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FOREWORD

In recent years, the U.S. Department of Energy (DOE} and the U.S. Nuclear
Regulatory Commission (NRC) have sponsored research to improve occupational
radiation protection. Of particular concern to these agencies have been the
accuracy, quality control, and performance of personnel radiation dosimeters,
radiation survey instruments, and bioassay Taboratories., Bioassay measure-
ments inciude in-vitro excreta analysis and in-vivo external ccunting,

The U.S. Department of Energy Order 5480.1, Chapter XI {DOE 1983), and
the Code of Federal Regulations, Title 10, Part 20 (10 CFR 20), require
assessment of occupaticonal radiation exposures. Accurate bicassay measure-

ments are necessary to correctly assess internal exposure to radioactive
materials, However, a concern of DOE facilities and contractors, and
Ticensees of the NRC is that bioassay laboratories may not be providing
accurate and consistent results. To address this concern, DOE and NPC
reauested that a Health Physics Society working group be formed to prepare a
draft American National Standards Institute (ANST) standard on bioassay
Taboratory performance. The resultant decument was designated draft ANSI
Standard N13.30, Performance Criteria for Radiobioassay.

Draft ANSI Standard N13.30 provides performance criteria in the form of
the minimum numerical values that are necessary to meet an acceptabie minimum
detectable amount (MDA), provides limits for measurement bias (Br); and
specifies the precision (Sﬁ and SB) required for meeting the Standard. The
acceptance values for these criteria have been reviewed and revised throughout
the Standard's development process. The DOE is now reviewing the feasibility
of an accreditaticr program for bioassay laboratories serving its facilities
and contractors. While the draft Standard was being prepared, NRC issued
notice of intent to require licensees to obtain services from "accredited"
in-house or commercial laboratories {Federal Pegister 1981). Presently, how-

ever, this notice is not incTuded in the NRC requlatory agenda.

The project described by this document was jointly sponsored by DOE and
NRC to evaluate the draft Standard performance criteria by testing the current
measurement capabilities of various biocassay laboratories, Thus, the final



performance criteria in the Standard will be based on data from bioassay
Taboratories. Included in the project was 2 nationwide, two-round biocassay
intercomparison study to test the analytical performance of both in-vitro and
in-vivo bioassay laboratories and determine their capability to meet the
miniumum performance criteria specified in the draft Standard. Round One is
the pilot study involving a small number of voluntary participating laborator-
jes. Round Two will involve a Targer number of Taboratories and will continue
the efforts started in Round One. This report presents the background
information pertinent to this program, details the phantom preparation, and
reviews the results of the Round One in-vivo measurements.

This document is the second of four reports on the results of the
research project. The first report is Performance Testing of Radiobioassay
Laboratories: In-Vitro Measurements, Pilot Study Report, NUREG/CR-3809
DOE/NBM 1071, Vol. 1.

— T—
E. J. Va¥lar{o, Actjng Dir r— R.E. Alexander, Branch Chief
Radiological Controls Di fon Radiation Risk Assessment and
Office of Nuclear Safety Management Branch
U.S. Department of Energy Office of Nuclear Regulatory Research

U.5. Nuclear Regulatory Commission
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ABSTRACT

This document describes a project to evaluate the in-vivo counting
performance criteria of draft ANSI Standard N13.30, Performance Criteria for
Radiobioassay. The draft ANSI Standard provides guidance to in-vivo counting

faciTities regarding the precision and accuracy of measurements for certain
categories of commonly assayed radionuclides and critical regions of the body.

The draft ANSI Standard was evaluated by conducting an intercomparison
test involving a number of whole-body counting facilities. The testing in-
volved three types of measurements: chest counting for detection of radio-
active materials in the lung, whole-body counting for detection of uniformly
distributed activity, and neck counting for detection of radioactive material
concentrated in the thyroid.

Results of the first-round intercomparison test are presented in this
report. The appropriateness of the draft Standard performance criteria was
judged by the measurement results reported by participating in-vivo counting
facilities, The intercomparison testing showed that some Taboratories had
difficulty meeting the performance criteria specified in the draft ANSI
Standard N13.30.






EXECUTIVE SUMMARY

To evaluate the appropriateness of draft American National Standards
Institute (ANSI) Standard N13.30, Performance Criteria for Radiobioassay, the
U.S. Department of Energy (DOE) and the U.S. Nuclear Regulatory Commission
{NRC) jointly sponsored a research program at the Pacific Northwest Laboratory
{PNL). This report documents the first round of a two-round nationwide
bioassay intercomparison tudy to test the analytical performance of in-vivo
bicassay laboratories and determine their capability to meet the minimum

performance criteria specified in the draft Standard. Background information
pertinent to this program, details of phantom preparation, and the results of
the Round One in-vivo measurements are presented.

0f the I5 facilities that participated in the whole-body and lung count-
ing portions of the in-vivo study, most failed to meet the performance
criteria specified in the draft ANS] Standard, particularly for measurement of
60 13?Cs in the whole body and 60C0 fn the Tung. Only one in fifteen
144Ce at the
131I

determination did not fail, but 4 facilities failed the bias criterion by 2

Co and
Taboratories passed ail three criteria for whole-body counting of
Tevels tested. A majority of the 22 facilities participating in the

wide margin, and 4 facilities faiied the MDA criterion; some failed both.

