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Empirically Determined Decision Levels 
Development and Use in an In Vivo Bioassay Program 

Brian J. Lawson, Michael k Orcu tt and Richard J. Winslow 

Lockheed Martin Corporation 
PO Box 1072, Schenectady, NY 12301 

ABSTRACT 

This paper discusses a method to empirically determine and a use for reporting a 
decision level value for I3'Cs using a Canbema Accuscan 11, direct radiobioassay (in 
vivo) system. The decision level value is used to determine the upper 5% of in vivo 
measurements for the purpose of recounting individuals. The paper overviews 
decision level concepts, the applicability of ANSI N13.30 and ANSI N42.2 and 
describes the specific process employed. 

BACKGROUND 

The concept of decision level reporting dates back nearly 30 years to the work of 
Lloyd Currie'. Currie's theory is based on two values: "Critical Level" (L,), which is 
the value at  which a signal can mt be reliably detected and ''Detection Limit" (Ld, 
the value at which a signal can be reliably Quantified (see FIGURE 1). In direct 
radiobioassay (in vivo) counting, the term "Minixnun Detectable Activity" (MDA) is 
used to describe L,. 

FIGURE 1 

'Analvtical Chemistrv3 Volume 40, Number 3, March 1968 



Note that if a sample were to conthi acLi ty that y i e  a count equal to  PJ t iere 
would be a Gaussian distribution having a mean of L, and stand&d deviation o, 
representing all possible values that might be obtained fiom such a sample. For this 
distribution, 50% of the observations would be expected to be below the Critical Level. 
Thus, when a sample contains activity that yields a count equal to Lo the probability 
of deciding that there is no signal (when in fact there is) corresponds to  50%. This 
is why an a priori determined L, is not an adequate measurement of the detection 
caDabilitv of a counting system. 

The challenge is in developing a logical methodology within the capabilities of the 
system in use, to determine the Critical Level or what we are calling an Empirically 
Determined Decision Level. 

The statistical portion of the ANSI N13.30 standard is based on Currie's work. 
Specifically, his work with Type I ( a )  and Type I1 (p) errors set to 0.05. The L, value 
that he de.fines is related to the degree of confidence when generating results. That 
is to say there are two alternatives for consideration: 

(i) decide that the observed counts are greater than background. 

(ii) decide that the observed counts are not greater than background. 

Over a period of*time, erroneous decisions can be made. There are two types of 
errors: 

(i) an error of the first kind (false positive), deciding that there is a signal, 
when in fact there is none. 

(ii) an error of the second kind (false negative), deciding that there is not a 
signal, when in fact there is2. 

Currie's work is based on zero quantities of analyte being present in the appropriate 
blank. In reality, zero with respect to direct radiobioassay is slightly greater than 
true zero. This is due to the fact that the appropriate blank in direct radiobioassay 
is a person and all people contain some quantity of radionuclides, both natural and 
man-made as a result of dietary habits, water supply, physiological differences, etc. 
In an attempt to  correct for this, empirically determined decision levels were 
developed. The empirically determined decision levels provide a logical cut off of 
ubiquitous radionuclide levels in personnel when evaluating potential occupational 
exposure. 

2A Handbook of Radioactivity Measurements Procedures, NCRP Report No. 58, 
1985. 



The goal of this particular program is to identi@ the upper 5% of all in vivo counts 
performed for the nuclide of interest for the purpose of recounting those individuals. 
The expectation is that counts of persons involved in radiological work will be 
indistinguishable from those who have never been occupationally exposed to the 
nuclide of interest, and any activity detected will be only from natural sources. This 
is the result of radiological engineering and work controls used in the performance 
of radiological work that precludes the potential of internal exposure. Therefore, the 
assumption is that the exposed population will have the same 5% follow-up as the 
unexposed population. When a count is identified as being greater than the decision 
level, the individual is recounted for a longer period of time, to reduce statistical error 
in the measurement to codirm the absence or presence of radioactivity. 

American National Standards Institute (ANSI) N13.30, Performance Criteria for 
Radiobioassay, and N42.2, Measurement Quality Assurance for Radioassay 
Laboratories, are documents outlining the performance criteria for radiobioassay. 
They are focused around quality assurance, evaluation of performance and the 
accreditation of service laboratories. Specific criteria address bias, precision and the 
determination of the MDA. The intent is to  provide a basis for creating a sound 
quality assurance program for a locally maintained program, or one that is serviced 
by a contractor. 

Specific procedures and methodologies for performing measurements and analysis are 
not bet) standardized and are beyond the scope of the standards. 

