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ANALYSIS OF CALIEPATION DATA FOR MOBILE WIIOLE BODY COUNTERS 

J. L. Carter 

The cal ibrat ion runs of the  mobile .whole body counters. 1-1-W3C-A and 

M-WBC-B using sugar phantoms have been analyzed t o  obtain t h e  fac tors  

which a r e  needed t o  convert counts 

of radionuclides i n  children. 

i n  Tables I and 11. 

are given later. 

per 10-minute in t e rva l  t o  body burden 

The f i n a l  results of the  analysis  are given 

A descr ipt ion of the method and a discussion of t h e  work 

Table I shows t he  funct ional  forms of t h e  relat ionships  which it is 

assumed willbe used t o  convert t he  counter measurements on an individual i n t o  

body burden. This  table i s  a generalization of the  one i n  Form 54-1200-106(5-6?) 

which is used t o  record whole body counter data f o r  adults. 

t h e  values of t he  parameters appearing i n  these functions,  as evaluated from 

t h e  analysis of the  sugm phantom runs. 

determination of 1131 body burden; these were calculated because, although no 

provision is made i n  Table I f o r  t h e  rountine measurement of t h i s  isotope, it 

Table I1 contains 

In  addition, parameters a re  giveq f o r  

is occasionally measured i n  spec ia l  cases, and data from a M-WBC-B ca l ibra t ion  

run were available. 

The fac tor  FxK converts net counts fo r  radionuclide x i n  t he  photopeak 

channels for  x i n t o  body burden. 

M-WBC-A i s  t h e  same as that used e a r l i e r  i n  analyzing these same data.  

The functional form of this  fac tor  f o r  

(1) ' 

This empir ical .  formula was retained because It f i t e  the data at least as 

adequately as other simple l i nea r  or  exponential forms, it simpliPies inversion, 

1. J. F. Honstead, "A Program fo r  Evaluating Environmental Radiation Doses 
t o  Children." (undated). See a l so  F. J. Honstead, "A Program f o r  

. Evaluating Environmental Radiation Doses t o  Children i n  the Vicinity of 
the  Hanford Project i n  Washington," Radiol. Health ilata and Reports 9, 
( A x .  1968). 

0 0 2 7 8 7 4  
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and time and funding Bid t o t  p e d t - a  more careful  analysis. The Fxx for  

M-WC-B requires t he  addi t ional  height fac tor  t o  account f o r  the measurement 

practice of adjusting the  t r a v e l  of t he  variable speed bed according t o  t h e  

height of the  subject.  

channels of radionuclide y f o r  t h e  counts contributed by Compton sca t te r ing  of 

The fac tor  G corrects  t he  t o t a l  counts i n  t h e  photopeak 
XY 

the  higher energy gamma rays from radionuclide x, so t ha t  the net counts fo r  y 

can be determined. For consistency i n  treatment, the functional form f o r  

G fo r  both counters was chosen t o  be t h e  sane as the  Fs f o r  M-WBC-A. Since 
X y  

only the  ratio of counts i s  needed t o  determine G 

M-WBC-B bed has no a f f ec t  and a height fac tor  is  not required. 

the  veciable speed of t h e  
xy' 

Description and Discussion of Analysis Procedure. 

The data of Table I1 were obtained by t he  following procedure: 

1. 

These were t h e  net  counts in each of the  standardieed groups of channels for  

each phantom. Usually two or.qore runs had been made for each phantom. 

The working data fo r  each radionuclide ca l ibra t ion  run were obtained. 

The r a w  data consisting of paper tape pr intouts  f o r  leach channel were 

available and proved t o  be e s sen t i a l  t o  the analysis; these data had 

already been summed fo r  the standard channel groupings and tabulated- f o r  

most runs. Except f o r  some of the  K40 cal ibrat ions f o r  M-WBC-B, t h e  

background had been subtracted before the  raw data were printed; f o r  

these r a w  lC4' data with background, t h e  background data were also 

available and tabulated. The sca t t e r  of same of t h e  tabulated data led 

t o  a closer  examination of the r a w  data, which i n  several cases resulted 

i n  the correction of tabulated ent r ies .  Same addition and t ranscr ip t ion  

errors  were found and one phantom run was corrected f o r  background which 

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

0 0 2 1 8 1 5  
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estimating t h e  comts  i n  one c h a n e l  missed i n  the pr intout .  

s ign i f i cmt  correcticns were i n  the Na2' ca l ibrat ions of M-WBC-B. Here 

the r a w  date printoilt showed tkat t h e  p e d  i n  t he  Na24 spectrum d id  not 

occur in channels 137-138, as it should i f  t he  width per channel were the 

expected 20 kev, but w a s  frec_uently a few channels lower. 

