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American
National
Standard

Designation of this document as an American National Standard attests that
the principles of openness and due process have been followed in the approval
procedure and that a consensus of those directly and materially affected by
the standard has been achieved.

This standard was developed under the procedures of the Standards Commit-
tee of the American Nuclear Society; these procedures are accredited by the
American National Standards Institute, Inc., as meeting the criteria for Amer-
ican National Standards. The consensus committee that approved the stan-
dard was balanced to ensure that competent, concerned, and varied interests
have had an opportunity to participate.

An American National Standard is intended to aid industry, consumers, gov-
ernmental agencies, and general interest groups. Its use is entirely voluntary.
The existence of an American National Standard, in and of itself, does not
preclude anyone from manufacturing, marketing, purchasing, or using prod-
ucts, processes, or procedures not conforming to the standard.

By publication of this standard, the American Nuclear Society does not insure
anyone utilizing the standard against liability allegedly arising from or after
its use. The content of this standard ref lects acceptable practice at the time of
its approval and publication. Changes, if any, occurring through developments
in the state of the art, may be considered at the time that the standard is
subjected to periodic review. It may be reaffirmed, revised, or withdrawn at
any time in accordance with established procedures. Users of this standard
are cautioned to determine the validity of copies in their possession and to
establish that they are of the latest issue.

The American Nuclear Society accepts no responsibility for interpretations of
this standard made by any individual or by any ad hoc group of individuals.
Responses to inquiries about requirements, recommendations, and0or permis-
sive statements ~i.e., “shall,” “should,” and “may,” respectively! should be sent
to the Standards Department at Society Headquarters. Action will be taken to
provide appropriate response in accordance with established procedures that
ensure consensus.

Comments on this standard are encouraged and should be sent to Society
Headquarters.

Published by

American Nuclear Society
555 North Kensington Avenue
La Grange Park, Illinois 60526 USA

Copyright © 2012 by American Nuclear Society. All rights reserved.

Any part of this standard may be quoted. Credit lines should read “Extracted from
American National Standard ANSI0ANS-41.5-2012 with permission of the publisher,
the American Nuclear Society.” Reproduction prohibited under copyright convention
unless written permission is granted by the American Nuclear Society.
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Inquiry
Requests

The American Nuclear Society ~ANS! Standards Committee will provide re-
sponses to inquiries about requirements, recommendations, and0or permissive
statements ~i.e., “shall,” “should,” and “may,” respectively! in American National
Standards that are developed and approved by ANS. Responses to inquiries will
be provided according to the Policy Manual for the ANS Standards Committee.
Nonrelevant inquiries or those concerning unrelated subjects will be returned
with appropriate explanation. ANS does not develop case interpretations of
requirements in a standard that are applicable to a specific design, operation,
facility, or other unique situation only, and therefore is not intended for generic
application.

Responses to inquiries on standards are published in ANS’s magazine, Nuclear
News, and are available publicly on the ANS Web site or by contacting the ANS
Standards Administrator.

Inquiry
Format

Inquiry requests must include the following:

~1! the name, company name if applicable, mailing address, and telephone
number of the inquirer;

~2! reference to the applicable standard edition, section, paragraph, figure,
and0or table;

~3! the purposes of the inquiry;

~4! the inquiry stated in a clear concise manner;

~5! a proposed reply, if the inquirer is in a position to offer one.

Inquiries should be addressed to

American Nuclear Society
ATTN: Standards Administrator
555 N. Kensington Avenue
La Grange Park, IL 60526

or standards@ans.org
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Foreword ~This Foreword is not part of American National Standard “Verification and Validation of
Radiological Data for Use in Waste Management and Environmental Remediation,”
ANSI0ANS-41.5-2012.!

