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I N  V I V O  MEASUREMENT OF ACTINIDES I N  THE HUMAN LUNG 

A.  L. Anderson, - G. W. Campbell, and R .  V .  G r i f f i t h  

Lawrence L ivermore Laboratory,  U n i v e r s i t y  o f  C a l i f o r n i a  

Livermore, C a l i f o r n i a  94550 

ABSTRACT 

The problems assoc ia ted  w i t h  t h e  i n  v i v o  d e t e c t i o n  and 

measurement o f  a c t i n i d e s  i n  t h e  human l ung  a re  d iscussed toge the r  

w i t h  va r i ous  measurement systems c u r r e n t l y  i n  use. 

t h e  methods and c a l i b r a t i o n  procedures employed a t  t h e  Lawrence 

I n  p a r t i c u l a r ,  

L ivermore  Labora tory ,  namely, t h e  use o f  t w i n  Phoswich d e t e c t o r s  and 

a new, more r e a l i s t i c ,  t i s s u e- e q u i v a l e n t  phantom, a re  descr ibed.  

Methods f o r  t h e  measurement o f  ches t - wa l l  th ickness ,  f a t  con ten t ,  

and normal human background counts a r e  a l s o  d iscussed.  

D e t e c t i o n - e f f i c i e n c y  values and minimum d e t e c t a b l e  a c t i v i t y  

es t imates  a re  g iven  f o r  t h r e e  common a c t i n i d e s ,  238pu 23gPu, Y 

and 241Am. 
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INTRODUCTION 

Of a l l  the actinides, isotopically pure 239Pu i s  probably the 

most d i f f icu l t  t o  detect and measure in the human lung. Several 

problems are associated w i t h  i t s  measurement. 

0 The maximum permissible lung burden i s  low, only 16 nCi. 

0 Even t h o u g h  239Pu has over 100 different nuclear 

transformations, none of the high-energy gamma lines occur w i t h  

enough intensity t o  make i t  practical t o  count them, and there are 

essentially no K x rays. 

0 Only the uranium L x rays accompanying the alpha-decay process 

are abundan t  enough f o r  c o u n t i n g  and  these are n o t  very intense, only 

about 4.6% per disintegration. Because of the i r  low energy (17 keV), 

they are heavily attenuated i n  bone and t issue so t h a t  very few x rays 

emerge from the body surface and are available for counting. For one 

maximum permissible lung burden, on ly  about one x ray per minute can 

be detected. 

0 There are also uncertainties i n  the composi t ion and thickness 

of overlying t issue,  each l - m m  error producing about  a 12% error in 

ca 1 i b r a t  i on factor.  

0 Finally, the deposition pattern i n  the l u n g  i s  usually not 

known ,  a l t h o u g h  most laboratories assume uniformity. 

Many of  the same problems are associated w i t h  measurement of some 

o f  the other actinides b u t  t o  a lesser degree. 

235U, b o t h  of which have intense high-energy gamma l ines)  are 

comparatively easy t o  detect. 

A few (such as 241Am and 

I t  i s  even possible t o  measure 239Pu 
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more r e l i a b l y ,  i f  t h e  i s o t o p i c  composi t ion o f  t h e  p lu ton ium m i x t u r e  

i s  known, by 

t h i s  method 

u s e f u l  f o r  o 

t r a n s l o c a t e d  

us i ng  241Am as a t a g  i n  t he  measurement. However, 

s o n l y  r e l i a b l e  f o r  new exposures and i s  u s u a l l y  no t  

der exposures where t h e  americium w i t h  t ime  may have 

d i f f e r e n t l y  i n  t h e  body compared w i t h  p lu ton ium.  

DETECTION SYSTEMS 

The d e t e c t i o n  systems employed f o r  t h e  measurement o f  these 

n u c l i d e s  a re  about as v a r i e d  as t he  number of l a b o r a t o r i e s  making t h e  

measurements. However, t hey  g e n e r a l l y  f a l l  i n t o  t h r e e  ca tago r i es :  

F i r s t ,  f o r  low-energy photons, t h e  Phoswich de tec to r  (LAa68, LAb68) 

i s  perhaps t h e  most w ide l y  used, e i t h e r  as a s i n g l e  de.tector p laced  

c e n t r a l l y  over t he  chest  o r ,  as shown i n  F ig .  1 f o r  t h e  Lawrence 

L ivermore Labora to ry  (LLL) system, w t h  two 11.4-cm-diam de tec to r s  

p laced  h i g h  on t he  chest and tangent  t o  t he  sternum and c l a v i c l e .  