The most 

The tabulated 

data for  one of t h e  two runs had allowed f o r  t h i s  by adjusting t h e  actual  

channel numbers whose counts were summed; the data for other run was corrected 

by a siolilar adjustment. The 

K photopeak channels and these peaks were a l so  sh i f t ed  from t h e i r  usual 

channels, so t h a t  channel adjustment was required; these corrections were 

made t o  data f o r  both runs. 

spectrum contains subsidiary peaks in t he  

40 

The Na24 spectrum data were su f f i c i en t ly  

smooth i n  the othcr  channels t h a t  they were not corrected. 

were also made i n  t h e  tabulated background data for  use w i t h  t he  IC4' r a w  

data including background. In  these multiple ruxas there  was appreciable 

variation with time i n  both the  cal ibrat ion and background data. 

corrected backgrounci. subtracted from each cal ibrat ion run w a s  calculated 

Corrections 

The 

by l inear  interpolat ion between the  background runs bracketing it i n  time. 

2. The counts per  un i t  body burden were calculated f o r  t he  photopeak 

chsnnels of each radionuclide. With very f e w  exceptions, the  t o t a l  burden 

of each phantom w a s  the  product of i ts  weight by the  radionuclide source 

strength per pound. 

reference values as follows: 

the run f o r  each phantom, fo r  Zn65 and Cs13' t o  t he  day of the  run, 

no correction f o r  IC4'. , In making these source corrections it w a s  discovered 

The source strength w a s  corrected f o r  decay from 

fo r  Na24 and 1131 t o  t h e  start tlme of 

t h a t  i n  t he  previous M-WBC-A ca l ibrs t ions ,  the  PDT-PST conversion had been 

applied i n  t h e  wrong direct ion for  Na24 and the  decay correction had not 

. C  

b .  
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been made for  Cs137. As had obviwsly a l s o  been recognized i n  the  previous 

cal ibrat ion of !43rSC-A, it WBS evident from the  magnitude of t he  

data ard the  time sequence of the m s  t ha t  en er ror  of 1 hour had been 

made i n  recorOing t h e  time f o r  one phantom run on the  r a w  data tape; 

t h i s  t i m e  was corrected i n  the  8ndySiS. 

3. 

radionuclide. 

The parmeters  in the  Fxx conversion fac tors  were found fo r  each 

These were determined from a least squares f i t  t o  t h e  

l inear  re la t ion  

with 
W = weight of the  phantom i n  pounds 

z = In (counts per unit  body burden) fo r  M-WBC-A 

= In (counts per uni t  body burden) x (H + 11.0) f o r  M-WBC-B 

H = height of t h e  phantom i n  inches. 

The paremeters a and b were f G W d  from the  standard forms 

- 
a = z - b W  

Then -z -a , giving Axx = e = e and Bm = -b. 

The calculations were done by hand using a k n g  Model 320 calculator.  

With one exception, t he  means were calculated by giving equal weight 

t o  each phantom i n  each cal ibrat ion run. 40 The exception was the  K 

calibration of M-WBC-B, for which there  were from 9 t o  18 measurements 

for  each phmtom size,  Here t h e  mean, x, and t he  standard deviation, s, 

of the counts f o r  each phantom s i ze  were determined, weighting each 
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measurement equally. 

calculated using 

a weighting function; t h i s  function i s  appropriate for l / o  weighting 

of In  if s i s  the  standard deviation i n  z. 
4. The sca t te r ing  fract ion F and the parameters i n  t he  G correction 

factor  were determined for  each of the sets of Compton sca t te r ing  channels 

of each radionuclide. 

t h e  counts i n  those channels t o  t h e  counts in t he  photopeak channels. 

The parameters in the  G 

Bquares procedure as were t h e  Fxx parameters, with t h e  lnFs replacing z. 