The American Nuclear Society ~ANS! Nuclear Facilities Standards Committee
~NFSC! is responsible for development of American National Standards Institute
~ANSI! standards for nuclear facilities, including criteria and operations re-
quired for environmental remediation of nuclear facility sites that have become
contaminated. The ANS Subcommittee on Decommissioning and Site Remedia-
tion Standards manages the development and maintenance of standards that
address the cleanup of radioactive materials and radioactivity mixed with haz-
ardous substances This subcommittee has authorized a working group to develop
a new ANSI0ANS standard, ANSI0ANS-41.5-2012, for verification and validation
of data from radiological analysis supportive of waste management and environ-
mental remediation. The verification process will be called compliance verifica-
tion in this standard. Compliance verification may involve compliance to written
analytical specifications ~e.g., statement of work, contract, project plans! but
may also involve compliance to programmatic or project-specific requirements.
Therefore, this standard does not assume or require that the laboratory work be
performed under contract.

This standard provides requirements and recommended practices for determin-
ing the validity of radioanalytical data for waste management and environmen-
tal remediation. These applications will include site characterization, waste
acceptance, waste certification, waste treatment design, process control, litiga-
tion, and other applications as deemed necessary. This standard will provide a
minimum set of checks and tests that will ensure a consistent approach for
compliance verification and validation of data produced by any radioanalytical
laboratory. This standard should eliminate many of the inconsistencies in the
approaches, evaluation algorithms, parameters evaluated, and qualifiers used in
existing site-specific data compliance verification and validation programs.

The requirements of this standard apply only to independent compliance verifi-
cation and validation processes and should not be construed to apply to any
actions taken by laboratories to internally generate or review data, including
audits and performance evaluation studies. Other standards are available that
provide quality and performance requirements for radioanalytical laboratories
@e.g., ANSI N42.23-1996 ~R2003!, “Measurement and Associated Instrumentation
Quality Assurance for Radioassay Laboratories”#. However, this standard expects
that certain laboratory quality control ~QC! and programmatic quality assurance
~QA! measures have taken place that feed data for review by the data verifiers
and validators. The interface of these QA0QC measures with the compliance
verification and validation process will be discussed in Sec. 3 of this standard.
Since this standard does not place requirements on laboratories or on waste
management and environmental remediation programs, the points of interface in
Sec. 3 are necessarily listed as only recommendations, and all requirements are
contained in Secs. 4 through 7 of this standard.

While this standard will provide a minimum set of checks and tests for compli-
ance verification and validation of data, the acceptance criteria for the test and
checks are intentionally not provided in most cases. This is because each waste
management or environmental remediation program or project may have unique
measurement quality objectives ~MQOs! based on the intended use of the data.
This standard has been developed with the assumption that a proper data
quality objective ~DQO! process has been used by the project to define the quality
of data needed for the decision process and to develop corresponding MQOs of
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accuracy, precision, sensitivity, selectivity, and representativeness to be met.
Therefore, set limits for QC parameters and many other acceptance criteria will
not be recommended in the standard, but rather the user will be referred to the
limits established by the DQO process. This approach will allow data qualifica-
tion to be based on how factors such as error, bias, lack of precision, lack of
sensitivity, or lack of selectivity affect the decision process. The DQO process
should also provide guidance for the frequency, percentage, and extent of data
validation. This standard will incorporate an evaluation of data end use and
action levels throughout the qualification process. This approach will prevent
unnecessary rejection of data for minor quality problems.

This standard contains four appendices, which are informative and contain
additional description of the relationship of the programmatic and laboratory
QA0QC measures with the compliance verification and validation processes. This
foreword is not part of the standard.

This standard might reference documents and other standards that have been
superseded or withdrawn at the time the standard is applied. A statement has
been included in Sec. 8, “References,” that provides guidance on the use of
references.

This standard does not incorporate the concepts of generating risk-informed
insights, performance-based requirements, or a graded approach to QA. The user
is advised that one or more of these techniques could enhance the application of
this standard.