Next a re  t h e  la rge- area  p r o p o r t  onal  counters  (RA69) ,  which view 

a l a r g e r  p o r t i o n  of t h e  chest  and o f fe r  l ess  geometry dependence and 

b e t t e r  r e s o l u t i o n  b u t  poorer  e f f i c i e n c y  than  t h e  Phoswich de tec to r  a t  

h i g h  energy. 

A few l a b o r a t o r i e s  now use i n t r i n s i c  germanium p lana r  a r rays  

(FA78, 6079). 

ve ry  expens i ve. 

These systems have ext remely  good r e s o l u t i o n  bu t  a re  
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CALIBRATION PROCEDURES AND ASSOCIATED ERRORS 

An accura te  c a l i b r a t i o n  o f  t he  coun t i ng  system i s  e s s e n t i a l  f o r  

t h e  proper  assessment o f  any i n t e r n a l  depos i ton i n  t h e  lung. 

r e c e n t l y ,  an Alderson-Remab 

purposes a t  LLL and a t  a few o the r  l a b o r a t o r i e s .  

F i g .  2 )  i s  a commerc ia l ly  a v a i l a b l e  take- apar t  phantom hav ing  a 

human ske le ton  and f i l l a b l e  compartments t o  s imu la te  t h e  body 

organs, i n c l u d i n g  lungs.  The 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 in tended,  has proved 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  coun t i ng  p lu ton ium i n  lungs.  

U n t i l  
* 

phantom was used f o r  c a l i b r a t i o n  

Th is  phantom (see 

The Alderson-Remab phantom has now been rep laced  by a more 

r e a l i s t i c  t o r s o  phantom (DE76, GR78) cons t ruc ted  a t  LLL under 

sponsorsh ip  o f  t h e  U.S. Department o f  Energy I n t e r c a l i b r a t i o n  

Committee f o r  Low-Energy Photon Measurements ( a  seven- labora to ry  

committee who developed t h e  c r i t e r i a  f o r  t h e  phantom c o n s t r u c t i o n ) .  

The phantom s imu la tes  a human male t o r s o  w i t h o u t  head o r  arms and i s  

te rm ina ted  j u s t  above t he  p e l v i s .  

anatomical  average o f  500 employees o f  Los Alamos S c i e n t i f i c  

Labora to ry  and LLL. 

made o f  s o l i d  t i s s u e - e q u i v a l e n t  m a t e r i a l  t h a t  c l o s e l y  matches t h e  

pho ton- a t tenua t ion  p r o p e r t i e s  o f  human t i s s u e s  a t  energ ies down t o  

15 keV. 

I t s  dimensions are based on t h e  

The t o r s o  i nc l udes  a human male r i b  cage and i s  

* 
Reference t o  a company o r  p roduc t  name does no t  imp l y  approva l  o r  

recommendation o f  t h e  p roduc t  by t h e  U n i v e r s i t y  o f  C a l i f o r n i a  o r  t h e  U.S. 

Department o f  Energy t o  t h e  exc l us i on  o f  o thers  t h a t  may be s u i t a b l e .  
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The phantom has removable major organs, including the lungs and 

lymph nodes. It also has chest plates of tissue-equivalent material 

that can be overlaid on the phantom's basic core to simulate a range 

of chest-wall thicknesses from 1.9 to 4.3 cm. 

sets o f  overlay plates to simulate tissue attenuation by lean muscle 

or by a combination of adipose and muscle (50% of each by weight). 

Figure 3a shows the completed phantom torso, which is made o f  

The phantom has two 

muscle-equivalent material with a 1.9-cm-thick chest wall. 

Figure 3b shows one of the overlays in place to simulate a 

thicker chest wall. Two 5-inch diam circles are marked on the 

overlay for detector placement (although detectors may be placed in 

other locations if desired). 