In these cases,  however, A = e and B = b. With t h e  exceptions of 

t h e  K40 and 113’ cal ibrat ions of M-WBC-B, . the  Fa and t h e  averages were 

obtained by use of t h e  computer code WBC. This code, which was almost 

completed by R. J. Eby, formerly of Columbia River Studies Section, was 

The least squares f i t t i n g  was then made with z 

for the  counts fo r  the phantm and with z / s  used as 

8 X y  

The Fs f o r  a set of channels i s  the  r a t i o  of 

were determined by essent ia l ly  the  same l e a s t  
X y  

a 
X y  w 

Put 

The 

the  

i n  operation and proved useful i n  t h e  evaluation of these parameters. 

exceptional K40 cal ibrat ion,  because i f  i t s  modified 

ca l ibra t ion ,  because of i t s  minimal calulat ion , 
treatment, and 

were done 

completely by hand using a Wang Model 320 calculator.  

.- 

. e  
a. 
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Discussion of Results 

Though Table I1 give the  r sults i n  useable form, it does not reveal  any 

information on how accurate the  results might be. 

included fo r  t h i s  purpose. 

least squares f i t t e d  l i n e s  t o  the  points used in t h e i r  f i t t i n g .  

points are shown, except f o r  t h e  K40 ca l ibra t ion  data f o r  M-WBC-B, which 

show the  means and standard deviations of t h e  runs fo r  each phantom size. 

For several  of t h e  radionuclides,  same 10  o r  so repeat runs were made f o r  13 

par t icu lar  phantom size; these data were not used i n  f i t t i n g  the  l i n e s ,  but 

t h e i r  means and standard deviations are given on t he  graphs. Usually these 

Figures 1 through 1 5  a re  

These figures show graphically the  r e l a t i o n  of t he  

The individual  

means l i e  within a standard deviation of t he  line. Also shown on t h e  graph 

f o r  the  photopeak channels of each radionuclide in t h e  M-WBC-A ca l ibra t ions  

i s  the l e a s t  squares l i n e  obtained in previous' analpie ' ' )  of t he  same data. 

This l i n e  has been corrected f o r  a different  source s t rength i n  two cases ,  

so that  a comparison with t h e  present data is more meaningful. 

between the two l i n e s  i s  apparent. 

The difference 

Par t  of t h i s  difference can be a t t r i bu ted  

t o  s l i gh t  differences i n  numbers of points o r  i n  r e l a t i v e  counts i n  the  two 

analyses. 

squares assumptions. 

assumed 

However, most of the  difference i s  a t t r i bu tab le  t o  d i f f e ren t  least 

In t e r n s  of t he  present analysis ,  the previous analysis 

W = a + B z  

as t h e  l i n e  t o  be f i t ted,  thus interchanging the ro l e s  of W and z as independent 

and dependent variables. 

i f  the  correlat ion coef f ic ien t ,  r = (7 - ?)/(F - $1 = 1, which i s  not 

true here. As t h i s  least squares procedure a t t r i b u t e s  a l l  t he  uncertainty 

of a.point t o  the dependent var iable ,  t h i s  var iable  should be t h e  quant i ty  

The results i n  the  two cases are equivalent only 
~ 

-. 

. . . 

. .  
&. 
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containing the  measured counts. Since z is t h e  dependent var iable  i n  t h e  

present analysis ,  t he  present results are  preferred. 

These f igures  show t h a t  t he re  I s  813 appreciable amount of s c a t t e r  i n  

Indeed, t he  standard deviation In  the repeat runs with a given the data. 

phantom size is usually s ign i f icant ly  greater  than t h a t  a t t i bu tab le  t o  

counting s t a t i s t i c s  alone. 

reproducibi l i ty  of t h e  data. 

ing the  phantom f o r  each run was recognized, it was disturbing at first t h a t  

so much var ia t ion  i n  t h e  data resulted. Later it was rea l ized  t h a t  similar 

Other fac tors  thus control  the accuracy and 

Although the  v a l i d i t y  of the prac t ice  of rebuild- 

var ia t ion i s  undoubtedly associated with the  ac tua l  measurements on individuals 

and t h a i  the  ca l ibra t ion  should r e f l e c t  as w e l l  a8 possible the  uncertainty 

introduced by these var ia t ions.  For t h i s  reason, a l l  the ca l ibra t ion  runs 

made by vsrying the  phantom through the  standard s i zes  were used in evaluat- 

ing the  parameters. 