241 235

Facilities that participated in the Am and U Tung counting categories

were generally able to meet all of the performance criteria.

In each category tested, the Targe diversity in performance, indicated
that the techniques necessary to successfully count radicactivity in phantoms
at the test levels are available but are not always used. The exception is
144Ce, where it appears that the test levels are below current detection cap-
abilities when comparable amounts of higher-energy interfering nuclides (GOCO,

137{35, etc.) are present.

Recommendations provided to the working group preparing draft ANSI
Standard N13.30 included comments regarding the following:

e standardization of count times and background determinations used
for MDA calculations
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effects of interference nuclides in the test phantom on MDA

the need for explanations of the selection criteria (state-of-the-art,
health physics needs, etc.} for acceptable MDAs

the desirabitity of using point sources rather than uniformly
distributed activity for short half-life, mixed fission, and
activation products in the Tung phantom

calculation of relative bias and relative precision,
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INTRODUCTION

The measurement and quantification of radiation is the foundation of
radiation protection, However, radicactivity measurements are subject to a
wide variety of potential errors and uncertainties, The quality of measure-
ment results depends on the gquality of calibration techniques, quality control
pracedures, human factors, and quality of the detector systems employed.

The U.S. Department of Energy (DOE) and the U.S. Nucliear Regulatory
Commission {NRC) are concerned with the quality of radiation measurements that
are used to determine worker exposures to sources of radioactivity, and have
in recent years sponsored research to improve standards for radiation measure-
ments, Of particular concern to these agencies is the accuracy and precision
of personnel radiation dosimeters, radiation survey instruments, and bioassay
laboratories, including facilities that perform in-vivo measurements (whole-
or partial-body external counting).

Research projects have involved the performance testing of personnel
dosimetry services in support of ANSI Standard N13.11 (Yoder et al. 1979;
Plato and Hudson 1980; Plato and Miklos 1983; Roberson and Holbrook 1984), the
technical evaluation of the capability of radiation protection survey instru-
mentation to meet the performance specifications of draft ANSI Standard N42,17
(Selby et al. 1983; Swinth et al. 1983; Kenoyer et al. 1983), and the study of
in-vitro radiobioassay laboratory performance in the technical evaluation of
draft ANSI Standard N13.30 (Pobinscon, Fisher and Hadley 1984). The research
documented in this report assesses the performance of in-vivo counting facil-
ities so that the appropriateness of the sections of draft ANSI Standard
N13.30 Performance Criteria for Radicbiocassay dealing with in-vivo counting

may be evaluated.

BACKGROUND FNR THIS RESEARCH PROGRAM

Radiobioassay may be defined as the quantitative assessment of radionu-
c¢lides in humans exposed to radioactive materials. In-vitro sample analysis,

or "indirect bioassay," involves the measurement of radioactivity in urine,

feces, or other biological materials taken from the body. In-vivo counting,



or "direct biocassay," involves measurements of radiations emitted from the
body using external detector systems. Usually a combination of indirect and
direct biocassay are used to estimate a worker's burden of internally deposited
radioactivity. Accurate bioassay measurements are necessary to determine the
radionuclide deposition in the body and thus the internal radiation exposure

received by workers with internal deposition of radionuclides.

External counting of the whole body or of specific regions of the body is
a method for estimating depositions of photon-emitting radionuclides and some
beta-emitting radionuclides. Highly specialized detectors and spectrum
analyzers are required. Shielding is also important for reducing external
background radiation. Whole-body counting facilities for direct bioassay
measurements are located at national laboratories, commercial nuclear power
generating stations, universities, medical institutions, and some private
companies. [n addition, whole- and partial-bcdy counting facilities are
available from private service laboratories and mobile counting laboratories.

Haskins, Earls and Hudson {1982) conducted a survey of whole-body count-
ing facilities at nuclear sites in North America to determine the status of
instrumentation and equipment, data processing capabilities, operator training
and qualifications, investigation and action levels, and future trends in
whole~body counting, The survey reported that in-vivo counting was the prim-
ary method for determining internal contamination by radioactive materials.
Their report also showed that there were wide variations in in-vivo counting
practices from one facility to another,

Proper interpretation of in-vivo measurement results requires that the
counting equipment be calibrated for the radionuclide energies and intensities
involved. Energy calibration provides the correct identification of radio-
nuclides. Intensity calibration provides knowledge of the counting efficiency
and the correct quantification of the radionuclide activity. In-vivo counters
are usually calibrated with known amounts of radionuclide sources in phantoms
that simulate the human body. The radiation absorption characteristics of the
phantoms and the geometrical distribution of the sources must be known by the
technician cperating the counting system.



The gquality and reliability of in-vivo counting services is highly vari-
able due to the variety of available facilities, detectors and electronic
equipment, to the natural background differences, to the quality and accuracy
of computer software packages used for spectral analyses, and to the training
of operating personnel. Apalytical methods for in-vivo counting are not cur-
rently standardized, and there are a number of different methodologies at
whole-body counting service laboratories. There are, however, many aspects
common to bicassay program management, including quality control, calibration,
recordkeeping, and intercomparison tests.

