than the
action level, conclude the true concentration in the area from
which the samples were taken meets release criteria; otherwise
conclude that corrective action must be taken

3. D0s and the Developmens of MQ0s

MARLAP Appendix B.3.6.

13



Decision Rules

The decision maker and planning team
must be completely comfortable with the

decision rule regarding the criteria for
taking action

MARLAP Appendix B.3.6.

14



Statistical hypothesis-testing provides a mechanism for
deciding between two mutually exclusive statements
based on the value of a test statistic calculated from the
data.

These statements are called thesmull hypothesis, H,, and
the alternative hypothe51s H,.

of the test statistic obtalned 1s very 1

assumption. In that case thesdata

with the null hypothesis. Therefore it is r»an he '

alternative hypothesis is chosen instead.

Q03 and the Development of MQOs

MARLAP Appendix B.3.7 and Appendix C.2.

15



RejectHy ..

... when it is

DECISION TRUE STATE = CONSEQUENCES

actually true (f)robéi)ility o)
Deciding not to ... when it is grror
reject Hy actually false (probability [B)

MARLAP Appendix B, Table B-1.




 Decisions Made About Individual Samples

H,: Sample contains no radioactivity
H,: Sample contains radioactivity

Type I error: Decide there is radioactivity when there isn’t
Type II error: Decide there is no radioactivity when there is

This is the familiar framework for MDC calculations

FALL & Pos)ITIVE
FPALS &~ =T Ve

3. 0A0s and the Development of MQ0s

Refer to MARLAP Attachment 3B, MARLAP Section B.3.7, and MARLAP

Attachment B2 (Tab 13 of this course book).
* Decisions made on individual samples.
* The MDC problem.

17



T Distribution

3;32:- z?j'ﬁnts . Distribution of
hypothesis net counts
P under altemative

hypothesis

Probability

5. 0QCs and the Development of MQ0s

Refer to MARLAP Attachment 3B and MARLAH Attachment B2 (Tab 13 of this
course book).
* Decisions made on individual samples.

» The MDC problem.

Wy O
= MDcC

jose  Fo A ﬁ)o(

DEIC)

18



Action Level and Range of Concentrations

1

5 0.9]
:8 0.8
8 0.7
S 9 Specify the Action level
2 05
‘S o4 and arange of
% 03 concentrations of
a o2 interest aroundit
0.1 P
0.0 il N
(] 0.5 AL AL 1.5AL
Concentration

3. DA0s and the Development of MO0

For example purposes, the range has been used as 0-1.5 times the action level.

Decisions made on individual samples. The MDC problem.

Refer to MARLAP Section B.3.7 and MARLAP Attachment B2 (Tab 13 of this

course book).
 Decisions made on individual samples.
» The MDC problem.

19



Discrimination Level and Gray Region

o=

9

B <4

9 3_» e E

8 0.7 The DL is a level that is

q6 .'— LA 2 LUNAuUIsSTr on

2 o5

S 04

3 0.3 The concentrations

= > DL but < AL form

? The gray region
0-1 & i RS
i N s w S |
DL 0.5 AL AL 15 AL

Concentration

Refer to MARLAP Section B.3.7 and MARLAP Attachment B2 (Tab 13 of this
course book).

 Decisions made on individual samples.
* The MDC problem.

20



Discrimination Level and Gray Region for MDC Example

1
§ od For the MDC problem,
B ogthe DL=0
‘g 0.
“6 0.
_,.? 0.5
T 04
3 03
9 0.
o 02 The gray region
0.1 A
0.0 =
DOL 0.5 AL AL 1.5 AL
Concentration

Refer to MARLAP Section B.3.7 and MARLAP Attachment B2 (Tab 13 of this
course book).

» Decisions made on individual samples.
e The MDC problem.

21



Specify Desired Limit on the Probability of Type | Decision Errors

1

5 o9 Gray Region
S g
D o7
a
5 09 . .
> o4 Limit thg probability
= 0 ofﬂagglngabla.nk.
% .4 sample by specifying
£ o2 o at the DL

o.%ﬂ/

0.

0 0.5 AL AL 1.5AL

Concentration

3. 0Q0s and the Develepmens of MO0

Refer to MARLAP Section B.3.7 and MARLAP Attachment B2 (Tab 13 of this

course book).

» Decisions made on individual samples.

» The MDC problem.

22



Specify Desired Limit on the ?robability of Type Il Decision Errors

1

g
0.4
0.3
0.2

0.
0

Probability of Detection

0-3 Gray Region
0. /
0.
0.
0.

Limit the probability
of missing a sample
above the action
level by specifying
1-B at the AL

0

0.5 AL AL 1.5 AL
Concentration

3. C20% and the Development of MQ0s

Refer to MARLAP Section B.3.7 and MARLAP Attachment B2 (Tab 13 of this

course book).

* Decisions made on individual samples.

« The MDC problem.

23



Probability of Decision Errors in the Gray Region Not Controlled

-

(=]

The probability of
detection increases
with concentration
from o at the DL to
1-B at the AL

Probability of Detection

Gray Region

S © © © © © © © Sw©

[=]

0.5 AL AL 1.5AL
Concentration

(=}

Refer to MARLAP Section B.3.7 and MARLAP Attachment B2 (Tab 13 of this
course book).

+ Decisions made on individual samples.
» The MDC problem.



Probability of Detection Increases with Concentration

1 K\\\\

-2 -1 0 1 L 2 3 4 5 6
C

True Concentration (in units of measurement standard deviation)

© 3.D0G0s and the Development. of 14005

Refer to MARLAP Section B.3.7 and MARLAP Attachment B2 (Tab 13 of this
course book).

» Decisions made on individual samples.
» The MDC problem.

25



er Curve

o ,
5 of B
8 0.8 |
g icd Gray Region . Probability
B b, True mean Measure
o ‘Concentration >L,
2 05
S o4
®
O 03
2
D_ 0.2

0.1

0

0 AL
True Concentration

3. DQOs and the Development of MQOs

Refer to MARLAP Section B.3.7 and MARLAP Attachment B2 (Tab 13 of this
course book).

« Decisions made on individual samples.
* The MDC problem.

+ We can map the probabilities of exceedihg the critical level as a function of true
concentration from the previous slide onto a power curve.

* Here, the action level is 4 and ¢ = 1.



Receiver Operating Characteristic Curve (ROC)

Normal Distributions ROC

This graph shows the Signal
Absent and Signal Present
distributions that are the basis of

the signal detection theory model U
of decision making. A >
oA
/e
>

Signal Absent =00 50 75
Signal Present False Alarm Rate

False Alarms U 048 llﬂ’ﬂ 950 l Set Hits and False Alarms

1.00

Detectlon Theory Applet and Tutona / ;f»

Refer to MARLAP Section B.3.7 and MARLAP Attachment B2 (Tab 13 of this
course book).



Calculating the Required Method Uncertainty

To limit the
probability of
decision errors, a
and B, to 0.05,...

...the standard deviation of the
analytical method must be small
enough that A/, > 1.645 + 1.645.

L 0, <AL /3.29

5. DO0s and the Development of MO0

Refer to MARLAP Appendix C.3, Scenario Il and MARLAP Attachment B2 (Tab 13

of this course book).

*» Decisions made on individual samples.

* The MDC problem.
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The MQO for Method Uncertainty is the

Required Method Uncertainty

The performance requirement is that the upper bound for
the measurement standard deviation at the action level is

iy, 8 the required method uncertainty

a) The minimum detectable concentration (MDC) is often
found to be about 3 or 4 times the measurement uncertainty

b) MDC = 3 oz implies 6,z = MDC/ 3

c) IfMDC <= AL, then 6,;sp = AL/3=0.3 x AL

Refer to MARLAP Appendix C.3, Scenario Il and MARLAP Attachment B2 (Tab 13

of this course book).
» Decisions made on individual samples.
* The MDC problem.

29



The MQO for Method Uncertainty

Example
If the action level was 1 pCi/L, then the required method
uncertainty would be
Uz =03 AL=0.3 pCi/L .

The laboratory’s estimate of its measurement uncertainty
at the action level is called the method uncertainty. This -
must not exceed the required method uncertainty.

Refer to MARLAP Appendix C.3, Scenario Il and MARLAP Attachment B2 (Tab 13
of this course book).

 Decisions made on individual samples.
» The MDC problem.

30



Data are collected so that decisions can be
made about ...

e ... individual samples...as for bioassays

* ... the mean of a sampled population ... as
for MARSSIM final status surveys

3. 0A0s and the Developmans of MQ0s

Refer to MARLAP Appendix C.3 Scenario | and MARLAP Attachment B1.
The following series of slides consider the mean of a sampled population.

31



Decisions Made About the Mean of a Sampled Population 1

Decision Rule: If the true mean concentration in the
survey unit is less than the action level it may be
released for unrestricted use. Otherwise further
remediation may be required.

H,: The true mean exceeds the action level

H,: The true mean is below the action level
* Type I error: Decide the true mean does not exceed AL
when it does
* Type Il error: Decide the true mean exceeds AL when it
doesn’t

3. DR0s and the Development of MQOs

» Sampled Population.
» Refer to MARLAP Appendix C.3 Scenario | and MARLAP Attachment B1.
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Spccify Gray Region énd Desired Limits oﬁ thé: -F’rb.b-ability of Decisibh Error5

for True Concentrations at its Upper and Lower Boundaries
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©
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of missing a mean

below the DL
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&
©

Probability of Decidin.g Mean < AL

smallest of missing a mean
02 concentration above the action level
difference that it is
01 important to o
R detect.
0 DL AL

Mean Concentration

3. DO0s and the Development of MQDs

« Sampled Population.
« Refer to MARLAP Appendix C.3 Scenario | and MARLAP Attachment B1.
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5. A0S and the Development of MQ0s

» Sampled Population. ,
» Refer to MARLAP Appendix C.3 Scenario | and MARLAP Attachment B1.

Healy, M. R., Berger, D. E., Romero, V. L., Aberson, C. L., & Saw, A. 2002.
Claremont Colleges' "Web Interface for Statistics Education" (WISE) Power
Applet. Available online at http://wise.cgu.edu/power/powerapplet1.html.
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Criteria for Setting the MQO for Method Uncertainty

* The width of the gray region 1s A= AL —DL

* The number of samples needed to conduct the
hypothesis test with specified limits on o and 3
depends on the relative shift, A/c

* To keep the number of samples reasonable, ¢ should
be such that 1 <A/c < 3. Ideally, A/c ~ 3

* The cost in samples required rises rapidly when A/G
< 1, but there is little benefit from increasing A/G
above 3

3. BO0s and the Development of MQ0s

» Sampled Population.
» Refer to MARLAP Appendix C.3 Scenario | and MARLAP Attachment B1.
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04 grid as a Lompone orT LNé 10La grualr

« The total variance of the data is 6? = 6%, + 6%

* The sampling standard deviation, G , depends on the
variability in the spatial distribution of the analyte
concentrations and other factors having to do with how the
sampling is performed

* The analytical standard deviation, G, , 1s affected by
laboratory sample preparation, subsampling and analysis
procedures

+ Sampled Population.
 Refer to MARLAP Appendix C.3 Scenario | and MARLAP Attachment B1.
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Conrsy [l Qe man o ot Lo

The MQO for Method Uncertainty

Generally it is easier to control 6, than o

If o is large, then the best one can do is make G,, small relative to
Gs

How small is small enough?
If 6, ~ 04/3, then the analytical method variance is contributing less
than 10% to the total variance 62. Reducing it further will not reduce

G very much.

This implies that the upper bound for 6,, should be
L0 _N3_ A A
“ 10 V10 3410 10

3. 0A0s and he Development of Md0s

« Sampled Population.
» Refer to MARLAP Appendix C.3 Scenario | and MARLAP Attachment B1.
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« If LBGR = 0, then 1z = AL/10

» This is the same as requiring that the required relative

standard deviation of the measurements, @y, near the action
level be 10%

* In other words, the minimum quantifiable concentration
(MQC) should be no larger than the action level

A M(a.{‘Lth U = (0%

2. L0 and the Development of 14005

This is for a sampled population.

The minimum quantifiable concentration (MARLAP Section 20.2.7) is the analyte
concentration that gives measured results with a specified relative standard
deviation 1/ ko, where Kg is usually chosen to be 10.

38



| SUMMARY: The Key to the MARLAP Process

The principal MQOs in any project will be defined by:

* The required method uncertainty, u,,,, below the action level

AND

* The relative method uncertainty, ¢, above the action level
Pyr = Uy /AL

When making decisions about individual samples . . .. ... ... I R

When making decisions about the mean of several samples 5 g ~ A10

Where A is the width of the gray region

Method Uncertainty: MARLAP’s Common Thread

Definition:

« Predicted uncertainty of a measured value that would likely result from the analysis of a sample at a
specified analyie concentration.
« Combines imprecision and bias into a single parameter whose interpretation does not depend on context.
MARLAP recommends:

« Identify the method uncertainty at a specified concentration (typically the action level) as an importent
method performance characteristic.

+ Establish a measurement quality objective for method uncertainty for each analyte/matrix combination.

MQO for the method uncertainty (at a specified concentration):
« Links the three phases of the data life cycle: planning, implementation, and assessment.

* Related to the width of the gray region. The gray region has an upper bound and a lower bound. The upper
bound typically is the action level, and the lower bound is termed the “discrimination limit.”

Examples of MQOs for method uncertainty at a specified concentration:
« A method uncertainty of 0.01 Bg/g or less is required at the action level of 0.1 Bag/g.
« The n|1ethod must be able to quantify the amount of ?2Ra present, given elevated levels of 25U in the
samples.

Terminology:
* Uwr Required method uncertainty (absolute)
“WoNirE uvs/ AL ‘Required method uncertainty (relative)
« A=AL-DL Width of the gray region (range of values where the consequences of a
decision error are relatively minor)
« Action level

Concentration that will cause a decisionmaker to choose one of the alternative
actions

. Discriminati)A limit  Synonymous with the lower bound of the gray region

39



Example Scenario

Does the milk from

downwind cows have
higher *°Sr concentrations
than that from upwind
cows?

Potential Source of #°Sr

40



Averaae, Vo Do a0 1""..

Action Level - 8 pCi/L limit for total **Sr in milk
Average background level of 2-3 pCi/L for %Sr in milk
Choose Discrimination Level at 3 pCi/g
A=(AL-DL)=8-3=5
- o _ A _ A
" V10 - 3V10 10

Upg=5/10=0.5 pCi/L  @pg = 0.5/8 = 6%
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Measured (y)

Abovertheractiondlevel, the
bound on the relative
standard deviation is
constant and equal to

Pur = Uyr/ AL

The required method
uncertainty, uyg, is
specified at the action level

Refer to MARLAP Appendix C.4.1 (Tab 13).
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6 = [0+ 6,7 ]” is the total standard deviation of the data

6 is the standard deviation of the contaminant concentration in
the sampled population (i.e., the contribution of spatial
variability to uncertainty)

6,, 1s the “true” standard deviation of the measurement process
(Le., the analytical contribution to uncertainty)

iy, 18 the required method uncertainty at and below the Action
Level. Upper bound to the value of o,

Oyr = [ #yg/ AL] 1s the required relative method uncertainty
above the Action Level

Continued...

3. DQOs and the Development of MQOs

If the spatial variability is large, then u,,; = A/10 would be the goal when measuring
for the mean of a sampled population.

Uyr = A/3 would be the goal when deciding whether an individual sample exceeds
an AL.

If DL=), these reduce to u,,z = AL/10 and u,,, = AL/3, respectively.
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Review of Symbols

(Continued)

the width of the gray region

" (UBGR-LBGR)

‘s the probability of a Type I decision error

ﬂs the probability of a Type II decision error

a and B are often taken to be 0.05.
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Required Method Uncertainty

The required method uncertainty, u,,, , and the required
method relative uncertainty, @, , can be used for both
method szlection and to develop acceptance criteria for
QC sample results.

3. DQ0s and the Development of MQOs

Refer to MARLAP Appendix C.4.2.
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Key Analytical Planning lssues:
MQOs and AFPSs

Module 4

Bob Litman




4. Key Anzlyticzl Planning lssues

A zip-lock bag with mud, stones, and wire was left on my desk at a nuclear plant.
The attached note from “J.R.” was all the information received.

A system engineer had pulled this out of one of the feedwater heaters (it was
labeled potentially contaminated but the heater was outside the radiologically
controlled area).

He wanted to know, “What is the material made of and where did it come from?”

After a visual exam | told him rust from inside the condenser and the pre-heaters
forward of this one.

“What about the chunks?” he asked.

| took out a microscope and prepared a slide. “It appears to be weld wire and weld
slag”, | said after the visual with the microscope.

“What about scaffolding material?” he asked.

| told him, “I'll need a couple of days to analyze for aluminum. How much
scaffolding are we looking for?”

“Alot,” he replied.

When | brought the sample to the lab (inside the RCA) | first did a gamma
spectrometry analysis to see if the sample was contaminated. Sure enough it
contained 8°Co and 58Co. When 1 told this to the engineer he said, “Oh, that's
interesting. But that's not important to what | need to know”.

The engineer's PROJECT was to find out what the materials was made of to
determine if it came from staging. What SPECIFICATION should he have made
about the sample so that the ANALYTICAL process would have proceeded more
smoothly?



Overview of the Analytical Process

The Project Manager must ensure that technically
knowledgeable personnel write the Analytical Protocol

Specification (APS), before sampling occurs.

When the AFS is completed. ..

Project Manager is responsible for identifying processes
that comprise the entire sample life:

* Sampling...

» ...through analysis...

* ...to data trending...

+ ...and everything in between

4. Key Analytical Planning lssues

The Project Manager needs to ask the right questions and ensure that the
questions that relate to the sample processing are answered correctly.

All of this seems very obvious, but in reality it is seldom done!



Key Analyt.i'cal Planning lssues

A key analytical planning issue has a significant effect on
the selection and development of analytical protocols or
has the potential to be a significant contributor of
uncertainty to the analytical process and, ultimately, the
resulting data.

Minions

=

Project
Manager=—=

<. Key Anzilytical Planning lesuze

Project Manager is responsible for having the “vision” and entrusting his
team specialists to find ways to implement the mission.

Need to know what we see as the end result so that the steps, from
sampling to final data analysis, can support the end result.

What we are going to do is discuss the key planning issues discussed in
Chapter 3. '



contains the project’s analytical data needs
and requirements in an organized, concise
form

The APSs represent the resolution and documentation of key analytical
planning issues, many of which will be covered in this session.



The APS Will Contain.. ..

The Analytical Protocol Specifications (APS) is the
central planning document that contains
important information:

* Specifics about the range of concentrations to be determined

 Potential interferences (radiological and non-radiological) that
may eliminate several potential methods

» Amount of sample required, preservation, pretreatment, etc.
* The required method uncertainty,
* Many other factors effecting the analytical results

This information is used to construct the MQOs that
will appear in the AFS

4. Key Analytical Planning lesues




The Premier Document in the Process

The APS must be completed before samples are
collected or analyzed

4. Key Analytical Planning lesues

+ “If a ship captain does not know to which port he is steering, no wind is
favorable”

« The next segment of the presentation deals with the specific items which
need to be considered, detailed or eliminated when writing an APS.
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General
* Development of an analyte list m’w\// My bt
 Concentration ranges s

* Chain of custody
Matrix Specific
» Filtration of liquid samples
» Solid samples sieved to a particular mesh range

4. Key Analytical Planning [ssuees



Which radionuclides are we looking for?

Based on:
* Process knowledge
» Historical site assessment (HSA)
* Previous studies of this or similar sites

* Preliminary project studies

There are 2,540 radionuclides and 480 isomeric states of nuclides. The
selection of what could possibly be in the site that is being assessed would
be based on the radionuclide’s half-life, how long before the site assessment
the production or use of the radionuclide was present, and how much was
there at anyone time.




Coneentireiion Retgee (Ceneral)
E22)

What is the expected concentration range for each
radionuclide in the samples we will be analyzing?

Based on:

» Historical site assessment (HSA)
- Existing data on expected “background” values

i 7]

What might be one reason to anticipate why we need to know how much is

present?
+ Safety to samplers
» Safety to analysts
» Field versus laboratory analysis
» Potential laboratory methods
+ Costs
» Sample size

10



~ Matrices of Concern (General)

(333)

What are the matrices in which the radionuclides can
potentially be contained?
What needs to be evaluated about each matrix?

« Homogeneity/heterogeneity (commonly ignored)

* Potential hazards to sampler or analyst

 Chemical composition of the matrix

* Pretreatments prior to analysis

4. Key Analytical Planning lasues

» What are examples of matrices: surface water, groundwater, soil,
concrete, asphalt, gypsum, linoleum, etc.

« Will or should the samples be homogenized? In the field or by the lab?

» What are the contaminants in this matrix, besides what you're looking for,
that may prove hazardous? For example, PCBs, explosives (H, in tank
water), VOCs, asbestos, carbon monoxide, etc.

« “Solid” is not a matrix! Humic, sand, loam are different descriptors for soil.
Linoleum? What is it made out of? Lab needs to know so that they can
analyze it successfully.

» Does the groundwater sample need to be filtered, does the sandy soil
sample need to be sieved, must the whole sample be used, must the
whole sample be dissolved, ...?

11



~ Relationships Among the Radionuclides of Concern (General)

(3.3.4)

» Parent-progeny
 Easy-to-detect as markers for hard-to-detect
* Process knowledge

4. Key Analytical Planning lssues

+ If medical waste is present and Tc-99m generators are part of the waste,
what might be present that most likely will be undetected by gross alpha-
beta analysis? Tc-99: parent daughter relationship plus process
knowledge.

« Site produced ?°5Pb by neutron bombardment of 2°Pb. What else might
you expect? 204T| (half life 3.8 years) from (n,p) reactions.

12



~ Project Resources and Deadlines (General)

(3.3.5)

All projects have schedules. Some considerations are:
— Existing method?

— Turn-around-time?

— Available funds?
These considerations may change —
Project phase... Steetn
Amu\ﬂh'tu (
(o frmatiOn
o -

4. Key Analytical Planning lssues

» Does a validated method exist for the analyte matrix or does one need to
be developed, and can it be done within the scope of work?

« Can an offsite laboratory get the results to the decision makers in a timely
manner, or will an on-site lab need to be established”

» Will the funds available support the deadline based on the types of
samples and analyses?

 Ininitial phases of the project, the time frame to get results may be
shorter and require less precise measurement. As the analyte and matrix
list is revised, the time to obtaining results may change and
measurements may become more precise.

13



Refine Analyte and Matrix List (General)

GXX2)

» Based on updated project information

* Should be a routine part of the project development to
review these lists to ascertain if something (either an
analyte or matrix) is:

— Omitted

— Unnecessary

4. Key Analytical Planning lssues

Initially, you may know there is radioactive contamination. This could be one
of 3,020 possible radioactive substances (this is a small list compared to the
2+ million known organic compounds!). As more information about the site
becomes available, this list is pared down and the number of potential
radionuclides and possible matrices decreases. This should be done at
routine intervals in the early stages of the project and less frequently as time
progresses.

14



'M_'efhod Pérfc)?n_éﬁcé_tH'émt;;&éﬁeiice and MQOs

(3.3.7)

» Examples of Method Performance Characteristics
— Method uncertamty
— Method detection capability Seee &) s
— Method range
— Method specificity
— Method ruggedness -

= Vo

meA ba © Twle ey oS

* An MQO is a quantitative or qualitative statement of a
performance objective or requirement for a particular method
performance characteristic

* MARLAP recommends that an MQO for method uncertainty
(u1yr) be established for each radionuclide/matrix combination

4. Key Anzlytical Planning lssues

This is where the Project Manager must hone the details of the project
goals. The above information is critical to developing project MQOs based
on the methods selected.

15



| Example MQOs for Select Method Performance Charactenstucs

(Matrix specific) (3.3.7.1)

» Example MQO for minimum detectable concentration
(MDC)

— An MDC for %9Co in water samples of 0.5 pCi/L for each
sample

» Example MQO for required method uncertainty

— A method uncertainty for 37Cs in soil of 2 pCi/g at the
action level of 20 pCi/g

Refer to the APS in the handout (Tab 14). What do we know about the
historical data for the analysis of °°Sr in milk?

What methods of analysis will we be using?

16



|

» Determined during the project planning phase
» Limiting analytical options based on
— Historical
— Known interferences
— Known method limitations
» May be determined by presence of other radionuclides

4. Key Analytical Plannina ssues

Significant quantities of 222Th can be determined directly by gamma
spectrometry using the 228Ac 911 keV gamma ray as long as there is
confidence that the actinium is always supported in the matrices to be
analyzed. However, the presence of ®°Co would cause significant
background (from Compton) probiems in that region of the gamma
spectrum. This limits the analytical options to methods other than gamma
spec if the MQOs cannot be achieved due to the presence of °Co.

17



 Method Availability (Matrix Specific)

(3.2.9)

* Does the method exist?
— May require research and development
» Is the method validated for the project’s matrices?

* Is it performed routinely enough to support the project
activities?

4. Key Analytical Planning lssues

Method validation is a concept that deals with the laboratory's experience
with the method for the particular analyte in the particular matrix of your
project. (More about method validation in Module 9 about Chapter 6.)

18



~ QC Samples: Types and Frequency (
(3.3.10)

Méi:rix 5peciﬁ6)

Laboratory blank

Matrix spike

Laboratory control sample (LCS)

Duplicate sample

Matrix spike duplicate

4. Key Analytical Planning Issues

Any or all of these may be chosen for the project. The radiochemical
specialist. in coordination with the project team, needs to decide which ones
should be used.

The first four will be discussed in more detail in Module 10 (on MARLAP
Chapter 7), where we will discuss acceptance criteria for each of these. A
Performance Evaluation/Testing sample (external program) is not
considered a “lab QC Sample,” but is an important part of the laboratory QA
program and should be part of a laboratory’s analytical load.

19



Sample Tracking and COC (General)

(33.)

 Security
* Documentation

4. Key Analytical Planning lssues

‘Samples are obtained and sometimes stored prior to shipment. Locked up?

- Refrigerated?

v“‘Who handled the sample? Must each person verify sample in their custody?
2 1 What abcut shipping? Are all containers sealed with tamper proof tape?

. Original chain of custody returned to site? What about chain of custody at

i the laboratory?

20



Data Reporting Requirements (General)

(3.3.12)
» What format should data report have? e (S Jnll
— Results £1, 2, or 3 (combined standard uncertainty)?
- Units?

by T
— MDC, Critical Level, MQC, ...? 4— vl idateon .
ol
Two ID numbers—both should be on data report. &% fhe
Particulars for each sample?

Enough data to reproduce calculations?

. 4. Key Analytical Planning lssues

There is no standard report format. The Project Manager must let the lab
know the project data requirements.

What are the two ID numbers? The Project ID and the LAB ID.

21



- Mafrix—SpEciﬁc |ssuEs

(34)

Sample container to be used?

Whole sample to be analyzed, or how can
representative sub-sampling be assured?

Sample to be homogenized by laboratory?

Spurious detritus in sample to be discounted/
discarded/analyzed separately?

+. Key Analytical Planning lssues

How could sample container affect results? Filter papers stored in plastic
containers-static charge could dislodge particulates...

Issue of subsampling in the laboratory is usually not addressed adequately.
See MARLAP Appendix F (Volume Il) for guidance.

What should the laboratory do with twig parts or plant roots in soil samples?

22



Example of An AFS

» Handout provides an APS for detection of *°Sr in milk

» We will discuss each area of the APS and the
significance of each specification

4. Key Analytical Planning lesugs

Refer to APS example behind Tab 14.

23



 Assume that the selection of the analyte list is
completed based on historical assessment of the project

 Section 3.2 directs us to identify the matrices,
concentration range and any chemical or radiological
interferences

4. Key Anglytical Plzanning lssues

Describe the potential interferences (can be radioactive or non-radioactive):
« Calcium, milk fats, *°K, fission products, magnesium
The anticipated concentration ranges to be needed:

+ lIs it expected that zero pCi/L will be found in Milk? What is the historical
background for Sr in milk?

+ Are there any other facts they know about strontium in milk that may be
- included in the APS description?

Collection procedure:

* How preserved until analysis, type of cow, sheep, or goat matter?, Where
they grazed?

24



The Basics

Analytical Protocol Specifications
N
Analyte List: 90Sr Analysis Limitations: Perform direct measurement
of analyte. Analysis of progeny allowed if
radioactive equilibrium is established at laboratory
from freshly isolated parent.

Matrix:__Raw Milk Possible Interferences: Fresh beta-emitting, fission-
product nuclides if purification steps are inadequate
or non-existent.

Concentration Range: | to 50 pCi/LL  Action Level: 8 pCi/L

Method Validation Level: MARLAP Levels A, C. or D as applicable. See Attachment C for details.

MQOs: _A required method uncertainty m\,_.,) of 0.5 pCi/L. or less at 8 pCi/L.

4. Key Analytical Planning lesusgs

Refer to the APS in the handout (Tab 14).
The questions that this segment of the APS answers are:

1. What? Radionuclide Note: Only one analyte is listed. Exception would
be gamma spectrometry.

2. Where? Matrix. Note: Only one matrix is listed
3. How much? Upper/lower concentration range expected

4. Important level for decision making? Action level and required method
uncertainty at the action level

5. How to prove it can be done? Method validation level (to be discussed
during Module 9 on MARLAP Chapter 6)

6. Potential problems? Limits on the analysis and interferences. Heads up
to the laboratory on what is needed to be accounted by the laboratory for
the chemical separations and analyses.

25



What Methods Meet the MQO?

MQO: A required method uncertainty (uye) of 0.5
pCi/L or less at & pCi/l

F_ _____________________ T—_ Beta |
. LS(_:_]l_Detector GPC |  Required for Project

Routine Method 0.2 0.5
Uncertainty (pCi/L) ' 0 03 (Required Method Uncertainty)

4. Key Analytical Planning lzsues

The TEC and radiochemical specialist need to asses the three methods and
their method validation documentation, and determine which methods meet
the APS specifications.

It should be emphasized that u,,g is one sigma (10).

LSC is liquid scintillation counter, GPC is gas proportional counting.

26



Stipulation of Quality Control

Type Frequency  Evaluation Criteria
Method blank 1 per batch See Attachment B
Duplicate 1 per batch See Attachment B

Matrix spike* 1 per batch See Attachment B

*Spiking range provided in Attachment B of the AFS (Analyte Detection)

Refer to the APS in the handout (Tab 14, page 3).

These will be discussed in detail when we discuss Chapter 7. The Important
points to note here are that the Project Manager decides the type of QCs to
be performed and the frequency. This is an example of batch requirements
for quality control samples!

27



APS —Anaalytical Process Requirements

ACTIVITIES

1. Field Sample Preparation/
Preservation

2. Sample Receipt/Inspection

3. Lab Sample Preparation

\

SPECIAL REQUIREMENTS

f See Example APS at Tab 14

J

Continued...

4. Key Analytical Planning lscues

This is an example APS. Refer to the APS in the handout (Tab 14, page 2).

28



Analytical Process Requirements (Continued)

ACTIVITIES SPECIAL REQUIREMENTS
4. Sample Dissolution \

5. Chemical Separations

6. Preparing Sources for
Counting

7. Nuclear Counting & See Example APS at Tab 14
Data Reduction and Reporting

9. Sample Tracking
Requirements

10. Other- Chemical Yielding J,

4. Key Analytical Planning lesues

This is an example APS. Refer to the APS in the handout (Tab 14, page 2).

» Sample dissolution: NONE is listed. Does that mean that digestion can’t
be done? Remember, performance-based requirements.

* What is the significance of the chemical yield requirements being distinct
for 85Sr tracer vs Sr carrier? Minimize uncertainty due to yield mass,
which ultimately minimizes uncertainty in the yield and the counting data.

29



Attachment /\—Data Reduction

1. Calculation methodology for *°Sr
Combined standard uncertainty for *°Sr calculation

3. Sample-specific MDC based on analytical parameters
measured

Sample Specific critical level
5. Specific intermediate calculations required (ingrowth factors)

Data reduction process reviewed as on-site audit or desk
audit, by client

7. No changes in data reduction process without approval

Continued. ..

4. Key Analytical Planning lesues

See Attachment A of APS at Tab 14, page 2

NOTE that these are examples of what could be requested by the
client.

+ Item 3 specifically discusses the MDC is a sample minimum detectable
concentration vs a method minimum detectable concentration. NOTE:
Item 3 does not discuss the use of a Yttrium yield. Is this an oversight, is
a Y yield necessary?

* Item 4 says that the critical level will be per individual sample.

+ Item 5 requires that the analytical laboratory report include the
calculation steps for each sample with the sample’s specific parameters
used for each calculation.

30



Attachment A (Continued)-Data Reporting

1. Sample specific parameters to be reported
2. Sample processing factors or parameters

3. Required calculated information
4

Batch QC results to be reported with each batch
of samples

5. Laboratory to provide a narrative for each batch
of samples

6. Reports — electronically and as hard copy

" 4. Key Analytical Planning lesues

See Attachment A of APS at Tab 14, page 2

These are examples of what could be requested by the client. There are
additional factors that could be requested, such as:

» Certificates for standards used
» Trend graphs for all QC results
» Trend graphs for specific analyte recoveries

+ Copies of “condition reports” or laboratory incident reports that may affect
the sample processing

» Etc.

31



APS Documents the Key Analytical Planning lssues:

v
v
v

<

Developed by the project team
Created before sampling and analysis.begin

Tells the laboratory what is required of them in specific
detail

Identifies MQOs
Used as the roadmap to validate/assess results

4. Key Analytical Planning lssues

Because the APS documents the resolution of the key analytical planning

issues:

+ Itis critical that the whole project team review the APS to ensure that the
projected results will meet their specific needs.

+ The APS must be done before anything is analyzed.

+ There should be “give and take” with the laboratory so that the
requirements in the APS are not overly restrictive.

+ The MQOs should have already been selected and approved by all
stakeholders, so that when results begin to accumulate there is no
question as to what the measurements really mean.

* The data validators/verifiers and assessors should use the APS to ensure
that the results have met the projected needs of the project.

32



MARLAP Recommends...

 Assumptions made during resolution of key analytical
planning issues be documented

 Each radionuclide has an action level and a gray region

* MQOs be established for select method performance
characteristics

« An MQO for method uncertainty always be established for
each analyte/matrix combination

 That all measurement results be reported directly as
obtained including negative values along with the
measurement uncertainty

See handout of consolidated MARLAP recommendations for Part | (Tab 16).
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Class Activity on APS

Each group will write their own APSs
Each group will designate

— Project Manager

— Radiochemical s;iecialist

— Field sampling coordinator

— Certified Health Physicist

Blank APS form provided

APSs will be based on “The Plutonium Fabricators,
Ltd.” scenario

Solution will be distributed following exercise

The Project Planning Team usually consists of a project manager, one or
more radioanalytical specialists, a certified health physicist, and a field
sampling coordinator. MARLAP recommends that the composition and
size of the team reflect the size and complexity of the project. The
following are examples of project roles and responsibilities; they may
change depending on the individual project:

+ Certified Health Physicist: Responsible for dose assessment, field
sampling Locations and modeling.

+ Radiochemical specialist: Responsible for establishing the correct
procedures for the analysis desired, the method uncertainty and data
review and validation.

» Field sampling coordinator: Responsible for identifying the proper
sampling techniques and validity of the samples.

« Turnto Tab 18.
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Project Flan Documents:
Impor'tant Recommendations

Module 5

David McCurdy




Importance of Planning Plan Documents (4.2)

* Support data defensibility for environmental
compliance

 Define project objectives
* Tool for communication with stakeholders

5, Projcct Plan Document.s

State the references used to support the data to be gathered (why we're
doing 8°Co and not %5Fe)

Define and uphold the plan objectives — keep the project team focused.
The stakeholders know what you're going to do



MARLAP Recommends a Graded Approach
(4.3) |

+ Diversity of environmental data collection
activities

— Affects detail and content of plan
« Flexibility in applying guidance

— According to the nature of the work being
performed and the intended use of the data

5. Projsct Plan Documents



Link Project Plan Documents to Projcbt Planning Process

(46)

MARLAF recommends that the project plan
documents integrate all technical and
quality aspects for the life cycle of the

project

* Planning
 Implementation
.+ Assessment

£, Projsct Plan Docuriants



MARL;\P Recommen_ds ;I-’_l-'imarg/ Projéﬁ:t Plan Docﬁmcﬁﬁ That -Incl.udeé thcr

Documents by Citation or As Appendices (4.4.2)

* Primary project plan document integrates the
multi-disciplinary sections, other management
plans, and stand-alone documents

 Appropriate management plans
— Health and safety plan
— Waste management plan
— Risk analysis plan

Appropriate management plans may include these others as well:

» Community Relations Plan

» Records Management Plan

+ If available, the data validation plan and DQA plan

+ Detailed discussion of the project and a brief description of site history



MARLAP Does Not Recommend a Fér.ti-cula-r"l’”roj.e.:.cf Plan Document Ap_p"roé-c_lri;“

Title, or Arrangement (4.4.2)

Reasons Why:

 Federal and state agencies have different
requirements for the various environmental data
collection activities

* May be regulatory requirements

* Project plan document should reflect (and be
consistent with) organization’s QA policies and
procedures

5. Proigot Plan Documents

For example:

+ Radiological Environmental Monitoring Program
* License Termination Plan

» Decontamination and Decommissioning, efc.