A view of the human skeleton incorporated into the phantom is 

shown in Fig. 3c, with cartilage-equivalent material connecting the 

ribs and sternum. 

The lungs are molded as shown in Fig. 3d, with the nuclide of 

interest incorporated into the lung material. The first o f  three 

phantoms has been completed, and we now have lung sets for highly 

pure 238Pu, 239Pu, 241Am, and natural uranium. 

planned for curium and various isotopic mixtures of uranium. 

Additional sets are 

Figure 3e indicates the placement of the lungs and other organs 

in the body cavity. The heart, liver, and kidneys are encased in a 

tissue-equivalent filler material. 

For calibration purposes, counts on the phantom are made with 

the detectors placed on the chest as shown in Fig. 1 and both with 

and without the two sets of chest plates in order to develop 
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c a l i b r a t i o n  curves f o r  t h e  counter  f o r  each n u c l i d e  o f  i n t e r e s t .  A t  

t h e  p resen t  t ime, f o u r  l a b o r a t o r i e s  have completed t h e i r  i n i t i a l  

measurements on t h e  phantom, and measurements a t  a f i f t h  l a b o r a t o r y  

a re  now i n  progress.  I n  e a r l y  1980, a l l  o f  t h e  c a l i b r a t i o n  da ta  

f rom each o f  t h e  l a b o r a t o r i e s  w i l l  be analyzed and compared and w i l l  

be t h e  s u b j e c t  o f  a separate r e p o r t  by t he  committee. 

I n i t i a l  d e t e c t i o n - e f f i c i e n c y  measurements f o r  238Pu made on 

t h e  phantom a t  LLL a re  shown i n  F i g .  4a. Note t h a t  t h e  e f f i c i e n c y  

o f  t he  counter  changes r a p i d l y  w i t h  smal l  changes i n  ches t- wa l l  

th i ckness ,  making accurate  measurements o f  t h e  chest  w a l l  a necess i t y .  

The l a s t  p o i n t ,  a t  4.3 cm, i n  t h e  upper curve represen ts  a person 

w i t h  about 30% f a t  con ten t .  Therefore,  f o r  low-energy x rays,  t h e  

s u b j e c t ' s  f a t  con ten t  must a l s o  be assessed. Th i s  i s  no t  so impor tan t  

when measur ing high-energy gamma rays.  

d e t e c t i o n  e f f i c i e n c y  f o r  241Am a re  much l e s s  dependent on t h e  

amount o f  f a t  p resen t  and can be l a r g e l y  ignored  (see F ig .  4 b ) .  

For  example, t h e  changes i n  

Chest-wal l  th i ckness  i s  measured a t  most l a b o r a t o r i e s  by us ing  

A-mode u l t r a s o n i c  techniques w i t h  a s i n g l e  t ransducer ,  as shown i n  

F ig .  5. I n  t h i s  method, i n d i v i d u a l  measurements o f  s i x  t o  n i n e  

separate  p o i n t s  a re  made w i t h i n  an area viewed by t h e  de tec to r s  on 

each s i d e  o f  t h e  chest,  and t h e  p o i n t s  a re  averaged e x p o n e n t i a l l y  t o  

o b t a i n  an average ches t- wa l l  th i ckness  f o r  t h e  t o t a l  area. The 

i n t e r p r e t a t i o n  o f  t he  s i n g l e - p o i n t  measurements, however, has been 

found i n  p r a c t i c e  t o  be very  d i f f i c u l t  and mis lead ing .  

A t  LLL a d i f f e r e n t  method i s  used t h a t  i nvo l ves  a compound-arm 

B-scanning system (CA73, CA76) (F i g .  6a).  Continuous t ransverse  and 
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s a g i t a l  scans a re  t r aced  over an area covered by t h e  de tec to r s  and 

on each s i d e  o f  t he  chest  a long  t h e  l i n e s  i n d i c a t e d  i n  F i g .  6b. 