This scatter i n  the  data further Indicated t h a t ,  under the t i m e  and 

m i n g  l imi ta t ions  imposed, attempts t o  f ind  a more sa t i s fac tory  cor re la t ion  

l’unction were not warranted at  t h i s  time. There are ,  however, indicat ions of 

systematic var ia t ions  of t h e  data as a function of phantcm s i z e  t ha t ,  with 

-her invest igat ion,  could be correlated with more complex combinations of 

phantom parameters than j u s t  t he  weight. Some efYort was made t o  determine 

an ef fec t ive  phantom thickness from t he  details of t he  phantom construction 

and t o  attempt t o  cor re la te .  these systematic var ia t ions  with t h i s  parameter. 

This e f fo r t  was dropped f o r  lack of t i m e ,  but may w e l l  be worth reviving 

later . 
The s c a t t e r  i n  t h e  data r a i s e s  the  fur ther  question as t o  how adequate 

t h e  cal ibrat ions are f o r  t h e  purpose6 at hand. No a t t eq t  w i l l  be made t o  

. c  .. 
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supply a de f in i t e  answer. 

obtained from examining the  figures.  

Table 111 which supply another neaeure. 

conversion and correction fac tors  for  each radionuclide as evaluated for  a 

154 pouud "standard man." 

s i m i l a r  factors  calculated from theee cal ibrat ion runs by aeeuming no dependence 

on weight. 

comparison. 

comparison with the  standard deviation of t he  constant value i s  a rough 

Some measure of the  accuracy can, of course, be 

In addition, some data are given i n  

This table shows the values of t h e  

Also shown are the  mean and standard deviation of 

The fac tors  from Form 54-1200-106(5-67) are a l s o  given f o r  Avther  

The difference between the  two values f o r  a given counter i n  

indication of t h e  uncertainty. 

percent, perhaps a 40 t o  50 percent, uncertainty i n  the  values of t h e  individual 

All these clues suggest at best  a 5 t o  10  

factors.  

nation of t h e  net counts of t h e  radionuclides, par t icu lar ly  those with the  

lower energy photopeaks, but cambine so as t o  increase t h e  uncertainty i n  t h e  

These uncertaint ies  are re f lec ted  i n  a complex manner i n  t h e  determi- 

resultsas.moreccrlibration fac tors  become involved. 

a factor of 2 would not be unexpected i n  t h e  conversion of Zn65 o r  Cs 

net counts , to  body burdens, due t o  t h e  cal ibrat ion alone. 

should of course be more accurate than t h i s .  

An overall uncertainty of 

137 

Relative measurements 

A more carefu l  analysis of t he  data, including an e r r o r  analysis ,  

would seen t o  be ju s t i f i ab le .  
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Table XI 

Mobile Whole Body Counter Calibration Paremeters 

Source Analyzer M-WBC-A Parameters M-WBC-B Parameters 
B 

Axy X Y  
B 

XY 
A RacXonuclide Channels 
w 

$0 1.0874 - e  000599 

5 E t L ' l U z / f  
(4 (Y 1 

- 000876 
,000461 

24 24 . ,01146 .000788 * ,-=93, Na 

2x65 3103 .001158 ,2844 -. 000020 
c d 3 7  9 3213 000782 .2781 .000685 
1131 4530 000934 .3182 ,000209 
GOK 1.3018 ,000498 7369 000031 

K40 K40 0925 ,001704 ,0012705 .0001296 
a 6 5  1589 ,003528 ,16436 000497 
CS137.l .1431 ,002529 12913 .000834 
1131 .2110 .001412 .13720 .002199 
COK 4975 .004318 .40346 -. 000563 

zap5 zn65 01694 ,001893 .0002347 000371 

I131 2155 002654 .1669 .001744 
GOK .6160 .002566 .3942 ,001420 

cs137 cs137 00839 .002195 .0001211 .000815 
1131 3052 - 001361 .20a8 .000907 
GOK .8829 - 001759 ,4303 .001515 

1131 1131 -- I .ooou18 ,000153 -. 000050 

cs137 1792 .002063 ~ 6 6 5 .  .002285 

GOK -- - 1.415 

M-WBC-A: Fxx = Axx e EIXXW 

%xw M-WBC-B: Fxx J Axx (H + 11.0")e 

= A  e%' Gw xy 

%YW G = A  e w w  

in nsnocuries/counts in 10 minutes for Na24, Zn65, Cs137, and 1131 and *mC 
40 in gms K/counts in 10 minutes for K . 

0 0 2 1 8 8 3  
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