National Standards Guidance on Project Plan Documents (4.4.1)

e ASTM D5283, Standard Practice for Generation of
Environmental Data Related to Waste Management
Activities: Quality Assurance and Quality Control
Planning and Implementation

* ASTM D5612, Standard Guide for Quality Planning and
Field Implementation of a Water Quality Measurements
Program

o ASTM PS5, Standard Provisional Guidance for

Expedited Site Characterization of Hazardous Waste
Contaminated Sites

5. Proizct Plan Documents



Elements of Projéct Plan Documents (4.5)

» Project DQOs, APSs including the MQOs [Chapter 3]

» Sampling and analytical protocols that will achieve the
project objectives [Chapters 3 and 10]

 Assessment procedures and documentation sufficient to
confirm that the data are of the type and quality needed
[Chapter 8]




Content of Project Plan Documents (4.5.1)

* Project description and objectives

» Identification of those involved in the data collection and
their responsibilities and authorities

* Enumeration of the QC procedures to be followed

» Reference to specific SOPs that will be followed for all
aspects of the projects

« Health and safety protocols

5. Proisct Plan Documents




MARLAP strongly discourages using stand-alone plan
components of equivalent status without integrating
information and without a document being identified as a
primary document [4.5.2] ‘

MARLAP recommends using a formal process to control
and document changes if updates of the original project
plan document are needed. [4.6]

5. Project Plan Documznts

10



TABLE 4.2. Crosswalk Between Project_"Plan Do&umént Elements -

and Directed Planning Process

A. Project Management
— 9elements-

B. Measurement/Data Acquisition
— 10 elements

C. Assessment/Oversight
— 2 elements

D. Data Validation and Usability
— 3 elements.

See Table 4.2 In handouts

3. Proisct Plan Documents

Refer to Table 4.2 behind Tab 15

11



TABLE 4.2. Crosswalk Between Projéct Plan Document Elements
and Directed Planning Process

— . m—
l Project Plan Content -

ID [; Document Elements Measurement/ Data
{

‘Directed Planning Process |

| aeeeraoony |

B4 | Analytical Mcthods
Requirements

__Acquisiti

Projcct Plan tcam:
- Identifics input to the decision
(analytc, matnces, ctc.)

Identify analytical methods and
procedurces included nceded
matcrials, wastc disposal and
corrective actions

- Establishes the required
mcthod unccrtainty

- Specifics the optimum
sampling and analytical dcsign

BS

Quality Control
Requirements

1) Describe QC procedures and
associated acceptance criteria
and corrcctive actions for cach
sampling and analytical
technique

2) Define the type and frequency of
QC samplcs should be defined

along with thc cquations for
calculating QC statistics

Projcct Plan tcam:

- Establishes the required
mecthod uncertainty, which
will drive QC acceptance
critcria

- Establishes the optimized
analytical protocols and
desired MQOs

3. Proiect Plan Documents

See Table 4.2 in handouts (Tab 15)
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MARLAP' Recom mends...

 Using a graded approach to project plan writing because
of the diversity of environmental data collection activities

» Developing a primary integrating project plan that
includes other documents by citation or as appendices

» Developing project plan documents that integrate all
technical and quality aspects for the life-cycle of the
project, including planning, implementation, and
assessment

* Including the report on the directed planning process in
the project plan documents (by citation or in an appendix)

Continued. ..

5. Proizet Plan Documeznts
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* Including a summary of the planning process if the
planning process was not documented in a report

— Assumptions and decisions, action levels, DQO statement,
and APSs (which include the. established MQOs and any
specific analytical process requirements)

 Using a formal process to control and document
changes if updates of the original project plan
document are needed

5. Proigct Plan Cocument.s
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Overview .

« Basic concepts (e.g., what is “uncertainty’)

* Why uncertainty is important

* The role that uncertainty plays in MARLAP
» Traditional practices

» The GUM

* Causes of uncertainty

« MARLAP’s recommendations

&. Measuremzant Uncsrtainty



| | - What ls Uncertainty?

* In general, “uncertainty” means a lack of complete
knowledge about something of interest

 In metrology (the science of measurement)
uncertainty usually means uncertainty of

measurement, which has a more precise definition

. Measurement Uncertainty




| Definition of Uncertainty .

» “Parameter, associated with the result of a
measurement, that characterizes the dispersion of the
values that could reasonably be attributed to the

measurand’ - international Vocabulary of Basic and General Terms in
Metrology (VIM)

» Examples might include:
— Standard deviation
— Multiple of a standard deviation
— Half-width of interval with stated level of confidence

&. Measuremeni Uncertainty



" Comments on the Definition

» Associated with result of a measurement

(Not with a measurement process or procedure)

« Measurement result and the uncertainty together allow
one to place reasonable bounds on what the “true”
value might be

O. Measurement Uacartainty

Recall that MARLAP defines the “method uncertainty” as a performance -
characteristic of a measurement process.



« If a lab reports that a sample of soil from a frequently
used playground contains 110 pCi/g of 23°Pu, what
actions if any would you recommend?

— Insist that the lab report uncertainty of result

« If the uncertainty is 10 pCi/g, one might conclude the
playground should be closed while more tests are
performed

« If the uncertainty is 300 pCi/g, the result doesn’t mean
much

&. Measurement Uncertainty



Importance of Uncertainty

If the result of a measurement is reported without
some indication of its uncertainty, the result is
useless for decision making

5. Measurement |Jncartainty



Traceability

Are your results supposed to be “traceable”? If so,
note that the concept of traceability is defined as —

“Property of the result of a measurement or the value of
a standard whereby it can be related to stated
references, usually national or international standards,
through an unbroken chain of comparisons all having

stated uncertainties” — VIM

&. Measuremant Uncertalnty

See notes to slide 12 for reference to VIM.



Role of Uncertainty in MARLAP

* MARLAP’s approach to method evaluation and
selection uses criteria based on measurement
uncertainty (and the derived concept of method
uncertainty)

» Criteria for evaluating a lab’s performance based on
required method uncertainty

» Criteria for evaluating internal laboratory QC based on
measurement uncertainty

« Criteria for making decisions about the contents of
an individual sample based on measurement
uncertainty

6. Measurement Uncertainty



Traditional Practices :

Radiochemists have known about uncertainty for
many years, but for most of that time there was no
standard terminology or notation

Often use the term “sigma” to mean an uncertainty
expressed as a standard deviation

Some use one sigma (1o), 20, or even 1.96c

Uncertainty often stated without any explanation,
leaving data users to make their own assumptions

10



- Traditional Practices

 Incomplete uncertainty evaluations common

» Reported uncertainty might be only the “counting
error”

— It is one component of the total uncertainty

» Sometimes result might be reported with a relative
uncertainty of only a fraction of 1 % (usually
unrealistic)

» Sometimes you might even see 0 + 0 pCi/L (bad!)

&. Measuremeant Uncertaingy
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| | The GUM |

» Guide to the Expression of Uncertainty in
Measurement (GUM)

— Published in 1993 by ISO in the name of 7 international
organizations

— Presents terminology, notation, and methods for
evaluating and expressing measurement uncertainty

» Promotes more-complete uncertainty evaluations and
comparability of uncertainty statements

&. Measurement Uncartainty

* International Organization for Standardization (1ISO). 1995. Guide to the
Expression of Uncertainty in Measurement. ISO, Geneva, Switzerland.

» The ISO Guide to the Expression of Uncertainty in Measurement, or GUM, is
available in U.S. ($25) and international ($92) editions. The editions contain the
same material, differing only in decimal marker, spelling, and size. The ISO
International Vocabulary of Basic and General Terms in Metrology (VIM), 1993, a
companion document to the GUM, is available only in an international edition
($71). The U.S. edition of the GUM is: American National Standard for
Expressing Uncertainty—U.S. Guide to the Expression of Uncertainty in
Measurement, ANSI/NCSL Z540-2-1997.

American National Standards Institute
105-111 South State Street
Hackensack, NJ 07601

(phone) 212-642-4900

(fax) 212-302-1286

ISO Central Secretariat
1 rue de Varembé
Case postale 56
CH-1211 Geneve 20
SWITZERLAND

12



* MARLAP’s primary recommendation regarding
measurement uncertainty is to

Follow the GUM

— So we speak and write the same language about
uncertainty

— So we can interpret each other’s results and uncertainty
statements

&. Measursmznt Uncertainty

13



~ MARLAP and the GUM

« If you follow the GUM, you’re following the most
important part of MARLAP’s guidance for evaluating
and expressing uncertainty

» MARLAP goes further and applies the GUM to
radiochemical measurements

» Most of additional guidance is intended to be helpful,
not prescriptive

. Measursmant Uncertainty

14



Question for the Class

How can you comply substantially with MARLAP’s
guidance for evaluating and expressing uncertainty?

G

&. Measurement Uncertainty
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Metrology and Statistics

« What we’re doing is called metrology, defined as the
science of measurement

» Metrology # statistics, although metrology uses
statistical methods and terminology

» Metrology uses lots of approximations (with no
apologies) and defines new terms and symbols that a
statistician wouldn’t recognize

&. Measursiment Uncartainty
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Results as Random Variables

» We consider the result of a measurement to be a
random variable

 The result can vary if the measurement is repeated, but
it should vary in a manner that can be described
probabilistically

 Can discuss its probability distribution, mean,
standard deviation, etc.

. leasurement Uncertainty

17



Standard Uncertainty '

* When we talk about the uncertainty of a result, we’ll
usually mean the uncertainty expressed as a

« ‘GUM calls this 2 SEERABRAIREERES

 Traditionally standard uncertainty often called a
“one sigma” uncertainty

©. Measurement Uncertainty
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What Causes Uncertainty?

* One of the best-known sources of uncertainty is
“counting statistics”

* A radiation counting measurement is based on the
detection of radioactive emissions produced by atoms
of radionuclides as they decay

» Radioactive decay is inherently random

« We can describe the probability that an atom will
decay during a specified time interval, but we can’t be
100 % certain

&. Measursmzant Uncartainty
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Counting Uncertainty

» Radiation detection can also be random

* If you could repeat the same radiation counting
measurement over and over with the same initial
conditions, you’d get a different result each time

» Uncertainty of a result due to the randomness of
radioactive decay and radiation detection is what
MARLAP calls the g uncertainty

&. Measurement Uncertalnty

20



* Often the lab analyzes only a small portion of a much
larger sample

* A typical sample has some heterogeneity, so one
portion differs in composition from another

 Uncertainty due to subsampling is potentially very
large, but may be hard to quantify

21



| Causes of Uncertainty: Instruments

* Measuring instruments and their operators aren’t
perfect

 Radiation detectors usually aren’t capable of detecting
every particle or ray emitted from the sample

» Even volumes obtained using volumetric glassware
and masses measured using precise analytical balances
have uncertainty

O. Measuremeant Uncertainty
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Causes of Uncért:ainty: Standards

» Standards have uncertainties in their stated values
— Including standard solutions used for instrument
calibration

 Typical (standard) uncertainty for standard solution is
~0.5%t02%

 These uncertainties may exceed the uncertainty due to
counting statistics for measurements of samples with
very high levels of activity

&. Measurement Unceartainty
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Causes of Uncertainty: Other .

* Many other causes of uncertainty

— Variable background radiation levels (e.g., cosmic)

— Errors in mathematical models used to describe
measurement process (e.g., calibration curves)

— Errors in published values for constants (e.g., half-lives
and radiation-emission probabilities)

— Impurities in reagents
— Contamination of glassware or instruments

— Changing environmental conditions in the lab
(temperature and humidity)

©. Measuremzant Uncertainty
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Uncertainty Propagation

* Final result typically not measured directly but
calculated from other measured values

* Measured values might include volumes, masses,
times, and numbers of counts

» Uncertainties of the input values combine to produce
uncertainty in output value

» Mathematical operation of combining individual
uncertainties to obtain the total uncertainty of final
result is called propagation of uncertainty

&. Measuremeznt Uncert ainty
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Combined Standard Uncertainty

+ Standard uncertainty of a result obtained by
propagating the standard uncertalntles of all the 1nput b
values is called the combiredSEandard incertainty

+ “Total propagated uncertainty z(ERU)previously used
to denote same concept

9. Measurement Uncertainty

)
>
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Notation ‘

Standard uncertainty denoted by lower-case st

1
L

If x is a measured value, standard uncertainty is @(x)"

Exception: If standard uncertainty is combined _
standard uncertainty, it may be denoted by # (¢

Expanded uncertainty denoted by upper-cas@f;’i%

('\"4( {H

Lok

| orl oa

(&9{

©. Measurement Uncertainty
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Uncertainty Propagation

* Propagating uncertainty not the simple addition of
- uncertainty components

* If you multiply a result x by a constant c, the
standard uncertainty of the product is |c| X u(x)

* If you add two values x and y, the standard
uncertainty of their sum is the square root of the sum
of the squares of u(x) and u(y)

u(x+y)=u’(x)+u’(y)

— Think of the Pythagorean Theorem (next slide)

6. Measuremient Uncartainty
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The Uncertainty of a Sum .

uc(x+y)=\/u2(x)+u2(y)

u(x)




- Large and Small Components

* A consequence of rules for uncertainty propagation:

— Small uncertainty components tend to contribute even
less to the total uncertainty than one might think

« Combine two uncertainty components 10 and 3 — the

total uncerfaintyis only 10.4, not 13

. Q\(a\é

vl G

&. Measurerent Uncertaingy
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Dav\QAeo v a

 The lab might report the combined standard
uncertainty for each result...

* Or multiply CSU by £ to obtain a larger hncertainty,
obtaining a wider interval about the result with greater
probability of containing the true value

» Productof k x CSU = expanded uncertainty
* Factor k called coverage factor

5. Measuremeant Unceartzinty
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| Qucstiohs for the Class

What is standard uncertainty?

What is combined standard uncertainty?

: Go
How do you denote the combined standard uncertainty

of y? n
[
What is expanded uncertainty? — ~ \ﬁ|<

©. Measursment incertainty
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Rounding Results

« Consider a result reported as 15.381 pCi/g with CSU
4.076 pCi/g

* Final digits in the result don’t mean much, because of
the uncertainty

» More sensible to report the result as 15 with
uncertainty of 4, or 15.4 with uncertainty of 4.1

&. Measurement Uncertainty
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Rounding Rules

« There is a widely accepted method for rounding
results with uncertainty

» Regardless of whether you report the CSU or an
expanded uncertainty, round the uncertainty to either 1
or 2 figures

— MARLAP prefers 2 in all cases — Others may differ

* Then round the result to the same number of decimal
places

©. Measurement Uncortanty

34



Example: Rounding .

* Suppose a measurement result is 17.93602 Bq/L, and
lab reports the result with a CSU of 0.37301 Bq/L.

» How would you round the result and the CSU

according to MARLAP? . .3 £ 0%

6. Measuremznt Uncertaingy
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» There are common shorthand notations for reporting
uncertainty

* If reporting/€8W; place the digits of the rounded
uncertainty in parentheses just after the digits of the
rounded result:

 This format is not commonly used by radiochemists
* May be encountered in published documents

©. Measurement Uncertainty
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Other Shorthand Notations

« For expanded uncertainty, report the numerical values
of the result and uncertainty in parentheses followed
by the unit of measurement, with the result and
uncertainty separated by + (or +—):

(17.94 + 0.75) Bq/L

» This format is more familiar to radiochemists

37



Explain the Uncertainty :

» Even if you use an accepted shorthand notation,
explain what it means

* In particular state whether it is a CSU or an expanded
uncertainty, and in the latter case, state the coverage
factor

&. Measurement Uncertainty
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Summary of MARLAP's Recommendations

Use the terminology, notation, and methodology of
GUM

Report all results — even if zero or negative — unless
believe they are invalid

Report either combined standard uncertainty or an
expanded uncertainty for each result

Explain the uncertainty — in particular, state coverage
factor for an expanded uncertainty

(continued)

&. keasurement Uncertainty
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Summary of MARLAP’s Recommendations
(Continued) '

 Consider all sources of uncertainty, and evaluate and
propagate all that are believed to be potentially
significant in final result

* Do not ignore subsampling uncertainty (for solid
samples) just because hard to evaluate

» Round reported uncertainty to 1 or 2 figures (we
suggest 2) and round the result to match

40



Final Recommendation |

All preceding recommendations are severable

Do as much as you can

At least use GUM’s terminology and notation so that
we all speak and write the same language

Make further progress as time and resources permit

6. Measurement Uncertainty

41



Does MARLAP prefer that a lab report the combined
standard uncertainty of each result, or an expanded

uncertainty? -

G for - T[S

&. Measurement Uncertaingy
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| Questioﬁ for the Class

When a lab reports an expanded uncertainty, what
coverage factor does MARLAP prefer?

W.

7 - '5 Cs ;,WW-/\

&. Measuremant Uncartainty
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Question for the Class .

What does the notation 12.34(56) Bq/g mean?
v

\

sV

o. Measuremens Uncartainty
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"~ Question for the Class

What does the notation (12.34 + 0.56) Bq/g mean?

Wpdﬁu/* (7)

R
Qv((d“f- G W,"G"
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Your Questions?

&. Measurement Lncertainty

46






Evaluating Measurement
Uncertainty

Module 7

Keith McCroan




* Brief review of Module 6
* Uncertainty evaluation
— How does one calculate and propagate uncertainty?
— What are some pitfalls?
— What tools are available to make it easier?
— Some examples and one exercise

7. Zvaluaiing Measurement Uncziiainty



' Review of Module 6

» What is MARLAP’s primary recommendation
regarding measurement uncertainty?

* What is a standard uncertainty?

» What is a combined standard uncertainty?

7. Evaluarting Measurement Uncaitainty



Review of Module 6

* What is expanded uncertainty?

* What is a coverage factor?

7. Evaluating Measurement Uncariainty



. Mathematical model |

* Typically one does not measure the final result
directly

* The value is calculated from other measured values
using a mathematical model of the measurement

» The model relates values of the directly measured
quantities (input quantities) to the final result (output
quantity, which is the measurand)

7. Zvaluating Measurement Uncertainty



The Model

* Model might be a single equation or set of equations

« We follow the GUM here and represent it abstractly as
a single equation

Y=£(X,X,...X,)

Y denotes output quantity and X,X,,...,Xy denote input quantities

7. Zvaluating Measurement Unceriainty

We use upper-case variables for the input quantities and output quantities (when we
write the model abstractly).



Input Estimates ' ,‘

» Given a mathematical model of the measurement,
making a measurement requires estimating values of
the input quantities and using them to calculate the
value of the output quantity

» Estimated values of the input quantities are called
input estimates

* We denote input estimates as x;,x,,...,Xy-

7. Zvaluating Measuramant Uncaitainty
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Output Estimate

 Given the model and the input estimates, the value of
the output quantity is calculated

» The calculated value is the output estimate:

Y =fx1%5,...y)

7. tvaluzating Measucrement Unczrtainty

We use lower-case variables for the input estimates and output estimate.

When you actually apply this theory, you'll use the same variable symbols whether
you're talking about the quantity or the estimated value of the quantity.



Evaluating Uncertainty

» We want the combined standard uncertainty of the
output estimate, y

* First need the standard uncertainty of each input
estimate, x;

* Then determine how much each of these uncertainties
contributes to the total uncertainty of y

» Many ways to do the first step

7. Zvaluating Measurement Unczriainty




1o [ e

Methods of Uncertainty Evaluation

GUM describes two general types of uncertainty

evaluation (for input estim tes)

e Typc A cvaluatlon of sta : by \ &w"/
statistical §of series of observatlons

other means

(V’ e (g ¢ wnliate .

Y

va uating Measurement Uncertainty

10



Type A Evaluations

» Canonical example:

— Series of replicate measurements of input quantity X,
— Estimate the value by the average of the results

— Estimate the standard uncertainty by the experimental
standard deviation of the mean

* Least-squares regression is also a TypesAr method

* If you have “degreestof fréed
Type A method

oih,” it’s probably a




- Example: Type A evaluation

Make 6 measurements of an input quantity, X;:
x,-,]=12, x,-’2=9, xi,3=12, x,-,4=10, xi’5=1 1, x,-,6=9
Use average as input estimate:

x; = (1249+12+10+11+9) /6 =63 / 6 = 10.5
Experimental standard deviation* of these 6 values
s(x;) = 1.378
Let u(x;) be the experimental standard deviation of
the mean, which equals 1.378 /+/6 = 0.5627

*See next slide

7. Zvaluating Measurament Uncariainly
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Example: Type A evaluation

12+9+12+10+11+9 63

x, =X, =%ix,‘k = 5 ?le.S

S(x,,) = gl_—IZu 7,)?
- \/%((1.5)2 +(=1.5)2 +(1.5) +(=0.5)% + (0.5)? + (~1.5)?)
_ 3
=1.378

s(x,,) _1.378

u(x,)=s(x))= NG = N

= 0.5627

7. Evalusting Measurement Uncaitainty
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b\t”"”"““) laye A cre Or Coant

» Any method of uncertainty evaluation that isn’t
Type A 1s Type B

* Many Type B examples, including
— Poisson counting uncertainty
— Using tolerances

— Importing values with uncertainties from other sources

Soemetimes a Type B evaluation is based on
professional judgment
— Don’t be afraid to make an educated guess ( > 1ga0rng H’B

In particular, if the uncertainty component is small, don’t be afraid to guesstimate it.
E.g., how far might the meniscus deviate from the capacity mark in a pipet?



e ) (e

Ny
N
O
-
-
~

« Estimate standard uncertainty of the number of counts,
N, observed in a typical radiation counting
measurement by square root of N

* Assuming distribution of N is Poisson:

— Standard deviation = square root of the mean

7. Zvaluating Measurameant. Uncertainty

15



\1
3

v # U (J /

* Radiation-counting measurement where distribution
assumed Poisson
— Observe N =169 counts

* Standard uncertainty evaluated to be /169 =13

7. Zvaluaiing Measurament Uncertainty
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Low-level Poisson Counting

* One may sze results reported as 0 £ 0

— When blank (or background) count and sample
count arz zero and counting uncertainty is
estimated by taking square root of the count

» Reporting 0 + 0 or an

* MARLAP recommends that when very low numbers
of counts possible, evaluate uncertainty of N as

u(N)=+/N +1

7. Evaluating Measurement Uncertainty
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- Example: Low-level Poisson

 Suppose sample count, N, happens to be 1
+ Evaluate the uncertainty of N by

u(N)=,/N +1=+1+1=+2=1.414

18



e

 Suppose an input estimate is rounded to 0.8

 The original value might have been between 0.75 and
0.85

* How to account for this uncertainty?

« Assume a rectangular distribution* centered on 0.8,
wit BRI a = 0.05

« Divide half-width a by~/3 to get stanc
of the input estimate Q Gk e

XK rec hujicv

* See next slide

7. Evaluating Measurement Uncertainby

When you round a measured result, you lose information and increase uncertainty.
But when done properly, rounding should add negligible uncertainty.



u(x)=

Sls

= u(x)

7. Zvaluating Measurament Uncectainty

The rectangular distribution assumes values between the lower and upper bound
are equally likely, and no other values are possible.
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- iy ,.\Qufu\'\ @ ce=fe Y

 There is uncertainty in the capacity of a volumnetric pipet

+ ASTM class A volumetric pipet has a statcduoléfaneéa for
the nominal capacity V

* Any value between V' — a and V + a is possible, but assume
values near V are most likely

* Assume a gniangulamdistribution”, centered on V, with half-

width a

. Divide half-width a by to get standard uncertainty of V|

* See next slide

21



Triangular Distribution

ulx;)= a

=

_' u(x;) ‘_

7. Evaluating Measuramant Uncertainly

The triangular distribution assumes that only values between the lower and upper
bound are possible, but values near the center are most likely.

22



Example: Triangular

* Suppose the nominal capacity, V, of an ASTM class A
volumetric pipet is 1 mL with a specified tolerance of
a=0.006 mL

 Assume a triangular distribution for the error and
calculate the standard uncertainty of V'

u(V)=alJ6 =0.006 mL/2.4495 =0.00245 mL

7. Zvaluatiang Measurement Uncariainty
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 Uncertainty of pipet’s capacity is not the total
uncertainty of volume delivered

* Total uncertainty depends on operator’s skill (among
other things)

» However, the uncertainty does tend to be relatively
small

In many rad-chem measurements, the uncertainty of pipetting is one of the least of
your concerns.

Balance measurements also tend to have very small uncertainty when performed
properly.



Rectangular & Triangular: Other Uses

« Rectangular and triangular distributions are often used
when you can estimate a bound a for the largest
possible error in your estimate

25



4*" Example: Imported values

* If you import a value measured by someone else (e.g.,
a half-life measured by NNDC) and use the reported
uncertainty, that’s a Type B evaluation

* If you buy a standard with a stated value and a ,
confidence interval (say 95 %), divide the half-width
of the confidence interval by an appropriate percentile
of the standard normal distribution to get the standard
uncertainty-

7. Evaluating Measurament iJnczrtainty
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 Suppose the stated massic activity for a standard
solution is 204.1 Bq/g with 95 % confidence limits at
+3.2 Bq/g.

* What is the standard uncertainty of the massic
activity?

(‘m—\’ (A.(w}' h4 V}
Divide 3.2 Bq/g by 1.960 (97.5* percentile of the
standard normal distribution) to get the standard
uncertainty, 1.6 Bg/g

7. Zvaluating Measurement Uncartainiy
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Uncertainty Propagation

» For a typical measurement process, one calculates the
final result using a mathematical model of the
measurement

Y=fX1.X,....Xy)

» Measure or import estimates x,X,,...,x, of the input
quantities and calculate an estimate y for the output

quantity
Y =fx1%050Xn)

7. Evaluatving Measurament Uncervainty
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Uncertainty Propagation

+ Use same model to determine how standard
uncertainties of input estimates, x,,x,,...,Xy, produce
combined standard uncertainty of the output
estimate, y

» Mathematical operation of combining uncertainties of

the input estimates to get the uncertainty of the output
estimate is called g# g2

7. Evaluating Measurement Uncertainty
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How Uncertainties Combine

Suppose u(x;) = 1.5 and u(x,) = 2
What is the uncertainty of the sum x,+x,?
Uncertainties generally add “in quadrature”

Answer in this case isnot 1.5 +2 = 3.5, but

N225+4 =25

= st (MM’ ntt row‘f’}

i

7. Evalugting Measurement Uncertainty
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Components of Uncertainty

* If model is more complicated than a simple sum, think
in terms of uncertainty “components”

* An uncertainty component is the part of the total
-uncertainty of y that is generated by just.one input
estimate x;

 Uncertainty propagation usually consists of
calculating all the uncertainty components, squaring
them, adding up their squares, and then taking the
square root of the sum

7. Zvaluating Measurament Uncaitainty
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 Uncertainty component due to x; depends on the
uncertainty #(x;) and also on how sensitive y is to
changes in x;

« If large errors in x; don’t generate large errors in y,
then y is not very “sensitive” to x;

» Might be a large uncertainty in the time of sample
collection, but the sensitivity of the decay-correction
factor depends on the half-life (e.g., 1311 vs 2380)

7. Zvaluating Measuramsent Uncartainty
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Component. of Uncertainty .

* The component of the combined standard uncertainty
u(y) generated by u(x;) is:

» Of/ Ox; is a sensitivity coefficient because it indicates
how “sensitive” y is to changes (or errors) in the value
of x;

7. Zvaluaiing Measurament Unceridinty
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Estimating Uncertainty Components

« Generally préferred that sensitivity coefficients be
calculated using rules of calculus

* But it is also OK to estimate the sensitivity
coefficients or the uncertainty components (e.g.,
spreadsheet methods)

* One way to estimate an uncertainty component
without calculus is:

1
u, (y) zElj‘('xl:v"-"xz +u(xi)""’xN)_f(xl"--’xi —u(xi)""’xN)|
d)wmge o vetue T o e =ns

7. Zvaluating Measurament Uncertainty
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Uncertainty Propagation Formula

* GUM calls this equation the law of propagation of
uncertainty

» MARLAP prefers the less grandiose name uncertainty
propagation formula

35



| Derivatives .

* Jf/ Ox; indicates how much y changes when x; changes
by a small amount

« E.g., ify=2x, — 4x,, then of / Ox, =2 and of / Ox, = —4
» For more complicated functions, you need calculus (or
estimation procedures)

7. Zvaluating Measurement Uncartainty
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« Simple 9= 2x, — 4x,
“where u(x,) = 1.5 and u(x,) = 1.0

o u ()= 2| % uCr,)=2x1.5=3.0

o u,(y) = |4 X u(x,) =4 x 1.0 =4.0

u (y)=3.0" +4.0° =250 =5.0

37



Graphical Unéertalnty Propagation

y=2x - 4x,
u(x)=1.5
u(x,)=1.0

u,(y) = 2x1.5=3.0
uy(y) = 4x1.0 = 4.0
u, (¥)=Ju () +u(y)

2
X

u, () =3.0

one_ (ompr—"

7. Zvaluating Measuremsnt Ungertainty

Here is the same example illustrated with a diagram.

If the model involves only 2 inputs, the uncertainty components combine in the
manner shown here.

The length of the blue line indicates the combined standard uncertainty.
Remember the Pythagorean Theorem.
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Small Components

 Small uncertainty component has even less impact on
_ the total uncertainty than one might think

* In example below, u (y) is almost identical to the
larger component, u,(y)

u(y)
uy(y)

u,(y)

7. Evaluating Measurement Uncartaingy
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» The form of the uncertainty propagation formula shown earlier
essumes that all the input estimates are determined
independently of each other

 If some pairs of input estimates are correlated with each other,
you need a different version of the formula

u (y)= Z % u(x)+2zzaf % u(x,,x)

i=1 i i=1 j‘l+1

7. Evaluating Measurement Uncertainty

Earlier we did"'’t tell you the whole truth about uncertainty propagation.
Sometimes there are complications.
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» Two or more inputs in the model might be calculated from the

same data (e.g., parameters for a calibration curve estimated by
least squares)

* Physics (e.g., the areas of two photopeaks in a gamma spectrum
might be correlated)

* Environmental influences (e.g., temperature and humidity) but
often too small to care about

7. Evaluating Measuremeant Uncartainty
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7. Evaluating Measuremsnt Uncertainiy

Depending on the signs of the correlation coefficient r(x,,x,) and sensitivity
coefficients df / dx, and df / dx,, a correlation might either increase or decrease the
combined standard uncertainty. On this slide we see an increase.

The value of the correlation coefficient r(x,,x,) is related to the cosine of the angle
you see marked on the slide. (It has the same magnitude but perhaps a different
sign.) '

The length of the blue line segment shows the magnitude of u,.

For comparison, the red line segment shows the magnitude of v, if the correlation
coefficient were zero.
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| Correlations -

On this slide we see a situation where the effect of the correlation is to make the
combined standard uncertainty smaller than it otherwise would have been.

Again, the value of the correlation coefficient for x, and x, is related to the cosine of
the angle you see marked.

The length of the blue line segment shows the magnitude of u,.

For comparison, the red line segment shows the magnitude of v, if the correlation
coefficient were zero.



How to Estimate Correlations

» Experimentally

— Type A evaluation of covariance based on a series of
paired measurements of two quantities

* Calculate covariance using a formula similar to the
uncertainty propagation formula

» See MARLAP Chapter 19 for more details
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« It helps to remember shortcut formulas for propagating
uncertainty

* For example, if all the input estimates x,, ..., x,, and z,,
..., z; are nonzero and uncorrelated, and if

XXX Xy
Z,X--XZ,
then
2 2 2 2
") = ‘[y[_u i), o <>__u]
X Xk Z Zr

7. Evaluaiing Mzasurament Uncertainty

What happens if x; is zero?
What happens if z; is zero?
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| Shortcuts (Continued)

* In radiochemistry, the following type of model is common:

net

i

y= .
EXYXV (nvelf - Treld- otr

+ The uncertainty equation for y can be written as follows (if no
correlations):

v 5= J ul (Roe) +y2'x[u2<ze)+u2m+u2(V>)

erxYixy? £ Y? V2

7. Evaluating Measurement Uncuirainty

The numerator is a net count rate. The denominator is a product of factors:
detection efficiency, chemical yield, sample volume analyzed.

This paradigm works for any number of factors in the denominator. So, you could
include decay/ingrowth factor (D) and emission probability (P) too.



Pitfalls of Uncertainty Evaluation

Pitfall #1

» Sometimes one input quantity appears in the mathematical
model more than once
» What’s the problem?

* You might be tempted to treat each occurrence of the variable
as if it were a distinct variable

» Think about it. What is the uncertainty of x — x?

It isn’t ‘/uz(x)+u2(x)

e It’s zero

7. Zvaluating Measuremeant Unczriainty

Note that x - x is an artificial example, which you probably will never encounter in
practice.

But obviously, the value of x — x is exactly zero, with no uncertainty, even if the
value of x is uncertain.
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In the real world, the x's were numbers of counts, and y was a kind of “spillover”

factor.

Here’s a real example encountered not long ago
How to calculate uncertainty of

X, +Xx,

Does the uncertainty of x, contribute more uncertainty to y
because x, appears twice?

If you say YES, then what is the uncertainty of the following?

X, +x,
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| Example (Continued)

» Both y and z must have exactly the same uncertainty

dy _ x o
& (x+x,): o
dy _ -x _ o
x,  (x +x,) o,

2 Y . B _ 5N |,
u;(») _i(xﬁ'xz)z] u (xl)+£(x|+x2)2J u(x,)
) )

(% + x2)4

7. Zvaluating ieasurement Uncertainty

Since z = 1 — y, and the 1 has no uncertainty, it follows that u(z) = u(y).



| Pitfalls of Unoertainty Evaluation (Continued)

Fitfall #1 (continued)

» Sometimes variables that appear explicitly in the
model might be calculated from other variables

* Could tend to obscure fact that some variables (in
effect) appear twice in the model

* Good example of this in alpha spectrometry using a
tracer, where detection efficiency is used in the
calculation of the yield

« Efficiency actually has no effect on the final result
(cancels out)

7. Zvaluating Measurement Uncartainty
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Pitfalls of Uncertainty Evaluation (Conunqca)

Pitfall #2

» Beware of some shortcut formulas when the output estimate is
zero

* Remember

- net
‘ EXY XV

() = \/ ul(Ryy) +yzx[u2(5)+u2(Y)+u2(V)j

eXxY*xV? e’ Y? y?

* Not

s [u(R) W) W) W)
uc(y)—\/y X[ ’ + e + 7?2 + 2 ]

7. Evaluating Measurament Uncerainty

If the net count rate, R, is zero, the latter uncertainty equation causes a divide-by-
zero error, or, if you avoid that error, you calculate zero for the uncertainty of y.
Either way, you make a mistake.

St 423 = ¢



Pitfalls of Uncertainty Evaluation (Continued)

Pitfall #3

» Everyone likes to assume Poisson counting statistics
and estimate the counting uncertainty by y/N

» What’s wrong with that?

