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LLL PLUTONIUM LUNG COUNTER CALIBRATION 
AND DISCUSSION OF ERRORS* 

A .  L.  Anderson and G.  W .  Campbell 
Lawrence Livermore Labora tory  

Livermore, C a l i f o r n i a  

INTRODUCTION 

The Whole Body Counter a t  Lawrence L ivermore Labora tory  i s  l o c a t e d  i n  

a s h i e l d e d  room 6.1 metres underground, and i s  equipped w i t h  a f i l t e r e d  a i r  

supply  t o  remove approx imate ly  99% o f  t h e  r a d i o a c t i v i t y  present  from 

randon-thoron daughters  i n  t h e  a i r .  

have been d e s c r i b e d  i n  p rev ious  r e p o r t s .  

The d e t a i l s  o f  t h e  room c o n s t r u c t i o n  
(UP) 

Two Harshaw Phoswich d e t e c t o r s  120 mm i n  d iameter  a re  p r e s e n t l y  used 

f o r  l u n g  c o u n t i n g .  

sternum and c l a v i c l e ,  as shown i n  F igure  1. The f r o n t  face  o f  t h e  d e t e c t o r  

c o n s i s t s  o f  a 1.6-mm-thick NaI(T1) s c i n t i l l a t i o n  c r y s t a l  w i t h  a 0.25-mm 

b e r y l l i u m  window, and i s  used as t h e  x - ray  d e t e c t o r .  Th is  i s  backed by a 

t h i c k e r  38.1-mm CsI(Na) c r y s t a l  coupled t o  t h e  same p h o t o m u l t i p l i e r  tube. 

Th is  c r y s t a l  i s  used f o r  compton background suppression, and a l s o  t o  p ro-  

v i d e  s p e c t r a l  i n f o r m a t i o n  over  t h e  energy range from 100 keV t o  2 . 5  MeV. 

The d e t e c t o r  ou tpu ts ,  u s i n g  r i s e t i m e  d i s c r i m i n a t i o n  e l e c t r o n i c s  , can be 

summed o r  accumulated s e p a r a t e l y  i n  a pu lse  h e i g h t  analyzer .  

design and o p e r a t i o n  o f  t h e  system has been descr ibed elsewhere. 

These a r e  p laced h i g h  on t h e  chest  tangent t o  t h e  

The complete 
(3 )  

An Alderson Remab phantom i s  used f o r  c a l i b r a t i o n .  T h i s  i s  a take-  

a p a r t  phantom, shown i n  F i g u r e  2 ,  which has a human s k e l e t o n  and f i l l a b l e  

compartments t o  s i m u l a t e  t h e  body organs. The l u n g  c a v i t i e s  which a r e  
shown i n  t h e  f i g u r e  can be f i l l e d  w i t h  lung-equ iva len t  m a t e r i a l  c o n t a i n i n g  

* 
Th is  work was performed under t h e  auspices o f  t h e  U. S .  Energy Research 

and Development A d m i n i s t r a t i o n  under c o n t r a c t  No. W-7405-Eng-48. 
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r a d i o a c t i v e  standards f o r  c a l i b r a t i o n .  Several  u n i f o r m l y  1 oaded s e t s  o f  

these lungs have been made i n c o r p o r a t i n g  va r ious  i s o t o p i c a l l y  pure  rad io -  

nuc l i des  i n c l u d i n g  238Pu, 239Pu, and 241Am. 
"average man" e x t e r n a l  shape, b u t  con ta ins  i n t e r n a l l y  a smal l  A s i a t i c  

ske le ton .  Th is  causes the  lungs  t o  be s m a l l e r  than those o f  the average 

American male, and a l s o  r e s u l t s  i n  an abnormal ly l a r g e  ches t -wa l l  t h i ckness  

f o r  the  phantom, wh ich  i s  approx imate ly  45 t o  50 mm t h i c k  compared w i t h  an 

average American w i t h  a 25-28 mm ches t  w a l l  i n  t he  r e g i o n  viewed by t h e  

de tec to rs .  The lungs  themselves a r e  a l s o  shaped d i f f e r e n t l y  compared w i t h  

normal human anatomy so t h a t  t h e  phantom, a l though e n t i r e l y  adequate f o r  

many purposes f o r  which i t  was o r i g i n a l l y  in tended,  i s  somewhat d e f i c i e n t  

as a c a l i b r a t i o n  medium f o r  c o u n t i n g  p lu ton ium i n  lungs .  I t  i s ,  however, 

one o f  t h e  o n l y  n e a r l y  r e a l i s t i c  phantoms a v a i l a b l e  a t  the  p resen t  t ime. 