The working group would like to gratefully acknowledge the contributions by
Jason C. Jang, who died prior to the completion of this standard.

This standard was submitted for approval by the ANS-41.5 Working Group. The
ANS-41.5 Working Group had the following members:

S. R. Salaymeh ~Chair!, Savannah River National Laboratory (Retired)
T. L. Rucker ~Co-Chair!, Science Applications International Corporation

A. E. Rosecrance, Oilfield Environmental Compliance
D. E. McCurdy, Independent Technical Consultant
J. E. Chambers, Fluor-B&W Portsmouth
D. W. Poyer, U.S. Army Center for Health Prevention and Preventive Medicine
C. King Liu, U.S. Department of Energy
J. G. Griggs, U.S. Environmental Protection Agency
J. C. Jang, U.S. Nuclear Regulatory Commission
P. D. Greenlaw, U.S. Department of Homeland Security

The membership of Subcommittee ANS-23 at the time of its review and approval
of this standard was as follows:

D. R. Eggett ~Chair!, Automated Engineering Services Corporation

S. Aggarwal, New Millennium Nuclear Technologies
E. Elliott, Bechtel Jacobs
R. Holm, University of Illinois at Urbana-Champaign
S. Salaymeh, Savannah River National Laboratory
R. R. Seitz, Idaho National Engineering and Environmental Laboratory
M. P. Shannon, U.S. Military Academy at West Point

The NFSC had the following membership at the time of its approval of this
standard:

C. A. Mazzola ~Chair!, Shaw Environmental & Infrastructure, Incorporated
R. M. Ruby ~Vice Chair!, Constellation Energy Company

J. A. August, CORE, Incorporated
W. H. Bell, South Carolina Electric & Gas Company
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J. R. Brault, Shaw MOX Project
C. K. Brown, Southern Nuclear Operating Company
K. R. Bryson, Shaw Environmental, Incorporated
C. E. Carpenter, U.S. Nuclear Regulatory Commission

~Alt. A. Hull, U.S. Nuclear Regulatory Commission!
D. R. Eggett, Automated Engineering Services Corporation
R. W. Englehart, Individual
P. K. Guha, U.S. Department of Energy

~Alt. J. O’Brien, U.S. Department of Energy!
P. S. Hastings, Duke Energy Company (NuStart Liaison)
R. A. Hill, ERIN Engineering and Research, Incorporated
N. P. Kadambi, Individual
M. A. Linn, Oak Ridge National Laboratory
E. M. Lloyd, Exitech Corporation
S. A. Lott, Los Alamos National Laboratory
R. H. McFetridge, Westinghouse Electric Company, LLC

~Alt. L. R. Grobmyer, Westinghouse Electric Company, LLC!
T. K. Meneely, Westinghouse Electric Company, LLC

~Alt. R. C. Surman, Westinghouse Electric Company, LLC!
C. H. Moseley, ASME NQA Liaison
D. G. Newton, AREVA NP
W. B. Reuland, Individual
J. C. Saldarini, Bechtel SAIC Company, LLC

~Alt. A. T. Vieira, Bechtel Power Corporation!
~Alt. D. W. Wu, Bechtel Power Corporation!

D. J. Spellman, Oak Ridge National Laboratory (NFSC Liaison to Institute of Electrical and
Electronics Engineers Nuclear Power Engineering Committee)

S. L. Stamm, Shaw Nuclear Services
J. D. Stevenson, Individual
J. A. Wehrenberg, Southern Company Services
M. J. Wright, Individual
L. M. Zull, Defense Nuclear Facilities Safety Board

NFSC Liaison:

G. Hutcherson, Institute of Nuclear Power Operations
J. H. Riley, Nuclear Energy Institute

~Alt. J. C. Butler, Nuclear Energy Institute!