 Often nothing, but when counting combined emissions
from more than one nuclide in a short-lived decay
chain, Poisson model isn’t valid

— Generally underestimates the uncertainty

 Deviation from Poisson is greater when detection
efficiency is high

7. Zvaluating Measuremeant Uncartainty
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Example: 22Rn in a Scintillation Cell

+ Classic example is counting 222Rn and progeny in
alpha scintillation cell (Lucas cell)

* Get alpha counts from 222Rn, 2!8Po, and 2!4Po
 Detection efficiency 1s usually high

 Counts tend to occur in clusters as one atom decays
through several states, not as independent events

* Described by H.F. Lucas in the early 1960s but still
widely unknown

7. Evaluating Measurament Uncartainiy
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Other Examples of Non-Poiggon Counting

* Beta-counting 2**Th, which has the short-lived decay

product, 2>mPa, another beta-emitter
e v

are unknown
~ j}ross alpha, gross beta, gross gamma

7. Evaluating Measurement Uncertainty

Gross beta in particular often has a high detection efficiency.
Gamma-ray detection efficiency is often low, so Poisson model may be OK.
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Fitfall #4

» Some sources of uncertainty not shown explicitly in
the model

 E.g., variability in the instrument background, or
varying levels of contamination in the blank
— Include explicit extra term in the model or increase the

uncertainty of the blank count

* Error due to subsampling heterogeneous solid
material, such as soil or sediment
— See MARLAP Chapter 19 and Appendix F

7. Evaluating Measurement Uncairtainty
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Pitfall #5

 If model is nonlinear and some input estimates have large
uncertainties, uncertainty propagation formula may not
work

* Uncertainty propagation formula based on an
approximation, which may not always be adequate

* As arule, keep relative uncertainties of count times,
aliquant sizes, decay-correction factors, detection
efficiencies, and yields small

* Uncertainties of the raw counts can usually be large
(except for the tracer count)

7. Zvaluating Measurement Uncertainty
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* Software tools make uncertainty evaluations easier

 Kragten spreadsheet method can be used by anyone
with a spreadsheet program

« Standalone software systems (some free) and software
component libraries that do uncertainty propagation
automatically

7. Evaluating Measurement Unczrtainty

References: L Measy remunt vncert Ak - 07
+ Kragten, J. 1994. “Calculating standard deviations and confidence intervals with a
universally applicable spreadsheet technique,” Analyst, 119(10), pp. 2161-2166.

* Vetter, Thomas W. 2001. “Quantifying Measurement Uncertainty In Analytical
Chemistry — A Simplified Practical Approach.” National Institute of Standards and
Technology (NIST), Gaithersburg, MD 20899-8393. Available at
http://www.cstl.nist.gov/div839/839.03/Uncertainty.pdf.

Vetter's online article describes the Kragten technique and applies it to analytical
chemistry. '



 Allows you to define a mathematical model of a
measurement, specify uncertainties of the input
estimates, and propagate uncertainty automatically

* Propagates dimensions of quantities and does unit
conversions

* Imports raw data and exports results to CSV files

+ Available @fWw.mecroan.comi

» Another source of free software for uncertainty propagation is
http://metrologyforum.tm.agilent.com/download3.shtml

» The GUM Workbench is available (for purchase) at: http://www.gum.dk/e-wb-
home/gw_home.html

Mzention of trade names or specific applications does not imply endorsement or
acceptance by the U.S Environmental Protection Agency or any MARLAP agency.
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Parting Thoughts | __

» Many people focus on uncertainty propagation as the
difficult problem that prevents better uncertainty.
evaluations

» The uncertainty propagation formula looks
complicated because of summation symbols and
partial derivatives

 Actually straightforward — can be implemented
automatically by reusable software components

Continued...

7. Evaluating Measurement Uncariainty
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Parting Thoughts

& Luncertainties need to be propagated

« Software won’t solve this problem for you anytime

sSoon
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Questions?

7. Evaluating iMeasurament Uncartainty
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Obtaining Laboratory Services
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' Obtairiing Labérétory Scn}iceé

Chapter 5

Appendix E: Contracting Laboratory Services
* More extensive than Chapter 5
* Provides detailed information

» Covers multi-agency contracting vehicles

£, Jbrsining Laborarory Herises

Appendix E:

» Request for Proposals (the solicitation)

 Proposal requirements

* Proposal evaluation and scoring procedures

* The award '

+ Duration of contract (period of performance and milestones)
+ Contract completion



Importance of Technical and Contractual Specifications

Contract 5pcciﬁcation5. .

« Capture analytical requirements in a concise &—ATHs
format

 Verify that project planning documents contain all
the information required

« Identify laboratory’s responsibility for
documentation

& Chraining Laboratony Senvices

Capture -analytical requirements in a concise format: facilitates selection
of appropriate analytical protocols by laboratory

Verify that project planning documents contain all the information
required: selection and implementation of the appropriate analytical
protocols

Identify laboratory’s responsibility for documentation: data verification,
validation, and quality assessment




| Planning I

Includes SOW
| Procurement Process | Socton E.2

+————  Roflects SOW
rﬁequcet for Proposals | Secton E3
| Procurement Process | Section E.4

Review, Evaluate,
Score, Audit Secton E.5
Award Section E.6
| Contractor Services | Section E7
l 4—— - Poeriodic Evaluations
Progress According to SOW

| Contract Completion | Section E.8

5. Obvaining Laboratory Bervices

MARLAP'’s procurement discussions generally conform to the Federal
Acquisition Regulations (FAR). FAR may not apply to states, universities, or
private-sector purchasers, but most large organizations have comparable
requirements and regulations.



Procurement Options (E.2.2)

 Purchase Order
» Noncompetetive procurements (“Sole Source”) N (5 o Ao >)
« Invitation for Bid (IFB) — ett~ v#/ -~ eo
« Request for Quotation (RFQ) ~ Sv I nop
Continued. ..

Purchase Order

« In-house process handled through purchasing staff; usually has a not-to-exceed limit for purchasing

+ Limited to small needs without a formal request; may be used to purchase a limited number of sample analyses
+ Commonly used to purchase supplies and less costly instruments or equipment

» The maximum size of a purchase order is set by the organization. In the federal government, purchase orders are limited
to $100,000 (also called the “simplified acquisition threshold.” A “micropurchase order” is authorized under FAR for
purchases below $2,500. No justification or competition is required. Purchase orders between $2,501 and $100,000 are
automatically set aside for “small businesses” unless justification can be made.

Noncompetitive procurement:
» Unusual or compelling urgency; Unique capabilities (such as a patent holder); National emergency

« Federal Acquisition Regulations specify procedures and justifications for limited competition at 6.302. A lack of funding or
inadequate advance planning are insufficient justifications. -

Invitation for Bid (IFB)

+ Solicitation for proposals/offers issued under “sealed bid” procedures.

+ Uncommon for laboratory services.

+» A competitive bid process based solely on cost. Resulting contract is fixed-price.

Request for Quotation (RFQ)

. Solict';}at:‘or:’ for a task order under an existing federal supply schedule; all costs, terms, and conditions are already
establishe

* May not change established terms and conditions, or exceed or enhance established scope and size
« A competitive bid process based mainly on cost, but may be on “best value”
+ RFQusually results in a fixed-price contract; best suited where requirements are readily defined in advance



Procurement Options (E.22)

(Continued)

* Request for Proposal (RFP)
« Basic Ordering Agreement (BOA) W¥ A VISR T
» Modification (to Existing Contract)

5. Obtaining L

Request for Proposal (RFP)

Solicitation for proposals to establish contracts under FAR's negotiated procurement process
Suitable for procurements where approach must be flexible or tailored to circumstances that can't be defined in advance

+ Generally addresses a major long-term need for contractor support (several years)

A competitive bid process based mainly on technical capability (*best value™) rather than on price alone

Basic Ordering Agreement (BOA)

Agreements established with one or more qualified laboratories to process samples
BOA defines the analytes, costs, methods, APSs, MQOs, and any other parameters required

Agency can send samples to one or several vendors depending on analyte, matrix, sample turnaround time, or the laboratory’s ability to
handle throughput

Fixed-price or time-and-matenals task orders

- Competitive procurement used to establish qualifications, capabilities, costs, capacities, and other requirements

BOAs may be established with vendors under the Federal Supply Schedule (GSA) or by individual agencies. BOAs permit faster ordering
because many of the pnces, terms, and conditions are already established.

BOAs establish the terms and conditions for indefinite delivery requirements (unknown quantities of task orders or analyses; unknown
delivery dates for analyses or task orders; or both)

Modification to an Existing Contract

Formal change to terms and conditions of a contract implementing options already built into the contract
May be unilaterally imposed by government or bilaterally agreed upon

Approach meets a need that is consistent with the type of contract that I1s in place

Agency expands or extends contract to cover additional authorized work

Agency amends contract to add a method for sample processing that is similar to work already covered

Modifications must be authorized within the contract. For example, a contract with Acme Consultants to evaluate SOPs for tritium may
not be modified to purchase tritium analyses without justifying sole source. Scope or quantity cannot be changed by a modification. But...
If the original contract was for 100 tritium analyses, and contained a provision that the government could optionally order 100 strontium
analyses, a modification may exercise that option.

The govemnment afways reserves the right to modify contract unilaterally. If the modifications change the price, the contractor may seek
*fair and equitable adjustments” In price.

Many modifications are purely administrative and implement changes to terms and conditions. The name of the technical contact, for
example.



Statement of Work (50W) Technical Specifications

» MARLAP recommends preparing written technical
specifications (“statement of work™), regardless of
whether the services are to be contracted out or performed
by an organization’s laboratory

4 er for SOW is the
at a specified

concentration

&. Obtaining Laboratory Services

An MQO is a quantitative or qualitative statement of a performance
objective or requirement for a particular method performance
characteristic

MARLAP recommends that an MQO for method uncertainty (uyg) be
established for each radionuclide/matrix combination

The development of APSs, which includes the measurement quality
objectives (MQOs), is described in detail in Chapter 3.

The incorporation of these protocols into the relevant project plan
documents is covered in Chapter 4.

APSs should include such items as the MQOs, the type and frequency of
quality control (QC) samples, the level of performance demonstration
needed, number and type of samples, turnaround times, and type of data
package.

Other MQOs may include minimum detection capability, range, specificity,
and ruggedness.



SOW Technical Specifications

Section 5.3

* Project plan documents

— Obtain technical requirements needed to develop a
SOW

— MQOs and unique analytical process requirements
contained in the APSs
=
1

« Level of specificity in the APSs dimited-{o
m that are@ project’s

analytical data requirements




SOW Technical Specifications

Section 5.3

» Laboratory specifications to demonstrate ability to meet
the technical specifications in the RFP

— Method validation* and documentation requirements

— Information from previous contracts for similar analytical

work fo e Y
— Performance evaluation* programs va ¢ L
— Sample delivéry requirements , P—L o

— Quality system requirements b

* See notes lﬁ’/l

+ See example APS in handouts (Tab 14). The example APS has outlined
the level of method validation required for a hypothetical project
involving %°Sr in milk. The level of method validation required depends
on whether a laboratory has an existing %°Sr method for milk or whether
a method must be modified or developed for the milk matrix.

* PE programs may include:

— Environmental Resources Associates (ERA) for EPA drinking
water requirements

— Department of Energy’s Mixed Analyte Performance Evaluation
Program (MAPEP) for environmental samples

— Department of Energy’s Quality Assurance Program (QAP)
— ... various commercial vendors.
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SOW Technical Speciﬁcaﬁiéns

Section 5.3

¢ Inclusion of Analytical Protocol Specifications
— Analytes (5.3.1)
« State radionuclides of interest, including expected
concentration range when available

» List possible interfering chemical and radionuclides,
including expected concentration range when
available

« MARLAP example: *Sr plus possible #Sr/fission
products; interference from Ca, Ba, fat molecules

— Matrix (5.3.2)

* Descriptive not general form of matrix (e.g., solids);
for MARLAP example, raw milk (fat content to
vary)

5. Dbrainina Labaratory Hervices

Review APS handout (Tab 14)

Analytes: Analyte list is complied from information obtained from process
history and/or investigative studies.

Matrix: Matrix description should be provided for each radionuclide. A
general description of matrix and (if possible) the chemical and physical
properties of the matrix.

10



* Inclusion of Analytical Protocol Specifications
- MQOs (5.3.3)
* Detection or quantification; analyte concentration range;
method specificity; method ruggedness

* Required method uncertainty at a concentration (Action
Level) .

“... method uncertainty = 0.5 pCi/L at & pCi/L ...”

» Specificity (isolate and detect only the analyte of interest)
“... %05r plus possible 29Sr/fission products
interference...”

* Ruggedness (matrix variations, change in analyst, slight

changes in method steps while maintaining quality and
performance) '

“... raw milk (fat content to vary) ...”

&. Obtaining Laboraiony Services

Review APS handout (Tab 14).

+ MQOs: MQOs may include required method uncertainty at the action
level, the MDC (including Critical Level) or MQC, and the analyte
concentration range, method specificity, and ruggedness. Method
specificity is defined as “The ability of the method to measure the analyte
of concern in the presence of interferences.” Method ruggedness is
defined as “The relative stability of method performance for small
variations in method parameter values.”

* Unique analytical process requirements: Unique analytical process
requirements may be stated for sample preparation, chemical processing,
or radiation/atom detection.

» Action level concentration may be incorporated in required method
uncertainty statement.

» Method Specificity means the method'’s ability to isolate and detect only
the analyte of interest.

* Method Ruggedness is the method’s ability to handle matrix variations,
change in analyst or slight changes in method steps while maintaining
quality/performance specifications

11



 Unique analytical process requirements (5.3.4)

» Other critical technical and quality specifications:

— QC samples and PE Program requirements (5.3.5)
» Schedule of batch QC and PE program
» Criteria for acceptable performargg ) g

- Radiological holding and TATTS’E.6) Nzseopls WA
* Nuclide-specific; reporting of data

— # Samples expected and schedule (5.3.7)

~ Quality System requirements (5.3.8)

— Method selection and approval process (5.3.9)

QC samples and PE Program requirements: Specifications on the type of batch QC ‘
samples and schedule of use (one set per batch of samples) should be provided. Also, the
requirement to successfully participate in an external government or commercial
performance evaluation program for the analytes and matrices of interest should be stated.
Criteria for acceptable performance for batch QCs and successful participation in PE
programs should be based on the MQOs.

Radiological holding and Turnaround Time (TAT): Specifications for radiological holding
time will be related to the half-life of the radionuclide, radioanalytical method used, detection
capabilities, and interfering nuclides and decay products. Turnaround time specifications will
vary according project needs for the receipt of the analytical data. TAT specifications can
never be shorter than the radiolo?ical holding time. TAT typically stated in routine,
expedited, and emergency sample-processing time frames.

# Samples expected and schedule: The SOW should state the estimated sample load, by
schedule if possible. This information is important to evaluate the radioanalytical method
proposed and the allocation of staff and equipment resources. Also, a commercial laboratory
mhust ensure sufficient sample processing capacity for multiple clients sending samples at
the same time.

Quality System requirements: If the organization or project requires the lab to use a
certain Quality System process, details should be included in the SOW.

Method selection and approval process: The method selection and approval process
should be stated in the SOW. This includes the method validation requirements (Chapter 6)
for each combination of radionuclide and matrix and the acceptable criteria. Documentation
requirements for method selection and validation should be included. Also, the TEC's
evaluation process for method selection and validation should be included.

12



: Reqﬂeet for Proposal (RFP) (5.4)

General Contractual Requirements -

* Includes Statement of Work

» Additional specifications not included in the
SOW

— Quality, administrative, statutory, and regulatory
requirements

— Proposal instructions (technical and cost/business)

» RFP specifications usually included in resulting
contract

13



« Sample management plan (5.4.1)

 Licenses, permits, and environmental regulations
(5.4.2)

 Laboratory accreditation (5.5.1)

5. Jbtaining Laboralory Sanvices

5.4.1 Sample Management: The RFP should require the laboratory to have an appropriate -

sample management program that includes those administrative and quality assurance
aspects covering sample receipt, control, storage, and disposition.

5.4.2 Licenses, Permits, and Environmental Regulations: Various federal, state, and
local permits, licenses, and certificates (accreditation) may be necessary for the operation of
a radioanalytical laboratory. The RFP should require the laboratory to have the necessary
government permits, licenses, and certificates in place before the commencement of any
laboratory work for an awarded contract. All federal contracts contain “boiler-plate”
requirements for compliance with statutory mandates, such as recycling, insurance, liability,
etc.

5.5.1 Accreditation: If accreditation is required in the RFP, the TEC should confirm the
laboratory’s accreditation for radioanalytical services. NELAC establishes and promotes
performance standards for the inspection and operation of environmental laboratories in
support of the National Environmental Laboratory Program (NELAP). If state-accredited, a
laboratory typically is accredited by the state in which it resides, and if the state is a NELAP-
recognized accrediting authority, the accreditation is recognized by other states and federal
agencies approved under NELAP.

14



Reqﬁeét for Proposél

General Contractual Requirements

» Data reporting and communications (5.4.3)
» Sample re-analysis requirements (5.4.4)
 Subcontracted analyses (5.4.5)

5. Obtaining Laborator Servizes

5.4.3 Data Reporting and Communications: The type of information, schedules,
and data reports required of the laboratory, as well as the expected
communications between the appropriate staff or organizations, should be specified
in the RFP. The SOW should specify what data are required for data verification,
validation, and quality assessment.

+ 5.4.3.1 Data Deliverables: A data package (sequentially page-numbered) may
include a project narrative (in a specified format including units), a data review
checklist, any non-conformance memos resulting from the work, sample-receipt
acknowledgment or chain of custody form (if required), sample and quality
control sample data, calibration verification data, and standard and tracer
information.

* 5.4.3.2 Software Verification and Control
» 5.4.3.3 Problem Notification and Communication
* 5.4.3.4 Status Reports

5.4.4 Sample Re-Analysis Requirements: Specific instructions and contractual
language should be included in the RFP that address such circumstances and the
resultant fiscal responsibilities (Appendix E).

5.4.5 Subcontracted Analyses: MARLAP recommends that the RFP state that
subcontracting of analyses will be permitted only with the contracting organization’s
approval. In addition, contract language should be included giving the contracting
organization the authority to approve proposed subcontract laboratories.

15
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Laboratory Selection and Qualification Criteria

Technical Proposal Evaluation (5.5)

Do not consider cost in technical evaluation process

* Scoring and evaluation scheme established prior to RFP
distribution

— Distributed to all prospective laboratories
» Technical Evaluation Committee

— Each member evaluates the prospective laboratory’s
technical proposal

— May not deviate from established scoring scheme

Continued. ..

5. Cbaining Laboratory Sarvices

* Also refer to Appendix E, Section E.5. Proposal Evaluation and Scoring

Procedures.

« Agency personnel initially involved in establishing a new contract and
initiating the laboratory selection process may consists of: Contracting
Officer (administrative, non-technical), Contracting Officer's

Representative (technical staff person advising the Contracting Officer).

* Technical Evaluation Committee (TEC), a team of technical staff

members, reviews the proposals sent by the laboratories. A chairperson

is designated to provide oversight of the evaluation process. The TEC

score the technical portion of each proposal according to the evaluation

scheme established.

16



Laboratory Selection and Qualification Criteria

Technical Proposal Evaluation (5.9)
(...Continued)

» Scoring and evaluation scheme

— Scoring elements
¢ Technical merit
» Adequacy and suitability of lab resources and equipment
+ Staff qualifications
* Related experience and record of past performance
* Other RFP requirements

— Weighting of evaluation elements
* Established before the RFP is distributed

* If no weighting established, all are equal
Continued...

&, Jbtainina Laboratory Services

» 5.5.1.1 Scoring and Evaluation Scheme: The RFP should include information
concerning scoring of proposals or weighting factors for areas of evaluation. This helps a
laboratory to understand the relative importance of specific sections in a proposal and how
a proposal will be evaluated or scored.

+ 5.5.1.2 Scoring Elements
Technical Merit: The lab’s proposal (in response to RFP) should include details of
the laboratory’s quality system and all the analytical methods to be emglozed bg the
aboratory as well as the method validation documentation. The methods should be
evaluated against the APSs and MQOs provided in the SOW. Previous performance
should be reviewed and scored.

Adequacy and Suitability of Laboratory Resources and Equipment: If requested
|n the RFP, the laboratory will provide a listing of the available instrumentation or

equipment by analytical method category. In addition, the RFP may have requested
information on the available sample processing capacity and the workload for other
clients during the proposed contract period.

Staff Qualifications: The RFP should require the identification of the technical staff

- and their duties, along with their educational background and experience in
radiochemistry, radiometrology, or laboratory operations. The laboratory staff that will
perform the radiochemical analyses should be employed and trained prior to the
award of the contract.

Related Experience and Record of Past Performance: The RFP should require the
laboratory to furnish references in relation to its past or present work.

Other RFP Requirements: The laboratory’s proposal should outline the various
programs and commitments (QA, safety, waste management, etc.) as well as
documentation of various certifications, licenses, and permits to ensure the
requirements of the RFP will be met.

Also refer to Appendix E, Section E.5. Proposal Evaluation and Scoring
Procedures.

17



Laborator_'y Selection and Qualification Criteria

Technical Proposal Evaluation (5.5)
(...Continued)

Technical Merit —

» Review of lab’s proposed methods to satisfy APS/MQOs
for each nuclide/matrix combination

* Review of the method validation documentation to
determine if method uncertainty specifications are met

* Review of past performance in PE programs and internal
QA program

5. Jhraining Laberatory Hervices
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Laboratory Selection and Qualification Criteria

Section E5.3: Weighting of evaluation elements (example)

Element | Description _' ) Weight (%) |

I Technical Merit 25
II Past Performance 25
I1I Understanding of the Requirements 15
Adequacy and Suitability of Proposed

v . 15
Equipment and Resources
Academic Qualifications and Experience of

\Y% 10
Personnel

VI ‘| Related Experience 10

&, Dbtainina Laboratory Servizes

5.5.1.2 Scoring Elements Technical Merit: The lab’s proposal (in response to RFP) should
include details of the laboratory’s quality system and all the analytical methods to be
employed by the laboratory as well as the method validation documentation. The methods
should be evaluated against the APSs and MQOs provided in the SOW. Previous
performance should be reviewed and scored.

Adequacy and Suitability of Laboratory Resources and Equipment: If requested in
the RFP, the laboratory will provide a listing of the available instrumentation or
equipment by analytical method category. In addition, the RFP may have requested
information on the available sample processing capacity and the workload for other
clients during the proposed contract period.

Staff Qualifications: The RFP should require the identification of the technical staff
and their duties, along with their educational background and experience in
radiochemistry, radiometrology, or laboratory operations. The laboratory staff that will
perform the radiochemical analyses should be employed and trained prior to the award
of the contract.

Related Experience and Record of Past Performance: The RFP should require the
laboratory to furnish references in relation to its past or present work.

Other RFP Requirements: The laboratory's proposal should outline the various
programs and commitments (QA, safety, waste management, etc.) as well as
documentation of various certifications, licenses, and permits to ensure the
requirements of the RFP will be met.

+ Weighting of each element (See Section E5.3 in Appendix E)

Example weighting. Anticipated weights should be listed in RFP. (If divulged in RFP,
weights may not be changed without notifying proposers.)
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aborato election and Gua ation Criteria

+ Pre-award proficiency evaluation (5.5.2)

— PT samples sent to most qualified labs to assess each lab’s
capability to meet MQOs and RFQ requirements

— Scoring of each lab’s performance

~ Ranking or weighting of each lab’s performance as a
separate scoring element

» Pre-award assessments and audits (5.5.3)

— Emphasizes availability of instruments, facilities, staff,
quality system manual, methods, calibrations, etc.

— Potential to handle the anticipated volume of work

5.5.2 Pre-Award Proficiency Evaluation: Some organizations may elect to
send proficiency or PT samples (sometimes referred to as “performance
evaluation” or “PE” samples) to the laboratories that meet a certain scoring
criterion in order to demonstrate the laboratory’s analytical capability. The
composition and number of samples should be determined by the nature of
the proposed project.

5.5.3 Pre-Award Assessments and Audits: The RFP should indicate that
the laboratories with the highest combined scores for technical proposals
and proficiency samples may be given an on-site audit. A pre-award
assessment or audit may be performed to provide assurance that a selected
laboratory is capable of fulfilling the contract in accordance with the RFP.
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MARLAP Recommends...

 Technical specifications contained in a single
document (“SOW?) for all radioanalytical laboratory
services, regardless of whether the services are to be
contracted out or performed by an affiliated laboratory

« MQOs and analytical process requirements contained
in the SOW are provided to the laboratory

» SOW includes the specifications for the action level
and the required method uncertainty for the analyte
concentration at the action level for each
analyte/matrix combination

Continued. ..

21



MARLAP Recommends. ..

(Continued)

» Laboratory submits proposed methods and
required method validation documentation with
the formal response

« RFP permits subcontracting only with the
contracting organization’s approval

 All members of the TEC have a technical
understanding of the subject matter related to the
proposed work

&, Chuaining Laborators Services
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Method Validation:
Performance-Based Approach

Module 9

Dave McCurdy




| Method Selection and Validation

» Part]
— Concepts and information prepared.for Project Managers

* Chapter 6 is different than rest of Part |

— Concepts and information prepared for

+ Radioanalytical Specialists, Technical Evaluation Committee,
Project Managers

+ Laboratory managers and staff

— Both audiences need to understand the material to
successfully implement
* Performance-based method selection
+ Method validation

8. Method Validation
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Fleld Sample Preparation
K and Preservation

. Sample Recelpt
and Trackin

I Laboratory Sample

Preparation I, —} May be.Included

! Sample Dissoluuon - I—

| Chemical Separation I These Steps Are
Typically Considered
to be "The Method™

Sample Preparation
for Instrument Measurement

instrument Measurement of
Radionuclides

Analytical Caiculations and
Data Reduction

Data Verification, Validation
and Reporting

2. Method Validaiion



Performance-Based Approach
To Method Selection

program) willepreduee.apprep
smresults under the apg cab

9. Method Validation

Objective: To facilitate the evaluation of all relevant and applicable methods
with the selection, modification, or development of the method that will
reliably produce the data as defined by the criteria of the directed planning
process (measurement quality objectives).

Intent: To allow the selection of the method that meets the MQOs to the
discretion of the laboratory performing the work or, in some cases, to the
discretion of a client organization. In most project plan documents, the
project manager has the authority and responsibility for approving and/or
selecting the methods proposed by the laboratory.



» Option of specifying a particular method in:
— quality assurance project plan
— statement of work

* *Recognized “prescribed methods™

« In most cases, these methods have uhdergone some type
of validation process for their intended use

& Method Yalidazion

Recognized “prescribed” methods include:

+ Regulatory - e.g., EPA

» National industry standards {International Organization for Standardization
(ISO), American Society for Testing and Materials (ASTM), American
National Standards Institute (ANSI), Official Methods of Analysis of AOAC

International - Association of Official Analytical Chemists International,
Standard Methods for the Examination of Water and Wastewater

« Industry-specific (historically developed for internal use within a specific
organization/company).



« MARLAP Key Parameters — MQOs

— Most important parameter is required method uncertainty
(ump) at a specified concentration

2, ethed Validation



"~ MARLAP Recommends...

Performance-based approach to method selection (6.3):

 Laboratory selects and proposes a method(s)

* Project Manager (or TEC) approves use of proposed
method

2. Method Validation

Project Manager (or technical evaluation committee) approves use of
proposed method: Evaluates submitted method validation documentation
or evaluates performance of lab’s analysis of method-validation PT samples.

Upon contract award: APSs/MQOs should be incorporated into a specific
project work plan for the laboratory.



» Matrix and analyte (radionuclide) identification (6.5.1)
* Process knowledge (6.5.2)
— Potential chemical and radionuclide interferences
« Radiological holding and turnaround times (6.5.3)
+ Unique process specifications (6.5.4)
+ MQOs (6.5.5)
* Bias considerations (6.5.5)
* Operational aspects

& Method Yalidation

MQOs may include:

Method uncertainty [uyg] at the action level

Quantification capability (MQC) or minimum detection capability (MDC)
Expected/applicable analyte concentration range

Method specificity

Ruggedness

Operational aspects may include:

Available methods validated for analyte/matrix combinations
Qualified staff availability

Equipment calibration and availability

Production schedule and proposed number of samples



Performance-Based Approach

To Method Selection

 Laboratory must consider:
— APSs & MQOs
— Methods available for nuclide/matrix
— Method validation status XN
— Availability of qualified staff /Col’”
— Production schedule & number of samples
— Radiological holding and sample turnaround times

\U\fq-“. )W)

— Equipment calibration and availability, etc.

2. Method Valdation

10



- Performance-Based Approach
To Method Selection

Project Manager:

» Reviews documentation and PE program performance

+ Evaluates response to other performance/ production
requirements

* If possible, compares submitted methods to other existing or
known methods

+ Evaluates response to other performance/ production
requirements

Continued. ..

2. Methed Validation

11



Anfe; a e-Dased Approa

Project Manager (Continued):

» Makes decision to send pre-award, site-specific performance
testing matrix samples

» Makes decision to perform pre-award, onsite laboratory, or
desk audit ‘

* From additional information, makes list of capable laboratories
(technical basis only)

 Laboratory selection (Contracting Officer)

MARLAP provides guidance only on project-specific method validation, not
general method validation.

12



Method Application Life Cycle

DBocumentation of
Method Validation
& Performance

Project
Analyte / Matnx

Process Knc»neage\M‘anagement

Analytical
Protoco!
Specifications

Laboratory
Management Rogen '\ Avalable
Aot Methods

Method
Validation
) Existing Method Mathod
; Methods  Development Modification
P

O, Methed Yalidation
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Method Validation

Project Method Validation

» Process demonstrating that the radioanalytical method selected for the
analysis of a particular radionuclide in a given matrix is capable of
providing analytical results to meet the project’s measurement quality
objectives and any other requirements in the analytical protocol
specifications

General Method Validation

» The laboratory’s internal method validation process that demonstrates a
method’s performance to meet established* quality performance
requirements for detection and quantification, especially precision and
bias requirements

* Not specific to project

9. Method Validation

Two types of method validation are considered in Section 6.6:
* General
* Project-specific

General method validation process (Section 6.6.1): Should be a basic
element in a laboratory’s quality system. General guidance on single
laboratory method validation can be found in IUPAC (2002 ) and
EURACHEM (1998). For most applications, the method should be evaluated
for precision and relative bias for several analyte concentration levels. In
addition, the absolute bias, critical level and the a priori minimum detectable
concentration of the method, as determined from appropriate blanks, should
be estimated. (See Section 6.6.4 for a discussion on testing for absolute and
relative bias.)

EURACHEM. 1998. The Fitness for Purpose of Analytical Methods, A
Laboratory Guide to Method Validation and Related Topics. ISBN 0-948926-
12-0. Available at: www.eurachem.ul.pt/index.htm.

International Union of Pure and Applied Chemistry (IUPAC). 2002.
“Harmonized Guidelines for Single-Laboratory Validation of Methods of
Analysis.” Pure Appl. Chem., 74:5, pp. 835-855.
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Laboratory Initiation™

» Accomplished by the laboratory by processing internal,
external PT, or Method Validation Reference Material
(MVRM) samples according to the validation level
specified by the Project Manager or Technical Evaluation
Committee (TEC)

Project Manager Initiation (Optional)**

» Accomplished by the Project Manager sending PT samples
to the laboratory

*Review notes

2. Method Validaticn

* Chapter 6 provides details for this approach.

** Not specifically covered in Chapter 6. However, the same approach would
be used by the project manager.

Prior to submitting PT sample to laboratory, the method validation level must
be selected, and the radioanalytical results of the PT samples evaluated
according to the method validation acceptance criteria.

15



Project Method Validation Protocol Parameters (6.0.2)

Parameters specified or ascertained (including
interferents) from the analytical results generated
from DQOs & process history research:

* APSs including MQOs for each analyte/matrix

* Defined method validation level (Slide 19)

* Analytes and testing range

* Defined matrix for testing, including chemical and physical
characteristics that approximate project samples or...

Contmued. ..

2. Method Valigation

APSs including MQOs for each analyte/matrix (see handout): Plus bias
restrictions (if applicable) and other qualitative parameters to measure the
degree of method ruggedness or specificity.

Analytes: Chemical or physical characteristics of analyte when appropriate.

Applicable analyte concentration range: Includes zero analyte (blanks).

16



* Selected project-specific or appropriate alternative matrix
PT samples, including known chemical or radionuclide
interferences at appropriate levels

* Defined sample preservation

+ Stated additional data testing criteria-

« Establish acceptable chemical/radiotracer yield values
* Bias (if applicable)

2. Method Validation

17



Tiered Approach to Method Validation (6.6.3)

 Level of method validation necessary is established during
project planning — Project Manager responsible to ensure
level of method validation is included in SOW

* Level of validation depends on the degree of confidence in
the method’s performance to produce results consistent
with the required method uncertainty

» Level of validation depends on the extent of method
development, specificity, and ruggedness

Level of validation depends on the extent of method development,
specificity and ruggedness:

» New radionuclide or set of interferences

» Matrices consistent with previous applications

- Radionuclide concentration range consistent with other projects
» Moadification of existing method

18



Tiered Project Method Validation Approach

"Validation , Sample Acceptance Levels?
Application P_ Wt, < L. Replicates
Level . - Type - Criteria® (Concen.) . :
A Existin Mcthod Previously
(Without val dmgd Vahdated (By Onc of the _
Additional h:::lh " - Validation Levels B - /obL
Validation) through E) / }"
- yA
Same or Mecasured Value Within / ?
B Similar Intcmal PT £2 Buy 012280, 3 3 £
Matnx of Known Valuc Al
Similar Internal or Mcasured Value Within
C Matrix/New 2 Su,, or £2.99,,0 3 5
Apphcation Extemal PT of Known Value :
Newly Mcasured Value Within
D Developed Intcmal or £3 Our_, or£3 0p 3 2
or Adapted Extemal PT oth:I':)wn Valugm
Mcthod
Newly .
Vi w
: Developed | MVRM Measurod Value w“"‘“ R ,
or Adapted Samples me:)wn V;l MR
Method ofRa ue
See handouts for footnotes and following sllde.

Q. Methed Yalidation

* PT and MVRM samples should be traceable to a national standards body,
such as NIST in the United States. Internal PT samples are prepared by the
laboratory. External PT samples may be obtained from a performance
evaluation program or from a commercial radioactive source producer that
has traceability to a national standards body. Blank samples should be
representative of the matrix type being validated.

§ The acceptance criterion is applied to each analysis in the method
validation, not to the mean of the analyses. uyg is the required absolute
method uncertainty for analyte concentrations at or below the action level
and @y is the required relative method uncertainty for analyte
concentrations above the action level (see Figure C.1 in Appendix C). The
acceptance criteria are chosen to give a false rejection rate of ~5% when the
measurement process is unbiased, with a standard deviation equal to the
required method uncertainty (uyg or Qg )-

1 Concentration levels should cover the expected analyte concentration
range for a project including the action level concentration. A set of five
appropriate blanks (not considered a level) should be analyzed during the
method vahdatlon process. The blank data and the estimated absolute bias
in the mean blank concentration value (see Attachment 6A in this chapter for

applicable statistical tests) shall be reported as part of the method validation
documentation.



Tiered Project Method Validation Approach

Important Notes for Table

* Acceptance Criterion

— Established so that every validation sample must meet the
stated limit

— Varies according to the number of validation samples
(degrees of freedom) to be consistent with a false rejection
rate of 5% when the measurement process is unbiased

— Incorporates the required method uncertainty at the action
level

* Concentration Range

— Should cover the expected analyte concentration range
including the action level concentration

— 5 appropriate blanks included (but not as a test level) to
estimate the absolute bias of the method

O, Method Validavion
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Method Validation Project Situations

Existing Methods Requiring No Additional Validation
(6.6.3.1)

Use of a Validated Method for Similar Matrices (6.6.3.2)
New Application of a Validated Method (6.6.3.3)
Newly Developed or Adapted Methods (6.6.3.4)

21



Existing Methods Requiring

No Additional Validation (6.©.3.1)

 Level A Validation o pe 10
~ Method previously has been validated (Levels B — E)

— Matrix and analytes of new project sufficiently similar to
past samples analyzed by a lab’s SOP

— Project Manager assumes additional validation is
unwarranted

Caution

Without some degree of validation for a new project, there
is no assurance that the lab will perform to the same
quality and standards as an extension of earlier work

The MARLAP example for 2Sr in milk requires a Method Validation Level of
A, C, or D (as specified in the APS/SOW) depending on whether the
laboratory has an existing method for ®°Sr in milk or whether a method must
be modified or developed for 2Sr in milk.



Existing Methods Requiring

No Additional Validation (6.6.3.1) - Example

Level A Project Method Validation

1) New Client Project: Evaluation of Drinking Water
» Use EPA approved method
* Method validated previously under Level C (External PT)

» Previous and ongoing acceptable performance in EPA Performance
Evaluation Program

* Method use: continuously

2) New Client Project: Evaluation of **Sr in Raw Milk
* Modified an EPA approved method for %Sr in water to be used for raw milk
+ Method validated previously under Level C (Internal PT)

» Previous and ongoing acceptable performance in internal performance
testing program and other client PE programs

« Method use: continually for other clients

2. Method Validation

Additional New Client Project Example: Radium-226 in soil by alpha
spectrometry

» Expanded contract to include processing soil samples from new area in
the same uranium mining and milling remediation site

» Method validated under Level C (Internal PT) samples for similar project
for adjacent area during the previous year

23



Routine Methods — No Previous Project Validation (6.6.3.2)

Level B validation

+ Lab has a routine method for a specific
radionuclide/matrix combination that has had no previous
project method validation

* Requires evaluating method with internal PT samples at 3
concentration levels, with 3 replicates per level

3. tacthod Yalidation

» Lab should have sufficient information on the performance of the method
using its internal quality control (QC) program and external Performance
Evaluation (PE) programs.