Appendix A of ANSI N42.2 provides some of the most insighthl guidance with regard 
to determining empirical decision levels. Section A.7.3, Intermetation of Individual 
Measurement Results, states: 

"For the purpose of having a laboratory interpret whether an individual sample 
measurement is different fiom its representative appropriate blank, it is 
recommended that the laboratory compare the net count or count rate of the 
measurement with a decision level calculated using the sample specific 
"appropriate" blank. The "appropriate" blank should include measurement 
interferences from impurities (elevated compton continuum, channel crosstaLk 
from higher energy particles measured by Liquid scintillation of alpha 
spectrometers, etc.,) that are not typically known a wriorilv or included in the 
nominal a wriori decision limit. This represents the appropriate blank at the 
time of measurement. For some measurement processes, the determination of 
the "true '' appropriate blank for each sample may be impractical. However, 
every effort should be taken to properly assess the parameters of the appropriate 
blank.. . " 
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Although specifically addressing in vitro type analysis, the same principles can be 
applied to in vivo type of measurements understanding that an "appropriate blank" 
is a person. 



ANSI N13.30 provides the statistical development of the MDA and L,and also defines 
Critical Level as Decision Level. The developments (again based on the work of 
C d e )  yield the following widely accepted (simplified) equations: 

EQUATION 1 

4.65 (I, + 3 
D MDA = 

K T  

EQUATION 2 

2.33 ob 

K T  
L =  

C 

Where: 

The standard deviation of the (appropriate) blank 
Calibration factods) 
Standard subject counting time 

As noted in the ANSI N42.2 Appendix, in order for ub to  be a valid parameter for 
establishing L, and MDA, (Jb must be well known or be determined under current 
measurement conditions &om a series of replicate measurements assuring a normal 
distribution. 

one approach to determining (Jb is to study a statistically suf&ient series of 
measurements on persons that were never occupationally exposed to the nuclide of 
interest. In this approach, the replicate measurements are counts of a series of 
unexposed individuals as blanks rather than a series of counts of a single blank. 
These baseline measurements propagate all error associated with the measurement 
process (i.e., variation of actual radiation between blanks, detector positioning, etc.). 
An additional inherent assumption made in this methodology is that sdficient counts 
exist for both background and sample, such that normal probability densities are 
applicable. 

The ANSI N13.30 standard defines decision level as: 

"The amount of a count or final instrument measurement of a quantity of 
analyte at or above which a decision is made that the analyte is definitely 
present. " 

The empirically determined decision level for a particular nuclide and analytical 
method is analogous to the L, concept in the ANSI N13.30 standard. 
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METHODOLOGY 

The nuclide of interest used for this particular study was cesium-137 (137Cs). The 
following is a description of the Canberra Accuscan I1 used: 

The Accuscan I1 is a state-of-the-art in vivo monitoring system designed primarily for 
the detection of higher energy activated corrosion products and mixed fission 
products. The system is comprised of a steel tub with four inch thick, low 
radioactivity steel walls, ceiling, and floor. 

Two closed-end coaxial hyperpure germanim detectors are used to perform whole 
body and lung monitoring for higher-energy gamma and to a lesser extent, X-ray 
emitting radionuclides. The relative efficiency of these detectors is 25%. A typical 
resolution achieved by this system at 122 keV is 0.9 keV FWHM and 1.9 keV FWHM 
at 1332 keV. 

A Digital Equipment Corporation (DEC) VAXstation 4000 is used to process in vivo 
monitoring files, calibration spectra and data, quality assurance data, and results. 
An Okidata OL830 Plus is used to print out ABACOS Plus reports and Spectra. 

The analysis s o h a r e  utilized is Canberra Industry's ABACOS Plus, a state-of-the-art 
whole body counting software application. It provides all of the software functions 
needed to perform in vivo measurements of nuclide activity and calculate internal 
dose values (ifrequired) for whole body counting subjects. It provides menu-format 
options to create and calibrate counting systems using various combinations of 
hardware. The program has been customized for decision level reporting. 

Gamma-M is a peak search algorithm within ABACOS Plus that allows User Defined 
Parameters. The User Defined Parameters feature enables the determination of 
decision level values. The affected parameters are "Reject MDA sigma" and "Reject 
MDA constant". To determine decision level values, these parameters are adjusted 
when analyzing the spectra of the unexposed population until 5% of the population 
spectra are flagged as "positive." 

These parameters are used in locating potential peaks during the library-driven peak 
search phase. They specie how large the net peak area must be, relative to the 
standard deviation of the underlying background continuum, to be retained and 
reported as statistically significant (and hence, be used in calculating an activity). 
Peaks will be identified if: 

Net Peak Area > [(Reject MDA sigma) X (Standard 
Deviation of Background)] + Reject MDA constant 

As the two parameters are decreased, the net peak area becomes relatively larger and 
the system becomes more sensitive to identifying peaks. 

Page 5 of 13 



Canberra's recommended values for the Reject MDA sigma and Reject MDA constant 
are 2.5 and 3.0 respectively3. 

Before an activity for a region of interest is calculated, a peak must fist be identified. 
The ability to adjust sensitivity parameters relating to peak identification is the key 
in this methodology. 

The description of the procedure that follows refers to data obtained to derive the 
137Cs decision level. The same basic procedure can be followed to derive decision 
levels for other nuclides. 

The process begins with in vivo counting a statistically significant number of 
individuals that have never been occupationally exposed to the nuclide(s) of interest. 
I t  was determined for the purpose of this study that one hundred individuals was 
adequate. 