NFSC Observers:

R. H. Bryan, Tennesse Valley Authority
E. P. Loewen, General Electric
J. E. Love, Bechtel Power Corporation
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Verification and Validation of
Radiological Data for Use in Waste
Management and Environmental
Remediation
1 Purpose and scope

1.1 Purpose

This standard1! specifies verification and vali-
dation criteria and processes for determining
the validity of radioanalytical data for waste
management and environmental remediation.
These applications include site characteriza-
tion, waste acceptance, waste certification, waste
treatment design, process control, litigation, and
other applications requiring data verification
and validation. This standard provides a min-
imum set of checks and tests to be performed
by a reviewer independent from the laboratory
data generator. These checks and tests will en-
sure a consistent approach for independent
verification and validation of data produced
by any radioanalytical laboratory. This stan-
dard should eliminate many of the inconsisten-
cies in the approaches, evaluation algorithms,
parameters evaluated, and qualifiers used in
existing site-specific data verification and val-
idation programs.

1.2 Scope

This standard establishes criteria and pro-
cesses for verification and validation of radio-
analytical data for waste management and
environmental remediation activities. It ap-
plies to the independent review of the data
generation process for field measurements and
radioanalytical laboratories. This standard sets
the requirements for how the data are re-
viewed and qualified against the data quality
requirements @e.g., measurement quality objec-
tives ~MQOs!# that are established by the project
to meet their intended use. While this stan-
dard does not specifically address all nonde-
structive assays and in situ measurements, the
general principles and some of the elements of

this standard may apply. This standard does
not address nonradioassay measurement meth-
ods ~e.g., inductively coupled plasma–mass spec-
troscopy, kinetic phosphorescence analysis, X-ray
diffraction!.

2 Acronyms and definitions

2.1 List of acronyms

ANSI: American National Standards Institute

APS: analytical protocol specification

CLP: contract laboratory program

COC: chain of custody

CSU: combined standard uncertainty

DER: duplicate error ratio

DL: decision level

DOE: U.S. Department of Energy

dpm: disintegrations per minute

DQA: data quality assessment

DQO: data quality objective

Lc: critical level

LCS: laboratory control sample

LCS %D: laboratory control sample percent
difference

LLD: lower limit of detection

MARLAP: Multi-Agency Radiological Labora-
tory Analytical Protocols Manual

MDC: minimum detectable concentration

1!The current standard, ANSI0ANS-41.5-2012, is hereinafter referred to as “this standard.”
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MQO: measurement quality objective

MSD: matrix spike duplicate

MSS: matrix spike sample

MSS %D: matrix spike sample percent
difference

NIST: National Institute of Standards and
Technology

PE: performance evaluation

PT: performance testing

QA: quality assurance

QAPP: quality assurance project plan

QC: quality control

RDL: required detection level

RPD: relative percent difference

SAP: sampling and analysis plan

SOW: statement of work

TPU: total propagated uncertainty

2.2 Definitions

accuracy: A concept employed to describe the
dispersion of measurements with respect to a
known value. The result of a measurement is
“accurate” if it is close to the true value of the
quantity being measured. Inaccurate results may
be caused by imprecision or bias in the mea-
surement process.

action level: The numerical value that causes
the decision maker to choose one of the alter-
native actions. The action level may be a de-
rived concentration guideline level, background
level, release criterion, regulatory decision limit,
etc. The action level is often associated with a
particular matrix0analyte combination. ~Note
that the action level is specified during the
planning phase of a data collection activity; it
is not calculated from the sampling data.!

analyte: The particular radionuclide~s! to be
determined in a sample of interest. As a matter
of clarity when interpreting various clauses of
this standard, a gamma-ray spectral analysis
is considered one analysis category but may
include multiple target analytes.

analytical protocol specification (APS): The
output of a project planning process that con-
tains the project’s analytical data needs and
requirements in an organized, concise form.