These correspond 

s i d e  o f  t h e  body 

and a t  - +40 mm. 

t o  v e r t i c a l  scans a t  30, 60, 90 and 120 rnm on each 

m i d l i n e  and t o  t ransverse  scans th rough  t h e  cen te r  

The scans a re  recorded on magnet ic tape  and processed i n  a 

computer system t h a t  d i sp l ays  each scan i n  64 co lo r s ,  depending upon 

echo i n t e n s i t y .  Po in ts  a re  then  marked on t he  scan t o  d e f i n e  t h e  

chest  su r f ace  and t h e  l ung  i n t e r f a c e .  

f o r  t h e  p o i n t s  by us i ng  a s p l i n e  f i t .  

Then an equa t ion  i s  de r i ved  

An a d d i t i o n a l  computer program then  s e l e c t s  p o i n t s  a long t h e  

chest  su r f ace  and a t  t h e  l ung  i n t e r f a c e  t o  c a l c u l a t e  t h e  minimum 

between each s e t  o f  p o i n t s .  Approx imate ly  80 p o i n t s  f rom a l l  o f  t h e  

scans a re  then  averaged e x p o n e n t i a l l y  t o  g i v e  t h e  average ches t- wa l l  

t h i c kness .  

The computer i s  a l so  capable o f  c a l c u l a t i n g  t h e  f a t  con ten t  by 

an ope ra to r - ass i s t ed  g raph i c- ana l ys i s  technique.  One such scan made 

a t  60 mm t o  t h e  l e f t  o f  t he  body m i d l i n e  i s  shown i n  F i g .  7. The 

chest  su r f ace  and t h e  l ung  i n t e r f a c e  are i n d i c a t e d  by t h e  arrows. 

The p o s i t i o n  o f  t he  r i b s  i s  shown c l e a r l y ,  a long w i t h  a l a y e r  o f  f a t  

between t h e  chest  su r f ace  and t h e  lung.  

One advantage o f  t he  B-scan u l t r a s o n i c  system i s  t h a t  a c ross-  

s e c t i o n a l  view of t h e  area be ing  scanned, w i t h  a l l  o f  t h e  anatomical  

boundar ies o f  i n t e r e s t ,  can be d isp layed  immediate ly  on a s to rage  

scope. Th is  i s  o f  immense va lue  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  son i c  

data.  
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A number o f  x- ray  t ransmiss ion  measurements have been made a t  

LLL by us i ng  t h e  new phantom w i t h  a combinat ion o f  over lays  t o  

determine t h e  e f f e c t  o f  f a t  con ten t  on d e t e c t i o n  e f f i c i e n c y  o f  t h e  

l ung  counter  (CA78). 

f o r  p l u ton ium x rays  i s  p l o t t e d  as a f u n c t i o n  o f  f a t  content .  

I n  F i g .  8, t he  change i n  d e t e c t i o n  e f f i c i e n c y  

Accord ing t o  one s tudy  (D073), t h e  f a t  con ten t  i n  t h e  human 

ches t  w a l l  v a r i e s  f rom 10 t o  34%, t h e  mean va lue  be ing  22%. Th i s  

represen ts  about a 30 t o  40% change i n  l ung  c o u n t e r - c a l i b r a t i o n  

f a c t o r  f o r  p l u ton ium x rays  pass ing  through t h e  2.8-cm-thick chest  

w a l l  ( t h e  average f o r  an LLL worker ) .  

f o r  extremes i n  body b u i l d  cou ld  exceed 70% o r  more, t h i s  i s  

obv ious l y  an impor tan t  v a r i a b l e  t h a t  should be determined when 

measuring p l u ton ium depos i t i on  i n  t h e  lungs, 

Since t h e  t o t a l  c o r r e c t i o n  

Wedges o f  i n t e r c o s t a l  t i s s u e  (see F i g .  9 )  removed f rom t h e  

chest  o f  a male cadaver i n d i c a t e  t h e  ex ten t  t o  which f a t  can 

accumulate i n  t h e  chest  w a l l .  I n  t h i s  case, t h e  f a t  con ten t  was 

about 60%. 