Since the  w a t e r - f i l  l e d  phantom con ta ins  p l a s t i c  and perhaps o t h e r  m a t e r i a l s  

which a r e  n o t  t r u l y  r e p r e s e n t a t i v e  o f  human t i s s u e ,  i t  becomes necessary t o  

The phantom has a somewhat 

determine t h e  equ 

phantom lungs and 

f e r i n g  ches t -wa l l  

f o l l o w s ,  and p rov  

v a l e n t  t i s s u e  th i ckness  o f  t h e  m a t e r i a l  o v e r l y i n g  t h e  

then p r o v i d e  a means o f  e x t r a p o l a t i o n  t o  humans o f  d i f -  

t h i ckness .  Th is  i s  done a t  L ivermore i n  severa l  s teps  as 

des the  b a s i s  f o r  c o n s t r u c t i o n  o f  i n d i v i d u a l  l u n g  coun te r  
c a l i b r a t i o n  curves f o r  each n u c l i d e  o f  i n t e r e s t .  

CALIBRATION PROCEDURE 

F i r s t ,  s tandard  l ungs  a r e  made up c o n t a i n i n g  t h e  des i red  x - ray  

e m i t t e r  and i n s e r t e d  i n t o  t h e  w a t e r - f i l l e d  phantom w i t h  t h e  r i b  cage 

removed. The d e t e c t o r s  a r e  then lowered i n t o  p o s i t i o n  over t h e  l ungs  a t  

con tac t  w i t h  the  ches t  as shown i n  F i g u r e  3, and a count i s  made. F igu re  4 
shows an end v iew o f  t h e  phantom w i t h  t h e  lower  s e c t i o n  removed. Then i n  

F igure  5 the  e n t i r e  phantom i s  removed l e a v i n g  t h e  lungs  i n  open a i r  i n  t h e  

same geometry as i f  i n  the  phantom, and a second count i s  made. From these 

two measurements, t h e  x - ray  f r a c t i o n  t r a n s m i t t e d  through t h e  phantom ches t  
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wall can be calculated. This region i s  equivalent t o  t h a t  measured ul t ra-  
sonically f o r  the subject whose chest-wall thickness i s  determined using a 
"Compound B" scanning technique which has been described previously. ( 4 )  

To determine what th i s  corresponds t o  i n  terms of human chest-wall 

This was done by placing the beefsteak o r  
thickness, a se r ies  of transmission measurements were made using beefsteak 
and tissue-equivalent temex. 
temex absorber d i rec t ly  over the phantom lungs a n d  heart as in Figure 6 ,  

for  va r ious  thicknesses from 0 u p  t o  and  including 5 cm and w i t h  the detec- 
t o r  fixed a t  a constant 5-cm Position. The result inq transmission d a t a  are  - 
plotted i n  Figure 7 fo r  2 4 1 A m ,  '03Pd, and  238Pu showing the fract ion trans- 
mitted versus absorber thickness. I f  the curves are developed using a two- 
dimensional source o r  disc source, the transmission curves d r o p  much lower 
as indicated i n  the lower curve. The difference between the two curves i s  
presumed to  be due t o  a hardening effect  of the x-ray beam as i t  passes 
through additional material contained in the heart a n d  lungs of  the phan-  
tom. This resu l t s  in a greater transmission o f  the x rays t h r o u g h  the 
beefsteak layers because of the higher i n i t i a l  effective energy of  the 
x-ray beam. 
lungs. 
selecting the same fractional transmission as determined previously i n  the 
phantom measurement and then reading over on the curve t o  f ind the chest- 
wall thickness in centimetres. 

Some s l igh t  buildup i s  also presumed to  have occurred i n  the 
The equivalent chest-wall thickness o f  the phantom i s  determined by 

The cal ibrat ion i s  completed by replacing the rib cage in the phantom 
and  counting the lungs t o  get the total  sens i t iv i ty  in counts per minute 
per microcurie fo r  this par t icular  thickness. 
transmission d a t a  obtained e a r l i e r  f o r  beefsteak, with sui table  geometry 
corrections t o  place the detectors a t  contact w i t h  the chest wall a t  each 
calibration point, are then used t o  construct the t o t a l  calibration curves 
shown i n  Figures 8 and  9 for  plutonium a n d  americium, respectively. 