The one hundred spectra were analyzed using ABACOS Plus. The total number of 
counta within the 137Cs region of interest for the particular nuclide were extracted 
from each spectrum (see TABLE 1). 

Note that fractional counts are the result of the s o h a r e  determining the number of 
counts in a region of interest based on the energy calibration of a nuclide and not the 
associated channel number (i.e. 661.7 keV resides in channel 1838.05, not exactly 
channel 1838). 

The 95th percentile of the empirical data was 6 counts (see TABLE 1). This value 
was used to calculate the decision level activiiy of 2.7 nCi. Note that if the calculated 
ob (1.99) of the data is used in Cunie's L, equation (see EQUATION 2), the result is 
5 counts. Using this value as opposed to the empirically determined value to 
calculate the activity results in a slightly higher follow up rate (-10% as opposed to 
the desired -5%). 

This calculated "activity", understanding that it is simply counts converted to activity 
and not real activity, becomes the empirically determined Decision Level for the 
nuclide of interest. In other words, this amount becomes the "activity" at which a 
decision is made, for the particular count time performed, that significant counts in 
the region of interest are present and are above the 95th percentile for a non- 
occupationally exposed population and for which a recount will be performed. 

3ABACOS Plus User's Manual, Canberra Industries, Inc., June 1994 
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2 = 3.11 CJ = 1.99 

= 0 & =9.94 

TABLE 1 
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There is the possibility that the counts acquired in the region of interest are the 
result of Compton Scattering from varying levels of 40K in the subjects or even 
spurious background counts. Regardless of the reason for the counts, the end result 
remains the same: an appropriate determination of ob 

The next step involved the use of a custom modification made to the ABACOS Plus 
software to allow decision level reporting. Similar capability is now commercially 
available in Canberra's Consolidated Distribution 4.0. The modification required 
utilizing a spare field in the detail portion of the ABACOS Plus Nuclide Library 
Editor. The field allows entry of a decision level value (as determined by the user) 
or may be left blank, in which case the software simply calculates (and reports if 
requested) the MDA for the nuclide. Basically, the value entered replaces the 
calculated MDA. The analysis algorithm compares this value to the count result in 
the analyzed spectrum. If the count result is greater than LG then the resultant 
activity will be reported (see Figure 2). Otherwise, the end result will be a report 
indicating a count result less than L,. 

The second change (not available on Consolidated Distribution 4.0) was an addition 
to the comment field of the final report to contain the words "Decision Level reported" 
when a zero activity is calculated (See FIGURE 3). This coincides with result 
reporting recommendations in ANSI N42.2. 

The final step was adjusting the two Gamma-M peak search parameters so that when 
the total number of counts in the region of interest is equal to or greater than the 
desired value, a peak is located and the analysis reports apositive (i.e., greater than 
decision level) value. This is an empirical process and can not be appropriately 
demonstrated mathematically. 

Although this may not be a true activity because of statistical error in identifylng the 
peaks and the error associated with calculating an area of a non-Gaussian peak, it 
does provide a value that correlates to the number of counts in the region of interest. 

There are several minor drawbacks to using this methodology. By setting the peak 
search parameters below the recommended values, the algorithm, in addition to 
ident;lfying the peaks of interest, also identifies any other peaks that meet the peak 
search parameter setting criteria. The end result of this is the identification of a 
nuclide not of interest and for which a decision level has not been established (see 
FIGURE 4). This problem is especially evident when evaluating high energy 
spectrums. This is due primarily to the difference in background continuum and 
lower detection efficiencies in higher energy spectrums. The correction for this is 
identical to the one explained previously. Once the original analysis is complete and 
the nuclide of interest has been determined to be below the decision level, the 
settings of the peak search parameters are returned to the vendor recommended 
values. The spectrum is then reanalyzed with the reset parameters to  confirm that 
the previously identified peaks are in fact below the MDA. 
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FIGURE 2 
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Idcntifiutia, X :  
Cam Start&: 1--1995 14:16:56. 
l n u t c  Date: 
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f a c i l i t y :  I 
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I m c t i d e  Results for STDISSSUN 1 

FIGURE 3 
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One further problem occurs when the peak search algorithm identifies a nuclide as 
being greater than the decision level AND has also identified additional nuclides as 
being present (see FIGURE 5). Correction of this problem is achieved by following 
the same procedure outlined above. The problem is that by resetting the parameters 
and determining that the extraneous nuclides previously identified are in fact below 
MDA, the nuclide of interest may now be reported as being less than the decision 
level. The user must then decide which parameter settings to use in generating the 
final report. This unfortunately is not correctable and, therefore, must be 
administratively handled by the user. 

CONCLUSIONS 
After several years of experience and several hundred in vivo measurements utilizing 
this methodology, the decision level values and parameter settings established 
continue to approximately yield the desired 5% false positive results. 
This relatively simple method of determining decision levels permits the user to 
comply with the recommended reporting format of the American National Standards 
Institute using a commercially available product. 
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FIGURE 6 
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