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ABSTRACT 

Procedures a r e  descr ibed  f o r  i s o t o p i c  a n a l y s i s  of 

l a r g e  autopsy t i s s u e  samples f o r  239 I 240pU and 2 3 8 ~ u  a t  

Hanford. I n t e r n a l  t r a c e r s  ( 2 4 2 ~ u , '  2 3 6 ~ u )  a r e  p r e s e n t l y  

used t o  measure radiochemical recovery t o  an accuracy of 

+ 5%.  Sample s i z e s  may be up t o  a t  l e a s t  400g f o r  s o f t  - 
t i s s u e s  and up t o  50g f o r  bone with r ecover ie s  of 70 - + 30%. 

Some c r i t i c a l  p o i n t s  of t h e  procedure,  problems and t h e i r  

s o l u t i o n s  a r e  d iscussed .  



INTRODUCTION 

A program.of analysis of tissue samples collected postmortem 

from former plant workers and the general population in the vicinity 

of the Hanford complex has been carried on since 1949. This pro- 
\ 

gram has emphasized measurement of plutonium in tissues although 

some samples have been examined for uranium and certain gamma 

emitters. In addition to the ongoing program, in recent years 

autopsy tissue samples from exposed workers have been obtained by 

the United ~tat'es Transuranium Registry and have been analyzed in 

this laboratory. 

Until mid-1974, radiochemical analyses were performed by the 

method of Schwendiman, et al. (1.951) or modifications thereof. In 

that procedure total plutonium alpha activity,was determined 

using lanthanum fluoride coprecipitation followed by organic sol- 

vent extraction separation, electrodeposition on SS discs, auto- 

radiography and alpha track microscopy. 

Since 1974 analyses have employed alpha energy analysis as - 
the final measurement step, primarily as a resultGf-t 

ability of relatively pure tracers and the yield uncertainty 

associated with the autoradiography procedure. In part, the 

presently described procedure grew out of the need for thinner, 

cleaner deposits on the electrodeposited discs required for 

resolution of the plutonium alpha peaks in the energy spectrum. 
239,240pU and 238  Plutonium isotopes measured are Pu. Because 

239P~ and 2 4 0 ~ ~  alpha particles have nearly identical energies, 

they are not resolved in the spectrum analysis and.are referred 

to collectively as 239~u. 

The Separation techniques have been optimiz'ed for our purposes 

from published chemical techniques (Campbell, C M ~ ,  1964 : Magno, 

et al. 1969 and others). The electrodeposition procedure is 

patterned largely after Talvitie (1972). Complete details of 

the various techniques which have been combined in the total 

analytical procedure are presented in the Appendix. 



DISCUSSION 

. . . . . . . . . . . . . . . . . . . . . . . 
A* . Us.e. 'o.f' . . " r a c e r s  

S ince  it i s  p o s s i b l e  t o  l o s e  p o r t i o n s  of a  sample d u r i n g  

any s t e p  of t h e  a n a l y s i s ,  it i s  d e s i r a b l e  t o  i n t roduce  an  i n -  

t e r n a l  t r a c e r  a t  t h e  e a r l i e s t  p o s s i b l e  s t e p  i n  t h e  procedure .  

T h i s  t echn ique  a s s u r e s  t h a t  a l l  l o s s e s  o f  t h e  i s o t o p e  of  i n t e r e s t  

w i l l  l i k e w i s e  be r e f l e c t e d  i n  a  p r o p o r t i o n a l  l o s s  of t r a c e r .  A s  

a  consequence, 2 4 2 ~ ~  t r a c e r  i s  added even b e f o r e  t h e  sample i s  

d r i e d .  