Another method of obtaining the same or similar curves involves the 

This sens i t iv i ty  and the 

use of transmission curve measurements through the beefsteak where the 
detectors a re  always placed in contact with the absorber a t  each calibration 
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p o i n t  as shown i n  F i g u r e  10, r a t h e r  than a t  a f i x e d  d i s t a n c e  as descr ibed 

p r e v i o u s l y .  The o v e r a l l  c a l i b r a t i o n  curve  which r e s u l t s  i s  a u t o m a t i c a l l y  

c o r r e c t e d  f o r  t h e  geometry o f  v a r y i n g  chest -wal l  th ickness,  and i s  perhaps 

t h e  bes t  approach t o  c a l i b r a t i o n  s i n c e  any g iven s u b j e c t  w i l l  always be 

counted w i t h  t h e  d e t e c t o r s  p laced over  h i s  ches t  a t  con tac t  w i t h  t h e  body 

sur face.  

METHOD 

Each person i s  counted a t  L L L  f o r  a t o t a l  o f  4000 seconds w i t h  t h e  

d e t e c t o r s  i n  f u l l  c o n t a c t  w i t h  t h e  ches t ,  o r  as n e a r l y  so as poss ib le .  A 

4000-second d e t e c t o r  background, ob ta ined by p l a c i n g  a sack o f  sugar under 

each d e t e c t o r ,  i s  s u b t r a c t e d  f rom t h e  s u b j e c t  spec t ra  t o  o b t a i n  the  n e t  

count.  A t y p i c a l  background c o u n t i n g  r a t e  f o r  two d e t e c t o r s  summed i n  t h e  

p lu ton ium band (13 t o  24 keV) i s  0.06 counts per  second. U n t i l  r e c e n t l y ,  
t h e  person 's  normal background count - ra te  i n  t h e  17-keV band and 60-keV 
band was es t imated f rom background da ta  on "c lean"  sub jec ts  o f  a s i m i l a r  

s ize ,  we igh t  and shape, and an approximate "c lean person" match was sub- 

t r a c t e d  from t h e  s u b j e c t ' s  n e t  spec t ra .  If t h e r e  was a r e s i d u a l  present ,  

t h e  p lu ton ium burden was c a l c u l a t e d  u s i n g  t h e  c a l i b r a t i o n  curve shown i n  

F igure  8. The "c lean person" background i s  now est imated by i n t e g r a t i n g  a 

p o r t i o n  o f  t h e  s u b j e c t ' s  own s p e c t r a  i n  a h igher  energy band (80-100 keV) 

and then u s i n g  t h i s  v a l u e  t o  c a l c u l a t e  a normal "c lean person'' background 

i n  t h e  p lu ton ium band, a c c o r d i n g  t o  t h e  r e l a t i o n s h i p  e s t a b l i s h e d  i n  

F igure  11 f o r  62 " c l e a n "  i n d i v i d u a l s  o f  v a r y i n g  body s i z e .  I f  t h e  i s o t o p i c  

composi t ion o f  t h e  m a t e r i a l  i s  d i f f e r e n t  f rom t h a t  used i n  t h e  c a l i b r a t i o n ,  

t h e  c a l c u l a t i o n  i s  m o d i f i e d  a c c o r d i n g l y .  
241 I f  Am i s  p r e s e n t  i n  t h e  spectrum, t h e  americium burden i s  c a l c u -  

l a t e d  f i r s t  b y  s u b t r a c t i n g  a normal c lean person background from t h e  60-keV 

r e g i o n  accord ing  t o  F i g u r e  12 f o r  t h e  same 62 "c lean"  i n d i v i d u a l s  d iscussed 

e a r l i e r  t o  d e r i v e  F i g u r e  11 and then by us ing  t h e  60-keV gamma peak and 

c a l i b r a t i o n  f a c t o r  o b t a i n e d  f rom F i g u r e  9 t o  assess t h e  americium conten t .  