audit: A planned and documented activity per-
formed to determine by investigation, examina-
tion, or evaluation of objective evidence the
adequacy of and compliance with established
procedures, instructions, drawings, and other
applicable documents and the effectiveness of
implementation. An audit should not be con-
fused with surveillance or inspection activities
performed for the sole purpose of process con-
trol or product acceptance. Also see “desk audit.”

background: Ambient signal response due to
spurious electronic noise or incidental radia-
tion in the vicinity of the detector system as
recorded by measuring instruments that is in-
dependent of radioactivity contributed by the
radionuclides being measured in the sample.

batch: A group of samples prepared at the same
time, in the same location, using the same
method, and by the same analyst.

bias: A fixed deviation from the true value
that remains constant over replicated measure-
ments within the statistical precision of the
measurement. Synonyms are deterministic er-
ror, fixed error, and systematic error.

calibration: The set of operations or processes
conducted under specified conditions that es-
tablish the relationship between values indi-
cated by a measuring instrument or system
and the corresponding known values. The term
“calibration” refers to both the first calibration
after the instrument is placed in use and to
any recalibrations subsequently performed.

certified reference material: A reference ma-
terial, one or more of whose property values
are certified by a technically valid procedure,
accompanied by or traceable to a certificate or
other documentation that is issued by a certi-
fying body @e.g., National Institute of Stan-
dards and Technology ~NIST!, International
Atomic Energy Agency# .

combined standard uncertainty (CSU): The
standard ~1s! uncertainty of a calculated re-
sult obtained by propagating the standard un-
certainties of a number of input values of the
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measurement process. The value is sometimes
referred to as total propagated uncertainty
~TPU!.

compliance verification: Compliance verifi-
cation is the process of determining whether
the data are complete, correct, consistent, and
in compliance with established standards or
written analytical specifications @e.g., state-
ment of work ~SOW!, contract, project plans# .
The process of compliance verification is inde-
pendent of validation. The compliance verifica-
tion is conducted at various levels both internal
and external to the data generator. The output
of verification is a data set ready for data
validation.

concentration: The quantity of radioactive ma-
terial stated in terms of activity ~or mass! per
unit of volume or mass of a medium.

critical level ~Lc): See “decision level.”

data quality assessment (DQA): The last
phase of the data collection process, which con-
sists of a scientific and statistical evaluation of
the data set to assess its validity and usability.
The focus of DQA is the evaluation of the data
relative to their intended use.

data quality objective (DQO): The qualita-
tive and quantitative statements that specify
the type and quality of data required to sup-
port decisions for any process requiring radio-
chemical analysis ~radioassay!.

decision level (DL) (also Lc): The minimum
measured analyte quantity or concentration ~a
posteriori result! required to give a stated con-
fidence that a positive amount of the analyte is
present. For this standard, the stated confi-
dence level will be assumed to be 95%. Corre-
spondingly, the probability of a Type I error
~probability of erroneously concluding a radio-
nuclide is detected in a sample that is blank! is
set at 0.05. However, other confidence levels
may be established by the MQOs.

desk audit: An off-site or remote review of
laboratory-submitted documents.

duplicate: A second aliquot of the sample
~equally sized, prepared, and analyzed as part
of the same batch! used to measure the overall
precision of the sample measurement process
beginning with laboratory subsampling of the
field sample.

holding time: The elapsed time expressed in
days from the date of collection ~rather than
receipt by the laboratory! of the sample until
the date of analysis.

laboratory control sample (LCS) A stan-
dard material of known composition, or an ar-
tificial sample ~created by fortification of a clean
material similar in nature to the environmen-
tal sample!, that is prepared and analyzed in
the same manner as the environmental sample.

matrix spike sample (MSS): An aliquot or
aliquant of a sample spiked with a known con-
centration of target analyte~s! prior to sample
preparation. The recovery of the target ana-
lyte~s! from the MSS is used to determine the
bias of the method in the specific sample matrix.