Another problem i n  l ung  coun t i ng  i s  t h e  de te rm ina t i on  o f  t he  

normal background count f o r  t h e  human s u b j e c t  be ing  counted. Some 

l a b o r a t o r i e s  account f o r  t h i s  background by s u b t r a c t i n g  a "c lean-  

person" match f rom t h e  ne t  spectrum o f  t h e  sub jec t .  

a l s o  been used a t  LLL. 

person background i s  es t 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 spectrum i n  a high-energy band (80 t o  100 keV) and then  

us i ng  t h i s  va lue  t o  c a l c u l a t e  t h e  normal background i n  t h e  p lu ton ium 

band a t  low-energy (13 t o  24 keV), us i ng  t h e  r e l a t i o n s h i p  es tab l i shed  

Th i s  method has 

However, more r e c e n t l y  a t  LLL, t h e  c lean-  
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i n  F i g .  10a f o r  62 " c lean"  i n d i v i d u a l s  o f  va r y i ng  body type.  

Est imates can be determined i n  t he  same way t o  p r e d i c t  t h e  normal 

background i n  t h e  241Arn band f rom 50 t o  70 keV, us i ng  t h e  data 

g i ven  i n  F i g .  lob ,  f o r  t h e  same 62 c lean  i n d i v i d u a l s .  

of these es t imates  can o n l y  be made t o  about - +30% accuracy. 

However, bo th  

The u n c e r t a i n t y  i n  t h e  d i s t r i b u t i o n  p a t t e r n  f o r  t h e  l ung  o f  t h e  

person be ing  counted i s  p robab ly  one o f  t h e  l a r g e s t  s i n g l e  sources 

of e r r o r  i n  e s t a b l i s h i n g  a p roper  c a l i b r a t i o n  f a c t o r  f o r  t h e  l ung  

count.  

p a t t e r n  and l ung  phys io logy.  From t h e  work o f  Newton, e t  a l .  (NE72) ,  

i t  i s  known t h a t  these e r r o r s  can approach a t  l e a s t  70%. 

T h i s  can vary  w i d e l y  depending upon t h e  s u b j e c t ' s  b r e a t h i n g  

M I N I M U M  DETECTABLE A C T I V I T Y  (MDA) 

A t  L ivermore,  we now use t h e  new more r e a l i s t i c  phantom c a l i b r a t i o n ,  

and s i nce  t he  s u b j e c t ' s  background count i s  u s u a l l y  n o t  w e l l  known, we 

c a l c u l a t e  MOA a t  t h e  95% conf idence l e v e l  f rom a m o d i f i e d  formula o f  

A l t s h u l e r  and Pasternak (AL63) (shown i n  Eq. 1) .  I n  t h i s  case, t h e  

background i s  assumed t o  be t h e  de tec to r  background p l u s  t h e  es t imated  

c lean- person background f o r  t he  energy band o f  i n t e r e s t .  

s K 2  
2K (2:) + 7 

S MOA = Y 

where K i s  t h e  constant  determined by t h e  conf idence l e v e l  (1.645 f o r  

9 5 % ) ,  B i s  t h e  background coun t- ra te ,  T i s  t h e  coun t i ng  t ime  (min) ,  

and S i s  t h e  s e n s i t i v i t y  (cpm/pCi). 

F i g .  11 f o r  t h r e e  common a c t i n i d e  elements. 

The MDA p l o t s  a re  shown i n  



10 

The MDA, as c a l c u l a t e d  f rom Eq. 1 f o r  a 4000-s count, covers a 

range c f  values t h a t  depend on t h e  ches t- wa l l  t h i c kness  o f  t h e  

sub jec t  and t h e  s e n s i t i v i t y  o f  t h e  counter  f o r  t h e  p a r t i c u l a r  

r a d i o n u c l i d e  o f  i n t e r e s t .  Depos i t i on  i n  t h e  l ung  i s  assumed t o  be 

u n i  f orm. 

For 241Am, t h e  MDA i s  compara t i ve ly  low, l ess  than 0.3 nCi f o r  

a l l  o f  t h e  sub jec ts ,  compared w i t h  t h e  maximum p e r m i s s i b l e  l ung  

burden o f  15  nCi. 