I l o b 1 3 1  -4- 



A f ract ion of the net count r a t e  a t  60 keV i s  subtracted from the plu- 
tonium band as determined from the 17-keV to  60-keV ra t io  curve shown in 
Figure 13 which shows the r a t i o  of 17-keV t o  60-keV count rates versus chest- 
wall thickness fo r  a pure 241Am x-ray emitter. 
by counting varying thicknesses of beefsteak overlying the Remab lungs. 
After t h i s  subtraction, i f  there i s  s t i l l  a net count ra te  in the plutonium 
band, the plutonium burden i s  calculated from the calibration curve of 
Figure 8 d i rec t ly .  

This curve was also derived 

All of the above calculations have been incorporated into a BASIC 
computer program which allows quick and e f f i c i en t  analysis of the data.  

ERRORS AND MINIMUM DETECTABLE ACTIVITY 

The total  e r ro r  on the count i s  calculated a t  the 95% confidence level 
by taking the square root of the sum of the squares o f  essent ia l ly  four 
major individual e r rors .  These include the s t a t i s t i c a l  error  of the 
person's own count and the "clean person" background estimate fo r  t h a t  
count, the cal ibrat ion e r r o r  associated w i t h  the particular calibration 
curve in use, and the estimated e r ro r  in terms of percent e f fec t  due t o  
uncertainties i n  the sub jec t ' s  chest-wall thickness, which i s  approximately 
52 mm. Uniform deposition i s  assumed i n  the lungs, a n d  no attempt i s  nor- 
mally made during routine counting t o  correct fo r  differ ing lung s i z e ,  r i b  
spacing t issue composition overlying the 1 ungs, o r  other parameters whi ch 
may be a t  variance with the cal ibrat ion phantom,  although some of these cor- 
rections can and should be applied ( i f  known)  when lung positives are 
encountered. 

Minimum detectable a c t i v i t i e s  a re  computed a t  the 95% confidence level 
from a modified formula of Altschuler and P a ~ t e r n a k ( ~ )  as shown in 
Equation ( 1 )  where the background count r a t e  i s  n o t  well known. 

2k(2+)1/2 + k 2  

MDA = S 
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where 

k = cons tan t  de termined by conf idence l e v e l  (1.645 f o r  95%) 

B = background count  r a t e  (cpm) 

T = coun t ing  t i m e  (min) 

S = s e n s i t i v i t y  (cpm/pCi) 

I n  t h i s  case, t h e  background i s  assumed t o  be the  d e t e c t o r  background 

p l u s  the  es t imated  "c lean  person" background f o r  the energy band o f  i n t e r -  

e s t .  For example, i n  a 4000-second count,  the  minimum de tec tab le  a c t i v i t y  

of 239Pu present  i n  a t y p i c a l  s u b j e c t  hav ing  a 2.5-crn average ches t -wa l l  

th ickness  would be 14 nanocur ies ,  assuming a d e t e c t o r  background o f  3.6 cpm, 

a normal " c lean  person' '  background count r a t e  i n  t h e  p lu ton ium band of 
4 cpm, and a cor respond ing  c a l i b r a t i o n  f a c t o r  o f  116 cpm/uCi. I n  a s i m i l a r  

manner, t he  MDA f o r  238Pu would be 7 nCi  u s i n g  t h e  same background b u t  w i t h  

a c a l i b r a t i o n  f a c t o r  equal  t o  250 cpm/uCi. For 241Am, t h e  MDA would be 

approximately 0.1 nCi , assuming a d e t e c t o r  background o f  7.6 cpm i n  t h e  

energy band o f  i n t e r e s t ,  a n e t  ' ' c lean person" background o f  25 cpm, and a 

c a l i b r a t i o n  f a c t o r  o f  41 cpm/nCi . 
A s e r i e s  o f  34 ches t -wa l l  t h i c k n e s s  measurements r e c e n t l y  made a t  LLL 

u s i n g  Compound B scanning techn iques  gave an average o f  2.8 cm f o r  t h e  34 

i n d i v i d u a l s  i n v o l v e d  i n  t h e  s tudy .  

average ches t -wa l l  t h i ckness  g e n e r a l l y  accepted by most l a b o r a t o r i e s ,  and 

perhaps i n d i c a t e s  t h e  need f o r  f u r t h e r  i n v e s t i g a t i o n .  However, i f  t h e  

ches t -wa l l  th ickness  o f  t h e  h y p o t h e t i c a l  s u b j e c t  i n  the  example g iven above 

were j u s t  3 mm t h i c k e r ,  o r  about  2 .8  cm, the  minimum de tec tab le  a c t i v i t y  

f o r  i s o t o p i c a l l y  pure  239Pu i n  t h e  ches t  would be 19 nCi ,  o r  s l i g h t l y  above 

the 16-nCi maximum p e r m i s s i b l e  l u n g  burden wh ich  has been p r e s e n t l y  

e s t a b l i s h e d  f o r  humans. 