To establish standards of bicassay performance upon which a uniform
national program of performance testing of in-vivo and in-vitro biocassay
laboratories could be based, DOE and NRC asked the Health Physics Society to
form a working group to develop radicactivity measurement performance criteria
for an American National Standard Institute (ANSI) standard. In 1979, at the
request of Robert E. Alexander, NRC, the Health Physics Society Standards
Committee, chaired by Edward J. Vallario of DOE, formed Working Group 2.5 to
prepare ANSI Standard N13.30, Performance Criteria for Radiobioassay. The

group was chaired by Kenneth R. Heid of the Pacific Northwest Laboratory
(PNL}. The initial draft of the biocassay Standard was completed in 1981.
Subsequent drafts have been produced from time to time since then,

The primary reason for the proposed Standard is the concern that biocassay
service Taboratories, both commercial and institutional, may not be providing
accurate results for analyses performed. A number of factors may contribute

to analytical inaccuracy:
e Current analytical procedures may be deficient.

e Neither uniform standards of performance nor standard methods of
analysis have been adopted.

¢ lLack of motivation or financial constraints may inhibit the upgrade
of analytical capabilities. State-of-the-art instrumentation is
expensive,

e (uality assurance may be deficient. This may involve a lack of ade-
guate calibration procedures or a lack of written procedures.



ATthough a formal system for certifying the bias, precision, and quality
control of bioassay Taboratory procedures has not been established, NRC issued
advance notice of proposed rulemaking that would require NRC licensees to use
accredited Taboratories after NRC establishes an accreditation program
(Federal Register 1981}. However, this is not presently on the NRC regulatory
agenda. In addition, DOE is reviewing the feasibility of a similar accredi-
tation program for its laboratories and contractor labor?t?ries. Most bio-

a
program would be based on recommendations contained in the final version of
ANSI Standard N13,30.

assay laboratories welcome the concept of accreditation. An accreditation

Draft ANSI Standard N13.30 provides quantitative performance ¢riteria for
bias and precision in radiobicassay measurements for a selected Tist of in-
vitro and in-vivo measurement categories and commonly assayed radionuclides.
Standard quality control guidelines are also provided for the internal quality
assurance programs of radiobiocassay laboratories. Draft versions of the Stan-
dard have included criteria to be used by a testing Taboratory for assessing
whether bioassay service laboratories conform to quantitative performance
criteria {such as might be employed in an accreditation program} for bias and
precision,

PROJECT PURPOSE

The purpose of this research project is to evaluate the appropriateness
of draft ANSI Standard N13.30 performance criteria. A two-round bioassay
performance intercomparison study is being conducted by the Pacific Northwest
Laboratory (PNL). This study, which was begun at about the time the first
draft of the Stancard was completed, has several objectives:

(a) From an informal survey by Dr. Allen Brodsky, NRC, of participants at the
28th Annual Conference on Riocassay, Analytical and Environmental Chemistry,
October 13-14, 1982, at Natick, Massachusetts. Discussions by the authors
with bioassay laboratory participants in this intercomparison further
support this statement.



e Conduct two rounds of in-vitro and in-vivo intercomparison testing.

e (Compile results and compare the performance of laboratories to the
draft Standard performance criteria.

e Recommend any necessary revisions to the draft Standard.

e Prepare a procedures manual for conducting an ongoing performance
testing program for bioassay laboratory accreditation or
certification.

The work involves three major phases: 1) develop testing procedures and
prepare test samples and in-vivo test phantoms, 2) conduct a pilot inter-
comparison study with a small number of voluntarily participating labora-
tories, and 3) conduct a second-round intercomparison study {yet to be
completed) involving a larger number of participating Taboratories. A pro-
cedures manual and a project final report are planned as part of the third
phase,

This document contains the results of the jointly sponsored pilot study
intercomparison testing (round one) involving a limited number of in-vivo
counting facilities.






STATISTICAL INDICATORS OF MEASUREMENT PERFORMANCE

A laboratory may be judged on its ability to accurately measure radio-
nuclide inventories, to reproduce results consistently, and to detect radio-
nuclides at reasonably Tow levels. Opinions among experts vary, though, about
what is meant by "accurately measure,”" "consistently reproducible results,"
and "reasonably Tow levels."”

For example, the National Council on Radiation Protection and Measure-
ments (NCRP) recommended that "for the purposes of radiation protection, the
desirable accuracy of activity or dose estimates should be within #30 percent,
particularly at levels on the order of the maximum permissible dose" {NCRP 1978
§4,3.1.4).

ARSI Standard N44,3-1973, Thyroid Radioiodine Uptake Measurements Using a
Neck Phantom, provides guidance on the reference activity (source) and the
neck phantom to be used for the thyroid radioiodine uptake measurement, the
measuring equipment to be used, and some procedural aspects that should be
considered to obtain valid test results. It does not, however, specify
measurement performance criteria for in-vivo thyroid counting (ANSI 1973).