For 238Pu, where t h e  maximum p e r m i s s i b l e  lung  burden i s  16 nCi,  

t h e  MDA v a r i e s  f rom about 7 t o  30 nCi over t h e  ches t - wa l l - t h i c kness  

range f rom 2 t o  3.5 cm ( t h e  l a r g e  m a j o r i t y  o f  people  f a l l  w i t h i n  

t h i s  range) .  

For 239Pu, t h e  MDA v a r i e s  f rom about 16 t o  60 nCi over t h e  

same range. 

However, i f  i t  i s  known t h a t  t h e  p lu ton ium m i x t u r e  i s  weapons- 

grade m a t e r i a l ,  w i t h  say 1200 ppm o f  2 4 1 A ~  content ,  and americium 

can be used as a t a g  i n  t h e  measurement, t h e  MDA va lues f o r  

p l u ton ium range f rom about 1 t o  3 nCi. 

ACKNOWLEDGMENT 

Th is  work was performed under t h e  auspices o f  t he  U.S. Department 

o f  Energy by Lawrence L ivermore Labora to ry  under c o n t r a c t  

No. W-7405-Eng-48. 



11 

REFERENCES 

AL63 A l t s h u l e r  B. and Pasternack B., 1963, " S t a t i s t i c a l  Measures o f  

t h e  Lower L i m i t  o f  D e t e c t i o n  o f  a R a d i o a c t i v i t y  Counter" ,  

H e a l t h  Phys. 9, 293. 
m 

CA73 Campbell G. W. and Anderson A. L., 1973, Recent Advances i n  

Chest Th ickness Measurements a t  LLL, UCRL-50007-73-2 

(Lawrence L i  vermore L a b o r a t o r y ) .  

CA76 Campbell G. W .  and Anderson A. L., 1976, " U l t r a s o n i c  Measurement 

Techniques used a t  LLL f o r  De te rm in ing  Chest- wal l  Thickness and 

Organ Shapes", Proc. Workshop on Measurement o f  Heavy Elements 

i n  Vivo, Sept. 1976, S e a t t l e ,  p. 219 (BNWL-2088, UC-41) 

CA78 Campbell G. W. and Anderson A. L., 1978, "New Developments i n  

U l t r a s o n i c  Imaging o f  t h e  Chest and Other Body Organs", I A E A  

I n t e r n a t i o n a l  Symposium on Advances i n  R a d i a t i o n  P r o t e c t i o n  

M o n i t o r i n g ,  June 1978, Stockholm. 

DE76 Dean P. N., G r i f f i t h  R .  V. and Anderson A. L., 1976, "Design 

C r i t e r i a  f o r  Phantoms f o r  C a l i b r a t i o n  o f  E x t e r n a l  D e t e c t o r s  

f o r  t h e  I n - V i v o  Assay o f  P lu ton ium" ,  I A E A  I n t e r n a t i o n a l  

Symposium on D iagnos is  and Treatment o f  I n c o r p o r a t e d  - 

Radionuc l i des ,  December 1975, Vienna, p. 265. 

DO73 D o l g u i r e v  E., Kaidanovsky G. N., Porozov N. V., and Shamov V. P., 

1973, "The Methods o f  Abso lu te  C a l i b r a t i o n  o f  Equipment  

o f  In-In -of and 



12 

FA78 Fa l k  R. B., Tyree W.  H., Wood C .  B., and Lagerqu is t  C.  R., 1978, 

" A  System o f  H i g h - P u r i t y  Germanium Detec to rs  f o r  t h e  De tec t i on  

and Measurement o f  I nha led  Radionuc l ides" ,  I A E A  I n t e r n a t i o n a l  

Symposium on Advances i n  R a d i a t i o n  P r o t e c t i o n  Mon i to r inp ,  June 

1978, Stockholm. 

GO79 Goans R. E., 1979, "Performance Eva lua t i on  o f  a Large Hyperpure 

GE System", 24th Annual Meet ing o f  t h e  Hea l t h  Physics Soc ie ty ,  

8-13 J u l y  1979, Ph i l ade lph ia .  