measurement quality objective (MQO):
Quantitative or qualitative statements of per-
formance objectives or requirements for a par-
ticular method performance characteristic such
as the method uncertainty, detection capabil-
ity, range, specif icity, ruggedness, etc. The
MQOs may be viewed as the analytical por-
tion of the DQOs and are, therefore, project- or
program-specific.

method blank: A prepared sample of a matrix
as similar as practical to the associated sam-
ples that is free, to the extent possible, of the
radionuclides of interest that is carried through
the entire analytical process to evaluate poten-
tial contamination from the measurement pro-
cess for determination of the DL and the MDC.
The method blank may also be used to deter-
mine the standard deviation of the net blank.

minimum detectable concentration (MDC):
The minimum quantity or concentration of a
radionuclide required ~a priori! to give a stated
confidence that the measurement result would
be above the DL ~detected!. For this standard
the stated confidence level will be 95%. Corre-
spondingly, the probability of a Type II error
~probability of erroneously not concluding a ra-
dionuclide is detected in a sample that has the
MDC quantity or concentration! is set at 0.05.
For this standard the alpha ~Type I! and beta
~Type II! probabilities are both set at 0.05.

performance check: A check of the response
~efficiency, energy, and0or background! of a de-
tection system to determine if changes have
occurred since the last time the system was
calibrated.
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performance criteria: The established level
of quality ~bias, precision, detection sensitivity,
etc.! and operational commitments ~turnaround
times, reporting protocol, etc.! that are ~a! agreed
upon between the service laboratory and the
customer ~or intergovernmental agencies or in-
tracompany entities! with written analytical
specifications and ~b! established by the ser-
vice laboratory and documented within the op-
erational or QA program manual of the
laboratory.

performance testing (PT) sample: Refer-
ence materials or samples of known composi-
tion used to evaluate the performance of the
laboratory.

precision: The degree of agreement or central
tendency of repeated measurements of the same
parameter. A measurement with small random
uncertainties is said to have high precision.

quality assurance (QA): All those planned
and systematic actions necessary to provide ad-
equate confidence that an analysis, measure-
ment, or surveillance program is of the type
and quality needed and expected.

quality assurance project plan (QAPP): A
document that contains or references the QA
elements established for an activity, group of
activities, scientific investigation, or project and
describes how conformance with such require-
ments is to be ensured for the activities.

quality control (QC): Those actions that con-
trol and measure the attributes of the analyt-
ical process, standards, reagents, measurement
equipment, components, system, or facility ac-
cording to predetermined quality requirements.

quality control chart: A chart developed to
evaluate the response of an instrument or pro-
cess to predetermined, statistically based con-
trol limits. The predetermined statistical limits
are not typically developed using the overall
quality performance ~bias and precision! param-
eters for an analytical technique.

radionuclide: An isotope of an element that is
radioactive.

reference material (standard): A material
or substance one or more properties of which
are sufficiently well established ~within speci-
fied uncertainty limits! to be used for the cal-

ibration of an apparatus, assessment of a mea-
surement method, or assigning of values to
materials.

replicate: One of multiple aliquots or ali-
quants of a sample taken during the first stage
of the analytical process.

required detection level (RDL): The mini-
mum detection capability for a method re-
quired by the MQOs and0or SOW.

sample: A single item or specimen from a larger
whole or group taken for the purpose of esti-
mating properties or composition of the larger
whole or group.

sampling: The process of obtaining represen-
tative samples and0or measurements of a sub-
set of a population.

shall, should, and may: The word “shall” is
used to denote a requirement; the word “should”
is used to denote a recommendation; and the
word “may” is used to denote permission, nei-
ther a requirement nor a recommendation.

standard deviation: The square root of the
variance of a variable. For this application the
variance is a measure of the variation of
the observations within a measurement set. The
standard deviation is often estimated using a
set of measurements of the variable. The stan-
dard deviation has the same units as the mea-
sured quantity and, therefore, is particularly
convenient when describing the variability of
the measured quantity. This parameter may
also be expressed as a relative standard devi-
ation ~i.e., as a percentage of the measured
quantity!.