ANST Standard N343-1978, American Mational Standards for Internal
Dosimetry for Mixed Fission and Activation Products, provides performance
criteria for direct analysis of internally deposited fission and activation
products by in-vivo counting, but no minimum values for absolute accuracy or
precision are specified:

The in-vivo system detector shall be sufficiently shielded and
located to allow measurements of 5% of the MPOB [maximum permissible
organ burden] of the radionuclides listed ... for at least 95% of
the in-vivo measurements performed. The radiation background of the
system should not be significantly influenced by variations in
ambient fields caused by piping or ventilation systems or by the
movement of radioactive materials. The facility should be located
or constructed (or both) such that personnel-decontamination facil-
ities are not directly associated with areas containing radioactive
material....[15.1] Because of the importance of accuracy in in-vivo
determinations, an effort should be made to participate in an inter-
calibration program where several facilities can compare results
using the same standard phantom (or geometry) with sources having
calibrations traceable to the National Bureau of Standards....The



precision for each phantom-activity combination shall be recorded as
the upper and lower bounds defined by the distribution mean, plus or
minus the three-standard-deviation value associated with the
distribution (ANSI 1978).

Draft ANSI N13,30 Standard currently provides performance criteria for
judging the quality of measurements performed by an in-vivo counting system.
Performance is judged by three specific criteria: the relative bias, the
relative precision, and the minimum detectable amount {MDA)} of a particular
radionuclide. The following sections detail how these criteria are calcu-
lated and what are acceptable levels for each criterion.

RELATIVE BIAS

The relative bias is a statistical indicator of how close the measurement
results are to the true activity in a particular organ or in the whole body.
Since the actual activity must be known to calculate this number and since
this is rarely known in human subjects, the relative bias can be calculated
only for measurements on phantoms or on other suitable mockups.

The draft Standard defines the relative bias, BR’ for a single measure-
ment as the difference between the measured activity {or amount), A, and the
actual activity (or amount), Aa’ divided by the actual activity:

A- A,
Bp = —— (1)

d

For N measurements of the activity, the relative bias is calculated as the
average value of the relative bias:

N
L B (2)



PRECISION AND RELATIVE PRECISION

The precision of a group of replicates is a statistical measure of how
closely the replicate answers are grouped together. The draft Standard
defines the precision, Sa, as:

s =L - w2 (3)
a mi=1(i-_

where the number of measurements, N, is at least five, and Ai is the measured
activity in the ith measurement. K is the average value of Ai’ where:

(4)

1§ 122

1
K= A.
N o

For clarity and to cast the precision in the same fraction form as the
bias, we are defining a term called the relative precision, SK, as:

_1_\[1%’.
For VET 45 0

S =

MINIMUM DETECTABLE AMOUNT

Because radioactive decay is a random process, all measurements of
activity are limited to a lesser or greater degree by counting statistics.
For a given counting system, as the level of detection is pushed lower and
Tower, there will be a point at which the counts from the radioisotopes being
measured will be Tost in the background noise of the system. Two types of
error can occur when activities near the detection 1imits are being measured,
Type 1 statistical errors occur when activity is determined to be present
when, in fact, there is no activity. Type II statistical errors occur when a
certain level of activity is present but is undetected hy the counting system
because of random errors.



The draft Standard recommends the calculation of a quantity called the
"minimum detectable amount" {MDA} for a given isotope and counting system.
The value of the MDA indicates the ability of a counting facility to discern
between the count rate from the desired radionuclide and that from an appro-
priate blank. The value of the MDA is calculated from:

MDA(1) = k_/C \[B/T + Sy (6)
where
k = multiple of the standard deviation to obtain the a risk level for
a type I statistical error; at the 9% percent confidence level,
« = 0.05, and ku = 1,645

€ = the count rate per unit activity; when C is a function of variables
such as body stature, gamma energy, size, or chest thickness, the
value for the average person shall be used for describing the mea-
surement capability of the counting facility

B = count rate in the region of interest from an appropriate blank
T = counting time of subject
SB = yncertainty (standard deviation) in the value B.

Working Group 2.5 is considering another formula for calculating the MDA
from a series of measurements:

MDA(2) = % [4.65 S + %] (7)

where C, SB’ and T are as defined above,

The MDA formula is "MDA{1)" and the formula presently under consideration
is "MDA(2)." The principal difference between these two formulas is that the
MDA(1) formula protects against type I errors {95 percent of the time) the
MDA{2) formula protects against both type I and type 11 errors {95 percent of
the time). For comparison, both MDA calculations were done using the data
from the intercomparison study.
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MINIMUM PERFORMANCE CRITERIA

Table 1 shows one possible system considered by Working Group 2.5 for
limiting values of acceptable bias, precision, and MDA, These were the
performance criteria chosen at the time our phantoms were being fabricated for
this pilot study. Several of the 1imits have changed in the later drafts and
are still subject to revision by the working group.