GR78 G r i f f i t h  R. V., Dean P. N., Anderson A. L., and F i she r  J .  C ,  

1978, " F a b r i c a t i o n  of  a T issue-Equiva lent  Torso Phantom f o r  

I n t e r c a l i b r a t i o n  o f  I n- V i vo  Transuran ic  Nuc l i de  Count ing 

F a c i l i t i e s " ,  I A E A  I n t e r n a t i o n a l  Symposium on Advances i n  

R a d i a t i o n  P r o t e c t i o n  Mon i to r ing ,  June 1978, Stockholm. 

Laurer  G. R., 1968, " I n- V i vo  Measurements o f  Radionuc l ides 

Emi  t t i ng S o f t  , Penetr  a t  i ng Rad i a t  i ons 'I , Ph . D . D i sser  t a t  i on, 

LAa68 

New York U n i v e r s i t y .  

LAb68 Laurer  G. R .  and Eisenbud M., 1968, " I n- V i vo  Measurements o f  

Nuc l ides  E m i t t i n g  S o f t  Pene t ra t i ng  Rad ia t ions" ,  Proc. 

Symposium on Diagnos is  and Treatment o f  Depos i ted 

Radionuc l ides,  May 1967, Rich land,  Washington, pp. 1189-207 

(Excerpta  Medica Foundat ion) .  

NE72 Newton D., F r y  F. A., and Tay lo r  B. T., 1972, "Fac to rs  

A f f e c t i n g  t he  Assessment o f  Plutonium-239 I n  V ivo by Ex te rna l  

Count ing Methods", I A E A  Symposium on Assessment on 

R a d i o a c t i v i t y  i n  Man, November 1971, Vienna, pp. 83-96. 

Ramsden, D., 1969, "The Measurement o f  Plutonium-239 In- V ivo" ,  RA69 

Hea l t h  Physics 16, 145. 



FIGURE C A P T I O N S  

F i g .  1. Use of Phoswich de tec to r  a t  LLL f o r  p lu ton ium counts o f  

1 ungs . 
F ig .  2. Alderson-Remab c a l i b r a t i o n  phantom showing p 

1 oaded 1 ungs . 
F ig .  3. The LLL c a l i b r a t i o n  phantom No. 1. (a )  Comp 

u t o n i  um- 

e t e d  

t o r so .  ( b )  Torso w i t h  l l - m m  o v e r l a y  p l a t e s .  ( c )  Organ- cav i t y  c a s t  

w i t h  r i b  cage i n  p l ace .  

( e )  Torso w i t h  ches t  cover removed t o  show organs. 

( d )  Lung and mold used f o r  cas t i ng .  

F i g .  4. De tec t i on  e f f i c i e n c y  f o r  a c t i n i d e s  i n  lungs o f  LLL 

phantom No. 1. (a )  238Pu and 239Pu. ( b )  241Am. 

F i g .  5. A-mode u l t r a s o n i c  system f o r  measurement o f  ches t - wa l l  

t h i c kness .  

F i g .  6. B-scan u l t r a s o n i c  system. ( a )  Compound arm used f o r  

measurement o f  ches t - wa l l  t h i c k e s s .  ( b )  Schematic o f  chest  area, 

showing where B scans a re  made. 

F ig .  7. B scan o f  t h e  chest  o f  LLL phantom taken 60 mm t o  t h e  

l e f t  o f  t h e  body m i d l i n e .  

F i g .  8. Percent change i n  d e t e c t i o n  e f f i c i e n c y  as a f u n c t i o n  

o f  f a t  con ten t  i n  t h e  ches t  w a l l  (LLL phantom No. 1 used).  

F i g .  9. Wedges o f  i n t e r c o s t a l  t i s s u e  removed f rom chest  o f  a 

male cadaver. 

F i g .  10. Est imates o f  background counts on humans (see t e x t ) .  

( a )  For p lu ton ium band a t  13 t o  24 keV versus counts a t  80 t o  

100 keV. ( b )  For americium band a t  50 t o  70 keV versus counts a t  80 

t o  100 KeV ( r  i s  t h e  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 o n ) .  



F ig .  11. Minimum de tec tab le  a c t i v i t y  (MDA) as a f u n c t i o n  o f  

ches t- wa l l  th i ckness .  The LLL phantom No. 1 and t w i n  Phoswich l u n g  

counter  were used (4000-s count; 95% con f  i dence 1 eve1 ) . 
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