Th is  i s  somewhat t h i c k e r  than t h e  

Fo r tuna te l y ,  239Pu i s  u s u a l l y  composed o f  a m i x t u r e  o f  severa l  p1,uto- 

Thus, i f  
nium iso topes ,  i n c l u d i n g  241Pu wh ich  decays by be ta  emission t o  241Am. 
241Am emi ts  a 60-keV gamma r a y ,  wh ich  i s  r a t h e r  e a s i l y  detected. 

t he  i s o t o p i c  compos i t ion  o f  t h e  m a t e r i a l  i n v o l v e d  i s  known o r  can be 

The 
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measured, t he  241Am may be used as a t a g  t o  q u a n t i t a t e  the  amount o f  p l u t o -  

nium present.  Th is  procedure i s  v a l i d  under c e r t a i n  cond i t i ons  f o r  new 

exposures where the  m a t e r i a l  has n o t  had s u f f i c i e n t  t ime t o  t r a n s l o c a t e  

w i t h i n  the  body. S ince t h e  MDA f o r  241Am i n  t h e  average person i s  about 

0.1 nCi,  t h i s  makes t h e  p r a c t i c a l  MDA f o r  239Pu i n  the l u n g  about 2 nCi when 

a t y p i c a l  weapons-grade m i x t u r e  o f  p lu ton ium iso topes  c o n t a i n i n g  

approx imate ly  1200 ppm americ ium i s  i nvo l ved .  

ever,  t h a t  t h i s  procedure c o u l d  be used w i t h  conf idence when d e a l i n g  w i t h  

o l d  exposures because o f  t h e  apparent  r a p i d  t r a n s l o c a t i o n  o f  americium t o  

o t h e r  body s i t e s  as compared t o  239Pu. 

I t  i s  h i g h l y  u n l i k e l y ,  how- 

DISCUSSION 

One d i s t u r b i n g  aspect  o f  t he  L ivermore c a l i b r a t i o n  technique i s  

a p lu ton ium s imu lan t  

20.2-keV rhodium K x 

239Pu. The m a t e r i a l  
5 aerosol  c o n t a i n i n g  

count ing  the  320-keV 

ha 

i t  does n o t  appear t o  match the  r e s u l t s  observed through human exper ience. 

I n  l a t e  1972, 15 l a b o r a t o r i e s  i n  t h e  U n i t e d  Sta tes  and o t h e r  c o u n t r i e s  par-  

t i c i p a t e d  i n  an i n - v i v o  c a l i b r a t i o n  exper iment  under j o i n t  I A E A  and AERE, 

Harwel l  sponsorship i n v o l v i n g  t h r e e  v o l u n t e e r  sub jec ts  who i n h a l e d  lo3Pd as 
( 6 )  The 03Pd decays by e l e c t r o n  capture,  e m i t t i n g  

rays  wh ich  a r e  v e r y  c l o s e  i n  energy t o  those f rom 

was admin i s te red  u s i n g  a normal b rea th ing  p a t t e r n  as an 

C r  as a t a g  i n  a known r a t i o  t o  the  pal lad ium. 

g a m a  rays  f rom 5 1 C r  which are  more e a s i l y  de tec ted  i n  
By 

the body, i t  was p o s s i b l e  t o  q u a n t i t a t e  the  amount o f  pa l l ad ium present  more 

accu ra te l y  than would be p o s s i b l e  th rough normal x - ray  count ing  of the  

pa l l ad ium alone. However, t he  p a l l a d i u m  c o u l d  a l s o  be counted d i r e c t l y  as a 

comparison. 

I n  1972, the  L ivermore l u n g  coun te r  was c a l i b r a t e d  f o r  lo3Pd i n  

e x a c t l y  the  same manner as p r e v i o u s l y  descr ibed except  t h a t  the  phantom 

lungs were loaded w i t h  p a l l a d i u m  i n s t e a d  o f  p lu ton ium. 

b r a t i o n  i s  shown by t h e  upper curve  i n  F igu re  14. The lower  curve i s  t he  

ad jus ted  c a l i b r a t i o n  curve  based on t h e  observed pa l l ad ium count  r a t e  f o r  

t he  th ree  i n d i v i d u a l s  i n  t h e  s tudy  and t h e  known amount o f  pa l l ad ium 

The r e s u l t i n g  c a l i -  
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present i n  the lungs of these individuals a t  the time of measurement. 
difference between the two cal ibrat ion curves i s  about 40%. Although the 
exact reason fo r  the discrepancy i s  n o t  known,  there are four c lear  possi- 
b i l i t i e s  among several which might be considered. 