TABLE 1. Categories and Performance Criteria for Round One
In-¥ivo Testing

Relative

Category Organ MDA {nCi) Bias Precision
Measurement of 241Am Lung 0.3 6.20 0.15
representing photons
with energy 260 keV
Measurement of 235U Lung 0.2 0.20 0.15
Measurement of GGCO Lung €0.0 0.20 0.15
representing photons
with energy »200 keV
Measurement of nuclides
uniformly distributed
in the total body:

195¢0 Whole Body 50.0 0.20 0.15
15453 60,0 0.20 0.15

Ce 450.0 0.20 0.15
Measurement of 1311 Thyroid 10.0 0,20 0,15

representing nuclides
in the thyroid

The draft Standard describes acceptable MDAs(a) for each of seven cate-
gories of in-vivo measurements in units of activity per nuclear transformation
{radioactive decay) corrected for the photon efficiency of the transformation.
For example, the draft Standard specifies an acceptable MDA(a) of
0.1 nCi/{photon of interest per nuclear transformation)} for the measurement of
?dlﬂm in the lung. Since the 60 keV photon of 241Am has an abundance of
36 percent, the acceptable MDA{a) is 0,1 nCi/0.36 = 0.3 nCi. A similar

calculation for 235U shows the acceptable MDA(a) to be 0.2 nCi.

(a) Early versions of the draft standards referred to the calculated lower
detection limits as the "winimum specific photon activity (MSPA)}."
The committee has called this limit the MDA in later drafts to unify the
language in the in-vivo and in-vitro standards.

11






PILOT STUDY PROTOCOL

Participants for Round One of the in-vivo intercomparison test were se-
lected from among whole-body counting facilities and medical institutions,
The intercomparison involved measurements on three types of phantoms:

e a whole-body bottle phantom for measurement of radionuclides uni-
formly distributed throughout the body

e 3 Realistic torso phantom with interchangeable Tung sets for mea-
surement of radioactivity in the Tungs

®» neck and thyroid phantoms for measurement of radiocactivity in the
thyroid gland.

The whole-body phantom and the torso phantom were prepared and shipped to
one participating in-vivo counting laboratory at a time. Small 1311 cap-
sules'?’ were shipped simultaneously to laboratories participating in the
thyroid counting intercomparison, Each facility loaded the capsules in their
own phantoms, and then the phantoms were counted. The measurement results
were returned to PNL.

LABORATORY PARTICIPATION

Invitations to participate in the intercomparison study were extended
during the 27th Conference on Bioassay, Analytical and Environmental Chemistry
in 1981. Announcements regarding the opportunity to participate in the study
were also published at various times in the MNewsletter of the Health Physics
Society. Invitations to participate and details of the testing were mailed to
about 40 bioassay laboratories that had responded to the announcement and to
other potential! participants. With each invitation was a response form and
this information:

e participation would be entirely voluntary.
e all costs pertaining to the measurement of samples or phantoms would be
borne by the participating laboratory.

{a) Prepared and shipped by Dr. K. G. W. Inn and Dr. J. M. S. Hutchinson of
the Radicactivity Group at the Mational Bureau of S5tandards.

13



e all laboratory names, categories of participation, and the identification
of individual results would be strictly confidential to allow uninhibited
participation.

In-vivo counting facilities responding favorably to the invitation to
participate were then contacted by telephone. Further information and instruc-
tions regarding the study were sent to each interested participant.

Seven in-vivo measurement categories were offered during the first round

of testing:
241

235

Am

U
60

o lung measurements for = Co

¢ lung measurements for
s Jung measurements for

137 144

e whole-body measurements for 60 Ce

1311.

Co, Cs,

® thyroid measurements for

Table 2 shows the test radionuclides and activity ranages for in-vivo per-
formance testing that were chosen for the first-round intercomparison study.
The radionuclides were selected from a 1ist in an early version of draft ANSI
Standard N13.30. Strontium-90 and/or 40K were added to the phantom to

TABLE 2. Test Radionuclides, Organs, and Activity Ranges for Direct {In-Vivo)
Performance Testing {from 1982 draft of ANSI Standard N13,30)

Acceptable
Activity Test
Category Organ Radionuclide{s) Ranges {nCi)
Photons with Lung 241, (a) 1.0-10.0
energy $60 keV
Protons with Lung 235U(a) 0.75-7.5
energy 16G0-260 keV .
Photons with Lung 60, (a) 40.0-400
energy >200 keV
Uniformly distrib- Whole 152 200-2000
uted fission and Body 1#QCs{b] 250-2500
activation products Ce 300-3000
Radionuclides in Thyroid 134 40.0-400

the thyroid

(a) With qu present.
{b) with 4OK and 90Sr present.
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SUMMARY OF PERFORMANCE FOR EACH CRITERIA

The minimum detectable amount criterion is not independent from relative
precision., If the relative precision is poor {large variations), MDA will be
high, and vice versa, The MDA is therefore only a general indicator of what
the "lowest detectable level" is for a given procedure, instrument, and
nuclide. In several cases, respondents passed the relative bias and relative
precision criteria by measuring activities substantially lower than their
calculated MPA. This should not happen if the true detection Timit was being
calculated., Either the data supplied by participants was misinterpreted in
some way, or the MDA formulas are overly conservative.

Although the use of the MDA{2) formula essentially raises MDA by a factor
of 3 when compared to the MDA(1) formula, only three facilities would have
241Am in the
lung and one for 235U in the lung). The data imply that there are two main

failed a category using MDA(2) and passed using MDA({1) (two for

grcups within the respondents - those that pass the MDA criterion by a wide
margin and those that fail by an equally wide margin.