* Lab has a routine method for a specific radionuclide/matrix combination
that has had no previous project method validation (e.g., the lab method
was derived “in-house” or does not match the American Society for
Testing and Materials (ASTM) or EPA method that may have been
referenced in the SOW).
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Routine Methods — No Previous Project Validation (€.6.3.2)

) Example

Level B Project Method Validation — Same Matrix

New Client Project: Surveillance of *°Sr in raw cow milk

 Laboratory has routine method under general validation
but not used for five years

» Expected sample matrix similar to previous milk samples

* Records of past performance in a PE program or internal
QA not available

25



Use Validated Methods for Similar Matrices (6.6.3.3)

 Analysis of samples that are similar to the matrix and
analyte for which a previously method was developed
— Validation of the method according to Level B or C

* Validation levels will provide a reasonable assurance that
the method will meet the required MQOs

S, Mathed Validation
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Use Validated Methods for Similar Matrices

(Continued)

Level B validation requires evaluating method with internal
PT samples at 3 concentration levels, with 3 replicates per
level

* Requires that each result be within £2.8 w1,z or £ 2.8 ¢y of
known value

Level C validation requires evaluating the method with
internal or external PT samples at 3 concentration levels,
with 5 replicates per level
* Each result within £2.9 uy, or £2.9 @, of known value
* For %9Sr example: +1.45 pCi/L or +18% of known value

Example for %Sr in milk: Requires a method validation level of A, C, or D
(as specified in the APS/SOW), depending on whether the laboratory has
an existing method for 9°Sr in milk or whether a method must be modified
or developed for 2Sr in milk.

Level B validation: Requires the least amount of effort for the laboratory but
may not satisfy the level of method validation required by the project.

* When the laboratory does not have the capability to produce internal QC
samples, the Level C validation protocol should be used.

* Requires that each result be within £2.8 uy or + 2.8 ¢,,; of known value
depending on the test level concentration.

Level C validation: A change in the method to address the increased
heterogeneity of the analyte distribution within a sample may require
another method validation depending on the ruggedness of the method
and the degree of analyte heterogeneity.

* Requires a greater effort for the laboratory compared to Level B
validation. '

* Level C validation requires that each result be within £2.9 uyg or £ 2.9 ¢,
of known value depending on the test level concentration.

+ For the APS ®0Sr example, Level C Validation requires each result to be
within x 1.45 pCi/L of the known value below the action level or + 18% of
the known value at or above the action level.

27



Use Validated Methods for Similar Matrices (©.6.2.3)

Example

Level B or C Project Method Validation — Similar Matrix

New Client Project: Surveillance of **Sr in raw goat milk

« Laboratory has a validated method for °°Sr in cow’s milk that has been
used routinely for the past eight years

» Expected sample matrix similar to cow’s milk but analyte concentration
expected to be higher than milk from cows in the same area

+ Expected sample size is less but is only a concern for reprocessing a
backup sample

+ Use of client goat milk with spike is option for method validation
(samples from a batch composite)

— One portion of the composite used to make the spiked test samples.

— Another gortion of the composite used as blank samples to determine the
inherent “°Sr in the samples

For slight changes in matrices, Validation Level B is typically required.

Additional New Client Project Example: Analysis of %Sr in soil from new site

« Laboratory has a validated method for ®°Sr in soil from the northeast
United States that has been used routinely for the past five years

« Expected sample matrix from different region will contain high levels of
iron compared to the soils of the northeast

« To meet detection detection and quantification requirements, sample size
for analysis must be the same as the northeast samples

» Existing method must be slightly modified to address the increased iron
content

* Project Manager requires Validation Level C

28



New Application of a Validated Method

(6.6.3.4)

New applications include:
— Dissimilar matrices

— Chemical speciation of the analyte or possible other
chemical interference

- Analyte, chemical or radiometric interferences
— Complete solubilization of the analyte and sample matrix
— Degree of analyte or sample-matrix heterogeneity

3. Method Validation

Methods that have been validated for one application normally require
another validation for a different application, such as a different sample
matrix.

The validation process for an existing validated method should be reviewed
to ensure applicability of the new (which can be more or less restrictive)
MQOs because MQOs may change from one project to another or from one
sample matrix to another.

Applying an existing method to another matrix is not recommended
without further method validation.

29



Application or a Yaliaatea Method

Level C validation requires evaluating the method with
internal or external PT samples at 3 concentration levels,
with 5 replicates per level
* Each result within £2.9 u; or £2.9 @y, of known value
* For ?°Sr example: +1.45 pCi/L or £18% of known value

For the APS %Sr example, Level C validation requires that each result must
be within + 1.45 pCi/L of the known value below the action level or + 18% of
the known value at or above the action level.
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Level C Method Validation — New Application

New Client Project: Surveillance of *°Sr in raw cow’s milk

» Laboratory has a method for °Sr in drinking water that was
modified to be similar to U.S. Public Health Service method for
%0Sr in milk by ion exchange

» New method has undergone general method validation

« Method has been used in the analysis of PT samples from a
commercial PE program with success

Project Manager requests Method Validation Level C with
external PT samples from a selected commercial source
supplier

8. Method Validazion

+ Methods that have been validated for one application normally require another validation
for a different application, such as a different sample matrix.

« The validation process for an existing validated method should be reviewed to ensure
applicability of the new (which can be more or less restrictive) MQOs because MQOs
may change from one project to another or from one sample matrix to another.

Additional examples:

» New Client Project: Analysis of 9Sr in samples from low-leve! contamination of reactor
. components (drained water stored in composite tank sample)

Existing validated method for 90Sr in drinking water that has been modified to
include additional cleanup and purification steps for other interfering radionuclides in
the sample

Expected sample matrix similar to water but is acidified and may have some
detergent

Other radionuclide analyses are to be performed on the sample
89Gr will interfere
Method Validation Level C may be appropriate for this application

» New Client Project: Change in sample preparation for 239Pu in Soil Analysis

Existing validated method for 239Pu in soil that uses acid digestion/ leaching
preparation for 10 g of dried, blended soil

New client requests total dissolution by pyrosulfate fusion of 5 g of dried, blended
soil

Beginning of method must be modified to include the pyrosulfate fusion and then to
handle the chemical interference from the fusion process

Project Manager requests Method Validation Leve! C with external PT samples
prepared (spiked) by a commercial source supplier
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Method Validation Level C

for 2°Sr Example

+ Lab modified its *Sr method for water to be applicable for milk*

» Lab uses internal PT samples prepared from fresh milk:
— 5 milk samples spiked with ®Sr at 3 pCi/L; 5 spiked at 9 bCi/L;
— 5 spiked at 25 pCV/L
— For lowest spike level (3 pCi/L), each result must be within 2.9 v, of
known value:
+2.9 x 0.5 pCVL = £1.45 pCV/L of known; between 1.55 and 4.45
pCv/L
— For two highest spike levels, each result must be within £2.9 ¢, of
known value:
+2.9 % 6.25% = + 18% of known; for the mid level spike (9 pCi/L) this
is £ 1.6 pCy/L of known or between 7.4 and 10.6 pCi/L; for the upper
level spike (25 pCi/L) this is +4.5 pCi/L of known or between 20.5 and
29.5 pCi/L
*Review notes

£, Method Validztion

Because the needed chemical purification steps are unique to a milk
matrix, some may consider Level D validation more appropriate.
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Newly Developed or Adapted Methads

(6.6.35)

» New method developed by laboratory not previously validated
by laboratory

* Use of a published method (literature or nationally recognized
standard) not previously validated by laboratory

» Adaptation of a published method (literature or nationally
recognized standard) not previously validated by laboratory

 For routine or common matrices, Method Validation Level D is
required

» For special project matrices, Method Validation Level E using
Method Validation Reference Material (MVRM) test samples
is required

— Project Manager supplies MVRM test samples

&, Method Validation
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Newly Developed or Adapted Methods

(6.6.3.5)

Level D validation: Internal or external PT samples at 3
concentration levels, with 7 replicates per level

* Requires that each result be within £3.0 u, ; or £3.0 ¢, of
known value

* For %°Sr example: £1.5 pCi/L or £19% of known value

Level E validation: MVRM samples at 3 concentration levels,
with 7 replicates per level

* Requires that each result be within 3.0 wuy, or £3.0 ¢y, of
known value

2. iethed Validation

When the matrix under consideration is unique, the method should be
validated using the same matrix (e.g., MVRM) under Level E Validation. For
example, process/effluent waters versus laboratory deionized water and for
various heavy metal radionuclides in soils or sediments when compared to
spiked sand or commercial topsoil. For site-specific materials containing
severe chemical and radionuclides interferences (for example, sludge from a
tank that has been dewatered), many methods have been unable to properly
address the magnitude of interferences.

The MARLAP example for %Sr in milk requires a Method Validation
Level of A, C, or D (as specified in the APS/SOW), depending on
whether the laboratory has an existing method for %Sr in milk or
whether a method must be modified or developed for *Sr in milk.

For the APS 9°Sr example, Level D validation requires that each resuit must
be within = 1.5 pCi/L of the known value below the action level or £ 19% of
the known value at and above the action level.
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Newly Developed or Adapted Methods (6.6.3.5)

Example

Level D Method Validation: Newly Developed Method

New Client Project: Analysis of '*°I in groundwater

* Senior radiochemist and radiation spectrometrist at
laboratory develop new '?°I radiochemical method based
on radiochemistry fundamentals and available nuclear
instrumentation

— Method formulation incorporated the sample size,
sample preparation, chemical separations, final test
sample mount and '¥ detection efficiency to meet
APSs

— No short-lived iodine isotopes expected

— Low-energy photon detector used

8. Method Validazion

Additional examples:
» New Client Project: 20Sr in drinking water samples

— Standard operating procedure was prepared that incorporated all
steps of EPA Published Method 905.0 or EML Procedure Manual
Method SR-02

« New Client Project: Thorium-230 and 232Th in soil samples having unique
characteristics

-~ Soil samples from a contaminated U/Th site

— APSs incorporate historical site knowledge of U and Th
concentrations

-~ New laboratory prepared SOP for Th in soil that incorporated all steps
of a recognized method

0 Th-234 tracer to determine the chemical yield of each sample
0 Th-234 a decay product of 238U

- Project Manager requires Method Validation Level E and provides
MVRM samples to determine if the proposed method will meet the
necessary Th and U specificity requirements and the Th chemical
yield determinations are not biased by the highest levels of U in the
anticipated sample population
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Testing for Method Bias (6.64)

Method Bias Should be Evaluated...

* Initially — Method validation process
* Continuously — Quality assurance program via batch QC
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Two types of bias
* Absolute:

— Mean response at zero concentration

e Relative:

— Ratio of the change in the mean response to a change in
sample analyte concentration

Q. Method Yalidastion

Absolute Bias: evaluates the mean response at zero concentration.

Testing for absolute bias involves repeated analyses of method blank samples
Method validation should include blank samples to assess absolute bias

Considerations:

Absolute bias in the measurement process can lead to incorrect detection decisions. Causes
include inadequate corrections made by the laboratory for instrument background, laboratory
reagent contamination, and other interferences.

The laboratory should eliminate any absolute bias in the measurement process by blank- or
background-correcting all measured results.

Test whether the corrections are adequate by analyzing a series of method blank samples,
appIYing all appropriate corrections exactly as for ordinary samples, and perform a t-test on the
resuits.

To avoid the appearance of a false bias, the determinations of the correction terms (e.g.,
background or reagent blank) should be repeated for each method blank sample analyzed.

Relative Bias: Ratio of the change in the mean response to a change in sample analyte

concentration.

Testing for relative bias requires repeated testing of epiked samples

Use either standard reference materials (SRMs) or certified reference materials (CFMs)
Replicate samples at each testing concentration level

Considerations:

Testing the method for relative bias is most important when one of the purposes of analysis is to
determine whether the analyte concentration is above or below some positive action level.

To test for relative bias, the laboratory may analyze an appropriate Certified Reference Material (or

spiked sample) a number of time.

To avoid the appearance of a false bias, the laboratory should replicate as many steps in the
measurement process as possible for each analysis.
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Testing for Method Bias (6.6.4)

Depending on Project...

 Absolute bias at a certain analyte concentration may be the
most important consideration
— Action Level

« May want no statistical or major bias at the action level: premise
of required method validation application

— Blank Samples

* For certain research or survey projects, no absolute bias near the
the detection limit
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Testing for Method Bias (6A.2)

Bias test when analyte concentration # 0.0

1=K
SN+ U(K)

X,vg = average measured value
s = experimental standard deviation
N = number of measurements
K = reference value
u(K) = standard uncertainty for reference value
T = experimental T-statistic

Bias when [T|>t |, @ (V)
t, o2 = tstatistic with significance level « (typical 0.05)
V.; = degrees of freedom

2. Methoé Validation

The number of effective degrees of freedom (v.) is calculated as follows:

Verr = (N = 1) x (1 + (UK] / [s2 / N] )?
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Absolute bias test when analyte concentration = 0.0

|Xnvg
=e

X, = average measured value
s = experimental standard deviation
N = number of measurements

O, Method Validation
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» Analyte concentration = 0.0
* Data from 9 batch QC samples

X.,
=N
)= 0.4991 _ 04991 2oss
J(1.0745%1.0745)/9  0.3582
Vg =9-1=8

t o @ (V. =2.306 (Table G.2 in Appendix G)

T<t: 1.3935 <2.306
... No bias is detected

0.714 0.993
2453 0472
-1.159  -0.994
0.845 0.673
0.495

Xyg = 04991
s=1.0745

8. Method Validazion
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Option 1: Weighted Least Squares (6A.5)

+ Perform a weighted linear regression to fit a straight line
to the data and perform hypothesis tests to determine
whether the intercept = 0 and the slope = 1

8. hethod Validation

Weighted Least Squares (6A.3): Weighted linear regression fit to the data
and perform hypothesis tests to determine whether the slope = 1

* 5 blank sample measurements
— Separate test level if known analyte concentration = 0
—Mean value to be subtracted from each test result

* Requires multiple measurements at three analyte test levels
—Number of test samples/level either 3, 5, or 7
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Option 2: Overall Method Bias (6A.3)

» Evaluate overall method bias for all test levels

» Anoverall o' is used instead of the significance level o
(typical 0.05)

 Evaluate each test level for bias using the overall o' value

2, tdethod Validation
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Testing for Method Bias (6A.9)

Bias Tests for Multiple Test Levels

» Test for overall method bias for all concentration
levels

« Requires testing each concentration level but use a
“t” value based on a value o instead of o

t o2 @ (Vegp) OF £ 0 @ (Vegp)
o =1—(1- clim

m = number of test levels
If x=0.05and m =3, then o' =0.01695

9. Method Validztion
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Testing for Method Bias (6A.3)
Bias Tests for Multiple Test Levels

» Test for overall method bias for all concentration levels

« If all bias tests using the o' value for every test level
indicates no bias, then

— method considered free of bias based on an o false
rejection rate over the concentration range evaluated

&, iethod Validstion

Note: For method validation, there would be 5 blank test samples, three test
levels and depending on the validation level either 3, 5, or 7 test samples per
test level



Method Validation Documentation

(6.65)

When laboratory conducts method validation

* All records, laboratory workbooks, and matrix spike data
used to validate an analytical method should be retained on
file

When Project Manager conducts method validation
(PT samples sent to laboratory)

» Appropriate technical representative should retain all
records dealing with applicable method validation protocols,
PT sample preparation certification, level of validation,
results, and evaluations

©. Methed Validation

Laboratory conducts Method Validation — Covered in Section 6.6.5:

» The records and MV documentation should be retrievable for a specified length
of time after the method has been discontinued (reports to the Project Manager
containing these method validation data should be retained in the project
records or QAPP).

+ Data evaluations such as comparison of individual results to the validation
acceptance criterion and absolute bias in blanks and, when available, method
precision and bias, should be part of the data validation package sent to the
project manager.

» All method validation documentation should be retained as part of the
documentation related to the laboratory’s quality system.

Project Manager Validates Method (PT Samples to Lab) — Expected
documentation:

+ Evaluations include comparison of individual results to the validation
acceptance criterion, absolute bias in blanks and, if available, statistical
analyses of the data for method precision and bias.

+ Laboratory should provide the necessary documentation to the project manager
for these PT samples as required by the SOW.

* Laboratory should request feedback from the project manager as to the method
performance.

+ Information, along with the sample analytical results documentation, should be
retained by the laboratory for future method validation documentation.
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od Sele 0 ; e Do entatio

Information gathered during the use of the method

Should be part of the quality system documentation

Method validation protocol and results
Analyst training and proficiency tests
Method manual control program
Instrument calibration and QC results
Internal QC and external PT sample result
Internal and external assessments

Corrective actions

Q. Method Validation
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" MARLAP Recommends. .. |

 Performance-based approach for method selection

* Only methods validated for a project’s application are
used

* SOW containing the MQOs and analytical process
requirements provided to the laboratory

* SOW includes specifications for the action level and
required method uncertainty (u,,) for the analyte
concentration at the action level for each combination of
analyte and matrix

Continued. ..

O, Method Validation
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MARLAP Recommends... -

(Continued)

» Method undergoes some basic general validation prior to
project method validation

* Method applied to a specific project should undergo
validation for that specific application

* As each new project is implemented, the methods used in
the analysis of the samples undergo some level of
validation (Project Manager's responsibility to assess the
level of method validation necessary)

* Tiered approach for project method validation

49



Method Validation Discussion Period

» Does the audience have questions about the validation
levels for methods used in their projects?

» Take 15 minutes to:
— Develop a method validation plan

— Evaluate an example validation data set for validation
requirements based on required method uncertainty

= pdethed Validation
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Evaluating Methods and
Laboratories

Module 10

Dave McCurdy
and
Bob Litman




This section of MARLAFP examines:

* Proposed method evaluation
 Laboratory selection

12, Evaluating Methods and Lazorazories



Proposed Analytical Method

Needs to satisfy:
w=» Measurement Quality Objectives (MQOs)
#=» Method validation requirements
»e. Regulatory requirements
#& Data deadlines
@ Project costs

10. Evaluating Methods and Laboratories

The selected method must;

Be able to achieve the MQOs for the analyte

Be specific for the analyte or analytes

Be suitable for the matrix

Be applicable to the amount of sample that will be available
Be able to be performed in a timely manner

Have a reasonable cost based on project requirements



Proposed Method Evaluation

Proposed method should not. be based on:

 Previously identified methods for the same analyses

+ Capricious request for the “best” method

* The only method that a particular laboratory has for the
analysis

10. Evalusting Methods and Laboratories



How Many Méthods Are Needed?

Soil Milk Water Grass

90gy *

l37CS

l4C

‘H

10, Evaluating Methods and Laboratories

We are focused in this example on strontium in milk. But if we had a project
with the indicated matrices and analytes, we may need to assess a method
for each of combinations.



Method Evaluation
(7.2.2)

 Technical evaluation committee (TEC) or radioanalytical
specialist considers whether proposed method is
appropriate based on project requirements

* What considerations affect method evaluation?
- MQOs
— Radiological holding time (during transport and in the

laboratory)

— Preservation or storage techniques
— Sample digestion

— Interferences, both radiological and non-radiological (more
or less significant)

— Turnaround time for results
— Method bias (see MARLAP Attachment 6A)

Does the matrix present any difficulties with regard to the holding times?

Preservation and storage will need to be identified for each radionuclide
in each matrix.

Does digestion need to occur? (Sometimes not, as for tritium in water or
soil.)

The potential interferents need to be identified like calcium in milk
interfering with the strontium analysis (in particular in the gravimetric
recovery).

Once the lab gets the samples, what is their TAT, and does it match your
projects needs?

Has this lab performed this analysis in this matrix before?



TEC & Project Manager decide that the methods
proposed by the laboratory are:

» Appropriate
— Can achieve the MQOs and other APS requirements

* Not appropriate
— Cannot achieve the MQOs or other APSs




CA 7 ., 56 -'. “

0Sr Example MQO:
A method uncertainty (u,,) of 0.5 pCi/L or less at 8 pCi/L

| Beta )
- LSC | Detector ; GPC i Required for Project

Routine Method 0.5
Uncertainty (pCi/L) ' ' ™ | (Required Method Uncertainty)

10. Evaluzting Methods 5ad Laveratories

Note: This example is focused on the method uncertainty. Other
requirements of the APS should be evaluated.



~ Laboratory Evaluation Process

Laboratory evaluation process follows the evaluation
and approval of the method by the TEC:

e Initial

 Continuing

10, Evalusting Methods and Lavoralories



Laboratory Evaluation Process (7.3)

Consider:

* Quality manual

Staff, instrumentation, and facilities

Prior contract work

Performance of internal QC program

Performance in external performance evaluation
programs

Continued. ..

10, Tvaluating Methads sind Lazoratories

Does the lab have a quality manual? Does it identify the key elements of a
QA program: organizational structure, training requirements,
documentation requirements, program goals, personnel qualifications,
traceability issues, etc.

Does the laboratory’s size and staff size meet the projects needs? You
will be taking 50 samples a week to be analyzed for multiple analytes; The
lab has 3 bench personnel — is this a good fit?

Has the laboratory performed this type of work before especially with
regard to TAT, matrix, analyte and volume? Can they produce an
analytical report that meets the data needs of the project?

Ask to review their internal QC program documentation as well as any
external QC programs in which they participate.

10



aAporalo alualvlo OCE

Continued...
* Is an onsite audit or assessment necessary?
* Can audit reports from other entities be used?

 Performance test/evaluation samples as a pre-award
requirement?

* Is the laboratory accredited? By whom?

10. Evaluating Methode and Laberatorizs

* It may be possible to obtain audit reports from other agencies.

» Should preference be given to laboratories that have been already
audited?

11



~ Which Laboratory to Select?

» The method is accepted by the TEC

* The laboratory is approved based on the laboratory’s
quality program, external audits, staffing, etc.

 Several laboratories may meet the requirements

 The scoring and evaluation scheme” developed will
allow the PM to decide which laboratory to select

*See Chapter 5 and Appendix E

10. Evaluating Methods and Laborazories

An example of a proposal evaluation scheme, taken from MARLAP Table
E.6, is in the handouts at Tab 15.

12



Prejeetrplan should identify the method-of ongeing™
%ﬁtlon mg the Statement of Work (M andeARS»

— “Desk” audit (us1ng data packages from laboratory)
and if necessary
— Onsite audit

* Evaluation of QC samples for all matrices is a major part
of either type of audit.

10. Evaluatng Methods and Laborateries

Part of the evaluation process must consider how often is the laboratory not
producirg the results required by the SOW. A single non-compliance for

not achieving an MQO is not grounds for immediate change of laboratory.

« Assess performance such as frequency of MQOs not achieved. Is once
per batch OK or twice per quarter?

* Does the lab meet the quantitative contract requirements, but not the
TAT?

» Are the reports complete or missing laboratory dialogue information?

» Does the lab recognize ongoing bias or routine blank contamination
(whether or not significant)?

13



Key Laboratory. Quality Control Samples

In the MARLAP process, the criteria for evaluating
the batch QC samples are based on the required
project specific method uncertainty

Matrix spike

Laboratory control sample (LCS)

Duplicate sample

Laboratory blank

Matrix spike duplicate

10. Evaluating Methads and Laboratories

This is not a complete list of all QC samples that could be used. Not all
QC samples are appropriate for each investigation. Which ones will be
selected are part of the APS process.

Another way of evaluating lab performance is by performance
evaluation/testing sample (external program). These samples may be
provided by the project or by an independent contractor.

14



» To help ensure data is of proper quality to support the
decision.

 The purpose of trending method uncertainties, LCS, and
spike results is to help decide if methods or laboratories
need to be changed.

* This is part of the feedback loop for confirmation of
performance/improvement in the MARLAP process.

...and because the regulators tell you to.

10. Evaluating Methods aad Laboraiories

15



» Acceptable spiking range
» Method of spiking
» Acceptance criteria (Z score)

ill specify t ye It is the
the project team, TEC or PM to verify the correct
activities have been used.

Method of spiking need not be specified, but should be approved by the
TEC, :

The SOW should specify the acceptance criteria so that the laboratory is
aware of the quantitative requirements for the project. Acceptable range
is based on the “Z-score.”

16



Matrix Spike Requirements for 0S¢ in Milk

. SSR— SR - SA
Pr X/ SSR? + max(SR, AL)?
w~ L),( A/Ls”t
7 SSR — SR - 54

" 0.0625%+/SSR? + max(SR 8)?

Control limits for Z statistic are +3

Spike added is 50 pCi/L. Spiked sample result is 57.8 pCi/l.. Unspiked
sample result is 4 pCi/L. Does this meet the APS requirements?

10, Evaluziing Methode gaad Laveratorics

SSR = spiked sample result

SA = spike activity added

SR = unspiked sample result

Z = [57.8-50.0-4)/{0.0625x[57.82 + 82"/}
= 3.8/{0.0625[3.34x103 + 64]"/2}
= 3.8/{ 0.0625(58.3)} = 1.04

Z value is acceptable



. Laboratory Control Sample

 Usually made in demineralized water matrix for
liquids (this would be the case for milk, unless a
surrogate, synthetic matrix 1s specified in the SOW)

* Activity concentration should be near the AL

 The uncertainty of the spike activity used is normally
negligible

10. Evaluazing Methods and Lazoratories

Performed for each batch but does not have to have the same activity
value each time prepared; monitor the percent difference (%D).

Activity needs to be measured near the decision level, but the number of
accumulated counts should be large enough so that the Poisson counting
uncertainty is small. This provides the continued confidence that the
method uncertainty is being reproduced at the action level.

The activity of the spike added should be from a primary standard and
thus its uncertainty is negligible when compared to the uncertainty of the
measured spiked sample activity.

18



LCS QC Requiréhents for 2°5r in Milk

SSR — S4
— —x

%D = 100

SSR = Spiked sample result

SA = spike activity (or concentration) added
Control limits: (£3 @, ) X 100

Note that limits are in %

Would an LCS value of 12.0 pCi/L be an acceptable result for
our example if the LCS Expected value is 10 pCi/L?

SSR = spiked sample result
SA = spike activity added
SR = unspiked sample result

APS specifies that the LCS concentration will be 10-20 pCi/L and have a
spiking uncertainty of <56%

Pur is the fractional required method uncertainty, uyg / UBGR

uyr =0/10=(8-3)/10=0.5

For the %°Sr analysis in our example, Qg - Uyg/ UBGR = 0.5/8 = 0.0625
If the LCS is 10 pCi/L, the control limits are 10+1.875 = 19%

Thus, the LCS value is outside the control limit and will need to be noted
appropriately in the validation report (later).

19



Duplicate Sample _

* A second aliquant taken from the original sample
container

» Agreement based on a statistical test when average of
both samples is within a specified range

10. Evaluating Methods sad Lavoratorics

aliquant. 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” (a term not
used in MARLAP) by contrast, is an evenly divisible part of the whole.

20



Duplicates QC Requirements for *°Sr in Milk

G0, G
2

X =

When X <8 the control limit for the absolute difference | x,- X,| is
CL=424 u\z=424%x05=2.1
When X >8 the control limit for the relative percent difference (RPD) is

RPD =100 %%

b

and the value for the limit is

CL =4.24 @\ % 100=4.24 x 0.625 x 100 = 27%

Duplicate results are obtained on an unknown sample: 14.6 and 17.2 pCiiL.
Are they acceptable per our example APS?

10. Evaluating Methods and Laberatories

uyr=A0/10=(8-3)/10=0.5
Pyr = Uy /UBGR = 0.5/ 8 = 0.0625

Far Xyn > 8 thW:

RPD = 100 x 4.24 @z = 100 x@.:24'% 0.0625 =%265%~

For the example in this slide:
Xy +X,)/2=(146+172)/2=159>8

Calculate the RPD =
[ (x4=%5) / 15.9 ] x 100 ="1614% <27% OK

21



How are they made?
 Field blank

* Trip blank

» Method blank

Actions if blanks are “positive” for activity?
» Repeat batch analysis?
* Subtract blank value from all results?

1. Evaniating Methods sind Laveratorias

Type of blank must be specified in SOW.

The “true” blank value is assumed to be “zero.” It is expected that there
will be a distribution of values around “zero.”

Positive values are ones that exceed the critical level.

One “positive” blank does not require stopping the process or even
repeating an analysis. Evaluate the trend.

22



Batch Blank Sample QC Requirements for %°Sr in Milk

Ideally the “true” value is zero. Control chart should
have the central line at zero with:

Control limits: + 3 u,,,

Values plotted on the control chart for trending
No action based on single measurement

Control limit for Sr APS is 1.5 pCi/L (3 % 0.5 pCill), the uye

* uyris the required method uncertainty on an absolute basis

» What does it mean if the “value” is outside the control limit at the low end?
(i.e., the -3 uyg value is -0.12 and the blank for the batch is -0.16)?

23



Stipulation of Quality Control

APS for 995r in Milk

» What is the significance of the Attachment B
“preamble” of the APS™?

* Note the specificity of agreement criteria for each of
the QC samples.

*See handout at Tab 14

10. Evaluating kcthods and Laborziorias

» The batch limit is defined: note that the-number per batch includes the QC
samples. Thus, the number of unknowns is limited to 20-4, or 16. Notice
that a single QC, matrix spike, or blank “failure” does not stop the
analytical process. However it is incumbent on the laboratory QC
manager to stop work when trending indicates a problem.

» Each QC sample has its own equation and acceptance criterion.

24



: EXAMPLE:
QC Requirements - 2°5r in Milk

Blank Results Sr-90 in Milk o A

pCilL . /,w,

1

A

-1

-2

-3 : , i . ‘

0 5 10 15 20 25 30 35
st ZX mat
Batch 7 P usalin 3% pul
LWL LCL UWL UCL 1

The current value ¢ for your batch Is —2.2. OK?

10. Evaluz

ting Methods and Lazorateries

The current value is clearly outside the lower control limit. This will require a

notation during the validation and verification process.
This will be addressed later during the workshop.

25



MARLAF’ Recommends...

» Radioanalytical specialist reviews the methods for
technical adequacy

« TEC performs an independent calculation of the method’s
MDC and required method uncertainty (u,,z) using
laboratory’s typical or sample-specific parameters

 PM or TEC evaluates available lab data for bias based on
PE testing or samples

» “Z-score” is used for matrix spike evaluation
* An audit team include a radioanalytical specialist

12, Zvaluating Methods and Laborateries

26



Groﬁp Activity

+ Handouts identify the results received from the laboratory
for the 5 milk samples recently sent by your project (Batch
#31) with trend graphs of the QC samples performed by
the laboratory for the *°Sr analysis

» Conduct an ongoing evaluation of the laboratory’s
performance based on this data set

10, Evaluating Methads and Lavoratories

Refer to APS handouts at Tab 14 pages 7-9 for example control charts.

27
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Radiochemical Data Verification
and Validation
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and
Bob Litman




What is Data Verifi

+ Laboratory conditions and operations are compliant with:
- SOW
— Sample analysis plan
— Quality assurance project plan (QAPP)
+ Identifies problems that should be investigated during data
validation

; %ial delivered by the laboratory inecompliai

* Checks for consistencys
throughout the data package

» Checks for ggmpletéiiéss of the results to ensure all
necessary documentation is available

of the data

11. Data Verification and Validation

Analytical data verification assures laboratory conditions and operations were
compliant with the SOW based on project plan documents. The updated project
plan documents specify the analytical protocols the laboratory should use to
produce data of acceptable quality and the content of the analytical data
package.

Verification compares the analytical data package delivered by the laboratory to
these requirements (compliance), and checks for consistency and comparability
of the data throughout the data package, correctness of basic calculations, data
for basic calculations, and completeness of the results to ensure all necessary
documentation is available.

Compliance verification may include a review of laboratory staff signatures
(written or electronic), data and report dates, case narrative reports, sample
identifiers, radionuclides and matrices for analyses, methods employed for
analyses, preservation of samples, reference/sampling and analysis dates,
spectral data, chemical yields, detector-efficiency factors, decay and ingrowth
factors, radiological holding times, analytical results, measurement uncertainties,
minimum detectable concentrations, daily instrument and batch QC results, etc.

All these actions are performed after the analysis has been done. How do you
ensure that a large percentage of the time that this process establishes usable
data? By telling the lab what your requirements are in the SOW!




Data Yerification

Focuses on the individual data generated by the
laboratory for each sample and |laboratory process:

* Are the data calculation processes and analytical methods
compliant with the SOW?

» Based on measurable factors

* Verification report presents summary of the process
including'a single data-qualifier (E) if needed

1. Daza Verification and Validation

» The data package that the data verifier receives from the laboratory must
have all the data necessary to perform this function. This-means that you
first need to know what characteristics of verification your project requires
to be performed. The data verification requirements are written down in the
QAPP and incorporated in the SOW.

» The “E” qualifier stands for “exception.” This indicates that the verifier has
found something in the data package which is an exception to the
requirements.

» An example of this would be if the sample size or aliquant process is
missing from the report documentation.

* Qualifiers (data flags) are discussed later in this module.



Data 'Vér"iﬁcation

(Continued)

Verification will determine whether:

— Correct procedures were used
— All required documentation was included in the laboratory
report

— The report conforms to what was required in the SOW (e.g.,
analytes, MDCs to be achieved, and method uncertainty
(uy4p) listed, reporting units, calculational process, sample
preservation, holding times)?

» Note any exceptions
 All points are described in a Verification Report

11, Data Verification and Validazion



What is Data Validation?

+ Evaluates the data to determine the presence or absence of
an analyte

» Establishes the uncertainty of the measurement process

* Qualifies the usability of each datum

— Compares data produced with the measurement quality
objectives and any other analytical process requirements
contained in the analytical protocol specifications developed
in the planning process.

11, Daza Verification and Validation

Data assessment = data verification + data validation + data quality
assessment (not covered here)

 Validation addresses the reliability of the data. Validation process begins
with a review of the verification report and laboratory data package to
identify its areas of strength and weakness.

 This process involves the application of qualifiers that reflect the impact of
not meeting the MQOs and any other analytical process requirements.
Validation then evaluates the data to determine the presence or absence
of an analyte, and the uncertainty of the measurement process.

. Durihg validation, the technical reliability and the degree of confidence in
reported analytical data are considered.

» The data validator should be a scientist with radiochemistry experience.



Data Yalidation

Quantitative tests and qualitative inspection for
analytical detection and method uncertainty, and
review of any exceptions noted from verification
report

» Focus moves from individual data compliance with the
SOW requirements to overall project MQOs

11, Dava Verlfication and Validation

« Qualitative inspection of alpha, gamma, or LSC spectra for proper energy
selection, interference corrections, etc.

» In some cases, from the spectral data provided, the reviewer can quantify
or estimate the magnitude of the interferences and determine of the lab
corrected the results appropriately.



Data Validation

(Continued)

Yalidation will:

— Review verification exceptions (“E” designations) and
determine if further qualifiers are needed

— Determine if the analytical measurement system was in
statistical control

— Determine if MQOs were achieved

— Apply quantitative tests for the QC (or PE) samples to
assess their validity

— Determine if recentilab'procedur affect

applicability to matrix or analyte

— Apply additional qualifiers to data based on tests
» All points are described in a Validation Report

SLoo o
1. Data Verification and Yalidation

The quantitative measures that will be used are:
« Have the MQOs been achieved for the methods used?

« Have the QC samples met the requirements (for uncertainty and method
detection) of the QAPP?



Responsibility for Verification and Validation

O

* Project Manager @ssigas data verifier and validator

— Generally perforrned by differentfedple (for cross-
checking)

* Project Validationﬁﬂeveloped and in place prior to
data Verification and Validation
« Validation plan incorporates input from all stakeholders.
— Should be part of initial planning process
— Integral part of project plan documents

11. Data Verification and Validation

Validation plan should be part of the initial planning process and an integral
part of the project plan documents. May be stand-alone document or part of
another QC document.