tolerance chart: A chart developed to evalu-
ate the response of an instrument or process to
a predetermined tolerance level as determined
by an appropriate QC source. The predeter-
mined tolerance level, typically expressed as a
percentage, is set with the overall quality per-
formance ~bias and precision! parameters for
an analytical technique in mind. For practical
reasons the response of most instruments is
held in control to a tolerance as specified by
the MQOs and is related to the instrument
calibration.

total propagated uncertainty (TPU): see
“combined standard uncertainty.”
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traceability: Demonstrated linkage by means
of an unbroken chain of comparisons of a mea-
surement to nationally or internationally rec-
ognized standards or certifying body within
specified uncertainty limits.

unbiased: A measurement of a variable is called
unbiased if the expected value of the measure-
ment is equal to the stated value of the prop-
erty being measured.

validation: A technically based analyte- and
sample-specif ic evaluation process that ex-
tends beyond method or written analytical spec-
ification ~e.g., SOW, contract, project plans!
compliance, provides a level of confidence that
an analyte is present or absent, and examines
the uncertainty of the reported concentration
of the analyte relative to the intended use
of the data. Data validation is a systematic
process, performed externally from the data
generator, that applies a def ined set of
performance-based criteria to a body of data
that may result in qualification of the data.
Data validation occurs prior to drawing a con-
clusion from the body of data.

validator: An individual that performs the val-
idation process and meets the qualifications
for validator defined in Sec. 7.

verifier: An individual that performs the com-
pliance verification process and meets the qual-
ifications for verifier defined in Sec. 7.

3 General principles

3.1 Data life cycle

The goal of the data collection process is to
produce credible and cost-effective data to meet
the needs of a particular project. The data life
cycle provides a structured means of consider-
ing the major phases of projects that involve
data collection activities. The three phases of
the data life cycle are planning, implementa-
tion, and assessment. These three phases con-
sist of a number of routinely performed
activities including planning the project and
developing project plan documents; writing a
SOW; sampling; and conducting analyses, au-
dits, performance evaluation ~PE! studies, com-

pliance verification, data validation, and DQA.
This standard has been developed with the
assumption that a proper DQO process ~see
EPA06000R-960055 @1# 2! ! has been used by the
project to define the quality of data needed
for the decision process and to develop corre-
sponding MQOs of accuracy, precision, sensi-
tivity, selectivity, and representativeness to be
met. Compliance verification and data valida-
tion are sometimes considered isolated pro-
cesses, but the efficiency and success of the
validation effort are heavily dependent on the
completion of the preceding steps in the data
collection process. Compliance verification com-
pares the data to the requirements of the writ-
ten analytical specifications ~e.g., SOW, contract,
project plans!. Data validation evaluates the
data produced and0or adequacy of the meth-
ods applied against the MQOs and other APSs
developed during the planning process. DQA,
the third and final step of the assessment
phase, compares the data produced to the over-
all project DQOs. A detailed description of the
data life cycle is provided in Appendix A.

3.2 Planning documents

Planning documents include items such as
QAPP, data validation plan, work plan, and0or
sampling and analysis plan ~SAP!. Specifica-
tions for format, content, and style of plan-
ning documents are outside the scope of this
standard. Other guidance is available for the
development of these plans. Brief descriptions
are included in Appendix A. This standard
anticipates that these project planning docu-
ments are generated to direct the analytical
work performed by any type of laboratory. For
example, “Multi-Agency Radiological Labora-
tory Analytical Protocols Manual ~MARLAP!”
@2# ~hereinafter referred to as MARLAP!—
which was developed by representatives from
eight federal agencies including the U.S. En-
vironmental Protection Agency, the U.S. De-
partment of Energy, the U.S. Department of
Homeland Security, the U.S. Nuclear Regula-
tory Commission, the U.S. Department of De-
fense, the U.S. Food and Drug Administration,
the U.S. Geological Survey, and NIST and pro-
vides guidance for any project or activity in-
cluding site characterization, site cleanup,
decommissioning, remedial and removal