Only six facilities failed the proposed relative precision criterion, and
144, .

Ce in the whole-
body phantom. These failures were understandable, because the sample

five of those failures resulted from the measurement of

activities were often Tess than the facilities' calculated MDAs.

While Tow MDAs are helpful in establishing the worker protection plan and
good precision is a prereouisite for low MDAs, if the measurements do not
assign activity values close to the actual values, useful data will not be
obtained. The relative bias criterion, as proposed by the working group, is
the criterion failed by the most respondents., A substantial fraction of the
respondents performing measurements that should be routine for most of the
facilities {such as 60C0 in the lung), failed the bias criterion. More than
half the responding facilities failed the bias criterion for measurements of
GOCO in the lung and for whole-body measurements of 1410e. Measurement of
60C0 in the whole body was failed by 38 percent of the respondents, and 24

percent failed the 1311 measurements,
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In general, the MDA criterion was less difficult to meet than the rela-

137

tive bias criterion, except for Cs in the whole body, where approximately

equal numbers of respondents failed the relative bias and the MDA criteria.

The means of the relative bias and relative precision for each of the
radionuclides and categories are shown in Table 14, along with the sample
standard deviation of the means. Generally, the mean bias of the group is

144

small; the exception is the measurement of Ce (where the activity in the

phantom was below the MDAs of some respondents).

Also included in Table 14 are the mean relative bias and the mean rela-
tive precision for the respondents who passed the proposed precision and bias
criteria and the MDA(1) criterion. As would be expected, after removing the
facilities with replies outside the Timits of the proposed criteria, the means
clustered closer to the actual activities and the sample standard deviation
was smaller. The only exception to this was the test for 241Am in the lung.
Because three out of the four respondents passed the proposed criteria for
this category, the two groups were nearly the same.

COUNTING EQUIPMENT USED BY STUDY PARTICIPANTS

Participants in the in-vivo intercomparison described their detector
types, shielding, and counting geometry used for each test. Among the

241Am or 235

respondents in the test for measurement of U in the Tung, three
used dual-phoswich detector systems, one used a four-phoswich detector system
{two anterior and two posterior), and one used a planar arrangement of six
intrinsic germanium detectors. Among the respondents analyzing for fission
and activation products in the lung or whole body, two used lithium-drifted
germanium {Geli) detectors, two used high-purity germanium detectors, and the
remainder used MaI{T1) detector systems. Two facilities used a high-purity

germanium detector to measure 131

I in the thyroid, and the remainder of the
facilities used small-diameter shielded Mal{T1) detectors. A combination of

two or three MaI{T1) detector probes was sometimes used.
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TABLE

14.

Averages of Bias and Precision for Round One

For Facilities That Passed

Humber of For All Responding Facilities Number A1l Three Criteria{a)
Responding €an FHean ReTative of Passing Wean Relative
Category Nuclide Facilities Relative Bias (b) Precision Facilities Mean Relative Bias Precision

Lung 2 p 4 -0.056 + 0.060 0.018 + 0,003 3 -0.062 + 0.072 0.018 £ 0.004
Lung 235y 5 +0,056 + 0.143 0.025 + 0.016 2 -0.013 + 0.023 0.019 + 0.010
Lung 60¢o 13 +0,160 + 0.294 0.064 + 0.038 4 -0.063 + 0,102 0.038 # 0.031
Whole Body 60¢4 13 -0.036 + 0,169 0.061 + 0.060 4 40,006 + 0.050 0.045 + 0.038
Whole Body 137¢q 13 -0.025 £ 0.139 0.038 & 0,032 4 +0.054 + 0,065 0.033 + 0.033
Whole Body 144 ce 12 -0.333 £ 0.310 0.133 + 0,127 1 -0.159 0.101
Thyroid 131, 22 +0.102 + 0,247 0.024 + 0.023 5 +0.044 + 0,084 0.022 + 0.018

{a) MDA calculated using formuta (6), page 10.
(b} Error range is + one standard deviation.



In-vivo counting facilities at nuclear power plants generally employed
sodium iodide [Nal{T1)] detectors in shadow-shielded scanning-bed or stand-up
configurations, These instruments are usually purchased or leased from com-
mercial vendors with computer software for spectral analysis. The national
laboratories and other non-power-plant in-vivo counting facilities that need
to detect transuranic radionuclides and uranium utilize custom-built detector
systems housed in plate steel rooms with graded shielding on the interior
walls. The graded shielding usually consists of sheets of lead, cadmium, and
copper to reduce the background count rate and improve detection capabilities
for low-level, low-energy sources. These heavily shielded rooms offer a sub-
stantial advantage, and generally, these facilities performed better in the
intercomparison tests.