The data validation plan should contain the following information:

« A summary of the project’s technical and quality objectives in terms of
sample and analyte lists, required measurement uncertainty, and
required detection limit and action level on a sample/analyte-specific
basis. It should specify the scope of validation, e.g., whether all the raw
data will be reviewed and in what detail (Section 8.3.1).

~» The necessary validation criteria (derived from the MQOs) and
performance objectives deemed appropriate for achieving project
objectives (Section 8.3.2).

« Direction to the validator on what qualifiers are to be used and how final
qualifiers are assigned (Section 8.3.3).

 Direction to the validator on the content of the validation report
(Section 8.3.4).



Data Validation Plan

(8.3)

JRIERN developed from the SOW and APS) includes
the specific tests and limits to be used by the
validator:

+ Tables indicating the MDC, critical level, MQC, required
method uncertainty (i,,,,), and how they are to be calculated

» Acceptance criteria for duplicates, spikes, QC and blanks,
and how they are to be calculated

*  Which data qualifiers (8.3.3) are to be used and under what
circumstances

* The percent of the raw data required to be reviewed (>O’)




Four Stages:

1.
2. QC sample requirements meet specified MQOs

3.

4. Final data qualifiers are affixed to the individual datum

Sample handling and analysis system

Tests of detection and unusual uncertainty

11, Dava Verificatien and Validation
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) _-_Sahple Handling ahd Analysis |

Analytical ltems for Verification (£.5.1)

Direct evidence of the sampled material being
properly analyzed is necessary:
1. Identification
Analysis and method
Complete reporting
Chain of custody
Sample size
Preservation
Validity of QC samples and results

® NS n kW

Analysis requirements

11. Dava Verification and Yalidazion

Sample name and lab ID number
Analyte analyzed and identification of method used.

Complete reporting of required analytical parameters such as
concentration, combined standard uncertainty (CSU), critical level (CL),
minimum detectable concentration (MDC), proper reporting units,
radiological holding time (RHT), turnaround time (TAT), decay and
ingrowth times, etc.

Unbroken COC indicating correct sample date: dates of collection,
receipt, analysis, reporting.

Appropriate sample aliquant is used.

Preservation of sample is properly performed and maintained while at
laboratory awaiting analysis.

All QC samples required by the SOW/APS were used. The standards
were in the proper concentration range and were not expired.

Specific analytical requirements for accuracy and precision were

achieved (FWHM, self shielding, yield, dilution factors, count time, etc.).
These apply both to verification and validation.

11



QC Samples

(85.2)

Evidence of all QC results (indexed to the samples in
a batch) should accompany the laboratory report:

* Were the types of QC samples specified in the SOW
used?

» Were the correct number of QC samples per batch size
used?

* Do any of the QC sample results require a data qualifier
to be added to the sample results?

Veriflcation and Validaticn

The word require is very important. This is a qualitative decision to be made
by the validator. The result of a single QC being beyond the project control
limit for one radionuclide does not necessarily cause the data set for that
radionuclide to receive an “R” data qualifier. What does the history (i.e.,
trend graph) for this parameter reveal?



EIerrieh"cé 'Of Data Véiidation

(64)

Effective data validation must include:

 Use of an approved, pre-established data validation plan
and

* A data package that has been verified to contain the
essential elements required for validation

1. Daza Verification and Validaticn

« The laboratory needs to know how the data will be evaluated, so they can
attempt compliance.

» If the data package is not compliant, the validator is stuck!

13



Data (lua

& Wil

Indicates that an exception or non-compliance has
occurred. Examples of when this qualifier would be added

“include:

* Documentation absent from the data package

« Sample analysis radiological holding time not met

» Different procedure or unqualified analyst was used

* Calculation of concentration is not in accordance with SOW

» Several other non-compliances are possible

The “E” qualifier may be changed or eliminated during the
validation process

1. Data Verification and Yalidation

14



Data Qualifiers
Validation

%\‘ Analytical result is < critical value; a non-detect

Q3 A reported measurement uncertainty that exceeds the
" required method uncertainty or relative method
uncertainty ((,,, Or /)

Q, A result that 1s unusually uncertain or estimated

@» A result that is rejected due to severe data problems

1. Data Verification and Validation

These qualifiers are used for individual sample results.

“J” qualifier is not based on the reported measurement uncertainty but is
based on the Judgment of the validator; for example the uncertainty
reported is underestimated or not clearly determined by the laboratory.

The critical value should be based on the 10 uncertainty of the individual
measurement. It may be between 1.5 and 2.0 times the 10 standard
deviation of the count rate (except when zero). Further discussion of the

critical level is given in Attachment 3B to Chapter 3 in MARLAP on analyte

detection (provided behind Tab 13).

15



Data Qua

AUAaA L0

J: A LCS, MS or MSD which is above (+) or below (-)
the upper or lower control limit

‘ A sample result with its duplicate(replicate) that
exceeds a control limit

‘A blank result that is outside the upper (+) or lower
(-) control limit

These are qualifiers that are assigned to the samples based on the results of
QC samples in the data set.

16



Data Qualiﬁérs

Important Notesl

Convention used for data validation qualiﬁcrs:

« If a sample result is above the project reporting
concentration (usually the critical level)

NO QUALIFIER IS USED FOR DETECTION

« Ifall parameters associated with the sample measurement,
and its associated QC samples are satisfactory

NO QUALIFIER IS USED

11. Daza Verification and Validation

If there are no symbols in the data qualifier column, there is detectable
activity that is validated and verified.

17



Used two ways in verification and validation:

* For individual data points, if the reported measurement
uncertainty is greater than the required method uncertainty
(1, OT ©y12), append data qualifier “Q” to the data

* In equations for QC, blanks, duplicates, and spikes to set
up acceptance criteria

il. Data Verification and Validation

18



~ Detection and Unusual Uncertainty

€Ik

Data validator should détcrmina if:

» The critical level has not been exceeded, then the “U”
qualifier should be assigned

* The “Q” qualifier should be used when the reported
measurement uncertainty is greater than the required
method uncertainty

1. Data Yerification and Validation

Is it required for the analyte for each sample, or is an aggregate agreement
with the required minimum detectable concentration (RMDC) satisfactory?
This would be a project specific requirement, BUT note that MARLAP
recommends that the MDC be sample specific.

19



Three possible reasons to reject data are:

ﬁ . Insufficient or incorrect data supporting results/
documentation are available

Assumptions made in the planning process regarding the
E applicability of the method to the analysis are not true
i

. High level of uncertainty ascribed to the datum

11, Data Verification and Validation

1. The laboratory cannot supply, or cannot supply in a timely manner all the
information needed to verify that the data is correctly calculated or the
proper procedures were followed during the life of the sample at the lab.

2. The planning process assumed that all samples would be completely
dissolved by the lab method used. The lab reports that there was an
insoluble residue. The planning assumption does not meet the sample
analytical results. The data thus produced are not valid and would be
qualified with an “R” qualifier. This is an example of where the MARLAP
process feedback loop is essential. The insoluble residue was
unexpected and thus requires investigation into the sample dissolution
process and potentially the method being used. This would likely invovle
a change to the APS.

3. This is known at all other levels as “Other (fill in the reason).”

20



Vélidaffon Répo_rt -

(8.6)

Summarizes the validation process and its
conclusions. Includes:

« Either a narrative or table summarizing exceptional
circumstances regarding the validation tests

* List of samples whose results have been validated with the
laboratory and client identifiers
» Summary of all validated results with associated
uncertainty and final data qualifiers
— Actual values to be reported not an LLD or “<* value

* Summary of the QC sample performance and any potential
effect on the validated data

1. Data Verification and Validation

A summary of exceptional circumstances during the sampling or
analysis.

A list of validated samples with both the project and laboratory
identifications.

A summary of the validated results with the associated uncertainty for
each sample.

A summary of QC sample performance and any effect this may have on
the qualifiers ascribed to any datum.

21



Equations Used for Validation :

For Matrix Spikes
Calculate the Z statistic for each spike as follows:
_ SSR -SR -SA
@, X+/SSR® + max(SR,AL)’
plot the Z value for each matrix spike on a control chart with:
Control Limits =3

For Duplicates
X = X, ;Xz
If X < AL, the control limit for the absolute difference |x, - x,| is 4.24 u,,
If X > AL, the control limit for the relative percent difference:

RPD = 100x X2 %:]
X

=100 x 4.24 ¢,;n Continued

11, Data Verificaticn and Validazion

The example for duplicates is taken from the Sr APS handout in Tab 14.
Uy = 4/10=[8-3)/10=0.5
Pumr = Uur /UBGR = 0.5/8 = 0.0625

For 9Sr matrix spike:

Z =(15.5-20.0-1.55) / {0.0625 x [15.52 + 82]2}
=-6.05/{0.0625 x [240.25 + 64]"2}
=-6.05/{0.0625 x 17.44}
=-5.55

For matrix spike samples outside the control limits, the qualifier “S” should be used with a
“+” or “~" (above or below) indicating direction of discrepancy. For this example, S- would be
the qualifier attributed to each of the samples (but not to the matrix spike itself).

90Sr example duplicates:
For X,,4 < 8, the control limit is
424 uyp =05%x4.24=21
The absolute value for the two samples is used or |1.61 -1.95| = 0.34

Since this is less than 2.1 the duplicate result is satisfactory, and no qualifier would be used
for the samples for this result.

Ifthe X,,, was > 8, the control limit would be

RPD =100 x 4.24 ¢\yq = 100 x 4.24 x 0.0625 = 26.5%

22



- Equations Used for Validation

(Continued)

For Blanks
Plot the values for all blanks on a control chart with:
Control Limits = 3 u,,,

For LCS
Calculate the %D from the data as follows:
%D = gl_{;sf‘_ %100

And plot the %D for all LCS on a control chart with:
Control Limits = (3 @,,,) X 100

1. Data Verification and Validation

For this example, the control limit for the blank = +3 x 0.5 = +1.5.

The value of the blank is -0.43, it falls within the control limit: No qualiﬂ'er is
necessary.

For blank samples that are outside the control limits, the qualifier “B” should

be used with a “+” or “~" (above or below) to all the samples in the batch.
For this example, blank %D = +3 x 0.0625 x 100 = 18.75%.

For the LCS %D = {(12.8-10) / 10} x 100 = 28%: the sample is outside the
control limits.

For LCS samples that are outside the control limits, the qualifier “S” should
be used with a “+” or “~" (above or below) to all the samples in the batch. In
this case, “S+” would be applied to all samples.

23



“5rin _Milk — Data Qualifiers

Turn to Tab 14...

» Review quality control graphs
* Review data validation process

1. Rata Verification angd Validazicn

24



MARLAP

Project objectives, implementation activities, and QA/QC
data be well-documented in the project plans

Calibration be addressed in a quality system and through an
audit (demonstration of calibration may be required as part
of the project deliverables)

Assessment criteria be established in the directed planning
process and stated in the project plan documents

Results of each measurement, expanded measurement
uncertainty, critical level for each sampie, and the
analyte/sample-specific MDC be reported for each sample

Any analyte for which the final measurement is less than the
critical level be qualified with a U for “undetected”

25



Turn to Tab 21 for the laboratory report from Lab
XYZ concerning 2! Am by alpha spectrometry in the
ground water samples

1. Dava Yorification atid Validation
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The principal MQOs in any project will be defined by:

* The required method uncertainty, u,,,, below the action level

AND

* The relative method uncertainty, ¢, above the action level

Ppar = Uy /AL

W1, Data ¥erification and Validazion

Method Uncertainty: MARLAF's Common Thread

Definition:

+ Predicted uncertainty of a measured value that would likely result from the analysis of a sample at a
specified analyte concentration.

« Combines imprecision and bias into a single parameter whose interpretation does not depend on context.

MARLAP recommends:

« Identify the method uncertainty at a specified concentration (typically the action level) as an important
method performance characteristic.

» Establish a measurement quality objective for method uncertainty for each analyte/matrix combination.

MQO for the method uncertainty (at a specified concentration):
« Links the three phases of the data life cycle: planning, implementation, and assessment.

* Related to the width of the gray region. The gray region has an upRer bound and a lower bound. The upper
bound typically is the action level, and the lower bound is termed the “discrimination limit."

Examples of MQOs for method uncertainty at a specified concentration:
« A method uncertainty of 0.01 Bq/g or less is required at the action level of 0.1 Bg/g.
+ The method must be able to quantify the amount of 25Ra present, given elevated levels of 235U in the

samples.
Terminology:
* Uur Required method uncertainty (absolute)
s omr = Uur/ AL Required method uncertainty (relative)
+ A=AL-DL Width of the gray region (range of values where the consequences of a
decision error are relatively minor)
* Action level Concentration that will cause a decisionmaker to choose one of the alternative
actions

« Discrimination limit ~ Synonymous with the lower bound of the gray region

27
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The MARLAP Process

Directed Planning Process (Chapter 2)
» Key Analytical Issues (Chapter 3)
* Development of Analytical Protocol Specifications
* Includes MQOs (Chapter 3)

!

Develop Plan Documents that Incorporate | Planning
Analytical Protocol Specifications (Chapter 4) Phase
(e.g., QAPP, SAP, Data Validation Plan)
)

Development of SOW (Chapter 5)
* Includes Analytical Protocol Specifications (MQOs)

y P

Laboratory Responds with Analytical Protocols
(Chapter 6)
+ Selected to Meet Requirements of Analytical Protocol
Specifications
* Performance Data Provided

A

Initial Evaluation of Analytical Protocols and Laboratory
(Chapter 7)
* Review of Performance Data
» Performance Evaluation (PE) Samples/Certified Reference
Materials (CRMs) Analyzed

* Quality Systems Audit plsmariation
Protocols Accepted — Phase

Project Manager <
Protocols
Rejected

y

Update Plan Documents
(Chapter 4)
* Include or Reference Accepted Analytical Protocols

Start Analysis of Samples

Ongoing Evaluation of Laboratory Performance
(Chapter 7)
« Evaluation of QC and PE Sample Results
Corrective * Laboratory Audits
Actions « Evaluation of Sample-Specific Parameters (i.e., yield)

000000000006

Project -
Planning Team

: Analyses Completed ——

Data Evaluation and Assessment

- Data Verification (Chapter 8) _Asspehssment
+ Data Validation (Chapter 8) ase
+ Data Quality Assessment (Chapter 9)

v o

Data of Known Quality for Decisionmaking

00000000



The Key to the MARLAP Process

The principal MQOs in any project will be defined by:

* The required method uncertainty, u,,, below the action level
AND

* The relative method uncertainty, @y, above the action level

Or = Uz /AL

When making decisions about individual samples . . ... ... .. Uyp~ A3
When making decisions about the mean of several samples . . i1, , ~ A/10

Where A is the width of the gray region . .. .............. A=AL-DL

Method Uncertainty: MARLAFP’s Common Thread

Definition:

» Predicted uncertainty of a measured value that would likely result from the analysis of a sample at a
specified analyte concentration.

+ Combines imprecision and bias into a single parameter whose interpretation does not depend on context.

MARLAP recommends:

+ Identify the method uncertainty at a specified concentration (typically the action level) as an important
method performance characteristic.

- Establish a measurement quality objective for method uncertainty for each analyte/matrix combination.

MQO for the method uncertainty (at a specified concentration):
* Links the three phases of the data life cycle: planning, implementation, and assessment.

» Related to the width of the gray region. The gray region has an upﬁer bound and a lower bound. The upper
bound typically is the action level, and the lower bound is termed the “discrimination limit.”

Examples of MQOs for method uncertainty at a specified concentration:
» A method uncertainty of 0.01 Bg/g or less is required at the action level of 0.1 Bq/g.
» The method must be able to quantify the amount of 22Ra present, given elevated levels of 225U in the

samples.
Terminology:
* Uwr Required method uncertainty (absolute)
* our = Uwr/ AL Required method uncertainty (relative)
« A=AL-DL Width of the gray region (range of values where the consequences of a
decision error are relatively minor)
* Action level Concentration that will cause a decisionmaker to choose one of the alternative
actions

« Discrimination limit ~ Synonymous with the lower bound of the gray region






The Data Quality Objectives Process

I. SPECIFY A RANGE OF CONCENTRATIONS WHERE THE CONSEQUENCES OF DECISION ERRORS
ARE RELATIVELY MINOR

The gray region, or region of uncertainty, indicates an area where the consequences of a Type II
decision error are relatively minor. It may not be reasonable to attempt to control decision errors
within the gray area. The resources expended to distinguish small differences in concentration
could well exceed the costs associated with making the decision error.

In this example, the question is whether it would really make a major difference in the action
taken if the concentration is called 30 pCi/g when the true value is 26 or even 22 pCi/g. If not,
the gray region might extend from 20 to 30 pCi/g . This is shown in Figure B.5.

The width of the gray region reflects the decisionmaker’s concern for Type II decision errors near
the action level. The decisionmaker should establish the gray region by balancing the resources
needed to “make a close call” versus the consequences of making a Type II decision error. The
cost of collecting data sufficient to distinguish small differences in concentration could exceed
the cost of making a decision error. This is especially true if the consequences of the error are

MARLAP B-16 JULY 2004



The Data Quality Objectives Process

judged to be minor. 1.0
Gray Region
There is one instance where the g 1
consequences of a Type II ;
decision error might be considered | 5
major. That is when expensive 061k
remediation actions could be I§
required that are not necessary to § b
protect public health. It could be ,% :
argued that this is always the case §
when the true concentration is less | 2 0.2
than the action level. On the other Type II Errors Type I Errors
hand, it can be also be argued that 0.0 i L 1 :
remediation of concentrations 0 10 20 30 40 50

near, even though not above the ~ Figure B.5 — The gray region is a specified range of values of
action level, will still carry some the true concentration where the consequences of a decision
benefit. To resolve the issue, error are considered to be relatively minor

however, the project planning team knows that not all values of the average concentration below
the action level are equally likely to exist in the survey unit. Usually, there is some knowledge, if
only approximate, of what the average value of the concentration in the survey unit is. This
information can be used to set the width of the gray region. If the planning team is fairly
confident that the concentration is less than 20 pCi/g but probably more than 10 pCi/g, they
would be concerned about making Type II errors when the true concentration is between 10 and
20 pCi/g. However, they will be much less concerned about making Type Il errors when the true
concentration is between 20 and
30 pCi/g. This is simply because
they do not believe that the true
concentration is likely to be in that 08 |
range. Figure B.6 shows three
possible ways that the project
planning team might decide to set
the gray region. In “A” the project
planning team believes the true
concentration remaining in the
survey unit is about 15 pCi/g, in
“B” they believe it to be about 20
pCi/g, and in “C” about 25 pCi/g. § Type I Errors
In each case, they are less 3 0 10 o0 e 40 50
concerned about a decision error
involving a true concentration

1.0

0:6" I

04 |

Probability of Decision Error

0:2° I

FIGURE B.6 — Three possible ways of setting the gray region.
. 3 In (A) the project planning team believes the true
greater than what is estimated t0 concentration remaining in the survey unit is about 15 pCi/g,
actually remain. They have used in (B) about 20 pCi/g and in (C) about 25 pCi/g
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The Data Quality Objectives Process

their knowledge of the survey unit to choose the range of concentration where it is appropriate to
expend resources to control the Type II decision error rate. The action level, where further
remediation would be necessary, defines the upper bound of the gray region where the probability
of a Type I error should be limited. The lower bound of the gray region defines the concentration
below which remediation should not be necessary. Therefore, it defines where the probability of
a Type I error that would require such an action should be limited.?

IV. ASSIGN TOLERABLE PROBABILITY VALUES FOR THE OCCURRENCE OF DECISION ERRORS
QUTSIDE OF THE RANGE SPECIFIED IN ITI

As part of the DQO process, the decisionmaker and planning team must work together to identify

“possible consequences for each type of decision error. Based on this evaluation, desired limits on
the probabilities for making decision errors are set over specific concentration ranges. The risk
associated with a decision error will generally be more severe as the value of the concentration
moves further from the gray region. The tolerance for Type I errors will decrease as the concen-
tration increases. Conversely, the tolerance for Type II errors will decrease as the concentration
deceases. ‘

In the example, the decisionmaker has identified 20-30 pCi/g as the area where the consequen-
ces of a Type II decision error would be relatively minor. This is the gray region. The tolerable
limits on Type I decision errors should be smallest for cases where the decisionmaker has the
greatest concern for making an incorrect decision. This will generally be at relatively high values
of the true concentration, well above the action level. Suppose, in the example, that the
decisionmaker is determined to be nearly 99 percent sure that the correct decision is made,
namely, not to reject the null hypothesis, not to release the survey unit, if the true concentration
of radionuclide X is 40 pCi/g or more. That means the decisionmaker is only willing to accept a
Type I error rate of roughly 1 percent, or making an incorrect decision 1 out of 100 times at this
concentration level. This is shown in Figure B.7(a).

If the true concentration of X is closer to the action level, but still above it, the decisitonmaker
wants to make the right decision, but the consequences of an incorrect decision are not
considered as severe at concentrations between 30 and 40 pCi/g as they are when the concen-
tration is over 40 pCi/g. The project planning team wants the correct action to be taken at least 90
percent of the time. They will accept an error rate not worse than about 10 percent. They will
only accept a data collection plan that limits the potential to incorrectly decide not to take action
when it is actually needed to about 1 in 10 times. This is shown in Figure B.7(b).

? Had the null hypothesis been chosen differently, the ranges of true concentration where Type I and Type Il errors
occur would have been reversed.
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The Data Quality Objectives Process

The decisionmaker and project 1.0
planning team are also concerned
about wasting resources by
cleaning up sites that do not
represent any substantial risk.
Limits of tolerable probability are
set low for extreme Type II errors,
i.e. failing to release a survey unit
when the true concentration is far
below the gray region and the
action level. They want to limit 0.2
the chances of deciding to take
action when it really is not needed 0.0 : :
to about 1 in 20 if the true con- 0 10 20 30 40 50
centration is less than 10 pCi/g.
This is shown in Figure B.7(c).

0.8 |

0.6 |
Type I Errors
0.4

Probability of Decision Error

FIGURE B.7 — Example decision performance goal diagram

They are more willing to accept higher decision error rates for concentrations nearer to the gray
region. After all, there is some residual risk that will be avoided even though the concentration is
below the action level. A Type II error probability limit of 20 percent in the 10-20 pCi/g range is
agreed upon. They consider this to be an appropriate transition between a range of concentrations
where Type II errors are of great concern (<10 pCi/g) to a range where Type Il errors are of little
concern. The latter is, by definition, the gray region, which is 20-30 pCi/g in this case . The
chance of taking action when it is not needed within the range 10-20 pCl/g is set at roughly 1 in
5. This is shown in Figure B.7(d).

Once the limits on both types of decision error rates have been specified, the information can be
displayed on a decision performance goal diagram, as shown in Figure B.7, or made into a
decision error limits table, as shown in Table B.3. Both are valuable tools for visualizing and
evaluating proposed limits for decision errors.

TABLE B.3 — Example decision error limits table
Tolerable Probability of Making

True Concentration Correct Decision a Decision Error
- 10 pCi/g Does not exceed 5%
10 - 20 pCi/g Does not exceed 20%
20 Pacs oot skesed e
30— 40 pCi/g Does exceed 10%
40— 50 pCi/g Does exceed 1%
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The Data Quality Objectives Process

There are no fixed rules for identifying at what level the decisionmaker and project planning
team should be willing to tolerate the probability of decision errors. As a guideline, as the
possible true values of the parameter of interest move closer to the action level, the tolerance for
decision errors usually increases. As the severity of the consequences of a decision error
increases, the tolerance decreases.

The ultimate goal of the DQO process is to identify the most resource-effective study design that
provides the type, quantity, and quality of data needed to support defensible decisionmaking. The
decisionmaker and planning team must evaluate design options and select the one that provides
the best balance between cost and the ability to meet the stated DQOs.

A statistical tool known as an estimated power curve can be extremely useful when investigating
the performance of alternative survey designs. The probability that the null hypothesis is rejected
when it should be rejected is
called the statistical power of a 1.0
hypothesis test. It is equal to one
minus the probability of a Type II
error (1-3). In the example, the
null hypothesis is false whenever

0.8

the true concentration is less than 06 | .
the action leyel. Figure B.8 shows g 1-Type II Error Probability! B Type 1 Error Probability
the power diagram constructed Sl =1-B ‘ ] =0

from Figure B.7 by replacing the
desired limits on Type II error
probabilities, 3, with the power,
1-B. The desired limits on Type I
error probabilities, a, are carried 0.0
over without modification, as is
the gray region. Drawing a smooth
decreasing function through the
desired limits results in the
desired power curve. A decision performance goal diagram with an estimated power curve can
help the project planning team visually identify information about a proposed study design.

0.2:. F

Attt

0 10 20 30 40 50

True Mean Value of X (Mean Concentration, pCi/g)

FIGURE B.8 — A power curve constructed from the decision
performance goal diagram in Figure B.7

Statisticians can determine the number of measurements needed for a proposed survey design
from four values identified on the decision performance goal diagram:

(1) The tolerable limit for the probability of making Type I decision errors, @, at the action
level AL).

(2) The tolerable limit for the probability of making Type II decision errors, 3, along the
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The Data Quality Objectives Process

lower bound of the gray region (LBGR).

(3) The width of the gray region, A = AL - LBGR, where the consequences of Type Il
decision errors are relatively minor.

(4) The statistical expression for the total expected variability of the measurement data in the
survey unit, G.

The actual power curve for the statistical hypothesis test can be calculated using these values, and
can be compared to the desired limits on the probability of decision errors.

The estimated number of measurements required for a proposed survey design depends heavily
on the expected variability of the measurement data in the survey unit, 6. This may not always be
easy to estimate from the information available. However, the impact of varying this parameter
on the study design is fairly easy to determine during the planning process. Examining a range of
reasonable values for ¢ may not result in great differences in survey design. If so, then a crude
estimate for o is sufficient. If not, the estimate for ¢ may need to be refined, perhaps by a pilot
study of 20 to 30 samples. If the change in the number of samples (due to refining the estimate of
o) is also about 20 to 30 in a single survey unit, it may be better to simply use a conservative
estimate of o that leads to the larger number of samples rather than conduct a pilot study to
obtain a more accurate estimate of ¢ . On the other hand, if several or many similar survey units
will be subject to the same design, a pilot study may be worthwhile.

The example in Figure B.9 shows that the probability of making a decision error for any value of
the true concentration can be

determined at any point on the 1.0 p T,
power curve. At 25 pCi/g, the //////////////////////////////////%
probability of a Type II error is 0.8 ///////
roughly 45-50 percent. At 35 i
pCi/g, the probability of a Type I B
error is roughly 3 percent. L Ll Posons i
3 1-Type 11 Error Probabilit Type I Error Probability

The larger the number of samples | > 04 |
required to meet the stated DQOs,
the greater the costs of sampling

: 0.2
and analysis for a proposed plan.
Specitying a narrow gray region \x\\\\\\\\\%
and/or very small limits on 0.0 3 s é 5 ey \\“““"""”’ 0

decision error probabilities
indicate a high level of certainty is
needed and a larger number of
samples will be required.

JULY 2004

True Mean Value of X (Mean Concentration, pCi/g)

FIGURE B.9 — Example power curve showing the key
parameters used to determine the appropriate number of

samples to take in the survey unit
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The Data Quality Objectives Process

Specifying a wide gray region and/or larger limits on decision error probabilities indicates a

“lower level of certainty is required. A smaller number of samples will be necessary. The required
level of certainty should be consistent with the consequences of making decision errors balanced
against the cost in numbers of samples to achieve that level of certainty.

If a proposed survey design fails to meet the DQOs within constraints, the decisionmaker and
planning team may need to consider:

* ADJUSTING THE ACCEPTABLE DECISION ERROR RATES. For example, the decisionmaker may
be unsure what probabilities of decision error are acceptable. Beginning with extremely
stringent decision error limits with low risk of making a decision error may require an
extremely large number of samples at a prohibitive cost. After reconsidering the potential
consequences of each type of decision error, the decisionmaker and planning team may be
able to relax the tolerable rates.

* ADJUST THE WIDTH OF THE GRAY REGION. Generally, an efficient design will result when the
relative shift, A/o, lies between the values of 1 and 3. A narrow gray region usually means
that the proposed survey design will require a large number of samples to meet the specified
DQO:s. By increasing the number of samples, the chances of making a Type II decision error
is reduced, but the potential costs have increased. The wider the gray region, the less stringent
the DQOs. Fewer samples will be required, costs will be reduced but the chances of making a
Type II decision error have increased. The relative shift, A/c, depends on the width of the
gray region, A, and also on the estimated data variability, ¢. Better estimates of either or both
may lead to a more efficient survey design. In some cases it may be advantageous to try to
reduce ¢ by using more precise measurement methods or by forming more spatially
homogeneous survey units, i.e. adjusting the physical boundaries of the survey units so that
the anticipated concentrations are more homogeneous with them.
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APPENDIX C
MEASUREMENT QUALITY OBJECTIVES
FOR METHOD UNCERTAINTY AND
DETECTION AND QUANTIFICATION CAPABILITY

C.1 Introduction

This appendix expands on issues related to measurement quality objectives (MQOs) for several
method performance characteristics which are introduced in Chapter 3, Key Analytical Planning
Issues and Developing Analytical Protocol Specifications. Specifically, this appendix provides
the rationale and guidance for establishing project-specific MQOs for the following method per-
formance characteristics: method uncertainty, detection capability and quantification capability.
In addition, it provides guidance in the development of these MQOs for use in the method selec-
tion process and guidance in the evaluation of laboratory data based on the MQOs. Section C.2 is
a brief overview of statistical hypothesis testing as it is commonly used in a directed planning
process, such as the Data Quality Objectives (DQO) Process (EPA, 2000). More information on
this subject is provided in Chapter 2, Project Planning Process and Appendix B, The Data
Quality Objectives Process. Section C.3 derives MARLAP’s recommended criteria for establish-
ing project-specific MQOs for method uncertainty, detection capability, and quantification capa-
bility. These criteria for method selection will meet the requirements of a statistically based
decision-making process. Section C.4 derives MARLAP’s recommended criteria for evaluation
of the results of quality control analyses by project managers and data reviewers (see also Chap-
ter 8, Radiochemical Data Verification and Validation).

It is assumed that the reader is familiar with the concepts of measurement uncertainty, detection
capability, and quantification capability, and with terms such as “standard uncertainty,” “mini-
mum detectable concentration,” and “minimum quantifiable concentration,” which are intro-
duced in Chapter 1, Introduction to MARLAP, and discussed in more detail in Chapter 20,
Detection and Quantification Capabilities. MARLAP also uses the term “method uncertainty” to
refer 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. The method uncer-
tainty is a characteristic of the analytical

method and the measurement process.
Contents
C.2 Hypothesis Testing C.1 Introduction .......................... C-1
C.2 Hypothesis Testing .................... C-1

Within the framework of a directed planning C.3 Development of MQOs for Analytical Protocol

. .- v 1 Selection ................ooiiiiiial C3
process, one considers an “action level,” which {4 he Role of the MQO for Method Uncertainty in
is the contaminant concentration in either a Data Evaluation . ...................... C-9
population (e.g., a survey unit) or an individual |C.5 References .......................... C-17
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item (e.g., a laboratory sample) that should not be exceeded. Statistical hypothesis testing is used
to decide whether the actual contaminant concentration, denoted by X, is greater than the action
level, denoted by AL. For more information on this topic, see EPA (2000), MARSSIM (2000),
NRC (1998), or Appendix B of this manual.

In hypothesis testing, one formulates two hypotheses about the value of X, and evaluates the
measurement data to choose which hypothesis to accept and which to reject.! The two hypotheses
are called the null hypothesis H, and the alternative hypothesis H,. They are mutually exclusive
and together describe all possible values of X under consideration. The null hypothesis is
presumed true unless the data provide evidence to the contrary. Thus the choice of the null
hypothesis determines the burden of proof in the test.

Most often, if the action level is not zero, one assumes it has been exceeded unless the measure-
ment results provide evidence to the contrary. In this case, the null hypothesis is Hy: X > AL and
the alternative hypothesis is H;: X < AL. If one instead chooses to assume the action level has not
been exceeded unless there is evidence to the contrary, then the null hypothesis 1s Hy: X < AL
and the alternative hypothesis is H,: X > AL. The latter approach is the only reasonable one if
AL =0, because it is virtually impossible to obtain statistical evidence that an analyte concentra-
tion 1s exactly zero.

For purposes of illustration, only the two forms of the null hypothesis described above will be
considered. However, when AL > 0, it is also possible to select a null hypothesis that states that X
does not exceed a specified value less than the action level (NRC, 1998). Although this third
scenario is not explicitly addressed below, the guidance provided here can be adapted for it with
few changes.

In any hypothesis test, there are two possible types of decision errors. A Type I error occurs if the
null hypothesis is rejected when it is, in fact, true. A Type II error occurs if the null hypothesis is
not rejected when it is false.? Since there is always measurement uncertainty, one cannot elimi-
nate the possibility of decision errors. So instead, one specifies the maximum Type I decision
error rate a that is allowable when the null hypothesis is true. This maximum usually occurs
when X' = AL. The most commonly used value of a is 0.05, or 5 %. One also chooses another
concentration, denoted here by DL (the “discrimination limit”), that one wishes to be able to
distinguish reliably from the action level. One specifies the maximum Type II decision error rate

! In hypothesis testing, to “accept” the null hypothesis pnly means not to reject it, and for this reason many
statisticians avoid the word “accept” in this context. A decision not to reject the null hypothesis does not imply the
null hypothesis has been shown to be true.

2 The terms “false positive” and “false negative” are synonyms for “Type I error” and “Type II error,” respectively.

However, MARLAP deliberately avoids these terms here, because they may be confusing when the null hypothesis
is an apparently “positive” statement, such as X' > AL.
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S that i1s allowable when X = DL, or, alternatively, the “power” 1 — f of the statistical test when
X =DL. The gray region is then defined as the interval between the two concentrations AL
and DL.

The gray region is a set of concentrations close to the action level, where one is willing to tol-
erate a Type Il decision error rate that is higher than B. For concentrations above the upper bound
of the gray region or below the lower bound, the decision error rate is no greater than the speci-
fied value (either a or f as appropriate). Ideally, the gray region should be narrow, but in practice,
its width is determined by balancing the costs involved, including the cost of measurements and
the estimated cost of a Type Il error, possibly using prior information about the project and the
parameter being measured.

If Hy1s X > AL (presumed contaminated), then the upper bound of the gray region is AL and the
lower bound is DL. If H, is X s AL (presumed uncontaminated), then the lower bound of the
gray region is AL and the upper bound is DL. Since no assumption is made here about which
form of the null hypothesis is being used, the lower and upper bounds of the gray region will be
denoted by LBGR and UBGR, respectively, and not by AL and DL. The width of the gray region
(UBGR - LBGR) is denoted by 4 and called the shift or the required minimum detectable
difference in concentration (EPA, 2000; MARSSIM, 2000; NRC, 1998). See Appendix B, The
Data Quality Objectives Process, for graphical illustrations of these concepts.

Chapter 3 of MARLAP recommends that for each radionuclide of concern, an action level, gray
region, and limits on decision error rates be established during a directed planning process.
Section C.3 presents guidance on the development of MQOs for the selection and development
of analytical protocols. Two possible scenarios are considered. In the first scenario, the parameter
of interest is the mean analyte concentration for a sampled population. The question to be
answered is whether the population mean is above or below the action level. In the second
scenario a decision is to be made about individual items or specimens, and not about population
parameters. This is the typical scenario in bioassay, for example. Some projects may involve both
scenarios. For example, project planners may want to know whether the mean analyte concentra-
tion in a survey unit is above an action level, but they may also be concerned about individual
samples with high analyte concentrations.

C.3 Development of MQOs for Analytical Protocol Selection

This section derives MARLAP’s recommendations for establishing MQOs for the analytical
protocol selection and development process. Guidance is provided for establishing project-
specific MQOs for method uncertainty, detection capability, and quantification capability. Once
selected, these MQOs are used in the initial, ongoing, and final evaluations of the protocols.
MARLAP considers two scenarios and develops MQOs for each.
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SCENARIO I: A Decision Is to Be Made about the Mean of a Sampled Population

In this scenario the total variance of the data, o2, is the sum of two components
o' =0} +0;

where afd is the average analytical method variance (M = “method” or “measurement”) and aé is
the variance of the contaminant concentration in the sampled population (S = “sampling”™). The
sampling standard deviation o5 may be affected by the spatial and temporal distribution of the
analyte, the extent of the survey unit, the physical sample sizes, and the sample collection
procedures. The analytical standard deviation o), is affected by laboratory sample preparation,
subsampling, and analysis procedures. The value of o), may be estimated by the combined
standard uncertainty of a measured value for a sample whose concentration equals the hypoth-
esized population mean concentration (see Chapter 19, Measurement Uncertainty).