2! Numbers in brackets refer to corresponding numbers in Sec. 8, “References.”
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actions, etc., that requires radioanalytical data
for decision making—addresses the issue of
documenting the laboratory analytical require-
ments. The following is stated in MARLAP,
Vol. 1, Chapter 5, “Obtaining Laboratory Ser-
vices”: “MARLAP recommends that technical
specifications be prepared in writing in a sin-
gle document, designated an SOW, for all ra-
dioanalytical services, regardless of whether
the services are to be contracted out or per-
formed by an Agency’s laboratory.”

3.3 Data validation plan

The data validation plan is either a stand-
alone document or part of other planning doc-
uments. The contents of a typical data validation
plan are provided in Appendix A.

3.4 Audit items germane to the
validation process

When audits are conducted to assess a labora-
tory’s capability to meet proposed or written
analytical specifications ~e.g., SOW, contract,
project plans!, specific information gathered
during the audit is anticipated by this stan-
dard to be used in the compliance verification
and validation processes rather than having
that information be provided within data pack-
ages. See Appendix A for a typical way of
using this information. Desk audits may be
included in the validation process if included
in the validation plan. For details on a quality
audit program, see MARLAP, Vol. 1, Chapter
7, “Evaluating Methods and Laboratories.”

3.5 Use of external PE program results

Various guidance documents ~ANSI N42.22-
1995 ~R2002! @3# , ANSI N42.23-1996 ~R2003!
@4# , and Regulatory Guide 4.15 @5# ! recommend
that a laboratory participate in an external PE
program. Most laboratory contracts, SOWs, or
Project QAPPs require successful participation
in a PE program.

A more detailed discussion of the use of this
type of information is presented in Appendix A.

3.6 Compliance verification

Compliance verification is the systematic pro-
cess of checking data for completeness, correct-
ness, consistency, and compliance with written
analytical specifications ~e.g., SOW, contract,
project plans!. The compliance verification pro-

cess compares the laboratory data package to
requirements associated with the project and
produces reports that identify those require-
ments that were and were not met. These re-
quirements are expected to be contained in the
SOW or project planning documents ~e.g., QAPP
and SAP!. The inputs to the compliance verifi-
cation process include field data, PE sample
results, audit information, and calibration data
in addition to the analytical data package. The
information expected to be contained in the
analytical data package is discussed in Appen-
dix A.

Compliance verification tools evaluate a data
set against a standard or written analytical
specifications. Problems identified through data
compliance verification may be separated into
categories of correctable problems and noncor-
rectable problems, which are defined below.

Correctable problems may be subdivided into
two subcategories. The first subcategory con-
tains those correctable problems relating to
deficiencies in data packages that may be ad-
dressed by obtaining additional information
from the laboratory. The second subcategory
of correctable problems consists of those that
may be solved by either re-preparation and0or
reanalysis of a sample.

Noncorrectable problems are those for which
data cannot be regenerated.

Assessment of analytical laboratory deliver-
ables against the SOW or other planning doc-
ument requirements is used as a real-time
evaluation tool for general analytical labora-
tory operations. The result of compliance ver-
ification is a verified data package ~raw data
package and verification report or checklist!
that is then passed to the validator for
validation.

3.7 Validation

Validation is the process of examining a veri-
fied data package to provide a level of confi-
dence in the reported analyte’s identification,
concentration ~including detectability!, and as-
sociated measurement uncertainty. Validation
is analyte- and sample-specific and extends be-
yond the method or written analytical specifi-
cation ~e.g., SOW, contract, project plans!
compliance. Validation produces a data set with
a limited number of qualifiers associated with
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