Under c e r t a i n  c i r cums tances ,  a d d i t i o n  of  t r a c e r  t o  t h e  

e n t i r e  sample b e f o r e  a l i q u o t i n g  can compl ica te  t h e  a n a l y s i s .  For  

example, i f  t h e  amount of  2 3 9 ~ ~  i n  t h e  sample i s  much g r e a t e r  t han  

expec ted ,  t h e  2 3 9 ~ ~  peak t a i l s  i n t o  t h e  242 Pu r eg ion  a s  shown i n  

~ i g u r e c l a n d  i n t e r f e r e s  w i t h  t h e  d e t e r m i n a t i o n  of t h e  t r a c e r  y i e l d .  

S ince  t a i l i n g  of  one peak i n t o  ano the r  i n  an a lpha  spectrum occu r s  

from a  peak o f , h i g h e r  energy i n t o  a  peak of lower energy,  a s i m i l a r  

t a i l i n g  p r o b l e m - i s  encountered when 236Pu i s  in t roduced  a s  @ ? c e r > -  

I n  t h i s  i n s t a n c e ,  t h e  t a i l  of t h e  h i g h e r  energy 2 3 6 ~ ~  a lpha  peak 

i n t e r f e r e s  w i t h  t h e  lower energy 2 3 8 ~ ~  r e g i o n  a s  shown i n  F igu re  2 .  

Hence e i t h e r  2 4 2 ~ ~  o r  2 3 6 ~ ~  used a s  i n t e r n a l  t r a c e r  p r e s e n t s  

s i m i l a r  d i f f i c u l t i e s  a l b e i t  i n  d i f f e r e n t  p a r t s  of t h e  a lpha  energy 

spectrum. Because 2 3 8 ~ ~  l e v e l s  a r e  g e n e r a l l y  expected t o  be  q u i t e  

low, 
242 

Pu has  been chosen over  2 3 6 ~ ~  a s  t h e  p r i n c i p a l  t r a c e r  t o  

be used i n i t i a l l y  f o r  m o s t  samples.  I f  t h e  239?u a c t i v i t y  i n  t h c  

sample i s  l a r g e  enough t o  a d v e r s e l y  a f f e c t  t h e  
242 Pu spectrum, a  

second s m a l l e r  a l i q u o t  of  t h e  sample i s  r e r u n  us ing  
236 Pu t r a c e r  

t o  a l l ow c a l c u l a t i o n  of 2 3 9 ~ u  i n  t h e  second a l i q u o t .  Using t h i s  

- measure of c o n c e n t r a t i o n  of  2 3 9 ~ ~  i n  t h e  sample, t h e  amount of 

2 3 9 ~ ~  p r e s e n t  i n  t h e  f i r s t  a l i q u o t  can be c a l c u l a t e d  and a  r a d i o -  

chemical  recovery  of  2 3 9 ~ u  can be  determined.  This  y i e l d  i n  t u r n  

can be used t o  c a l c u l a t e  2 3 8 ~ ~  i n  t h e  f i r s t  a l i q u o t .  Although 

t h i s  t echn ique  does  n o t  c o r r e c t  f o r  l o s s e s  d u r i n g  dry-  and w e t -  

a sh ingo  i n  t h o s e  i n s t a n c e s  when t h e  239Pu a c t i v i t y  i s  h igh  enough 

t o  i n t e r f e r e  w i t h  t h e  
242 Pu t r a c e r ,  it does  a l l o w  c a l c u l a t i o n  of  

an e s t i m a t e  f o r  b o t h  2391?u and 2 3 8 ~ u .  







B. Ashing t h e  Sample 

L i v e r  samples a r e  p a r t i c u l a r l y  d i f f i c u l t  t o  d r y  a s h  because 

a t  about  300°C t h e  samples t end  t o  swe l l  and overf low t h e  beaker .  