The ratio 4 / o, called the “relative shift,” determines the number of samples required to achieve
the desired decision error rates a and . The target value for this ratio should be between 1 and 3,
as explained in MARSSIM (2000) and NRC (1998). Ideally, to keep the required number of
samples low, one prefers that 4 / ¢ = 3. The cost in number of samples rises rapidly as the ratio
4/ o falls below 1, but there is little benefit from increasing the ratio much above 3.

Generally, it is easier to control ), than a. If og is known (approximately), a target value for oy,
can be determined. For example, if a5 < 4 / 3, then a value of g, no greater than \/A 2/9 - aé

ensures that o < 4/ 3, as desired. If 65> 4 / 3, the requirement that the total o be less than 4/ 3
cannot be met regardless of o,,. In the latter case, it is sufficient to make o, negligible in com-
parison to gg. Generally, oy, can be considered negligible if it is no greater than about a5/ 3.

Often one needs a method for choosing a,, in the absence of specific information about 5. In this
situation, MARLAP recommends the requirement o, < 4 / 10 by default. The recommendation is
justified below.

Since it is desirable to have o < 4/ 3, this condition is adopted as a primary requirement. Assume
for the moment that o is large. Then o,, should be made negligible by comparison. As mentioned
above, o), can be considered negligible if it is no greater than o / 3. When this condition is met,
further reduction of g, has little effect on ¢ and therefore is usually not cost-effective. So, the
inequality oy < 05/ 3 is adopted as a second requirement.

Algebraic manipulation of the equation ¢ = a,f,, + 0; and the required inequality o < a5/ 3
gives
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o
0, S —
/0

The inequalities o < 4/ 3 and 6y, < / /10 together imply the requirement

4

3,/10

o, <

or approximately

The required upper bound for the standard deviation o, will be denoted by . MARLAP
recommends the equation

O-MR

4

10
by default as a requirement in Scenario [ when o is unknown. This upper bound was derived
from the assumption that o5 was large, but it also ensures that the primary requiremento < 4./ 3
will be met if o is small. When the analytical standard deviation gy, is less than oy, the primary
requirement will be met unless the sampling variance, aé , 1s s0 large that a,f,, is negligible by
comparison, in which case little benefit can be obtained from further reduction of oy,.

The recommended value of gy, is based on the assumption that any known bias in the measure-
ment process has been corrected and that any remaining bias is much smaller than the shift, 4,
when a concentration near the gray region is measured. (See Chapter 6, which describes a pro-
cedure for testing for bias in the measurement process.)

Achieving an analytical standard deviation gy, less than the recommended limit, 4 / 10, may be
difficult in some situations, particularly when the shift, 4, is only a fraction of UBGR. When the
recommended requirement for gy, is too costly to meet, project planners may allow gy, to be
larger, especially if o is believed to be small or if it is not costlgl to analyze the additional
samples required because of the larger overall data variance (o}, + 052 ). In this case, project
planners may choose gy, to be as large as 4 / 3 or any calculated value that allows the data
quality objectives to be met at an acceptable cost.

The true standard deviation, oy, is a theoretical quantity and is never known exactly, but the lab-
oratory may estimate its value using the methods described in Chapter 19, and Section 19.5.13 in
particular. The laboratory’s estimate of o will be denoted here by u), and called the “method
uncertainty.” The method uncertainty, when estimated by uncertainty propagation, is the pre-
dicted value of the combined standard uncertainty (“one-sigma” uncertainty) of the analytical
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result for a laboratory sample whose concentration equals UBGR. Note that the term “method
uncertainty” and the symbol u,, actually apply not only to the method but to the entire measure-
ment process.

In theory, the value g, is intended to be an upper bound for the true standard deviation of the
measurement process, gy, which is unknown. In practice, oy 1s actually used as an upper bound
for the method uncertainty, u,,, which may be calculated. Therefore, the value of gy,; will be
called the “required method uncertainty” and denoted by #, . As noted in Chapter 3, MARLAP
recommends that project planners specify an MQO for the method uncertainty, expressed in
terms of ., for each analyte and matrix.

The MQO for method uncertainty is expressed above in terms of the required standard deviation
of the measurement process for a laboratory sample whose analyte concentration is at or above
UBGR. In principle the same MQO may be expressed as a requirement that the minimum quan-
tifiable concentration (MQC) be less than or equal to UBGR. Chapter 20 defines the MQC as the
analyte concentration at which the relative standard deviation of the measured value (i.e., the
relative method uncertainty) is 1 / ky, where k, is some specified positive value. The value of k,
in this case should be specified as k, = UBGR / u . In fact, if the lower bound of the gray region
is zero, then one obtains &, = 10, which is the value most commonly used to define the MQC in
other contexts. In practice the requirement for method uncertainty should only be expressed in
terms of the MQC when &, = 10, since to define the MQC with any other value of k, may lead to
confusion.

EXAMPLE C.1 Suppose the action level is 1 Bq/g and the lower bound of the gray region is
0.6 Bq/g. If decisions are to be made about survey units based on samples, then the required
method uncertainty at 1 Bq/g is

4 1Bq/g-0.6Bq/g
U,y = — =0.04 Bq/
MR~ o 10 a8

If this uncertainty cannot be achieved, then an uncertainty as large as4 /3 = 0.13 Bq/g may
be allowed if o4 is small or if more samples are taken per survey unit.

EXAMPLE C.2 Again suppose the action level is 1 Bq/g, but this time assume the lower
bound of the gray region is 0 Bq/g. In this case the required method uncertainty at 1 Bq/g is

_4 1 Bg/g -0Bq/g - 0.1 Bq/g

Uu
MR 10 10
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A common practice in the past has been to select an analytical method based on the minimum
detectable concentration (MDC), which is defined in Chapter 20, Detection and Quantification
Capabilities. For example, the Multi-Agency Radiation Survey and Site Investigation Manual
(MARSSIM, 2000) says:

During survey design, it is generally considered good practice to select a measure-
ment system with an MDC between 10-50% of the DCGL [action level].

Such guidance implicitly recognizes that for cases when the decision to be made concerns the
mean of a population that is represented by multiple laboratory samples, criteria based on the
MDC may not be sufficient and a somewhat more stringent requirement is needed. It is inter-
esting to note that the requirement that the MDC (about 3 times o,,) be 10 % to 50 % of the
action level is tantamount to requiring that o, be 0.03 to 0.17 times the action level—in other
words, the relative standard deviation should be approximately 10 % at the action level. Thus, the
requirement is more naturally expressed in terms of the MQC.

SCENARIO II: Decisions Are to Be Made about Individual Items

In this scenario, the total variance of the data equals the analytical variance, 62, and the data
distribution in most instances should be approximately normal. The decision in this case may be
made by comparing the measured concentration, x, plus or minus a multiple of its combined
standard uncertainty to the action level. The combined standard uncertainty, #(x), is assumed to
be an estimate of the true standard deviation of the measurement process as applied to the item
being measured; so, the multiplier of u(x) equals z,_ , the (1 — @)-quantile of the standard normal
distribution (see Appendix G, Statistical Tables).

Alternatively, if AL = 0, so that any detectable amount of analyte is of concern, the decision may
involve comparing x to the critical value of the concentration, x, as defined in Chapter 20,
Detection and Quantification Capabilities.

Case 11-1: Suppose the null hypothesis is X > AL, so that the action level is the upper bound of
the gray region. Given the analytical variance o, only a measured result that is less than about
UBGR - z, __ g, will be judged to be clearly less than the action level. Then the desired power of
the test 1 — f is achieved at the lower bound of the gray region only if LBGR < UBGR —

Z| -0 ~ 2 g0y Algebraic manipulation transforms this requirement to

UBGR - LBGR _ 4
g, S =

M

+ +
zl-a zl -f zl-a Zl-ﬂ

Case HI-2: Suppose the null hypothesis is X < AL, so that the action level is the lower bound of

the gray region. In this case, only a measured result that is greater than about LBGR + z, __a,,
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will be judged to be clearly greater than the action level. The desired power of the test 1 — S 1s
achieved at the upper bound of the gray region only if UBGR > LBGR + z, _ g, t+ 2
Algebraic manipulation transforms this requirement to

1-8%m-

< UBGR - LBGR _ i

M
Zl-a+zl-ﬂ zl-a+zl-ﬂ

So, in either case, the requirement remains that:

as an MQO for method uncertainty when decisions are to be made about individual items (i.e.,
laboratory samples) and not about population parameters.

If both a and f are at least 0.05, one may use the value u,; = 0.34.

The recommended value of u; is based on the assumption that any known bias in the measure-
ment process has been corrected and that any remaining bias is small relative to the method
uncertainty.

If LBGR =0, then A = UBGR and 6,y =4/ (z,_, +z,_y) implies

UBGR
€ —

M
Zl +z
-a 1-

B

This requirement is essentially equivalent to requiring that the MDC not exceed UBGR. Thus,
when LBGR = 0, the MQO may be expressed in terms of the detection capability of the analytical
method.

Note that when AL = LBGR = 0, the MQO for detection capability may be derived directly in
terms of the MDC, since the MDC is defined as the analyte concentration at which the proba-
bility of detection is 1 — § when the detection criterion is such that the probability of false detec-
tion in a sample with zero analyte concentration is at most a.
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EXAMPLE C.3 Suppose the action level is 1 Bq/L, the lower bound of the gray region is 0.5
Bq/L, a=0.05, and = 0.10. If decisions are to be made about individual items, then the
required method uncertainty at 1 Bq/L is

4 _1Bq/L-05Bq/L __ 05Bgq/L

MRz Ltz Z00s * Zo.00 1.645 + 1.282

u

=0.17 Bq/L.

C.4 The Role of the MQO for Method Uncertainty in Data Evaluation

This section provides guidance and equations for determining warning and control limits for QC
sample results based on the project-specific MQO for method uncertainty. In the MARLAP
Process as described in Chapter 1, these warning and control limits are used in the ongoing eval-
uation of protocol performance (see Chapter 7, Evaluating Methods and Laboratories) and in the
evaluation of the laboratory data (see Chapter 8, Radiochemical Data Verification and
Validation).

C.4.1 Uncertainty Requirements at Various Concentrations

When project planners follow MARLAP’s recommendations for establishing MQOs for method
uncertainty for method selection and development, the maximum allowable standard deviation,
Omr- at the upper bound of the gray region is specified. During subsequent data evaluation, the
standard deviation at any concentration less than UBGR should be at most oy, and the relative
standard deviation at any concentration greater than UBGR should be at most g,,,/UBGR, which
will be denoted here by ¢, . Note that, since the true standard deviation can never be known
exactly, in practice the requirement is expressed in terms of the required method uncertainty, u,,
to which the combined standard uncertainty of each result may be compared.

EXAMPLE C.4 Consider the preceding example, in which AL = UBGR =1 Bq/L, LBGR =
0.5 Bq/L, and uyz =0.17 Bq/L. In this case the combined standard uncertainty for any meas-
ured result, x, should be at most 0.17 Bq/L if x <1 Bq/L, and the relative combined standard
uncertainty should be at most 0.17 /1, or 17 %, if x> 1 Bq/L.

In Scenario I, where decisions are made about the mean of a population based on multiple physi-
cal samples (e.g., from a survey unit), if the default value u\; = 4/ 10 is assumed for the required
method uncertainty, then the required bound for the analytical standard deviation as a function of
concentration is as shown in Figure C.1. The figure shows that the bound, ug,, is constant at all
concentrations, x, below UBGR, and uy,, increases with x when x is above UBGR. So, ug,, = uye
when x < UBGR and ug,, = x - uyg /UBGR when x > UBGR.
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Measured (Y)

——¥r=X
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0 LBCGR UBGR

True Concentration (X)

FIGURE C.1 — Required analytical standard deviation (ug,,)

These requirements can be relaxed somewhat for samples with very high analyte concentrations
as long as the project’s requirements for decision uncertainty are met. However, MARLAP does
not provide specific guidance to address this issue for Scenario L

In Scenario 11, where decisions are made about individual physical samples, it is possible to
widen the required bounds for the standard deviation at any concentration outside the gray
region. For example, suppose UBGR = AL, LBGR is set at some concentration below UBGR,
and the decision error probabilities a and S are specified. Then the project planners require the
probability of a Type I error not to exceed a when the true concentration is at or above UBGR,
and they require the probability of a Type II error not to exceed f/ when the true concentration is
at or below LBGR. The decision rule is based on the combined standard uncertainty of the meas-
urement result: any sample whose measured concentration, x, exceeds AL minus z, _, times the
combined standard uncertainty, u(x), is assumed to exceed the action level. So, assuming u (x) is
an adequate estimate of the analytical standard deviation, the planners’ objectives are met if

%, if x < LBGR
Zl—a+zl—/)’

)51 £ LRGR SEL < BGR

P Zl-a+217/1
e BTG BRGR
By oo P
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EXAMPLE C.5 Consider the earlier example in which AL = UBGR = 1.0 Bq/L, LBGR =
0.5 Bq/L, a=10.05, = 0.10, and uy, = 0.17 Bq/L. The less restrictive uncertainty
requirement can be expressed as

LOBa/L -x ¢\ c0.5Bq/L
2.927
u() <] x-05Ba/L e\ 0Bq/L
2.927 |
1 0.17, if 0.5Bq/L<x<1.0Bq/L

So, if x = 0, the requirement is u (x) < (1 Bq/L)/2.927=0.34 Bq/L, and, if x =2 Bq/L, the
requirement is #(x) < (2 Bq/L - 0.5 Bq/L)/2.927=0.51 Bq/L, which is approximately
26 % in relative terms.

C.4.2 Acceptance Criteria for Quality Control Samples

The next issue to be addressed is how to set warning and control limits for quality control (QC)
sample results. These limits will be used by project data assessors to determine whether the lab-
oratory appears to be meeting MQOs. Presumably the lab has stricter internal QC requirements

(see Chapter 18, Laboratory Quality Control).

The development of acceptance criteria for QC samples will be illustrated with an example.
Assume UBGR =5 Bq/g (soil) and LBGR = 1.5 Bq/g. The width of the gray region is 4 =
5-1.5=3.5 Bq/g. Project planners, following MARLAP’s guidance, choose the required
method uncertainty at 5 Bq/g (UBGR) to be

Vi
u = p—

M= To =0.35Bq/g
or 7 %. So, the maximum standard uncertainty at analyte concentrations less than 5 Bq/g should
be uyg = 0.35 Bq/g, and the maximum relative standard uncertainty at concentrations greater
than 5 Bq/g should be ¢,,, =0.07, or 7 %.

Although it is possible to relax these uncertainty criteria for samples with very high analyte con-

centrations, MARLAP recommends that the original criteria be used to develop acceptance limits
for the results of QC sample analyses.
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C.4.2.1 Laboratory Control Samples

It is assumed that the concentration of a laboratory control sample (LCS) is high enough that the
relative uncertainty limit ¢,,; = 0.07 1s appropriate. The percent deviation for the LCS analysis is
defined as '

%D=Mxloo%
SA

where
SSR  1s the measured result (spiked sample result) and
SA is the spike activity (or concentration) added.

It is assumed that the uncertainty of SA is negligible; so, the maximum allowable relative stan-
dard deviation of %D is the same as that of the measured result itself, or ¢z * 100 %. Then the
2-sigma warning limits for %D are + 2¢,,; * 100 % and the 3-sigma control limits are + 3¢,z *
100 %. (In situations where ¢, 1s very small, the uncertainty of SA should not be ignored.)

The requirements for LCSs are summarized below.

Laboratory Control Samples

Statistic: %D = % x 100 %

Waming limits:  + 2@, % 100 %
Control limits: £ 3¢ * 100 %

EXAMPLE C.6
(UBGR =5 Bq/g, uyg =0.35 Bq/g, pyr =0.07.)

Suppose an LCS is prepared with a concentration of SA = 10 Bq/g and the result of the
analysis is 11.61 Bq/g with a combined standard uncertainty of 0.75 Bq/g. Then

_ 11.61 Bq/g - 10Bq/g
10Bq/g

%D x 100 % =16.1 %

MARLAP C-12 JULY 2004




MQOs For Method Uncertainty and Detection and Quantification Capability

The warning limits in this case are

£ 2¢yr X 100% =+ 14 %
and the control limits are
£ 3¢\ X 100 % =%21 %

So, the calculated value of %D is above the upper warning limit but below the control limit.

C.4.2.2 Duplicate Analyses

Acceptance criteria for duplicate analysis results depend on the sample concentration, which is
estimated by the average x of the two measured results x, and x,.

X, +x2

2

X-=
When x < UBGR, the warning limit for the absolute difference |x, - x,|is

2u,,2=2.83u,,

and the control limit isl
Bugy2=424u,

Only upper limits are used, because the absolute value |x, - x, | is being tested.

When x > UBGR, the acceptance criteria may be expressed in terms of the relative percent
difference (RPD), which is defined as

|x, - x,l

X

RPD = x 100 %

The warning limit for RPD is

20,,,V2 X 100 % = 2.83 ¢, x 100 %

and the control limit is
30, V2 X 100 % =424 ¢, x 100 %

The requirements for duplicate analyses are summarized below.
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Duplicate Analyses

If x<UBGR:
Statistic: lx, - x, ]|
Warming limit:  2.83 uy,
Control limit:  4.24 u,

If x> UBGR:
le —le
x 100 %

Statistic: RPD =

, X
Warning limit: ~ 2.83 gyr X 100 %
Control limit: 4.24 gy % 100 %

EXAMPLE C.7
(UBGR =5 Bq/g, uyg =0.35 Bq/g, gy = 0.07)

Suppose duplicate analyses are performed on a laboratory sample and the results of the two
measurements are

x, =9.0 Bq/g with combined standard uncertainty u(x,) =2.0 Bq/g
x, = 13.2 Bq/g with combined standard uncertainty u(x,) =2.1 Bq/g

The duplicate results are evaluated as follows.

- 90Bq/g +213.2Bq/g = 11.1 Bq/g

Since x > 5 Bq/g, the acceptance criteria are expressed in terms of RPD.

|9.0Bq/g - 13.2Bq/g]|
11.1 Bq/g

RPD = x 100 % =37.84 %

The warning and control limits for RPD are

Warning limit = 2.83 x 0.07 x 100 % = 19.81 %
Control limit = 4.24 x 0.07 x 100 % = 29.68 %

In this case, the value of RPD is above the control limit. (Also note that the relative standard
uncertainties are larger than the 7 % required for concentrations above 5 Bq/g.)
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C.4.2.3 Method Blanks

Case 1. If an aliquant of blank material is analyzed, or if a nominal aliquant size is used in the
data reduction, the measured blank result is an activity concentration. The target value is zero,
but the measured value may be either positive or negative. So, the 2-sigma warning limits are

+ 2u,,, and the 3-sigma control limits are + 3u ;.

Case 2. If no blank material is involved (only reagents, tracers, etc., are used), the measured
result may be a total activity, not a concentration. In this case the method uncertainty limit sy,
should be multiplied by the nominal or typical aliquant size, mg. Then the 2-sigma warning limits
are + 2 uy, mg and the 3-sigma control limits are + 3 uy, mq.

The requirements for method blanks are summarized below.

Method Blanks

Concentration:
Statistic: Mecasured concentration
Warning limits: £ 2uy,
Control limits: £ 3wy,

Total Activity:
Statistic: Measured total activity
Warning limits: £ 2uy, mg
Control limits: £ 3uygmq

EXAMPLE C.8
(UBGR =5 Bq/g, uyg =0.35 Bq/g, pyr =0.07)
Suppose a method blank is analyzed and the result of the measurement is
x = 0.00020 Bq with combined standard uncertainty » (x) = 0.00010 Bq

~Assuming the nominal aliquant mass is 1.0 g, or mg =0.001 g, the result is evaluated by
comparing x to the warning and control limits:

* 2upygmg = £ 0.00070 Bq
* 3uygymg =+ 0.00105 Bq

In this case x is within the warning limits.
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C.4.2.4 Matrix Spikes

The acceptance criteria for matrix spikes are more complicated than those described above for
laboratory control samples because of pre-existing activity in the unspiked sample, which must
be measured and subtracted from the activity measured after spiking. The percent deviation for a
matrix spike is defined as

_ SSR-SR -SA

%D x 100 %

where
SSR s the spiked sample result
SR is the unspiked sample result
SA s the spike concentration added (total activity divided by aliquant size).

However, warning and control limits for %D depend on the measured values; so, %D is not a
good statistic to use for matrix spikes. A better statistic is the “Z score”:

SSR - SR - SA
9, VSSR? + max(SR, UBGR)®

Z=

where “max(x, y)” denotes the maximum of x and y. Then warning and control limits for Z are set
at + 2 and + 3, respectively. (It is assumed again that the uncertainty of SA is negligible.) The
requirements for matrix spikes are summanzed below.

Matrix Spikes

SSR - SR - SA
ySSR? + max(SR, UBGR)?

Statistic: Z=

Pmr
Warning limits: +2
Control limits:  +3

ExampLE C.9
(UBGR =5 Bq/g, uyg =0.35 Bq/g, oyr = 0.07)

Suppose a matrix spike is analyzed. The result of the original (unspiked) analysis is
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SR =3.5 Bq/g with combined standard uncertainty # (SR) = 0.29 Bq/g

the spike concentration added is
SA =10.1 Bq/g with combined standard uncertainty # (SA)=0.31 Bq/g
and the result of the analysis of the spiked sample is
SSR = 11.2 Bq/g with combined standard uncertainty # (SSR) = 0.55 Bq/g
Since SR is less than UBGR (5), max(SR, UBGR') =UBGR = 3. So,

SSR-SR-SA _11.2Bq/g-3.5Bq/g-10.1Bq/g _ _
PyrVSSR? + UBGR*  0.07y/(11.2Bq/g)* + (5 Bq/g)?

7 = 2.80

So, Z is less than the lower warning limit (—2) but slightly greater than the lower control limit

(-3).

C.5 References
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ATTACHMENT 3A
Measurement Uncertainty

3A.1 Introduction

No measurement is perfect. If one measures the same quantity more than once, the result gener-
ally varies with each repetition of the measurement. Not all the results can be exactly correct. In
fact it is generally the case that no result is exactly correct. Each result has an “error,” which is
the difference between the result and the true value of the measurand (the quantity being meas-
ured). Ideally, the error of a measurement should be small, but it is always present and its value is
always unknown. (Given the result of a measurement, it is impossible to know the error of the
result without knowing the true value of the measurand.)

Since there is an unknown error in the result of any measurement, the measurement always
leaves one with some uncertainty about the value of the measurand. What is needed then is an
estimate of the range of values that could reasonably be attributed to the measurand on the basis
of the measurement. Determining such a range of reasonable values is the purpose of evaluating
the numerical “uncertainty” of the measurement (ISO, 1993).

This attachment gives only a brief overview of the subject of measurement uncertainty. Chapter
19 (Measurement Uncertainty) of this manual describes the evaluation and expression of
measurement uncertainty in more detail.

3A.2 Analogy: Political Polling

The uncertainty of a laboratory measurement is similar to the “margin of error” reported with the
results of polls and other surveys. Note that a political poll is a form of measurement, the measur-
and in this case being the fraction of likely voters who support a specified candidate. (The frac-
tion is usually reported as a percentage.) The margin of error for the poll result is a kind of
measurement uncertainty.

Suppose a poll of 1200 people indicates that 43 percent of the population supports a particular
candidate in an election, and the margin of error is reported to be 3 percent. Then if the polling
procedure is unbiased, one can be reasonably confident (but not certain) that the actual percent-
age of people who support that candidate 1s really between 40 percent and 46 percent.

Political polling results can be wildly inaccurate, and the predicted winner sometimes loses. One
reason for this problem is the difficulty of obtaining an unbiased sample of likely voters for the
poll. A famous example of this difficulty occurred in the presidential election of 1936, when a
polling organization chose its sample from a list of people who owned telephones and automo-
biles and predicted on the basis of the poll that Alf Landon would defeat Franklin Roosevelt. A
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significant source of inaccuracy in the result was the fact that many voters during the Great
Depression were not affluent enough to own telephones and automobiles, and those voters tended
to support FDR, who won the election in a landslide. Another famous example of inaccurate
polling occurred in the 1948 presidential election, when polls erroneously predicted that Thomas
Dewey would defeat Harry Truman. It seems that the polls in this case were simply taken too
early in the campaign. They estimated the fraction of people who supported Dewey at the time
the polls were taken, but the fraction who supported him on election day was lower. So, the
margin of error in each of these cases was not a good estimate of the total uncertainty of the
polling result, because it did not take into account significant sources of inaccuracy. A more
complete estimate of the uncertainty would have combined the margin of error with other
uncertainty components associated with possible sampling bias or shifts in public opinion.
Similar issues may arise when laboratories evaluate measurement uncertainties.

3A.3 Measurement Uncertainty

To obtain a single numerical parameter that describes the uncertainty of a measured result in the
laboratory requires one to consider all the significant sources of inaccuracy. An internationally
accepted approach to the expression of measurement uncertainty involves evaluating the
uncertainty first in the form of an estimated standard deviation, called a standard uncertainty
(ISO, 1995). A standard uncertainty is sometimes informally called a “one-sigma” uncertainty.

In the political polling example above, the measurand is the fraction, p, of likely voters who
support candidate X. The poll is conducted by asking 1,200 likely voters whether they support
candidate X, and counting the number of those who say they do. If m is the number who support
X, then the pollster estimates p by the quotient m / 1200. Pollsters commonly evaluate the stan-

dard uncertainty of p as u(p) = 1/24/1200.

After the standard uncertainty of a result is calculated, finding a range of likely values for the
measurand consists of constructing an interval about the result by adding and subtracting a mul-
tiple of the standard uncertainty from the measured result. Such a multiple of the uncertainty is
called an expanded uncertainty. The factor, k, by which the standard uncertainty is multiplied is
called a coverage factor. Typically the value of & is a small number, such as 2 or 3. If k=2 or 3,
the expanded uncertainty is sometimes informally called a “two-sigma” or “three-sigma” uncer-
tainty. An expanded uncertainty based on a coverage factor of 2 provides an interval about the
measured result that has a reasonably high probability of containing the true value of the measur-
and (often assumed to be about 95 percent), and an expanded uncertainty based on a coverage
factor of 3 typically provides an interval with a very high probability of containing the true value
(often assumed to be more than 99 percent).
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In the polling example, the definition of the margin of error is equivalent to that of an expanded
uncertainty based on a coverage factor of k = 2. Thus, the margin of error equals 2 times u(p), or

1/4y/1200, which is approximately 3 percent.

3A.4 Sources of Measurement Uncertainty

In radiochemistry the most familiar source of measurement uncertainty is counting statistics.
Mathematically, the uncertainty of a radiation measurement due to counting statistics is closely
related to the uncertainty represented by the margin of error for a political poll. If one prepares a
source from a measured amount of radioactive material, places the source in a radiation counter,
and makes several 10-minute measurements, the number of counts observed will not always be
the same. A typical set of five results might be as follows:

101, 115, 88,111, 103

Similarly, if the political poll described above were repeated five times with different groups of
likely voters, the number of respondents in each poll who indicate they support the specified can-
didate might be as follows:

523, 506, 520, 516, 508

In either case, whether the numbers come from radiation counting or political polling, there is
some inherent variability in the results due to random sampling and counting. In radiation count-
ing, the variability exists partly because of the inherently random nature of radioactive decay and
partly because the radiation counter is not perfectly efficient at detecting the radiation emitted
from the source. In political polling, the variability exists because only a fraction of voters sup-
port the candidate and only a limited number of voters are surveyed.

As noted above, there are other potential sources of uncertainty in a political poll. The difficulty
in polling is in obtaining a representative sample of likely voters to be surveyed. A similar diffi-
culty is generally present in radiochemical analysis, since many analytical methods require that
only a small fraction of the entire laboratory sample be analyzed. The result obtained for that
small fraction is used to estimate the concentration of analyte in the entire sample, which may be
different if the fraction analyzed is not representative of the rest of the material.

There are many other potential sources of uncertainty in a radiochemical measurement, such as
instrument calibration standards, vanable background radiation (e.g., cosmic radiation),
contaminants in chemical reagents, and even imperfect mathematical models. Some of these
errors will vary randomly each time the measurement is performed, and are considered to be
“random errors.” Others will be fixed or may vary in a nonrandom manner, and are considered to
be “systematic errors.” However, the distinction between a random error and a systematic error is
relatively unimportant when one wants to know the quality of the result of a single measurement.
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Generally, the data user wants to know how close the result is to the true value and seldom cares
whether the (unknown) error of the result would vary or remain fixed if the measurement were
repeated. So, the accepted methods for evaluating and expressing the uncertainty of a measure-
ment make no distinction between random and systematic errors. Components of the total uncer-
tainty due to random effects and systematic effects are mathematically combined in a single
uncertainty parameter.

3A.5 Uncertainty Propagation

In a radiochemical measurement one typically calculates the final result, y, called the “output
estimate,” from the observed values of a number of other variables, x,,x,,...,xy, called “input esti-
mates,” using a mathematical model of the measurement. The input estimates might include
quantities such as the gross sample count, blank count, count times, calibration factor, decay fac-
tors, aliquant size, chemical yield, and other variables. The standard uncertainty of y is calculated
by combining the standard uncertainties of all these input estimates using a mathematical
technique called “uncertainty propagation.” The standard uncertainty of y calculated in this man-
ner is called a “combined standard uncertainty” and is denoted by u.(y).

Radiochemists, like pollsters, have traditionally provided only partial estimates of their measure-
ment uncertainties, because it is easy to evaluate and propagate radiation counting uncertainty —
just as it is easy to calculate the margin of error for a political poll. In many cases the counting
uncertainty is the largest contributor to the overall uncertainty of the final result, but in some
cases other uncertainty components may dominate the counting uncertainty — just as the polling
uncertainty due to nonrepresentative sampling may dominate the uncertainty calculated from the
simple margin-of-error formula. MARLAP recommends (in Chapter 19) that all of the potentially
significant components of uncertainty be evaluated and propagated to obtain the combined
standard uncertainty of the final result.

3A.6 References

International Organization for Standardization (ISO). 1993. International Vocabulary of Basic
and General Terms in Metrology. 1SO, Geneva, Switzerland.

International Organization for Standardization (ISO). 1995. Guide to the Expression of Uncer-
tainty in Measurement. ISO, Geneva, Switzerland.
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ATTACHMENT 3B
Analyte Detection

3B.1 Introduction

In many cases one of the purposes of analyzing a laboratory sample is to determine whether the
analyte is present in the sample.' If the data provide evidence that the analyte is present, the ana-
lyte is detected; otherwise, it is not detected: The purpose of this attachment is to explain the
issues involved in analyte detection decisions, which are often misunderstood. More details are
presented in Chapter 20 (Detection and Quantification Capabilities).

The result of a laboratory analysis is seldom if ever exactly equal to the true value of the meas-
urand (the quantity being measured), because the result is affected by measurement error (see
Attachment 3A). It is also rare for two or more analyses to produce exactly the same result,
because some components of the measurement error vary randomly when a measurement is
repeated. Typically some sources of error are well understood (e.g., radiation counting statistics)
while others (e.g., reagent contamination and interferences) may or may not be. For these
reasons, deciding whether an analyte is present in a sample is not always easy.

Acceptable methods for making detection decisions are based on statistical hypothesis testing. In
any statistical hypothesis test there are two hypotheses, which are called the null hypothesis and
the alternative hypothesis. Each hypothesis is a statement whose truth is unknown. Only one of
the two hypotheses in a hypothesis test can be true in any given situation. The purpose of the test
is to choose between thé two statements. The null hypothesis is the statement that is presumed to
be true unless there is adequate statistical evidence (e.g., analytical data) to the contrary. When
the evidence for the alternative hypothesis is strong, the null hypothesis is rejected and the alter-
native hypothesis is accepted. When the evidence is weak, the null hypothesis is retained and
thus must still be assumed to be true, or at least possibly true. In the context of analyte detection,
the null hypothesis states that there is no analyte in the sample, while the alternative hypothesis
states that there is some analyte in the sample.

The concept of a null hypothesis is similar to that of a presumption of innocence in a criminal
trial, where the defendant is presumed to be innocent (the null hypothesis) unless there is strong
legal evidence to the contrary. If the evidence is strong enough to meet the burden of proof, the
defendant is found guilty (the alternative hypothesis). The important point here is that an acquit-

! In other cases, the analyte’s presence in a sample may be known or assumed before the analysis. For example,
project planners may want to know whether the concentration of a naturally occurring radionuclide, such as ?*U, in
soil is above or below an action level, although there is little doubt that the analyte is present. In these cases it is
usually not necessary to make a detection decision.
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tal does not require proof of innocence—only a lack of proof of the defendant’s guilt. Analogous
rules apply in statistical hypothesis testing.

In the context of analyte detection, the null hypothesis states that there is no analyte in the
sample; so, one must presume that no analyte is present unless there is sufficient analytical
evidence to the contrary. Therefore, failing to detect an analyte is not the same thing as proving
that no analyte is present. Generally, proving that there is no Analyte in a sample is impossible
because of measurement error. No matter how small the result of the measurement is, even if the
result is zero or negative, one cannot be certain that there is ﬁ\ot at least one atom or molecule of
the analyte in the sample.

3B.2 The Critical Value

When a laboratory analyzes a sample, the measuring instrument produces a response, or gross
signal, that is related to the quantity of analyte present in the sample, but random measurement
errors cause this signal to vary somewhat if the measurement is repeated. A nonzero signal may
be (and usually is) produced even when no analyte is present. For this reason the laboratory
analyzes a blank (or an instrument background) to determine the signal observed when no analyte
is present in the sample, and subtracts this blank signal from the gross signal to obtain the net
signal. In fact, since the signal varies if the blank measurement is repeated, there is a blank signal
distribution, whose parameters must be estimated. To determine how large the instrument signal
for a sample must be to provide strong evidence for the presence of the analyte, one calculates a
threshold value for the net signal, called the critical value, which is sometimes denoted by S. If
the observed net signal for a sample exceeds the critical value, the analyte is considered
“detected”; otherwise, it 1s “not detected.” ‘

Since the measurement process is statistical in nature, even when one analyzes an analyte-free
sample, it is possible for the net signal to exceed the critical value, leading one to conclude incor-
rectly that the sample contains a positive amount of the analyte. Such an error is sometimes
called a “false positive,” although the term “Type I error” is favored by MARLAP. The proba-
bility of a Type I error is often denoted by a. Before calculating the critical value one must
choose a value for a. The most commonly used value is 0.05, or 5 percent. If a = 0.05, then one
expects the net instrument signal to exceed the critical value in only about 5 percent of cases
(one in twenty) when analyte-free samples are analyzed.

Figure 3B.1 depicts the theoretical distribution of the net instrument signal obtained when
analyzing an analyte-free sample and shows how this distribution and the chosen Type I error
probability, a, together determine the critical value of the net signal, S... The probability « is
depicted as the area under the curve to the right of the dashed line. Note that decreasing the value
of a, requires increasing the critical value (shifting the dashed line to the right), and increasing
the value of a requires decreasing the critical value (shifting the dashed line to the left).
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0 Sc
FIGURE 3B.1 — The critical value of the net signal

3B.3 The Minimum Detectable Value

As explained above, the critical value is chosen to limit the probability of a Type I decision error,
which means incorrectly concluding that the analyte has been detected when it actually is not
present. When the analyte actually is present in the sample being analyzed, another kind of
decision error is possible: incorrectly failing to detect the analyte. The latter type of error is called
a Type Il error.

The detection capability of an analytical measurement process, or its ability to distinguish small
positive amounts of analyte from zero, is defined in terms of the probability of a Type II error.
The common measure of detection capability is the minimum detectable value, which equals the
smallest true value (amount, activity, or concentration) of the analyte at which the probability of
a Type Il error does not exceed a specified value, . * The definition of the minimum detectable
value presumes that an appropriate detection criterion (i.e., the critical value) has already been
chosen. So, the minimum detectable value is the smallest true value of the analyte that has a
specified probability, 1 - S, of generating an instrument signal greater than the critical value. The
value of 3, like that of a, is often chosen to be 0.05, or 5 percent. (See Figure 20.1 in Chapter 20
for a graphical illustration of the relationship between the critical value and the minimum detect-
able value.)

In radiochemistry, the minimum detectable value may be called the minimum detectable concen-
tration (MDC), minimum detectable amount (MDA), or minimum detectable activity (also
abbreviated as MDA). MARLAP generally uses the term “minimum detectable concentration,”
or MDC.