However, the more sophisticated and more expensive detection systems did
not always guarantee more accurate measurement results. A number of perform-
ance failures were from facilities with state-of-the-art instrumentation,
shielding, and computer-based spectrum analyzers. In contrast, some very
simple detector systems performed well during the intercomparison test., For

1311 measurement were reported by one facility

example, excellent results for
using a simple analyzer, homemade scaler, and hand-held scintillation probe,
QuaTity system calibration and quality control procedures can make the dif-
ference between accurate and inaccurate measurement results, regardless of the

sophistication of the instrumentation.
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APPROPRIATENESS OF PERFORMANCE CRITERIA

In evaluating the appropriateness of the performance criteria for in-vivo
counting as proposed in the draft ANSI Standard, one must consider whether the
specified values are reasonable (whether laboratories can meet these proposed
values without expending unnecessary amounts of time and money) and whether
the proposed values are adequate (will workers be adequately protected if
these values are used). Unfortunately, these two goals of reasonableness and
adequacy are sometimes in conflict. It is conceivable that a laboratory using
state-of-the-art equipment and procedures could be unable to detect an
activity level that delivers a significant dose to a worker.

RELATIVE BIAS

The draft ANSI standard states that the relative bias is to be calculated
as the average of the relative biases for multiple measurements on a test
phantom. An average relative bias of 20 percent or less is acceptable under
the draft standard. The bias may be positive or negative. The calculated
bias is only a meaningful number at concentration Tevels three to five or more
times the MDA, Between one and three to five times the MDA, the activity may
be considered detectable, but not measurable.

The bias is the most crucial aspect of a measurement; a series of
measurements may have excellent precision and low MDAs, but if the answer is
not close to the actual value, it is of Timited value. Fortunately, if the
measurements are reproducible and the activities are sufficiently above the
MDA, unacceptable bias can usually be corrected fairly easily by appropriate
calibration using phantoms anc standards and can be checked by participation
in intercomparison tests.

While 20 percent seems a reasonable criterion for the relative bias for

144Ce), a substantial fraction of the participants

a1l nuclides tested {except
in most of the test categories regularly failed this criterion. If participa-
tion in intercomparison tests helps the facilities correct any systematic bias
in their procedures, then improvement should be observed in the Round Two

testing.
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RELATIVE PRECISION

The relative precision is an indicator of the reproducibility of a series

of measurements. A precision of 15 percent is allowed in the draft ANSI
Standard. Excluding the measurement of 144Ce, only one laboratory failed the

precision criterion,

The failure of the precision criterion by a large percentage of the

participants in the 144

137

Ce whole-body test was due to interference counts from
Cs, 6OCO and background. For activity levels close to and below the MDA,
the counts from sources other than the nuclide of interest play an ever
increasing role in determining the measurement assay. At these activity
levels, the precision is governed too much by statistical variations to be
maintained within the performance criteria limits,

MINIMUM DETECTABLE AMOUNTS

The draft ANSI Standard gives acceptable MDAs for each of the seven
categories of in-vivo measurements in terms of activity per photon of interest
released during the radiocactive decay.

The MDA's importance in determining activity levels at which a given
laboratory can be expected to pass relative bias and relative precision
criteria has already been discussed, However, the MDA is not independent from
relative precision. If the background at a counting facility is high and
variable, both the the relative precision and the MDA levels will be affected.
Stated another way, a facility can have an acceptable MDA only if it has an
acceptable precision,

The calculated MDA is an indicator of what the actual Tower Timit of
detection might be. For example, during the Round One testing, several
facilities passed the relative precision and relative bias performance
criteria at levels well below their calculated MDA(1), Even more facilities
disptayed this phenomenon when formula(2) was used to calculate the MDA,
because the MDA calculated by formula(?) is approximately three times higher
than the MDA calculated by formula(l), Also, a facility's MDA is not fixed,
If the background level varies in a systematic fashion, the MDA could change
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from day to day or even more frequently. An example of this would be the MDA
at a facility located near an operating power reactor, where the background
count rate might follow the power level of the reactor. Furthermore, the MDA
is sensitive to the presence or absence of other interfering radionucliides in
the test phantom or human subject and therefore varies from measurement to

measurement.

The calculated detection limits required to adequately protect workers
vary widely depending on the frequency of counting, type of instrumentation,
chemical form of the nuclide, etc. 1In Round One testing, the major source of
failure was related to the MDA, and, thus, the choice of acceptable MDA for
the performance criteria in ANSI N13.30 is crucial, in terms of both the
pass/fail criteria and the degree of worker protection implied by the term
"acceptabie."

The test results indicate a need for laboratory accreditation to ensure
quality bioassay results. This project provided an opportunity for labora-
tories and counting facilities to assess their capabilities and evaluate their
performance in Tight of the industry standards and the performance of other
facilities. Respondents were often surprised to learn that they failed cer-
tain aspects of the test., The pilot testing heiped facilities identify areas
of weakness so that corrective action could be taken and demonstrated the need
for continual quality assurance. The testing program also helped the ANSI
working group to identify established acceptance criteria that may need
revision.
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RECOMMENDAT IONS

The Pilot Study, or first-round intercomparison, was designed as a
limited study to assist Working Group 2.5 in preparing draft ANSI Standard
N13.30. Experience and information gained from the Pilot Study were also
vatuable for designing the second round of testing.