The 

Fi rs t ,  the chest-wall thickness f o r  the subjects may be incorrect,  
requiring an increase of about 3 m m  t o  b r i n g  the curve more into agreement. 

Second, the palladium count-rates d u r i n g  the in-vivo experiment were 
shown t o  be highly geometry-dependent. 
s l igh t ly  from one position t o  another sometimes produced large differences 
i n  detector response, and  thus may account f o r  some of the observed dis- 
c re pan cy. 

Simply moving the detectors 

T h i r d ,  there may be some type of x-ray absorption taking place in the 
body which i s  n o t  being properly accounted f o r  by the phantom such as an 
increase in blood volume f o r  the subject in the supine counting position. 

Fourth, there may be a non-uniform dis t r ibut ion of ac t iv i ty  within the 
lung which causes the material t o  be viewed with lower effective efficiency 
by the detectors. 
three individuals in the experiment ( the  t h i r d  was n o t  counted poster ia l ly)  
tend to  indicate t h a t  the deposition of material may have been more toward 
the back o f  the body. Previous lo3Pd in-vivo studies conducted a t  Harwell, 
E n g l a n d ( 7 )  have shown a t  l ea s t  a 70% e f fec t  apparently due en t i re ly  t o  d i s -  
tr ibution factors within the lung, although in t h a t  study an increase in 
efficiency was observed when comparing the e f fec ts  of a normal and  abnormal 
breathing pattern. 

In f a c t ,  the observed 51Cr counting d a t a  o n  two of  the 

I f  we are  t o  assume, however, t h a t  the adjusted calibration in 
Figure 14  i s  the more correct one f o r  lo3Pd and represents the normal 
s i tuat ion w i t h  humans, then the phantom calibration underestimates the 
radioactivity content fo r  humans , and appropriate modification of the 
plutonium calibration curves i s  necessary. This i s  inferred i n  Figure, 15  
by constructing a new cal ibrat ion curve, based on the lo3Pd in-vivo d a t a .  
This calibration i s  approximately 30% different  t h a n  the previous Remab 
calibration curve f o r  239Pu i n  Figure 8,  and  being the most conservative i s  
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t he  one p r e s e n t l y  used f o r  p lu ton ium assay a t  L ivermore. 

c a l i b r a t i o n  i m p l i e s  an inc reased Minimum Detec tab le  A c t i v i t y  l i m i t  of  

severa l  nanocur ies i n  p r o p o r t i o n  t o  t h e  adjustment  i n  c a l i b r a t i o n  f a c t o r ,  

and i s  equal t o  about 19 nCi f o r  239Pu a t  2.5-cm ches t -wa l l  th ickness ,  o r  

26 nCi a t  2.8-cm ches t -wa l l  th ickness .  I t  shou ld  be noted, however, t h a t  

these values r e f e r  o n l y  t o  what we have considered t o  be an average man i n  

terms of  human ches t -wa l l  th ickness ,  when i n  f a c t  humans vary w i d e l y  over  a 

normal range o f  th icknesses  f r o m  approx imate ly  1 cm o r  l e s s  t o  4.5 cm. 

Thus , the ques t i on  o f  Minimum Detec tab le  A c t i v i t y  o f  i s o t o p i c a l  l y  pure 

p lu ton ium i n  t h e  l u n g  i s  n o t  one which can be answered s imp ly  by us ing  a 
s i n g l e  number. Rather,  t o  p u t  t h e  problem i n  p roper  pe rspec t i ve  when d i s -  

cuss ing counter  c a p a b i l i t i e s ,  MDA's shou ld  perhaps be expressed as a range 

of  values, depending upon t h e  person 's  ches t -wa l l  th ickness  and o t h e r  

fac to rs  such as a c t i v i t y  d i s t r i b u t i o n  which may, b u t  probably  w i l l  no t ,  be 

known f o r  any g i ven  i n h a l a t i o n  exposure h i s t o r y .  