? Although the minimum detectable value is defined theoretically as a “true” value of the analyte, this value, like
almost any true value in the laboratory, is not known exactly and can only be estimated. The important point to be
made here is that the minimum detectable value should not be used as a detection threshold for the measured value
of the analyte.
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It is common .in radiochemistry to report the MDC (or MDA) for the measurement process.
Unfortunately, it is also common to use the MDC incorrectly as a critical value, which it is not. It
is difficult to imagine a scenario in which any useful purpose is served by comparing a measured
result to the MDC. Nevertheless such comparisons are used frequently by many laboratories and
data validators to make analyte detection decisions, often at the specific request of project
planners.

This common but incorrect practice of comparing the measured result to the MDC to make a
detection decision produces the undesirable effect of making detection much harder than it
should be, because the MDC is typically at least twice as large as the concentration that corres-
ponds to the critical value of the instrument signal. In principle, a sample that contains an analyte
concentration equal to the MDC should have a high probability (usually 95 percent) of
producing a detectable result. However, when the MDC is used for the detection decision, the
probability of detection is only about S0 percent, because the measured concentration is as likely
to be below the MDC as above it. When an analyte-free sample is analyzed, the probability of a
Type I error is expected to be low (usually 5 percent), but when the MDC is used for the
detection decision, the probability of a Type I error is actually much smaller—perhaps 0.1
percent or less.

Sometimes it may be desirable to have a Type I error rate much less than S percent; however,
this goal does not justify using the MDC for the detection decision. In this case, the correct
approach is to specify the critical value based on a smaller value of a, such as 0.01 instead

0f 0.05.

MARLAP recommends that when a detection decision is required, the decision should be
made by comparing the measured value (e.g., of the net instrument signal) to its critical
value—not to the minimum detectable value.

3B.4 Sources of Confusion

There are several potential sources of confusion whenever one deals with the subject of analyte
detection in radiochemistry. One source is the lack of standardization of terminology. For exam-
ple, the term “detection limit” is used with different meanings by different people. In radiochem-
istry, the detection limit for a measurement process generally means the minimum detectable
value. However, in other fields the term may correspond more closely to the critical value. In
particular, in the context of hazardous chemical analysis, the term “method detection limit,”
which is abbreviated as MDL, is defined and correctly used as a critical value (i.e., detection
threshold); so, the MDL is not a “detection limit” at all in the sense in which the latter term is
commonly used in radiochemistry. Another potential source of confusion is the similarity be-
tween the abbreviations MDL and MDC, which represent very different concepts. Anyone who is
familiar with only one of these terms is likely to be confused upon first encountering the other.
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Another cause of confusion may be the practice of reporting undetectable results as “< MDC.” If
the measured result is less than the critical value, the practice of reporting “< MDC” may not be
ideal, but at least it can be defended on the basis that when the measured value is less than the
critical value, the true value is almost certainly less than the MDC. However, if this shorthand
reporting format is not explained clearly, a reader may interpret “< MDC” to mean that the meas-
ured value was less than the MDC and for that reason was considered undetectable. The latter
interpretation would be incorrect and might cause the reader to misunderstand the MDC concept.
(MARLAP recommends in Chapter 19 that the laboratory always report the measured value and
its uncertainty even if the result is considered undetectable.)

3B.5S Implementation Difficulties

Conceptually, the theory of detection decisions and detection limits is straightforward, but the
implementation of the theory often presents difficulties. Such difficulties may include:

* Difficulty in preparing and measuring appropriate blanks,
» Variable instrument background,

» Sample-specific interferences, and

» Statistics of low-background radiation counting.

The concept of the “appropriate blank” is that of an artificial sample that is as much like a real
sample as practical in all important respects, but which contains none of the analyte being meas-
ured. The most appropriate type of blank depends on the analyte and the measurement procedure.

Too often the critical value is based on the distribution of the instrument background, even when
it is known that the presence of analyte in reagents and interferences from various sources cause
the observed signal for an analyte-free sample to be somewhat elevated and more variable than
the instrument background. This practice may produce a high percentage of Type I errors when
the critical value is used as a detection threshold. In other cases, the instrument background
measurement may overestimate the signal produced by an analyte-free sample and lead to higher
Type Il error rates. Note that the problem in either of these cases is not the use of the critical
value but its incorrect calculation. There is still no justification for using the MDC as a detection
threshold. Instead, the critical value should be based on a better evaluation of the distribution of
the signal that is observed when analyte-free samples are analyzed.

Even when there are no interferences or reagent contamination, if the instrument background is
variable, some of the commonly used expressions for the critical value (which are based on
counting statistics only) may be inadequate. Again, the consequence of ignoring such variability
when calculating the critical value may be a high percentage of Type I errors. In this case too, the
mistake is not in how the critical value is used (as a detection threshold), but in how it is calcu-
lated.
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A final issue to be discussed is how to calculate an appropriate critical value when the observed
blank count is extremely low (e.g., less than 20 counts). Chapter 20 presents expressions for the
critical value that should give good results (Type [ error rates close to those expected) in these
situations when the only variability is that due to counting statistics. However, when the blank
count is low and there is additional variability, the usefulness of these expressions cannot be
guaranteed, even when they are modified to account for the extra variability.
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Analytical Protocol Specifications

Analyte List: *°Sr Analysis Limitations: Perform direct measurement of analyte.
Analysis of progeny allowed if radioactive equilibrium is established at
laboratory from freshly isolated parent.

Matrix: Raw Milk Possible Interferences: Fresh beta-emitting, fission-product nuclides
if purification steps are inadequate or non-existent.

Concentration Range: _1 to 50 pCi/L Action Level: __8 pCi/L

Method Validation Level: MARLAP Levels A, C, or D as applicable. See Attachment C for details.

QC Samples
Type ‘ Frequency Evaluation Criteria
Method blank 1 per batch See Attachment B
Duplicate 1 per batch See Attachment B
Matrix Spike* 1 per batch See Attachment B

Analytical Process Requirements

Activity Special Requirements
Field Sample Preparation and Preservation Sample size > 3.5 L; Preserve on ice or with 5 mL of 37%
formaldehyde / L sample
Sample Receipt and Inspection Return sample receipt acknowledgment letter with date of receipt

at Lab. Cross index list for Sample ID and assigned Lab ID.
Visually inspect containers upon receipt to ensure integrity and
normal sample appearance. Rad survey samples upon receipt.
COC documentation applies.

Laboratory Sample Preparation Take sufficient aliquant of sample after gamma-ray spectrometry
analysis (see separate requirements in the gamma spectroscopy
APS). Keep 1 liter as backup until analytical results have been
approved by project manager.

Sample Dissolution None

Chemical Separations Isolation of Sr from the milk by either cation resin or
precipitation of Sr from soured or dry-ashed milk. Separation
from Ca is essential. Rare earth and Ba scavenging steps are
necessary to eliminate possible interferences from fresh fission

products.
Preparing Sources for Counting Final source mount to accommodate nuclear instrumentation.
Nuclear Counting Acceptable counting instrumentation includes: Liquid

Scintillation Counter, Gas Proportional Counter or Solid State
Beta Detector. Detection method to discriminate to the extent
possible for potential **Sr contamination by physical or
calculations means.

Data Reduction and Reporting See Attachment A
Sample Tracking Requirements Chain-of-Custody
Other - Chemical Yielding Gravimetric (must have 99% Ca removal) or *Sr tracer with >

90% Ca removal.

* Spiking range provided in Attachment B
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Attachment A
Data Reduction and Reporting Requirements

Data Reduction

1.

2.
3.

4.
5.

Calculation of Sr-90 activity or concentration (pCi/L) can be based on the quantification of Sr-90 and/or Y-
90, with proper addressing of decay and ingrowth of Y-90.

Calculation of the associated combined standard uncertainty (pCi/L) of the *Sr concentration.

Calculation of the MDC, in terms of pCi/L, shall be sample specific using the detector efficiency and
background, counting time, decay and ingrowth factors, Sr yield and sample volume used for the analysis.
Calculation of critical level, in terms of pCi/L, shall be sample specific.

Calculation of gross, net and background count rate, detector efficiency, chemical yield, decay and ingrowth
factors for each sample.

. Initial review and approval of data reduction equations shall be established during a desk or onsite audit as

part of the lab approval/contracting process.

. No changes in the equations used in data reduction shall be initiated without prior approval of the project

manager.

Data Reporting

1

6.

. For each sample, the following sample specific parameters shall be reported:

Batch #, Sample ID, Lab ID, sample collection (reference) date, sample receipt date, estimated (or actual)
sample volume received, *Y separation date, counting date, cross reference to batch QC samples, SOP used,
analyst, data reviewer and report date.

. For each sample, the following sample processing parameters or factors shall be reported:

Gross, net and background count rates, detector efficiency, sample volume processed, °Sr decay factor, Y
decay and ingrowth factors (and times), and chemical yield factor.

. For each sample the following calculated information will be reported:

critical level, MDC, ®Sr concentration and associated combined standard uncertainty (CSU).

. Batch quality control results for the laboratory control sample (LCS), method blank, duplicate sample and

matrix spike sample shall be reported with each batch of samples:

Reporting data to include:

LCS - calculated sample and prepared spike concentration with associated CSUs, and percent difference
between sample result and known value

Duplicate samples - calculated concentrations with associated CSU for both samples

Matrix spike - calculated sample and known spike concentration with associated CSUs, and percent
difference between sample results

. A “Narrative” shall be provided with each batch of samples that describes problems encountered or noted

discrepancies for any sample, possible effect on the quality of a result and actions taken to remedy the
problem if recurrent. ' :
Reports shall be provided electronically and as a hard copy. An electronic data format will be provided.
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Attachment B
Batch Quality Control Sample Evaluation Criteria

A “batch” of samples is defined as 20 samples or less including the QC samples. The results of the batch QC
samples shall be evaluated according to the equations provided below. It should be noted that no action is to be
taken when a “not to exceed” limit stated below is exceeded for an individual sample. However, if trending of
the results indicate many results or a trend of results exceeds a limit, actions must be taken to stop processing
samples, identify the root cause of the problem and take corrective actions. Sample processing can resume when
the corrective actions have been shown to be effective in eliminating the cause of the problem. It is expected
that the Laboratory’s QA officer and project manager shall provide oversight on the sample processing and shall
track the batch QC results.

Laboratory Control Sample

The *Sr spike concentration of an LCS shall be between 10 and 20 pCi/L and the spiking uncertainty should be
< 5%. The percent deviation (%D) for the LCS analysis is defined as

%D

= —SSR—SA x 100% 1)
SA

where
SSR is the measured result (spiked sample result) and
SA  is the spike activity (or concentration) added.

The %D control limit is £ 3 ¢,,, X 100% or +19%. For long-term trending, the %D results should be plotted
graphically in terms of a quality control chart with the expected mean %D value of zero.

Duplicate Samples

The acceptance criterion for duplicate analysis results depends on the analyte concentration of the sample, which
is determined by the average x of the two measured results x, and x,. ‘

- X *tx
-0 2)
2
When x < 8, the control limit for the absolute difference|x, - x, | is 4.24 uyg or 2.1.
When x > 8 pCi/L, the control limit for the relative percent difference (RPD), defined as,
lx, - x,|
RPD = ——"2 x 100% 3)
X

is 4.24 @y X 100% or 27 %. For long-term trending, the absolute difference and RPD results should be plotted

graphically in terms of a quality control chart with an expected absolute difference and RPD mean values of
zero.
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Attachment B (Continued)
Batch Quality Control Sample Evaluation Criteria

Matrix Spikes

The acceptance criteria for matrix spikes uses the “Z score,” defined below, as the test for matrix spikes. The
pre-existing activity (or concentration) must be measured and subtracted from the activity measured after
spiking. The *Sr spike concentration of a matrix spike shall be between 10 and 20 pCi/L and the spiking
uncertainty should be < 5%.

- SSR - SR - SA
4
®,zVSSR? + max(SR, UBGR)? )
- SSR - SR - SA .

0.0625y/SSR % + max(SR, 8)2

where:
SSR s the spiked sample result,
SR s the unspiked sample result,
SA s the spike concentration added (total activity divided by aliquant mass), and max(SR,8) denotes the
' maximum of SR and 8 pCi/L.

The control limit for Z is set at + 3. It is assumed that the uncertainty of SA is negligible with respect to the
uncertainty of SSR. For long-term trending, the Z results should be plotted graphically in terms of a quality
control chart with a Z value of zero as the expected mean value.

Method Blanks When an aliquant of a blank material is analyzed, the target value is zero. However, the
measured value may be either positive or negative. The applicable control limit for blank samples shall be
within + 3 u,; or £ 1.5 pCV/L. For long-term trending, the blank results should be plotted graphically in terms of
a quality control chart with an expected mean value of zero.
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Attachment C
Method Validation Requirements

Prior to processing any milk samples, the laboratory is required to validate its *Sr in milk radioanalytical
method according to the specifications stated in MARLAP Chapter 6. The level of method validation will
depend on whether the laboratory has a previously validated method for *Sr in milk (Level A), will modify a
previously validated *Sr method for a milk matrix (Level C) or must newly develop or adapt a method for *Sr
in milk (Level D). The laboratory shall submit the method validation documentation to the project manager for
review and approval prior to the acquisition of a laboratory contract. A summary of the method validation
criteria is presented below for the three validation levels.

Level A method validation pertains to a previously validated method for *Sr in milk. No additional testing is
required if the method previously has been successfully validated and the available method validation
documentation has been reviewed and approved by the project manager. Documentation of method validation
should conform to the specifications provided below.

Level C method validation is to be conducted when a validated ®Sr method for a non-milk matrix is modified
for applicability for the milk matrix, e.g., when the EPA 905 *Sr in water method is modified for use with a
milk matrix. A method validation plan should be developed and documented. Validation Level C requires the
preparation and analysis of five replicate milk samples (internal performance testing samples) spiked at three
different concentrations. For this project the three levels of 1, 10, 20 pCi/L (or within = 15% of the values)
should be used in the validation process. Each sample result for the lowest level (below the action level) must be
within £ 2.9 uy, or = 1.45 pCi/L of the spiked concentration value. Each sample result from the two higher
spiked levels (above the action level) must be within + 2.9 @z x 100% or + 18% of the spiked concentration
value. Documentation of method validation should conform to the specifications provided below.

Level D method validation is to be conducted when a new method is specifically developed or adapted from the
literature for the project’s *°Sr in milk application. Validation Level D requires the preparation and analysis of
seven replicate milk samples (internal performance testing samples) spiked at three different concentrations. For
this project the three levels of 1, 10, 20 pCV/L (or within £ 15% of the values) should be used in the validation
process. Each sample result for the lowest level (below the action level) must be within + 3.0 uy,; or + 1.5 pCi/L
of the spiked concentration value. Each sample result from the two higher spiked levels (above the action level)
must be within + 3.0 @z X 100% or + 19% of the spiked concentration value. Documentation of method
validation should conform to the specifications provided below.

Method Validation Documentation

Documentation to be submitted to the project manager includes: Method Validation Plan, Method Number,
Analyst(s) analyzing the samples, spiked concentration values, experimental results and comparison to the
acceptable performance criteria for the validation level.
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LWL = Lower waming limit
UWL = Upper warning limit
UCL = Upper control limit
LCL = Lower control limit
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Data Report for: XYZ Nuclear Handlers, Incorporated
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RADIOACTIVITY SOLUTIONS

PLUS

Data Report for:

XYZ Nuclear Handlers, Incorporated

Sample Matrix: Whole Milk

Date Samples Received: April 18, 2006
Sample Analysis
Name — Sample Start Analysis Activity £ 1o, MDC,
Lab ID Date Time Completed | Analyte pCi/L pCi/L
Guernsey 1 w
051002 3/24/05 | 4/4/05 4/11/05 Sr 1.61 + 0.38 0.80
Jersey 5 4 "
051003 3/24/05 | 4/4/05 4/07/05 Sr 0:52+.0.36 2
Holstein 3 =
051004 3/24/05 | 4/4/05 4/11/05 Sr 1.10+0.37 0.68
Guernsey 6 %
051005 3/24/05 | 4/4/05 4/11/05 Sr -0.55+0.93 0.50
Jersey 8 o
051006 3/25/05 | 4/4/05 4/11/05 Sr 155+ 0.37 0.61

Guernsey 1 DU

051008 4/4/05 | 4/4/05 | 4/11/05 | St 1.95=0.38 0.85
o 414005 | 4/4/05 | 41105 | PSr | -043+066 13
(%SC 18007 4/4/05 | 4/4/05 | 4/11/05 | Sr 12.81 £0.49 1.5
L 4/4005 | 4/4/05 | 41105 | PSr | 1550%0.51 1.6

Matrix Spike: 20.0 pCi/L added.

LCS Target:

10.0 pCi/L
Analysis by Liquid Scintillation Counting
Critical Level ~ 0.6 pCi/L

Approved by: 1. M. Wright, QA Officer




PLUS
RADIOACTIVITY SOLUTIONS

Data Report for: XYZ Nuclear Handlers, Incorporated
Sample Matrix: Whole Milk
Date Samples Received: April 18, 2006
Initial Data
Qualifiers
Sample Analysis Based on
Name — Sample Start Analysis Activity + MDC, Sample
Lab ID Date Time | Completed | Analyte | 1o, pCi/L pCi/L Results
Guernsey | 90
051002 3/24/05 | 4/4/05 4/11/05 St 1.61 + 0.38 0.80
Jersey 5 90
051003 3/24/05 | 4/4/05 4/07/05 St 0.52 +0.36 I U, !
Holstein 3 90
051004 3/24/05 | 4/4/05 4/11/05 Sr 140 +0.37 0.68
Glist o 3/24/05 | 4/4/05 | 4/1105 | *°Sr | -055+093 | 0.50 U
051005 ,
Jersey 8 90
051006 . 25/05 4/4/05 | 1105 ,_ + .55 =037 0.61
' - - QC Test
. Qualifiers
Guernsey LDU- | ya05 | 4/ai05 | 41105 | ®sr | 1952038 | 0.5
051008
Batch Blank 90
051009 4/4/05 4/4/05 4/11/05 Sr -0.43 £ 0.66 1.3
LCS 50 \
051007 4/4/05 4/4/05 4/11/05 Sr 12.81 +0.49 | 1.5\ S(H),
Jersey 8 MS 90 ‘ |
+ \ / d
051010 4/4/05 4/4/05 4/11/05 Sr 15,30 0I5 fa‘.l'6 S(-),
Matrix Spike: 20.0 pCi/L added. S b )

LCS Target: 10.0 pCi/L
Analysis by Liquid Scintillation Counting
Critical Level ~ 0.6 pCi/L

L.)}” TR Sy

Approved by: L. M. Wright, QA Officer

*The grayed-out qualifiers in the final column (E, Q) are present only as part of this exercise. These qualifiers generally would NOT be applied
to the QC samples. This is particularly true for the matrix spike and the LCS where the MDC is relatively unimportant when the measured
concentraiton is obviously real. The E that was added in the sample section indicates that the MDC required in the APS of 1.0 pCi/L was not
met. In this case, the E may or may not be retained by the data validator.
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PLUS
RADIOACTIVITY SOLUTIONS

Data Report for: XYZ Nuclear Handlers, Incorporated

Sample Matrix: Whole Milk

Date Samples Received: April 18, 2006
Sample Analysis
Name — Sample Start Analysis Activity + MDC,
Lab ID Date Time | Completed | Analyte | lo, pCi/L pCV/L | All Qualifiers
b % 304005 | 4405 | 471105 | Psr | 161+ 038 | o080 |5
051002
e 324005 | 4405 | 40705 | %St | 0s2+036 | 12 |SEU
051003
Holstein 3 9% : S(+,)
051004 3/24/05 | 4/4/05 4/11/05 Nt 1.10+0.37 0.687 ’
Guernsey 6 90 ¥ SR By S, Q
i 3/24/05 | 4/4/05 | 4/11/05 Sr | -0.55 @/35 0.50
Jersey 8 90 S(+,)
051006 3/25/05 | 4/4/05 4/11/05 Sr 1455 0.31 0.61

y@/lu;‘r‘/\_j’

0 4/4/05 | 4/4/05 | 4/11/05 & | 195038 | 085

Batch Blank %

i i 4/4/05 | 4/4/05 | 411005 o i par o de ¥ L

LCS = 5
eyl 4/4/05 | 4/4/05 | 4/11/05 e

g)esrls 8{08 e 44005 | 44005 | 41105 | ®sr | 1550+051 | 1.6 |S5O

B o |

Matrix Spike: 20.0 pCi/L added.
LCS Target: 10.0 pCi/L
Analysis by Liquid Scintillation Counting
Critical Level ~ 0.6 pCi/L
Approved by: . M. Wright, QA Officer

*The grayed-out qualifiers in the final column (E, Q) are present only as part of this exercise. These qualifiers generally would NOT be applied
to the QC samples. This is particularly true for the matrix spike and the LCS where the MDC is relatively unimportant when the measured
concentraiton is obviously real. The E that was added in the sample section indicates that the MDC required in the APS of 1.0 pCi/L was not
met. In this case, the E may or may not be retained by the data validator.
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TABLE 4.2 — Crosswalk between project plan document elements and directed planning process

Project Plan Document

ID Elements Content Directed Planning Process Input
(QAPP—EPA, 2001)°
A - PROJECT MANAGEMENT

Al [|Title and Approval Sheet | Title and approval sheet.

A2 |Table of Contents Document control format.

A3 |Distribution List Distribution list for the plan Include the members of the project
document revisions and final planning team and stakeholders.
guidance.

A4 |Project/Task Organization |1) Identify individuals or The directed planning process:
organizations participating in the * Identifies the stakeholders, data
project and discuss their roles and users, decisionmakers.
responsibilities.

2) Provide an organizational chart * Identifies the core planning team and
showing relationships and the technical planning team members
communication lines. responsible for technical oversight.

* Identifies the specific people/organi-
zations responsible for project
implementation (sampling and
analysis).

AS |Problem Definition/ 1) State the specific problem to be Project planning team:

Background solved and decision to be made. ¢ Documents the problem, site history,
2) Include enough background to existing data, regulatory concerns,
provide a historical perspective. background levels and thresholds.

+ Develops a decision statement.

A6 |Project/Task Description  |Identify measurements, special Project planning team identifies:
requirements, sampling and analytical |* Deadlines and other constraints that
methods, action levels, regulatory can impact scheduling.
standards, required data and reports, |+ Existing and needed data inputs.
quality assessment techniques, and Project planning team establishes:
schedules. » Action levels and tolerable decision

error rates that will be the basis for
the decision rule.

* The optimized sampling and
analytical design as well as quality
criteria.

A7 |Quality Objectives and 1) Identify DQOs, data use, type of | Project planning team:

Criteria for Measurement
Data

data needed, domain, matrices,
constraints, action levels, statistical
parameters, and acceptable decision
€erTors.

2) Establish MQOs that link analysis
to the user's quality objectives.

3) APSs.

4) Method validation requirements.

* Identifies the regulatory standards

and the action level(s).

Establishes the decision rule.

* Describes the existing and needed

data inpults.

Describes practical constraints and

the domain.

« Establishes the statistical parameter
that is compared to the action level.

* Establishes tolerable decision error
rates used to choose quality criteria.

 Establishes quality criteria linked to
the optimized design.

* Establishes data verification,
validation and assessment criteria
and procedures.

» Establishes APSs and MQOs.




TABLE 4.2 (Continued) — Crosswalk between project plan document elements and directed planning process

Project Plan Document
ID Elements Content Directed Planning Process Input
(QAPP—EPA, 2001)°
A8 |Special Training Identify and discuss special Project planning team:

Requirements/ training/certificates required to * Identifies training, certification,

Certification perform work. accreditation requirements for field

and laboratory.

* Identifies federal and state
requirements for certification for
laboratories.

 Identifies federal and state
requirements for activities, such as
disposal of field-generated residuals.

A9 |Documentation and Record [Itemize the information and records, |Project planning team:
which must be included in a data * Indicates whether documents will be
report package including report controlled and the distribution list
format and requirements for storage incomplete.
etc. * [dentifies documents that must be
archived.

* Specifies period of time that
documents must be archived.

* Specifies procedures for error
corrections (for hard copy and
electronic files).

B - MEASUREMENT/DATA ACQUISITION
B1 |Sampling Process Designs |(1) Outline the experimental design, |Project planning team establishes the

(Experimental Designs) including sampling design and rationale for and details of the sampling
rationale, sampling frequencies, design.
matrices, and measurement parameter
of interest.

(2) Identify non-standard methods
and validation process.
B2 |Sampling Methods Describe sampling procedures, Project planning team specifies the

Requirements needed materials and facilities, preliminary details of the optimized
decontamination procedures, waste | sampling method.
handling and disposal procedures,
and include a tabular description of
sample containers, sample volumes,
preservation and holding time
requirements.

B3 |Sample Handling and Describe the provisions for sample Project planning team describes the

Custody Requirements labeling, shipment, sample tracking  |regulatory situation and site history,
forms, procedures for transferring which can be used to identify the
and maintaining custody of samples. Jappropriate sample tracking level.

B4 | Analytical Methods Identify analytical methods and Project planning team:

Requirements procedures including needed * Identifies inputs to the decision
materials, waste disposal and (nuclide of interest, matrix, etc.).
corrective action procedures. + Establishes the allowable measure-

ment uncertainty that will drive
choice of the analytical protocols.

+ Specifies the optimized sampling and
analytical design.




TABLE 4.2 (Continued) — Crosswalk between project plan document elements and directed planning process

Project Plan Document
ID Elements Content Directed Planning Process Input
(QAPP—EPA, 2001)°
B5 |Quality Control (1) Describe QC procedures and Project planning team:

Requirements associated acceptance criteria and * Establishes the allowable
corrective actions for each sampling measurement uncertainty, which will
and analytical technique. drive QC acceptance criteria.

(2) Define the types and frequency of [+ Establishes the optimized analytical
QC samples should be defined along protocols and desired MQOs.
with the equations for calculating QC
statistics.
B6 |Instrument/Equipment 1) Discuss determination of
Testing Inspection and acceptable instrumentation
Maintenance Requirements |performance.
2) Discuss the procedures for
periodic, preventive and corrective
maintenance.
B7 |Instrument Calibration and [(1) Identify tools, gauges and Project planning team establishes the

Frequency instruments, and other sampling or desired MQOs, which drive acceptance
measurement devices that need criteria for instrumentation
calibration. performance.

(2) Describe how the calibration
should be done.
B8 |Inspection/Acceptance Define how and by whom the

Requirements for Supplies |[sampling supplies and other

and Consumables consumables will be accepted for use
in the project.

B9 |Data Acquisition Define criteria for the use of non- Project planning team:

Requirements (Non-direct |direct measurement data such as data |+ Identifies the types of existing data

Measurements) that come from databases or that are needed or would be useful.
literature. » Establishes the desired MQOs that

would also be applicable to archived
data.
B10 |Data Management (1) Outline of data management
scheme including path of data, use of
storage and& record keeping
system.(2) Identify all data handling
equipment and procedures that will
be used to process, compile, analyze
the data, and correct errors.
C — ASSESSMENT/OVERSIGHT
JC1 |Assessments and Response |[(1) Describe the number, frequency | Project planning team establishes the

Actions and type of assessments needed for | MQOs and develops statements of the
the project. APSs, which are used in the selection off
(2) For each assessment: list the analytical protocols and in the
participants and their authority, the  |ongoing evaluation of the protocols.
schedule, expected information,
criteria for success and unsatisfactory
conditions and those who will receive
reports and procedures for corrective
actions.

C2 |Reports to Management Identify the frequency, content and
distribution of reports issued to keep
management informed.




TABLE 4.2 (Continued) — Crosswalk between project plan document elements and directed planning process

Project Plan Document

and Validation
Requirements

statistics and equations, which will be
used to accept or reject data based on
quality.

D Elements Content Directed Planning Process Input
(QAPP—EPA, 2001)" .
D — DATA VALIDATION AND USABILITY
D1 [Data Review, Verification |[State the criteria including specific Project planning team:

» Establishes the MQOs for the sample
analysis, and may also discuss .
completeness and representativeness
requirements that will be the basis of
validation.

« Establishes the action level(s)
relevant to the project DQOs.

« Establishes the data validation
criteria.

Quality Objectives

evaluated to determine if DQOs are
satisfied. ‘

D2 |Verification and Validation |Describe the process to be used for | Project planning team:
Methods validating and verifying data, » Determines appropriate level of
including COC for data throughout | custody.
the lifetime of the project. » May develop a validation plan.
D3 Reconciliation With Data  |Describe how results will be Project planning team:

+ Defines the necessary data input
needs.

* Defines the constraints and
boundaries with which the project
has to comply.

 Defines the decision rule.

* Identifies the hypothesis and
tolerable decision error rates.

* Defines MQOs for achieving the
project DQOs.

[Adapted from: EPA, 2002]
* EPA QAPP clements are discussed in MARLAP Appendix D, Content of Project Plan Documents

U. S. Environmental Protection Agency (EPA). 2002. Guidance on Developing Quality
Assurance Project Plans (EPA QA/G-5). EPA/240/R-02/009. Office of Environmental
Information, Washington, DC. Available at www.epa.gov/quality/qa_docs.html.




MARLAP TABLE E.6 — Example of a proposal evaluation plan

Proposal Evaluation

Objective: To ensure impartial, equitable, and comprehensive evaluation of proposals from
contractors desiring to accomplish the work as outlined in the Request for Proposals and to assure
selection of the contractor whose proposal, as submitted, offers optimum satisfaction of the
government’s objective with the best composite blend of performance, schedules, and cost.

Basic Philosophy: To obtain the best possible technical effort which satisfies all the requirements of
the procurement at the lowest overall cost to the government.

Evaluation Procedures
1. Distribute proposals and evaluation instructions to Evaluation Committee.

2. Evaluation of proposals individually by each TEC member. Numerical values are recorded with
a concise narrative justification for each rating.

3. The entire committee by group discussion prepares a consensus score for each proposal.
Unanimity is attempted, but if not achieved, the Chairperson shall decide the score to be given.

4. A Contract Evaluation Sheet listing the individual score of each TEC member for each proposal
and the consensus score for the proposal is prepared by the Chairperson. The proposals are then
ranked in descending order.

5. The Chairperson next prepares an Evaluation Report which includes a Contract Evaluation
Sheet, the rating sheets of each evaluator, a narrative discussion of the strong and weak points of
each proposal, and a list of questions which must be clarified at negotiation. This summary shall
be forwarded to the Contracting Officer.

6. If required, technical clarification sessions are held with acceptable proposers.

7. Analysis and evaluation of the cost proposal will be made by the Contracting Officer for all
proposals deemed technically acceptable. The Chairperson of the TEC will perform a
quantitative and qualitative analysis on the cost proposals or those firms with whom cost
negotiations will be conducted.

Evaluation Criteria
The criteria to be used in the evaluation of this proposal are selected before the RFP is issued. In
accordance with the established agency policy, TEC members prepare an average or consensus

score for each proposal on the basis of these criteria and only on these criteria.

A guideline for your numerical rating and rating sheets with assigned weights for each criteria are
outlined next under Technical Evaluation Guidelines for Numerical Rating.




MARLAP TABLE E.6 (Continued) — Example of a proposal evaluation plan

Technical Evaluation Guidelines for Numerical Rating

Each item of the evaluation criteria will be based on a rating of 0 to 10 points. Therefore, each
evaluator will score each item using the following guidelines:

a. Above normal: 9 to 10 points (a quote element which has a high probability of exceeding the
expressed RFP requirements).

b. Normal: 6 to 8 points (a quote element which, in all probability, will meet the minimum
requirements established in the RFP and Scope of Work).

¢. Below normal: 3 to 5 points (a quote element which may fail to meet the stated minimum
requirements, but which is of such a nature that it has correction potential).

d. Unacceptable: 0 to 2 points (a quote element which cannot be expected to met the stated
minimum requirements and is of such a nature that drastic revision is necessary for
correction).

Points will be awarded to each element based on the evaluation of the quote in terms of the
questions asked.

The evaluator shall make no determination on his or her own as to the relative importance of
various items of the criteria. The evaluator must apply a O to 10 point concept to each item
without regard to his or her own opinion concerning one item being of greater significance than
another. Each item is given a predetermined weight factor in the Evaluation Plan when the RFP
is issued and these weight factors must be used in the evaluation.
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2.8

3.8

10.

11.

12.

Consolidated Recommendations from MARLAP, Part I

Project Planning Process
MARLAP recommends the use of a directed project planning process.

MARLAP recommends that the radioanalytical specialists be a part of the integrated
effort of the project planning team.

MARLAP recommends that the planning process rationale be documented and the
documentation integrated with the project plan documents.

MARLAP recommends using a graded approach in which the sophistication, level of QC
and oversight, and resources applied are appropriate to the project.

Key Analytical Planning Issues and Developing Analytical Protocol
Specifications

MARLAP recommends that any assumptions made during the resolution of key analytical
planning issues are documented, and that these assumptions are incorporated into the
appropriate narrative sections of project plan documents.

MARLAP recommends that an action level and gray region be established for each
analyte during the directed planning process.

MARLAP recommends that the method uncertainty at a specified concentration (typically
the action level) always be identified as an important method performance characteristic,
and that an MQO be established for it for each analyte.

MARLAP recommends that the MQO for the detection capability be expressed as a
required minimum detectable concentration.

MARLAP recommends that the MQO for the quantification capability be expressed as a
required minimum quantifiable concentration.

MARLAP recommends that if the lower bound of the gray region is zero, and decisions
are to be made about individual items or specimens, an analytical method should be
chosen whose MDC is no greater than the action level.

MARLAP recommends that if the lower bound of the gray region is zero, and decisions
are to be made about a sampled population, choose an analytical method whose MQC is
no greater than the action level.

MARLAP recommends that units of the International System of Units (ST) be used
whenever possible.



Consolidated Recommendations from MARLAP, Part | {Continued)

13.

4.7

14.

15.

16.

17.

18.

19.

5.6

20.

21.

22.

23.

24.

MARLAP recommends that all measurement results be reported directly as obtained,
including negative values, along with the measurement uncertainty.

Project Plan Documents

MARIAP recommends using a graded approach to project plan writing because of the
diversity of environmental data collection activities.

MARLAP recommends developing a primary integrating project plan that includes other
documents by citation or as appendices.

MARLAP recommends developing project plan documents that integrate all technical
and quality aspects for the life-cycle of the project, including planning, implementation,
and assessment.

MARLAP recommends including, by citation or as an appendix, the report on the
directed planning process in the project plan documents.

If the planning process was not documented in a report, MARLAP recommends that a
summary of the planning process addressing assumptions and decisions, established
action levels, the DQO statement, and APSs (which include the established MQOs and
any specific analytical process requirements) be included in the project plan documents.

MARLAP recommends using a formal process to control and document changes if
updates of the original project plan document are needed.

Obtaining Laboratory Services

MARIAP recommends that technical specifications be prepared in writing in a single
document, designated a SOW, for all radioanalytical laboratory services, regardless of
whether the services are to be contracted out or performed by an Agency’s laboratory.

MARLAP recommends that the MQOs and analytical process requirements contained in
the SOW be provided to the laboratory.

MARLAP recommends that the SOW include the specifications for the action level and
the required method uncertainty for the analyte concentration at the action level for each
analyte/matrix.

MARLAP recommends that the laboratory submit the proposed methods and required
method validation documentation with the formal response.

MARLAP recommends that the RFP state that subcontracting will be permitted only with
the contracting organization’s approval.
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25.

6.11
26.
27.

28.

29.

30.

31

32.

33.

1.5

34.

35.

36.

37.

38.

MARLAP recommends that all members of the TEC have a technical understanding of
the subject matter related to the proposed work.

Selection and Application of an Analytical Method
MARLAP recommends the performance-based approach for method selection.
MARILAP recommends that only methods validated for a project’s application be used.

MARLAP recommends that a SOW containing the MQOs and analytical process
requirements be provided to the laboratory.

MARLAP recommends that the SOW include the specifications for the action level and
the required method uncertainty for the analyte concentration at the action level for each

combination of analyte and matrix.

MARLAP recommends that a method undergo some basic general validation prior to
project method validation.

MARLAP recommends that when a method is applied to a specific pIOJCCt the method
should then undergo validation for that specific application.

MARLAP recommends that as each new project is implemented, the methods used in the
analysis of the associated samples undergo some level of validation. However, it is the

project manager’s responsibility to assess the level of method validation necessary.

MARLAP recommends a tiered approach for project method validation.