Whenever p o s ' s i b l e ~ ~ b e a k e r s  a r e  s e l e c t e d  s o  t h a t  t h e  volumes of 

l i v e r  samples a r e  r e s t r i c t e d  t o  no more t h a n  o n e - f i f t h  t h e  t o t a l  

beaker  c a p a c i t y  t o  a l l o w  f o r  t h i s  swe l l i ng .  Other samples may 

f i l l  t h e  beaker  t o  any d e s i r e d  l e v e l .  A s  t h e  tempera ture  n e a r s  

300°C, l i v e r  samples r e q u i r e  c l o s e  a t t e n t i o n .  When s l i g h t  p u f f i n g  

occu r s ,  t h e  t empera tu re  i s  he ld  a t  t h a t  p o i n t  f o r  about  24  hou r s ,  

which a l l ows  t h e  slow escape  o f  v o l a t i l e  compounds w i t h  a  minimum 

of s w e l l i n g .  ..The t empera tu re  can t h e n  a g a i n  be p r o g r e s s i v e l y  

r a i s e d  a s  expe r i ence  d i c t a t e s .  

A l l  samples which may c o n t a i n  i n s o l u b l e  r e f r a c t o r y  Pu02 
e 

p a r t i c l e s  a r e  t r e a t e d  s p e c i a l l y  t o  i n s u r e  complete d i s s o l u t i o n .  A 

mix ture  o f  s t r o n g  HN03 w i t h  .01N - HF has  been used s u c c e s s f u l l y  

a s  a  s o l v e n t  f o r  r e f r a c t o r y  Pu02. According t o  Cleveland (1967.) 

. the  d i l u t e  HF h a s  a  c a t a l y t i c  e f f e c t  ,on t h e  d i s s o l u t i o n  r a t e  of 

Pu02. 

One p a r t i c u l a r l y  d i f f i c u l t  t y p e  of sample t o  a s h  wi thou t  

l o s s e s  i s  a  mix tu re  of  fo rma l in  w i t h  l a r g e  amounts o f  f a t :  S e v e r a l  

of t h e  u s u a l  a s h i n g  t echn iques  have been t rLed .  D i r e c t  h e a t i n g  on 

a h o t  p l a t e  causes  t h e  fo rma l in  t o  supe rhea t  and bump w i t h  r e s u l t a n t  

l o s s e s  from t h e  sudden r e l e a s e  of vapors .  Drying under a  h e a t  lamp 

d i s t i l l s  o f f  low b o i l i n g  f r a c t i o n s  o f  t h e  f a t  b u t  e v e n t u a l l y  c e a s e s  

: b e f o r e  t h e  sample i s  d ry .  Ashing i n  a n  oven by s lowly  e l e v a t i n g  

t h e  t empera tu re  e v e n t u a l l y  i g n i t e s  t h e  g a s s e s  evo lv ing  from t h e  

l i q u i d  which burn r a p i d l y  i n  an  u n c o n t r o l l e d  manner, once a g a i n  

r e s u l t i n g  i n  l o s s e s .  

Samples of t h i s  n a t u r e  have been s u c c e s s f u l l y  ashed i n  a 

w e l l - v e n t i l a t e d  hood o r  c o o l  oven by i n s e r t i n g  a  b ra ided -cheesec lo th  

wick th rough  t h e  o r g a n i c  phase  i n t o  t h e  fo rma l in .  A h e a t  lamp i s  

used t o  e v a p o r a t e  t h e  fo rma l in  drawn up by t h e  wick. The wick i s  

then  i g n i t e d  and t h e  or.ganic compounds a r e  burned.  A t y p i c a l  

sample w i t h  a  h a l f - i n c h  d i ame te r  wick w i l l  burn about  25 m l s  of 

f a t  p e r  hour .  'The fo rma l in  e v a p o r a t e s  a t  a  somewhat s l c i w e i -  r a t e .  



C. I s o l a t i o n  of Plutonium 

To measure plutonium a t  t h e  lowes t  l e v e l s ,  i t  i s  d e s i r a b l e  

t o  use  t h e  l a r g e s t  sample a l i q u o t  p o s s i b l e  wh i l e  r e t a i n i n g  an ade- 

q u a t e  t r a c e r  recovery .  Exper ience b e f o r e  adopt ion  of t h e  p r e s e n t  

t r a c e r  procedure  had shown t h a t  y i e l d  was i n v e r s e l y  p r o p o r t i o n a l  

t o  t h e  weight  of  sample ana lyzed .  Th i s  r e l a t i o n s h i p  w a s  e s p e c i a l l y  

pronounced f o r  bone b u t  less s o  f o r  l i v e r ,  lung o r  o t h e r  t i s s u e s .  

