oo DOCUMENT NO N
BiWL-CC-2 06u FOEG4
{CLASSIFiCATION)
ISSUING FILE COFY NO. .—“RATE
March 20, 1969
PROJECT
Mechenisms of Environmental Exposure
' e \ —_—
‘ FarreLLeorrHivesT
) RICHLAND, WASHINGTON
St
TITLE
Anelysis of Calibration Data for Mobile Whole Body Counters
AUTHOR
J. L. Carter
DISTRIBUTION
NAME BUILDING AREA NAME BUILDING ARE A
PE Bramson 3705/300
JL Carter (6) RO/3000
A PRl
ED Cleyton 209-E/200-E EPOSITORY .
JP Corley 3705/300 couection 09 ZuNnc.
RF Foster 326/300 80X No. N\ P\
AJ Haverfield 3706/300
FOLDER N [ A
KR Beid T13/700 :
JF Honstead (6) 328/300
HV Lerscn 3705/300
CW Lindenmeier Fed/T00
DE McElroy Fed /700-CSC
JM Nielsen 329/300 :
HE Palmer 329/300
Tech. Info Files(2) = 3T760/300
"’,4 BNW unless otherwise noted.
i ROQUTE TO PAYROLL NO. LOCATION FILES ROUTE DATE
/ /L’/l— / O /‘& T
) (CLASSIFICATIIN) L
an Q“'&‘\? {TO BE USED ON UNCLASSIFIED AND OFFICIAL USE ONLY DOCUMENTS)

S4-1 10033 ( 1-65)

L

AEL-ALOO RICHLAND wasH,




w110 8,218 13

ARC-BLOO ZICHLARD, WASN,

BRWL-CC-206k4

ANALYSIS OF CALIBRATION DATA FOR MOBILE WHOLE BODY COUNTERS

By
J. L. Carter

Theoretical and Neutron Physics Section
Physics Research Department

: \
Classified by: O @‘ %’é

INFORMATION CONCERNING USE OF THIS REPORT

PATENT STATUS

This document copy, since it it transmitted in advonce of potent clearance, is mads ovailoble In
confidencs solely for use in performance of work under contracts with the U. S. Atomic Energy C i

sion. This document is not 10 be published nor In o!hcrwuo disseminated or usad for purposes
other thon specified above bef: pproval for such r or use has beea secured, upon request,
from the Chief, Chicogo Potent erp, U. S. Atomic Energy C issi 9800 So. Coss Ave,, Argonne,
Minois. :

PRELIMINARY REPORT

This report contains information of a preliminory nature prepored in the course of work under
Atomic Energy Commission Contract AT(45-1)-1830. This information i subject 1o correction or modifico-
tion upon the collection ond svaluation of odditional dota.

LEGAL NOTICE

This report wos prepored os an of G t d work. Neither the United States,
nor the Commission, nor any person acting on behall of the Commission:

A. Mokes any warranty or representation, expressed or implied, with respect to the accuracy, com-
pleteness, or usefulness of the informotion contained in this report, or that the use of any information,
opporatys, method, or process disclosed in this report may not infringe privately owned rights; or

B, Assumes ony liobilities with respect to the use of, or for domages resuiting from the use of
any infarmation, apparatus, method, or process disciosed in this report.

As vsed in the above, “person octing on behalf of the Commission” includes any employce or
contractor of the Commission, or employee of such contractor, to the exient thot such employee or con-
tractor of the C ission, or employee of such tor prepares, dmemunoln, or pfovtdl! occess 1o,
any informotion pursuant to his employment or contract with the C i or his employment with
such controctor,

PACIFIC NORTHWEST LABORATORY
RICHLAND, WASHINGTON
operated by
BATTELLE MEMORIAL INSTITUTE
for the

UNITED sTATES ATOMIC ENERGY COMMISSION UNDER CONTRACT AT(45-1)-1830



e | BIL-CC-2064

ANALYSIS OF CALIBRATION DATA FOR MOBILE WHOLE BODY COUNTERS

J. L. Carter

The calibration runs of the mobile whole body counters M-WBC-A and
M-WBC-B using sugar phantoms have been analyzed to obtain the factors
which are needed to convert counts per l0-minute interval to body burden
of radionuclides in children. The final results of the analysis are given
in Tables I and II. A description of the method and & discussion of the work
are given later.