Evaluating Methods and Laboratories

MARILAP recommends that a radioanalytical specialist review the methods for technical
adequacy.

MARLAP recommends that the TEC perform an independent calculation of the method’s
MDC using laboratory-stated typical or sample-specific parameters.

MARLAP recommends that the project manager or TEC evaluate the available data
provided by the laboratory or from performance evaluations for bias, based on multiple

analyses covering the applicable analyte concentration range.

MARLAP recommends that project-specific MQOs be established and incorporated into
the SOW for laboratory radioanalytical services.

MARLAP recommends that a MQO for method uncertainty be established for each

3
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39.

40.

8.7

41.

42.

43.

9.8

45.

46.

47.

48.

49.

analyte/matrix combination.
MARLAP recommends the “Z score” as the test for matrix spikes.

MARLAP recommends that an audit team include a radioanalytical specialist familiar
with the project’s or program’s technical aspects and requirements.

Radiochemical Data Verification and Validation

MARLAP recommends that project objectives, implementation activities and QA/QC
data be well documented in project plans, reports, and records, since the success of the
assessment phase is highly dependent upon the availability of such information.

MARLAP recommends that calibration be addressed in a quality system and through an
audit, although demonstration of calibration may be required as part of a project’s
deliverables.

MARLAP recommends that the assessment criteria of a project be established during the
directed planning process and documented in the respective plans as part of the project
plan documents.

MARLAP recommends that the result of each measurement, its expanded measurement
uncertainty, and the estimated sample- or analyte-specific MDC be reported for each
sample in the appropriate units.

Data Quality Assessment

MARLAP recommends that the assessment phase of a project (verification, validation,
and DQA processes) be designed during the directed planning process and documented in
the respective plans as part of the project plan documents.

MARLAP recommends that project objectives, implementation activities, and QA/QC
data be well documented in project plans, reports, and records, since the success of the
assessment phase is highly dependent upon the availability of such information.

MARLAP recommends the involvement of the data assessment specialist(s) on the
project planning team during the directed planning process.

MARLAP recommends that the DQA process should be designed during the directed
planning process and documented in a DQA plan.

MARLAP recommends that all sampling design and statistical assumptions be clearly
identified in project plan documents along with the rationale for their use.
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Plutonium Fabricators, Ltd.
Site Description

Plutonium Fabricators was a company whose principal product was makingl@%u from.
Their research group had discovered that bombardment of depleted uranium (DU) oxide with a
select alpha energy range could produce **'Pu via (o, n) reaction.

The DU targets were dissolved in acid and the **'Pu was extracted, transformed to the oxide and
sold as a source. The remainder of the target was reconstituted for further production of the
plutonium. The reconstitution process involved solvent extraction (using xylene and tri-n-octyl
phosphine oxide), uranium oxide precipitation, and high-temperature firing of the precipitate.

Two processing storage facilities (Buildings “U” and “P”; see Figure 1) were built below grade
(at different depths) to perform the reprocessing and contain the waste solutions from the
extraction processes. The company used tanks and barrels for storage of solutions within the “U”
and “P” buildings. After 15 years of operation, the tanks in the lowest level of the “P” building
were found to be leaking. It was also noted at that time that the building foundation was cracked.
Company engineering personnel were unable to determine the age of the cracks or for how long
the tanks had been leaking.

The reprocessed uranium material was fired in the “U” building. It was also discovered that an
oven exhaust duct had developed a significant leak. This caused some particulate uranium oxide
to be distributed throughout the building. Ground water leaking into the “U” building compoun-
ded the problem of concrete contamination. The ground water spread out the contamination and
allowed seepage into the concrete.

The company temporarily ceased production of **'Pu focusing their efforts on minimizing the
spread of contamination. During this cleanup phase the company went bankrupt. The major
source term materials have been removed from the site (i.e., the leaking tanks and barrels).

You have been assigned as the project manager for the assessment of the ground-water
contamination. Your task is to write an analytical protocol specification (APS) for each of
the radionuclides potentially present in the ground water.

The site has had 10 sampling wells placed, which are equidistant from the midpoint of the two
buildings (Figure 1). These wells are sampled (4 liters each) monthly. The flow of ground water
radiates from directly below the building equally in all directions. All stakeholders have agreed
that the average of the 10 monthly samples around the site will be used to assess the 'Am
concentration with respect to the action level.

These wells have already been sampled and shown to contain **'Pu, the parent of **' Am, as well
as naturally occurring uranium and thorium (plus decay products) in concentrations less than 5
pCi/L. There will be contmued monitoring for the plutonium. The current goal is to determine
-_if the concentration of **'Am in in_the ground water (on average) is greater than 15 pCi/L.
Since the closure of the_plant four y: years ago, ground water measurements of all wells gave Hipy
values ranging from }0 to 100 pCi/L. If a monthly average concentration exceeds the action

level, stakeholders hajve agreed that the sampling frequency will be increased to weekly.

Y Mo wed Gunplr®  LIO Samp
1




The ground-water chemistry is identified in the table below:

Specific Na | €a e Dissolved | Turbidity
pH | Conductivity | (ppm) | (ppm) | (ppm) | Oxygen (ppm) | (NTU)
8.5 520 120 35 3.4 0.1 50

Q
i,
Well location ——>O
O
750 feet diameter
<€
“U" “P"
&, Bldg Bldg
Admin
Bldg
O < >
120 feet

Q

)

Figure 1. Schematic of Plutonium Fabrication Facility




Delineating the Gray Region and Determining the Required Method Uncertainty

1) What is the population parameter to be estimated from the data to be obtained?

% P hon (DWW G frons |0 walls |
2) What is the population from which the samples will be taken? th'l : by
ML 055 Yp Samoy brmn (0 uulls

Use this information to fill in the x-axis title and show the following on the graph:

" . . 9 . Delineating the Gray Regton
§ - 3) What is the action level’ 15 Q¢ \/Q_ N*pl' _ AL
~— : 1
I s g o9
¢ 3 4) Whatis the discrimination % pg
i ] level (i.e. the lower bound g 07
g on the gray region)? > 06
<
2 083 [eed e
4 < 04
What are the alternative ' %_;o.s
decisions? B o2
’\\r\Z,W/\W\>lS’ s —
A 0 5 10 15 2 5
6) Decision Rule: A’\/%; Concentation of Am-241 1n _ (= (ums-?c\/ﬁ)

AR AN I R Ve

7) Null Hypothesis: < é Kl/

8) Alternative Hypothesis: ;( S AL

9) What is the desired limit on the probability of making a de01s1on error if the true
concentration is at the DL? (5 5
e —

10) What 1s the desired limit on the probability making a decision error if the true
concentration is at the AL? ooxX ’h,\

11) Using this imformation, what is the required method uncertainty for your project to meet

these goals?
AL- DL

e

O
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Analytical Protocol Specifications
(Template from MARLAP Chapter 3, Figure 3.2)

Analyte List:a\\\ A/y\ b“\ Q(_gp,(/c

Matrix: \\,DO W} 5%

Concentration Range: () — (00 é&r‘o)

Method Validation Requirements: Level B or D that cover two applications: method for same

Analysis Limitations:

Possible Interferences: Z%WP 2)5’*()

matrix and newly developed or adapted method.

Action Level:

1S % o

) MQOs:
My = |.S Q (/,0 At A% pc\/L
QC Samples
i Type Frequency Evaluation Criteria
“w\'w%l walc Y 2o (To be completed later)
A “EP g [0 (To be completed later)
2 (To be completed later)

e (Hﬁ“t“ k"\l

(To be completed later)

Analytical Process Requirements*

Activity Special Requirements
Field Sample Preparation and Preservation (To be completed later)
Sample Receipt and Inspection (To be completed later)
Laboratory Sample Preparation (To be completed later)
Sample Dissolution (To be completed later)
Chemical Separations (To be completed later)
Preparing Sources for Counting (To be completed later)
Nuclear Counting (To be completed later)

Data Reduction and Reporting

(To be completed later)

Sample Tracking Requirements

(To be completed later)

Other

(To be completed later)

*Consistent with a performance-based approach, analytical process requirements should be kept to a minimum,
therefore “none” or “N/A” may be appropriate for many of the activities.




Remediation of Plutonium Fabricators Ltd.

Analytes of Interest: 241py, 25y, U, B8y, Total U, *'Am
For this exercise: 2*' Am
Other possible radionuclide interferences:
?II(I)lblCnt levels of **Ra (2 pCi/L) and *®Ra (3 pCi/L) plus decay products including
Pb

28y, B5U, and 2*Uplus short-lived decay products
#1pu with some {*’Np and ?'U

Matrix: ground water some solids (50 NTU) from monitoring wells located around
the site and background locations
Action level: 15 pC/L — EPA Regulations — use for evaluating the mean of the sample
population
Required detection level: 1.5 pCi/L from EPA regulations; use for detectability for
individual samples
Estimated sample load: 20 samples per week
Sample size: ~ 4 liters
Required turnaround time: 30 days
Contract specification: 10% pricing penalty for late results
24! Am Characteristics
t, =432.2 years
Radiation emission: o ; 5.443 and 5.485 MeV
Decay product: 237Np -0, ty, =2.1x10° years
Oxidation state: +3 (Am")
Other elemental considerations: most probable oxidation states:
Ra and Pb as +2, Pu as +3, and possibly VI and U as VI
24'py Characteristics
t, = 14.29 years
Radiation emission: beta max. energy of 20. 81 keV (99+%), alpha with energy of
4.89 MeV (2.4x10° %)
Decay products: 2! Am by o, t,, = 432.2 years, >*’U by B, t, = 6.8 days
Anticipated oxidation state(s): +4 (Pu**), +3(Pu*®) and possibly VI (PuO,"?) from
nitric acid used for dissolving U targets and then heated
Other elemental considerations: most probable oxidation states:
Ra, Ca, and Pb as +2, Am as +3, U as VI

Important Considerations for the Project Manager:

Has this radionuclide been analyzed by this laboratory?

Has it been analyzed at the detection levels needed for the project?

Has the laboratory ever encountered this specific matrix and do they have a specific
procedure for treating this matrix?

Has the laboratory performed this radionuclide analysis with the type of interferents (stable
or radioactive) known to exist in your sample?

Does the laboratory procedure specifically identify the interferents?

Has the laboratory analyzed this radionuclide in this matrix?

Does the laboratory participate in a PE program for this radionuclide in this matrix?

Does laboratory performance meet the project expectations?






MARLAP Training Module 7 — Measurement Uncertainty Exercise

Measurement Uncertainty
EXERCISE

Introduction: Your lab analyzes water samples for ! Am by alpha-particle spectrometry, using

chromatography to separate and purify the americium, and using microprecipitation to prepare a
filter source on a planchet for counting. Americium-243 is used as a tracer.

The full mathematical model for this measurement might be given by

. _Nas/ts_Nab/tbxcth/:XDtxpl |
*TN_It-N,/t, . VxD,xP, (1a)

ca= activity concentration of >*' Am in the sample (the measurand)

N,s= sample count in the >*' Am region of interest (ROI)
Nap = blank count in the 21 Am ROI
Nis= sample count in the 2*Am ROI
Np = blank count in the 23Am ROI
t;= sample count time
f, = blank count time
= **Am activity concentration of the tracer solution
Vi= volume of tracer solution added to the sample aliquant
D= correction factor for decay of ***Am from the tracer reference date through counting
P.= alpha emission probability for the 2*Am ROI
V= volume of the sample aliquant analyzed
D,= correction factor for decay of **' Am from sample collection through counting
P,= alpha emission probability for the *' Am ROI

For simplicity in this example, since the decay factors tend to be very close to 1, we will omit
them. We will also assume that the alpha emission probabilities are exactly 1 (with no spillover
outside each ROI). So we’ll use Equation 1b as our model.

N /lt,=N,lt, c XV,
C, = X (1b)
N,/t,—Ny/t, v

We will assume the count times ¢ and #, have negligible uncertainty. We’ll consider only the
uncertainty components due to Ns, Nap, Mis, M, €1, Vi, and V.

-
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MARLAP Training Module 7 — Measurement Uncertainty Exercise

Problem: (1) Using the information presented below, calculate each of the seven aforementioned
uncertainty components. (2) Use the results from step 1 to calculate the combined standard
uncertainty of the output estimate, c,. (3) Use the coverage factor k = 2 to calculate the expanded
uncertainty, U. (4) Format the result and its expanded uncertainty as they might be presented to a
client using one of the common shorthand notations discussed earlier.

Input Value Uncertainty information
Nas 21 Poisson (low level), u(N, ) =N, +1
Nab 1 Poisson (low level), u(N,, ) =N, +1
Nis 892 Poisson (low level), u(N, ) =+/N, +1
N 2 Poisson (low level), u(N,) =N, +1
A 36 000 s Negligible uncertainty
t 60 000 s Negligible uncertainty
Ct 3346 pCi/L U=T2pCVL (k=2) . 25,
Vi 1 mL, or 0.001 L u(V)=0.004mL, or4 x 10°L
4 0.15000 L u(¥)=0.00075 L
Assumptions:

e None of the input estimates are correlated with each other.
e Dead time 1s negligible.

e Peaks in the alpha spectrum are cleanly separated, and there is no spillover from either
ROL

e Subsampling uncertainty is negligible for this water sample.

e Historical QC data indicate no significant amount of **' Am contamination in method
blank samples.

e We choose to ignore the decay-correction factors.
The output estimate (the activity concentration of **' Am) is calculated below.

i _Nas/ts—Nab/tbxc[xV[
iy Nl =N, lt, =3
__21/(360005) ~1/(60000) _ (3346 pCi/L)x (0.001 L)

892/(36000'5) —2 /(60000 ) 0.15000 L
=0.510 839 695 pCi/L

Notice that we haven’t tried to round the result yet. That will happen later.

Page 2



MARLAP Training Module 7 — Measurement Uncertainty Exercise

(1) The sensitivity coefficients have been calculated for you in the table below. Use the
information on the previous page to fill in the standard uncertainty of each of the seven input
estimates and calculate the associated component of the combined standard uncertainty, u,(y), in
the fourth column of the table.

Input o . Standard Component of u.(y) Square of u;(y)
estimate F iy cocfficient uncertainty generated by u(x;)
- E 2
% ¢, = dx, u(x) L gl 2 b
~ pCi/L pCi7/L
- . — g — b4
Nas 0.025041161503 pCi/L un=Tev 0|1 0.01%3
Nu ~0.015024696902 pCi/L Vin =Yz- 4| 602 4 Y (7 -
—4 .- o A
N ~5.734617138 x 107 pCilL | Nz =94 4 [ 0 ’(:o.om @‘00021;&/
No | 3440770283 x 107*pCiL | A% -\ 7% 5959 < osos] 2 55E-F
2 B -~
& 1.526717557 x 10 Py =, S qY <0000y € ~
V. | 510.8396947 pCi/L? Ho-L 070y 0.04\6
14 ~3.405597964 pCi/L* T5eH 6.00 1.5S LY &k
(
Combined variance u(c,): | @, 05k2L

| . e AT, )
(2) Use the uncertainty propagation formula to calculate the combined variane€ of c,.. For this— K 5

exercise, just square each of the seven uncertainty components calculated in the fourth column of
the table above, write the results in the last column, add them up, and write the sum in the lower
right corner. (This sum is the comtined variance of c,.) Then calculate the combined standard
uncertainty by taking the square root of the combined variance.

u(c)=ille)=_ .0S622  pCiL
(3) Calculate U by multiplying u.(c,) by the coverage fact.
U@ wdals B pCi/L

(4) Finally, round the result (0.510 839 695 pCi/L) and its expanded uncertainty, and write them
in the appropriate shorthand format.

0. S pam UL IN'
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Procedure XYZ 15-10; Analysis of Liquid Samples for 2' Am by Gamma Spectrometry

Introduction

Analysis for *' Am in groundwater samples can be performed by utilizing its gamma ray emission
line at 59 keV. Sample count time is 25,000 seconds for a 4-L Marinelli beaker, to achieve a
minimum detectable concentration (MDC) of 1.5 pCi/L. Water samples shall have been preserved by
adding sufficient concentrated nitric acid to a 4-L Marinelli beaker so that the pH of the sample is
less than 2.0. Sample acidification is important so that americium does not precipitate out during the
long count times required to achieve the required MDC.

References
1. Procedure XYZ 1-1 QA Program for Gamma Spectrometric Analysis.
2. USNRC Regulatory Guide 4.15.
3. MARLAP. 2004. Multi-Agency Radiological Laboratory Analytical Protocols Manual.
Volumes 1-3. Washington, DC: EPA 402-B-04-001A-C, NUREG 1576, NTIS PB2004-
105421.

Precautions

1. New Marinelli beakers shall be used for each new sample.

2. Only Detectors 1 and 2 can achieve the stated MDC for **' Am in 25,000 seconds. Detectors
4, 5, and 6 require at least 35,000 seconds. All count times must be adjusted to accommodate
these detectors.

3. A daily background shall be performed prior to the start of each batch of samples. Daily
background counts are 15,000 seconds per detector.

4. Acidification of groundwater samples generally requires 15 mL of concentrated nitric acid.
The solution pH must be verified to be < 2.0 before commencing the gamma spectrometric
analysis.

5. A matrix spike sample shall be run with each batch. The spike added to the unknown shall be
sufficient ot bring the final concentration of the solution to > 30 pCi/L.

Procedure
1. Transfer approximately 2 L of sample to the 4-L Marinelli beaker.
2. Add 15 mL of concentrated nitric acid.
3. Transfer enough sample to bring the Marinelli beaker to the mark designated “4 L.”
4. Using a stirring rod and pH paper, verify that the pH of the solution is less than 2.0. If pH is >
2.0 add an additional 10 mL of concentrated nitric acid and repeat the pH measurement.
Place the lid snugly on the Marinelli beaker, “burp” the container, and seal the lid interface
with electrical tape.
Wipe the outside of the Marinelli beaker with a dry cloth.
Place the Marinelli beaker on the detector can, close the cave, and put up the “in use” flag.
Enter the preset count time according to the detector selected (see Precautions).
When the count is finished verify the following parameters on the gamma ray printout sheets:
Detector
Count time for the detector used to achieve an MDC of 1.5 pCi/L
Sampile size
The Sample date
The count date
MDC for *'Am is < 1.5 pCV/L if no gamma ray peak is identified.
10. Log the values for each sample in the client folder on the LABDATA system. Values that are
below the MDC should be logged as “zero.”

1
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Final Conditions
1. All samples shall be disposed of in the containers marked “Acid Waste.”
2. Each detector shall be inspected for cleanliness following each sample counting period.




6.1.3.
6.1.4.
6.14.1
6.1.4.2
6.1.4.3

6.1.4.4

6.1.4.5
6.1.4.6

6.1.4.7
6.1.4.8

(,(/Vﬂ K

Laboratory XYZ Method W04
Radiochemical Analysis of 2*' Am in Water by Alpha Spectrometry
Abbreviated Method with Major Detail

Scope
This procedure describes a method for separation and quantification of americium in
water.

Summary of Method

A calcium phosphate precipitation technique is used to concentrate and remove actinides
from water samples. Americium is separated by extraction chromatography from other
actinides prior to measurement by alpha spectrometry. Sequential extraction chromato-
graphy uses a CMPO-TBP resin column to remove actinides (Ac, Th, Pa, U, Np, Pu) and
lanthanides (La, Ce, etc.) from the sample. Americium and the lanthanides are eluted from
the column. If excessive lanthanides are in the sample, an Aliphatic Quaternary Amine
resin column is used to separate americium from the lanthanides. A ***Am radiotracer is
used to monitor chemical yield and correct results to improve accuracy.

Interferences

Actinides with unresolvable alpha energies such as **' Am and **Pu must be chemically
separated to enable **' Am quantification. This method separates these radionuclides
effectively.

Very high levels of phosphate in the sample may cause a chemical interference. Adjusting
the amount of phosphate added to coprecipitate the actinides may be necessary in these
cases.

Apparatus - see detailed procedure W04
Reagents - see detailed procedure W04

Procedure

Water Sample Preparation:

If required, filter a IL sample through a 0.45 micron filter.

Add 5 mL of concentrated HCI (sp gr 1.19) per L of sample (0.5 mL per 100 mL) to
acidify each sample.

Add appropriate tracers and/or analyze standards per lab protocol.

Calcium phosphate precipitation option:

Add 0.5 mL of 1.25M Ca(NQO;), to each beaker.

Allow the samples to heat until boiling.

Once the samples boil, add 2-3 drops of phenolphthalein indicator and 200 puL of 3.2M
(NH,);HPO, solution.

Add enough concentrated NHsOH with a squeeze bottle to reach the phenolphthalein end
point and form Ca3(POj); precipitate.

Separate the precipitate from solution by decanting the supernatant

Transfer the precipitate to a centrifuge tube and centrifuge the precipitate for
approximately 10 minutes at 2000 rpm.

Decant supernatant and discard to waste.

Wash the precipitate with an amount of water approximately twice the volume of the
precipitate. Mix well on a vortex mixer. Centrifuge for 5-10 minutes. Discard the
supernatant.



Method XYZ W04: Analysis of Liquid Samples for am by Alpha Spectrometry (Cont’d)

6.1.4.9

6.2.
6.2.1
6.2.1.1
6.2.1.2
6.2.2
6.2.2.1
6.2.2.2
6.2.2.3

6.2.2.4
6.2.2.5

6.2.2.6

6.2.2.7

6.2.2.8
6.2.2.9
6.2.2.10
6.2.2.11.

6.2.3

6.2.3.1

Dissolve precipitate in approximately 5 mL concentrated nitric acid. Transfer solution to a
100 mL beaker. Rinse centrifuge tube with 2-3 mL of concentrated nitric acid and transfer
to beaker. Evaporate solution to dryness.

Am/La Separations using extraction chromatographic resins:

Redissolve calcium phosphate precipitate:

Dissolve each precipitate with 10 mL of 3M HNO;-1M AI(NO;)s.

Add approximately 200 mg of ascorbic acid to each solution, swirling to mix.

Am Separation Using a CMPO-TBP Extraction Resin:

For each sample dissolved, place a CMPO-TBP Resin column in the column rack.

Pipet 5 mL of 2M HNO; into each column to condition resin and allow to drain.
Transfer each solution from step 6.2.1.2 into the appropriate CMPO-TBP Resin column by
pouring and/or using a plastic transfer pipet.

Allow the load solution to drain through column.

Pipet S mL of 2M HNO:s into the sample beaker and transfer this rinse to the appropriate
column using the same plastic transfer pipet. Allow to drain.

Pipet 5 mL of 2 M HNO;- 0.1 M NaNO; directly into each column, rinsing each column
reservoir while adding the 2 M HNO;- 0.1 M NaNO,.

Note: Sodium nitrite is used to oxidize Pu+3 to Put+4 and enable the Pu/Am separation
Add 5 mL of 0.5M HNO; to each column and allow to drain.

Note: 0.5M HNO:s is used to lower the nitrate concentration prior to conversion to the
chloride system.

Discard the load and rinse solutions to waste.

Ensure that clean, labeled beakers or vials are below each column.

Add 3 mL of 9M HCl to each column to convert to chloride system. Collect eluate.

Add 20 mL of 4M HCl to elute americium. Collect eluate in same beaker. Set beakers
aside for Am/La separation option 6.2.3

Option: Separation of americium from lanthanides using Aliphatic Quaternary Amine
Resin as required by significant lanthanides causing americium alpha spectral
degradation:

For each sample dissolved, place a Aliphatic Quaternary Amine column in the column
rack.

6.2.3.2 - 6.2.3.14 steps - see detailed procedure.'

6.2.3.15
6.3
6.3.1
6.3.2

6.3.3
6.3.4
6.3.5
6.3.6

6.3.7
6.3.8

Dissolve sample in 10 mL of 4M HCl

Sample preparation for counting;

Add 0.2 mL of cerium carrier to each beaker from step 6.2.3.15.

Add 1.0 mL of concentrated HF to each beaker. Swirl to mix. Let the solutions sit for at
least 30 minutes before filtering.

Set up a 0.1 micron 25 mm filter, glassy side down on a Gelman filter apparatus, 50 mL
polysulfide funnel and 100 mL polypropylene Erlenmeyer flask.

Add 3-5 mL of 80% ethanol to each filter, applying vacuum and ensuring there are no
leaks along the sides. Add 2-3 mL of water to each filter.

Filter the sample and rinse 50 mL centrifuge tube with 5 mL water, transferring this rinse
to the filter apparatus.

Wash each filter with 3-5 mL of ethanol.

Remove filters, place in plastic Petri dishes, and dry under (UV) lamps for a few minutes.
Mount filters on stainless planchets, using double-sided tape or glue stick and count by
alpha spectrometry.

Alpha Spectrometry Counting
Setup and perform an energy and efficiency calibration of the alpha spectrometry system
according to the detailed Procedure W04.

4



Method XYZ W04: Analysis of Liquid Samples for **' Am by Alpha Spectrometry (Cont'd)

7.2

7.3

7.4
7.5

Place the mounted sample on the appropriate calibrated shelf of the alpha spectrometer
vacuum chamber.

Close the vacuum chamber door and initiate vacuum pump to slowly evacuate the
chamber according to the detailed procedure W04.

Apply bias between the sample planchet and detector.

Apply detector bias and begin counting for a time period to meet MQO requirements.

Calculations
Calculate **' Am sample concentration and associated uncertainty, critical level and MDC
according to the equations in the detailed procedure W04.

Notes
Bias - A mean chemical yield of 95% has been reported for americium. Since results are
corrected based on spike recovery, no significant bias should exist for the method.

References - See detailed procedure.



Laboratory XYZ Method Validation Data for Radiochemistry
Gamma Spectrometric Analysis of **'Am in Ground Water

Introduction

Laboratory XYZ has performed gamma spectrometric analysis of groundwater samples previously,
but has not had their gamma detector calibrated to 59 keV where the **' Am gamma is located.
Detector calibration was completed using a **' Am source (NIST traceable), and a count time of 150
minutes for a 4 L sample.

The software method for gamma-ray analysis uses the region of interest (ROI) routine rather than a
peak search algorithm. Each sample is counted for a period of 100 minutes, as are the blanks.

Aliquants from the NIST-traceable source were taken and appropriately diluted to 20, 10, and 5
pCi/L. Three of each of these solutions were made using laboratory demineralized water and nitric
acid and placed in separate, new Marinelli beakers. These samples were analyzed according to
Procedure XYZ 15-10 “Americium Analysis By Gamma Spectrometry” (this procedure and the
detector calibration were newly created for this analysis).

Sample of ground water was spiked with the **' Am standard and analyzed along with a set of blank
samples. The blank samples were made from demineralized water and nitric acid to the same
concentration of the samples and also placed in new Marinelli beakers.

Analysis results for the gamma spectrometric results of the samples’ matrix spikes and blanks are
shown below.

Data:
Method Validation Study

Concentrations | 20pCi/L | 10pCiL | 5 pCi/LT_J
Trial Number | pCi/L | +1 0 | pC/L | +1 6 | pCi/L | +1 o
1 oA 1 Puassl 16 85 [ 45
2 Brs LS 39 13 e R
3 argal i3 4g 14 e ] 1e
Matrix Spike and Blanks
Sample | Blank 1 | Blank 2 | Blank 3 | Spike Result | Spike added | Unspiked Value
pCi/L | 055 0.83 0.77 45.7 X 40.0 -1.62
+ 1o i#a | 16y | 10§ 0.95" 0.10 1.8%

wav\hl \‘N.NNOHU\



Nuclide: Am-241

Laboratory Name:
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Method Validation Data Review Form

Matrix: Water

Proposed Method: XYZ 15-10 Americium Analysis by Gamma Spectrometry

Required Method Validation Level:

Data Evaluation:

%

—

LYz

o

Required Method Uncertainty: _ (A 1 /2

Action Level / & ’ﬁ( /€

[ ) pe ;Z(

Acceptance Criteria: Measured value within t/zﬂ X Upr_OfF iZ~_‘7>< (pMRﬂof known value (7 / 7 (1>

s ;gy;z” o ;gy;:' o e L,
 Tdal - , Accepted';"{?' . “ Accepted . Acycept’ed’
.V;N,u,mbe‘ri':’Measured’ '}AII. i YN Me'as,Ured.». |A|u, | YIN | Measured| |A] | YIN

1 FLM o Y Y% Y3 N 9. ¢ 'Re v
2 2y 12X Y 3.9 <9 il A 2.6 1
3 23 | K Y 4.3 gl i §S Ye3 o
: ‘

9

6

7

|A| = absolute value of difference between measured and known values




Laboratory XYZ Method Validation Data for Radiochemistry
Alpha Spectrometric Analysis of **’Am in Ground Water

Introduction:

Laboratory XYZ had never analyzed **' Am in water by radiochemistry on a routine basis. For this project, the
laboratory downloaded, from a commercial web site, a widely used radiochemical method for **' Am in water.
The method was reviewed for project applicability and for laboratory instrumentation and equipment availability.
The radiochemist at the laboratory decided to use the cerium floride microprecipitation rather than electrodeposi-
tion for the last purification step and final sample mounting for counting by the alpha spectrometer. Because this
was a new method obtained from a nationally known method source, and had not previously been used by the
laboratory, a method validation plan was established to test the method to meet Method Validation Level D.

Internal test samples were prepared by adding sufficient amounts of a NIST-traceable **' Am aqueous solution to
separate eight liter deionized water solutions (in high-density polyethylene containers) to obtain 20, 15, and 5
pCi/L concentrations. Prior to spiking, the solutions were made acidic by adding concentrated HCI (5 mL/L of
sample). Seven 1 L samples were taken from each container and analyzed according to Procedure W04
(attached). A **’Am radiotracer was used with each sample to determine the **' Am chemical yield for the sample
processed. Seven 1 L analytical blanks were prepared from acidified demineralized water (HCI) and were
included as a fourth concentration level.

Analytical results for the alpha spectrometric measurements of the test samples and blanks are shown below.

Data:
Method Validation Study
flest . } . | i5pCiA 4 = @ 0 pCilL
Concentrations | 20pCi/lL | ActionLevel | 5pCilL Blank
TrigiNumber | = = MeasuredpCiL:ts .. -
20.6 + 1.2 15.83 + 0.97 5.22 +0.44 0.021 + 0.013
19.1 + 1.1 15.77 + 0.97 4.57 + 0.38 -0.015 + 0.015

204 +1.2 14.25 £ 0.87 5.82 £+ 0.49 0.031 + 0.022
209+ 1.2 13.73 + 0.84 4.46 + 0.38 0.010 + 0.013
19.5 £ 1.1 14.78 + 0.90 4.77 + 0.40 0.013 + 0.013
19.5+ 1.1 15.31 £ 0.94 5.38 + 0.45 -0.024 + 0.013
206 +1.2 164 + 1.0 6.32 +10.53 0.006 + 0.013

:

Ry eboall % 0 bins

~N || N[N




Laboratory XYZ \Mimd Ve % tion Data for Radiochemistry
Alpha Spectrometric Analysis of **' Am in Ground Watcr (Continued)

Method Validation Data Review Form

Nuclide: Am-241 Matrix: Water

Action Level _g/} /‘L

Laboratory Name:

Proposed Method: W04 Radiochemistry with Alpha Spectrometry

Required Method Validation Level: D Required Method Uncertainty: fi8 ?a;/ A

Acceptance Criteria: Measured value within +_< _ x Umr_Or + X (pMR(0 of known value
¢ J

Data Evaluation:

Teét 'Le‘QeI‘Z | % . f@st Level3

_ opeut _Bpei. % _ 5pCill._ gy
,/"LTriaI'/" = Accepted | | Accepted . Accepted
_Number | Measured | |A] | YIN !’:e’Measured««’: AL [ YIN ~zM,easured*,; Al | YN

1 706 Ol G [§ 73 Ox3 4 3,22 01z 3

2 (4.1 o9 / 1571 | 2% Y9 o, 43 )

3 To4 oy / /{20 o . Yz 0. Y2

4 Z0,9 | 04 [273 | 17 (3 0.54

5 €. |2t : (4P | 0.1 Y93 N3

6 G r o8 : 155 09 . 48 0. 37

7 72016 06 /6.y L4 632 132 | |

|A| = absolute value of difference between measured and known values
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Project Name:
Sample Date:

Laboratory XYZ

“We are the Wizards”

Plutonium Fabricators, Ltd
September 1, 2005

Analysis Date: November 1, 2005
Analysis Method:  Alpha Spectrometry, Method W04

.. sample Result | 1 ,QUncertamty

ClientID | LaboratoryID | (pCi[L)ﬁ . €y | (
090105W1 | 1885P001 -0.002 0 067 e
090105W2 | 1885P002 4.97 0.33 <A
090105W3 | 1885P003 1.18 0.17 L
090105W4 | 1885P004 12.61 0.52 =
090105WS5 | 1885P005 -0.011 0.065 0. 54
090105W6 | 1885P006 22.7 2.6 o s51 &
090105W7 | 1885P007 -0.007 0.066 Wi T
090105W8 | 1885P008 6.66 0.38 sS4
090105W9 | 1885P009 1.58 0.19 gA
090105W10 | 1885P010 0.90 0.15 < T
Matrix spike | 1885PMS1-P002" 6.1 2.0 s+
LCS 1885PQC1° 26.1 274 CrE
Blank 1885PB1 4.01 0.29 S
Duplicate 1885PDP1-P008 11.66 0.50 S+

1. Spike added to sample 1885P002 = 24.0 pCi/L
2. QC nominal value =20.0 pCi/L

i\/

A
> cn

M(LV?L

Tt Ll



Calculate the critical value (L) for the samples in this data set according to the Project Plan
Document as follows:
Critical Value = 1.645 x Io

Where 1o is the laboratory-reported uncertainty and the L. is based on the average value for the
historical blanks.

[. For the Matrix Spike Result.
Calculate the “Z statistic” using the following equation:

SSR —SR -SA
X /SSR* + max(SR,AL)’

MR

SSR: Spiked sample result = 26|

SR:  Unspiked sample result = 49T

SA:  Spike concentration added = __ 2N

oMmr: Required relative method uncertainty above the action level (AL) expressed as a

fraction: gmr = [wmr / AL} =_['0°% ",

(1) SSR:_3b,] -SR: 4.4F - sa. 2y = 3
) SSR%: \U16  + max(SR,AL)( +2 )Y = 131

3) [from2]% = 967 x @ur: 03 _

@  [fom1]: 70> /[fom3]: _\\

II. Calculate the %D for the Laboratory Control Sample Using the Following Eq}@

%D =100x§s_13___M

(1) SA: Spike concentration added as LCS =_9I0

(2) SSR: Measured Concentration of the LCS
(3) SSR: o\ - sA: 1O

4 %D =100[from 3]/[from 1] =

Calculate the Control Limit % from: ﬁ
CL=3x@ur x100=3x 6.1 =100 .'

~

il
ANY

I
"f



[II. For the Duplicate Result

Calculate the agreement based on the absolute value of the average of the two results as
compared with the AL:

X2 b

AL: |\’
pmr: O\

Xoe= | X1 +X2]/2 = | _ﬁ_&b + oo |2 = | ilbl
If Xavg > AL then use

Control Limit = 4.24 x @ur % 100 = 4.24 x x 100 =

and compare the relative percent difference to the CL:

RPD = 100x X2 %: ]
X

If X < AL then use m
. . /
Control Limit= 4.24 x ypg =424 x \S = yp
p—
and compare the absolute difference to the CL:
Absolute difference = | Xi- X2|F§@ '

IV. For the Laboratory Blank Sample:

The control limit for the balnk distribution is given by:

Control Limit=3 X upyg = 3 x ( lS/ ) = Lt\<

The value for the blank is compared to this limit. w [ = 4.0 (L c,u\ﬂ\/“ \



Data Qualifiers
(MARLAP Chapter 8, Section 8.3.3)

Qualifiers Applied During Verification

E Indicates that an exception or noncompliance has occurred. (This qualifier may be
removed during the validation if evidence shows that this exception does not affect the
sample results.)

Qualifiers Applied to Samples During Validation Based on Sample Results

U Analytical result is less than the critical value; a nondetect.

Q A reported measurement uncertainty that exceeds the required method
uncertainty or relative method uncertainty (Qmg O zipgr)-

A result that is unusually uncertain or estimated.

A result that is rejected due to severe data problems.

T -

Qualifiers Applied to Samples During Validation Based on QC Sample Results
S(+/-) A LCS, MS, or MSD that is above (+) or below (-) the upper or lower control

limit.
P A sample result with its duplicate (replicate) that exceeds a control limit.
B(+/-) A blank result that is outside the upper (+) or lower (-) control limit.