SUGGESTED REVISIONS TO DRAFT ANSI STANDARD N13.30

During the performance of this project, there has been frequent dialogue
between the Pacific Northwest Laboratory research staff and members of the
Health Physics Society Working Group 2.5 preparing the draft Standard. Project
representatives have attended each of the meetings of the committee to ensure
that the intercomparison testing corresponds to the recommendations of the
draft Standard. Project staff members provided numerous suggestions for
improving the draft during these meetings. Many of these recommendations were
incorporated or are currently under consideration by the working group. For
examplie, recommendations have involved the following:

e definition of terms
® procedures for in-vivo and in-vitro testing
e revision of statistical performance formulas

o selection of categories and radionuclides for in-vitro and
in-vivo testing

e descriptions of phantoms for in-vivo testing
e descriptions of quality control procedures.

Listed below for consideration by the working group are suggestions for
future revision of the draft Standard.

1) The precision criterion should be expressed as a relative value similar
to the relative bias. Otherwise, values of the precision for a set of
test measurements cannot be easily compared. For comparison, Tables 6
through 12 contain both the absolute precision and the relative precis-
ton. The relative precision allows more direct comparison of performance



3)

among categories to determine if a facility passed or not. The mean
precision pTus or minus the sample standard deviation for a test category
is somewhat meaningless standing alone. However, the mean and standard
deviation of the relative precisions are statistically valid indicators
of overall performance. Thus, we recommend that the value of the pre-
cision be normalized to the mean assay.

Using the mean of the assays rather than the known activity as the norm-
alization factor serves to separate the bias criterion from the precision
criterion as much as possible. Using the mean of the assays removes the
influence of multiplicative systematic bias from calculation of the
precision,

The MDA criterion should be clarified by the working group in several

areas, First, the group needs to decide whether the MDA should include
protection against type Il errcrs. The working group must evaluate the
concern for protection ag inst missing activity that is really present,

Second, the working group should consider the effect of multiple radio-
nuclides and 1imit the test phantoms to a single radionuclide, give some
sTiding scale for adjusting performance criteria or testing ranges, or
make clear that the facilities must meet the criteria no matter what the
interferences,

Third, and most important, the working group should clarify to what
degree the MDA criterion should be hased on the current capabilities of
the testing facilities and to what degree it should be based on worker
protection.

The proposed relative bias performance criterion should remain unchanged
at +20 percent,

The draft Standard should provide guidance to ensure that standard count-
ing times for blanks and samples are used to calculate the MDA. MDA
estimates should be calculated with the average count times used for
routine samples. A facility should not exaggerate their capabilities by
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counting test samples for unrealistically long times or by using very
fong background counts to calculate the MDA,

5) Procedures for obtaining background count rates should be explicitly
defined. During the Round One testing, facilities used inappropriate
blanks, used computer programs to interpolate across the bottoms of the
photon peaks, counted for five times as long as for phantom measurements
and divided by five, submitted only one background count, etc. For valid
comparisons among laboratories, a uniform method must be adopted. Taking
background counts near the photopeak (with the same energy width as was
used to measure the photopeak) may be the most appropriate.

6) The working group should consider whether or not to specify a uniform
distribution of mixed fission and activation products in the tung. The
short half-1ife of 58
the administration of an ongoing testing/accreditation program if uniform
distribution is specified.

Co in particular will necessitate increased costs in

If the phantom Tungs could be reloaded with fresh 5860 capsules, much
effort could be saved. Experiments are underway to compare counting results
between multiple-point-source Toaded lungs and uniformiy loaded lungs under
various counting configurations.

PROPGSED ROUND TWQ TESTING

A second round of in-vivo testing similar to the first round is planned.
The purposes of Round Two are 1) to determine whether laboratories have
improved their capabilities, 2) to obtain a larger sample measurement data
base, and 3) to test revisions in the draft Standard that were incorporated by
the working group during Round One testing. For the Round Two testing, the
1251 will be incorporated intc an ANSI thyroid phantom and shipped to partici-
pating facilities. Table 15 shows the test categories and radionuclides
proposed for Round Two,
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TABLE 15. Test Radionuclides, Organs, and Activity Ranges
for Round Two Performance Testing

Activity Ranges

Category Organ Radionuclide(s) {nCi)
Photons with Lung 238y, (a) 3.0-30
energy <60 keV
Measurement of Lung U nat(a] 60-600
Uranium
Fission and Lung 60¢, 4 Styypib) 100-1000
Activation
Products Whole Body 137¢g 4+ 134ggled 100-1000
Measurement of Thyroid 1251 100-1000
ledine

{a) With QOK present in the heart cavity.
{b) With 134C5, 137Cs, and qu present.,
fc) With GDCO, qun, and qOK present.
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IN-VIVO COUNTING

DATA REPORT FORM

Padionuclide

Name of Facility:

Location:

Contact Person

Phone [ )

Procedure: Chest Count
(torso phantom)

Date Received

Whole-Body Count
(bottle phantom)

Date(s} Counted

Brief description of counting equipment (shielding, detection, geometry):

Count Totaz ) Lounting Backgroun?a) Counting( ) ASSAY Est.

No. Counts

Time Count Rate

Efficiency fuCi}  Error

1
2

(a) Region of interest, cpm.

(b) Count rate per unit activity in the phantom (cpm/uCi).

Please return this form by

to: Darrell Fisher

Pacific Northwest Laboratory
Richland, WA 99352
(509) 375-6852

Thank you for participating in this intercomparison study.

A.l
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