Table I shows the functional forms of the relntionships which it is
assumed will be used to convert the‘counter measurenents on an individua; into
body burden. This table is & genéralizgxion of the one in Form 5&—1200-106(5-67)
which is used to récord wvhole body counter data.ror edults. Table II contains
the values of the parameters appearing in these functions, as evaluated from
the analysis of the sugar phantom runs. In addition, parameters are given for

determination of 1131

body burden; these were calculated because, although no
provision is made in Table I for the rountine measurement of this isotope, it
is occ;sionally measured in special cases, and data from a M-WBC-B calibration
run were avallable.

The factor Fxx cqnverts net counté for radionuclide x in the photopeak
channels for x into body burden. The functional foram of this factor for
" M-WBC-A is the same as that used earlier in anelyzing these sanme data.(l) M

This empirical . formula was retained because it fits the date at least as

adequately as other simple linear or exponential forms, it simplifies inversion;

1. J. F. Honstead, "A Program for Evaluating Environmental Rediation Doses
to Children." (undated)., See also F. J. Honstead, "A Program for
. Evaluating Environmental Radiation Doses to Children in the Viecinity of
the Hanford Project in Washington," Radiol. Health Data and Repeorts 9,
(Aug. 1968). -
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and time and funding did not permit & more careful analysis. The Fxx for
M-WBC-B requires the additioneal height factor to account for the measurement
practice of adjusting the travel of the variable speed bed according to the
height of the subject. Thg factor ny corrects the total counts in the photopeak
channels of radionuclide y for the counts contributed by Compton scattering of
the higher energy gamma rays from radionuclide x, so that the net counts for y
can be determined. For consistency in treatment, the functional form for
ny for both counters was chosen to be the same as the Fxx for M-WBC-A. Since

. only the ratio of counts is needed to determine ny, the variable speed‘of the

M-WBC-B bed has no affect and a height factor is not required.

Description and Discussion of Analysis Procedufe.

The data of Table II were obtained by the following procedure:

v'l. The working data for each radionuclide calibration run were obtained.
These were the net counts in each of the standardized groups of chennels for
-each phantom. Usually two or'qore runs had been made for each phantom.

The f;w data consisting of papér tape printouts for each channel were
available and proved to be_essential to the analysis; these data had
already been summed for the standardv;hannel groupings and tabulated for -

L

most runs. Except for some of the K 0 c;librations for M-WBC-B, the

" background had been subtracted before the raw data were printed; for
these raw Kho data with background, the background data were also
availeble and tabulated. The scatter of some of the tabulated data led
to a closer examination of the raw data, which in several cases resulted

- in the correction of ﬁabulated entries. Some addition and transcription

errors were found and one phantom run was corrected for background which

had apparently not been subtracted. Another phantom run was salvaged by

0021815
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estimating the counts in one chennel missed in the printout. The most
significant correcticns were in the Naah calibrations of M-WBC-B. Here

- the raw data printout showed that the pesk in the Nagy spectrum did not
occur in channels 137-138, &s it should if the width per channel were the
expected 20 kev, but was frecuently a feﬁ channels lower. The tabulated
data for one of the two runs had allowed for this by adjusting the actual
channel numbers whose counts were sumed; the data for other run was corrected
by a similar adjustment. The Na.2h spectrum contains subsidiary peaks in the
Kho photopeek channels and these beaks wvere also shifted from their usual
channels, so that channel adjustment was required; these corrections were
m@de to date for botk runs. The Nagh spectruﬁ data were sufficiently
smooth in theiothcr channels that they were not corrected. Corrections
vere also made in the tebulated background data for use with the Kho raw
data including background. In these multiple runs there was appreciable
veriation with time in both the calibration and background data. The

corrected background. subtracted from each calibration run was calculated

by linear interpolation between the background runs bracketing it in time.