The use o f  t h i s  

I n  terms o f  c h e s t - w a l l  th ickness  alone, these values f o r  t h e  L ivermore 

c a l i b r a t i o n  f rom 1 t o  4.5 cm a r e  f r o m  4 t o  106 nanocur ies,  r e s p e c t i v e l y ,  

w i t h  the  l a r g e  m a j o r i t y  o f  people f a l l i n g  i n  the  2- t o  3.5-cm b racke t .  

Th is  l a t t e r  group would g i v e  an e q u i v a l e n t  range o f  MDA's a t  t h e  95% con- 

f idence l e v e l  o f  f rom 12 t o  48 nCi o f  239Pu. 
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F igu re  1. P lu ton ium l u n g  coun te r  coun t ing  arrangement a t  
Lawrence Livermore Labora tory .  

F i g u r e  2. A lderson Remab c a l i b r a t i o n  phantom showing 
p l u t o n i u m  l o a d e d  lungs.  
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F i g u r e  3 .  Remab c a l i b r a t i o n  phantom w i t h o u t  r i b s  and 
w i t h  Phoswich d e t e c t o r s  i n  p o s i t i o n  f o r  
coun t i  ng. 
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Figure 4.  End view of the Remab Figure 5. View of Remab lungs in 
phantom w i t h  the 1 ower 
section removed. 

a i r  in same geometry as 
i f  in the phantom. 
Heart in place over l e f t  
lung with Temex f i l l i n g  
between 1 ungs. 
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F igu re  6. Remab lungs i n  a i r  as i n  
F ig.  5 w i t h  Temex absorber  
i n te rposed  between 
de tec to rs  and 1 ungs. 

0.001 
0 1 2 3 4 5 6 7  

Absorber thickness, cm 

F i  gure 7. X-ray t ransmiss i o n  curves 
showing X-ray f r a c t i o n  
t ransmi t ted  versus 
absorber th ickness.  

(a )  241Am Remab l u n g  p l u s  
beefs teak (60 keV) 

(b )  241Am Remab lung  p l u s  
beefs teak  (17 keV) 

( c )  Io3Pd Remab l u n g  p l u s  
beefs teak 

(d )  238Pu L u c i t e  

( e )  238Pu Remab l u n g  p l u s  
beefs teak.  

( f )  238Pu d i s c  source p l u s  
beefs teak.  
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F igu re  9. Detec t ion  e f f i c i e n c y  f o r  
2 4 1 h  i n  lungs versus 
chest  w a l l  th ickness .  

F igu re  8. D e t e c t i o n  e f f i  i ncy 

lungs versus ches t  w a l l  
th ickness .  

f o r  238Pu and $ 8  3 Pu i n  

F igu re  10. View o f  Remab lungs  w i t h  
de tec to rs  a t  c o n t a c t  
w i t h  o v e r l a i n  Temex 
absorber.  
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F igure  11. Graph showing human 
background es t ima te  i n  
the p lu ton ium band 
13-24 keV as determined 
f rom counts a t  80-100 keV. 
r = c o e f f i c i e n t  o f  l i n e a r  
c o r r e l  a t i  on. 

I 

7- v = 1.9952+0.1188x 
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Figure 13. Ra t io  o f  count t 17 keV 
t o  60 keV f o r  347Am versus 
chest  w a l l  t h i  ckness. 
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10 v/ 15 20 25 I : 
cprn Z 00-100 keV 

15 

13 

Figure 12. Graph showing human 
background est imate i n  
the  ameri c i  um band 
50-70 keV as determined 
from counts a t  80-100 keV. 
r = c o e f f i c i e n t  o f  l i n e a r  
c o r r e l  a t i  on. 
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Revised calibration 
based on LLL observed 
count-rate and known 
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e c t i o n  e f f i c i e n c y  f o r  ?%S Pd i n  lungs d e r i v e d  
f rom Remab phantom c a l i -  
b r a t i o n  and observed 
i n - v i v o  a c t i v i t . y  versus 
chest w a l l  t h i ckness .  

F igu re  14. 

Chest wall thickness, cm 

F igu re  15. De tec t i on  e f f i c i e n c y  f o r  
2 3 % ~  i n  lungs d e r i v e d  
from 239Pu and 103Pd 
Remab c a l i b r a t i o n s  and 
from observed 103Pd 
i n - v i v o  data.  
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