2. The counts per unit body burden were calculated for the photopesk
channels of each radionuclide., With very few exceptions, the total burden
of each phaentom was the product of 1ts weight by the radionuclide source

strength per pound. The scurce strength was corrected for decay from

B 2k 131

reference values as follows: for Na and I to the start time of

65 137

the run for each phantom, for Zn

no correction for Kho. .In making these source corrections it was discovered

and Cs to the day of the run,

that in the previous M-WBC~A calibrations, the PDT-PST conversion had been
2k

applied in the wrong direction for Na~ and the decasy correction had not

002187b
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been made for CslBT.

Naeh caelibration of M-WBC-A, ii was evident from the magnitude of the

As had obviously also been recognized in the previous

date and the time sequence of the runs that an error of 1 hour had been
made in recording the time for one phantom run on the raw data tape;

this time was corrected in the anelysis.

3. The parameters in the Fxx conversion factors were found for each
radionuclide. These were determined from & least squares fit to the
linear relation

Z = g + bW

with )
W = weight of the phantom in pounds
z = 1n (counts per unit body burden) for M-WBC-A

for M-WBC-B

In (counts per unit body burden) x (H + 11.0)

H

height of the phantom in inches.

The parameters a and b were fcund from the standard forms

» = Wz - Wz
W - W2
& =12 - bW
Then ' F_=¢e 2 giving A _=e ® and B = b
XX > e XX xx )

The calculations were done by hand using & Wang Model 320 cslculator.

With one exception, the means were calculated by giving equal weight
to each phantom in each caliibration run. The exception was the Kho
calibration of M-WBC-B, for which there were from 9 to 18 measurements

for each phantom size. Here the mean, ;; and the standard deviation, s,

of the counts for each phantqm size were determined, weighting each
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measurement equally. The least squares fitting was then made with z
calculated using X for the counts for the phantom and with x/s used as
a weighting function; this function is eppropriate for 1/0 weighting
of 1n X if s is the standard deviation in x.
4., The scattering fraction Fs and the parameters in the ny correction
factor were determined for each of the sets of Compton scattering channels
of each radionuclide. The Fs for a set of channels is the ratio of
the counts in those channels to the counts in the photopeak channels.
The parameters in the ny were determined by essentially the same least
squares procedure as were the Fxx parameters, with the lnF5 replacing z.
In these cases, however, Axy = e and Bxy = b, With the exceptions 6f

Lo 31

the K~ and Il calibrations of M-WBC-B,.the Fs and the averages were

obtained by use of the computer code WBC. This code, which was almost
completed by R. J. Eby, formerly of Columbia River Studies Section, was
put in operation and proved useful in the evaluation of these parameters.

The exceptional Kho

131

calibration, because if its modified treatment, and
the I calibration, because of its minimal calulation, were done

completely by hand using a Wang Model 320 calculator.

0027818




Discussion of Results

Though Table II gives the results in useable form, it does not reveal any
information on how accurate the results might be. Figures 1 through 15 are
included for this purpose. These figures show graphically the relation of the
least squares fitted lines to the points used in their fitting. The individual
points are shéwn, except for the Kho calibration data for M-WBC-B, which
show the means and standard deviatipns of the runs for each phantom size.

For several of the radionuclides, scme 10 or so repeat runs were made for a
. particular phantom size; these data were not used in fitting the lines, but
their means and standard deviations are given on the graphs. Usuélly these
means lie within a standard deviation of the line. Also shown on the g*aph
for the photopeak channels of each radionuclide in the M-WBC-A calibrations

(1) of the same data.

is the least squares line obtained in previoua'analysis

This line has been corrected for a different source strength in two cases,

so that a comparison with the present data is more meaningful. The difference

between the two lines is apparent. Part of this difference can be aftridbuted

to slight differences in numbers of points or in relative counts in the two
~analyses. However, most of the difference is attributable to different least

squares assumptions. In terms of the present anal&sis, the previous eanalysis

assumed 7

W=oa+ Bz/

as the line to be fitted, thus interchanging the roles of W and z es independent

and dependent variables. The results in the two cases are equivalent only

if the correlation coefficient, r = (22 - 22)/(WZ - W2) = 1, which is not

true here. As this least squarés procedure attributes all the uncertainty

of a point to the dependent variable, this variable should be the quantity

10021819
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conteining the measured counts. Since z is the dependent variable in the
present enalysis, the present results are'ﬁreferred.

These figures shov that there is an appreciable amount of scatter in
the data. Indeed, the standard deviation in the repeat runs with a given
phantonm size is usually significantiy greater than that attibutable to
counting statistics alone. Other factors thus control the accuracy and
reproducibility of the data. Although the validity of the practice of rebuild-
ing the phantom for each run was recognized, it was disturbing at first that

. so much variation in the data resulted. Later it was realized that similar
variation is undoubtedly associated with the actual Aeasurements on individuals
- and thaf the calibration éhould reflect as well as possible the uncertainty
introduced by these variations. For this reason, all the calibration runs
made by varying the phantoms through.the standard sizes were used in evaluat-
ing the parameters.

This scatter in the data further indicated that, under the time and
fuiing limitations imposed; attempts torfind e more satisfactory correlation
function were not warranted at this time. There are, however, indications of
systematic varlations of the data as a function of phantom size that, with
further investigation, could be correlated with more complex‘combinations of
phantom parameters than Just the weight. Some effort was made to determine
an effectivé phentom fhickness from the details of the phantom construction

) and to attempt to correlate these systematic variations with this paramefer.
This effort was dropped for lack of time, but may well be worth reviving
later,

The scatter in the data raises the further question as to ﬁow adequate

the calibrations are for the purposes at hand. lo attempt will be made to

0021880
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supply a definite answer. Some measure of the accuracy can, of course, be
obtained from examining the figures. In addition, some data are given in
Table III which supply another measure. This table shows the values of the
conversion and correction factors for each radionuclide as evaluated for a
154 pound "standard man." Also shown are the mean and standard deviation of
similar factors calculated from these calibration runs by assuming no dependence
on weight. The factors from Form 54-1200-106(5-67) are also given for further
compariéon. The difference between the two values for a given counter in
comparison with the stendard deviation of the constant value is a rough.
indication of the uncertainty. All these clues suggest at besf a 5 to io
percent, perhaps a 40 to 50 percent, uncertainty in the values of.the individual
factors. These uncertainties are reflected in & complex manner in the determi-
nation of the net counts of the radionuclides, particularly those with the

lower energy photopeaks, but combine so as to increasse the uncertainty in the
results as more calibration factors become involved. An overall uncertainty of

a factor of 2 would not be unexpected in the conversion of Zn'65 137

or Cs
net counts to body burdens, due to the calibration alone. Relative measurements
should of course be more accurate than this.

A more careful analysis of the data, including an error analysis,

would seem to be justifisble.
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Table TI

Mobile Whole Body Counter Calibration Parameters

Source Analyzer M-WBC-A Parameters M-WBC-B Parameters
Radionuclide Channels " B A B
(x) (y) ' Xy xy xy xy
< licieyy
24 2L .

Na Na 01146 .000788 . 001499 -,000876
kb0 1.08Tk4 -.000599 : . 000461
2n65 .3103 .001158 .28L)4 -.000020
cs137 .3213 .000782 L2781 . 000685
1131 14530 000934 .3182 . 000209
GOK 1.3018 .oooh98 7369 .000031

x40 K40 .0925 . 001704 .0012705 .0001296
2065 +1589 .003528 .16L36 . 000k97
cgl3T. .1k31 . 002529 12913 .000834

‘ T131 .2110 .001k12 .13720 .002199
GOK 4975 .004318 50346 ~.000563

Zn65 2065 .0169k . 001893 .0002347  .0003T1
cs137 L1792 .002063 .1665 .002285
1131 +2155 .002654 .1669 L0017kl
GOK .6160 . 002566 .3942 .001420

csl37 csl3T .00839 .002195 .0001211 .000815
1131 .3052 -.001361 .2088 . 000907
GOK .8829 -.001759 4303 .001515

1131 1131 - - 0001118 ,000153
GOK -— - 1.415 -.000050

A - BexW = By W
M-WBC-~A: Fxx A e c*y Axy e XY
. - Bex¥ - Bey¥
M-WEC-B: F__ Axx(H + 11.0")e ny Axy e
F&x in nanocuries/counts in 10 minutes for Naah, Zn65, 05137, and 1131 and
; in gms K/counts in 10 minutes for Kho.
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