The new procedure  a l l ows  a  much l a r g e r  bone sample t o  be  ana lyzed  

wi th  about  t h e  same r ad iochemica l  recovery  because t h e  dependence 

on sample weight  is markedly l e s s .  For o t h e r  t y p e s  of samples,  
. . 

t h e  dependence of y i e l d  upon sample weight  i s  n o t  c l e a r l y  demon- 

s t r a t e d .  . ~ l i ~ u o t a  a r e  t h e r e f o r e  taken  which should a l l o w  t r a c e r  

y i e l d s  t o  be  g r e a t e r  t h a n  SO%, and s t i l l  l e a v e  h a l f  t h e  sample f o r  

p o s s i b l e  f u t u r e  measurements. 

I n  t h e  procedure ,  a  number of f a c t o r s  have been found t o  

s i g n i f i c a n t l y  reduce t h e  y i e l d  from t h e  r e s i n  column s e p a r a t i o n .  

Once load ing  of t h e  sample h a s  begun, c a r e f u l  a t t e n t i o n  i s  r e q u i r e d  

t o  keep t h e  f low r a t e  a t  1 ml/min o r  s l i g h t l y  l e s s .  The f low i s  

n o t  i n t e r r u p t e d  u n t i l  t h e  plutonium i s  e l u t e d ,  r e s u l t i n g  i n  h i g h e r ,  
'1 

more c o n s i s t e n t  y i e l d s .  Res idua l  c h l o r i d e  from t h e o 7 c e - & d : , :  , =- ) 
\-._----'LI 

r e s i d u a l  f l u o r i d e  i n  t h e  sample can a l s o  c a u s e , l o w e r  y i e l d s .  T e s t i n g  

t o  a s s u r e  t h e  complete absence of  c h l o r i d e  i n  t h e  wash s o l u t i o n ,  

and adding b o r i c  a c i d  t o  t h e  samples t o  complex any r e s i d u a l  f l u o r i d e  

from t h e  e a r l i e r  d i s s o l u t i o n  s t e p s  have made s i g n i f i c a n t  improvements 

i n  rad iochemica l  y i e l d s .  

E l e c t r o d e p o s i t i o n  i s  c a r r i e d  o u t  i n  a  ce l l  s i m i l a r  t o  t h a t  

r e p o r t e d  by Schwendiman, e t  a l .  (1951) b u t  modif ied t o  h i n d e r  

c a p t u r e  of g a s  bubbles  a t  t h e  s u r f a c e  of  t h e  d i s c .  Such bubbles  can 

i s o l a t e  t h e  d i s c  from t h e  e l e c t r o l y t e  and i n t e r f e r e  w i t h  t h e  e l e c t r o -  

depos i t i on .  The e l e c t r o l y t e  used i n  t h e  c e l l  c o n s i s t s  of 1.28M - 
(NH4)2S04 - .007M - HF. 

Adjustment of  p H  i n  t h e  e l e c t r o l y t e  i s  c r i t i c a l  t o  o b t a i n  

c l e a n ,  t h i n  d e p o s i t s  w i t h  h i g h  recovery .  I f  t h e  pH i s  s l i g h t l y  

h ighe r  t han  pH 2 .3 ,  a d a r k  d e p o s i t  b u i l d s  up on t h e  d i s c  which 

degrades  t h e  r e s o l u t i o n  of  t h e  a l p h a  spectrum. A s l i g h t  s h i f t  t o  



the a c i d i c  s l d e  of pH 2.3 y i e i d s  a c l e a n ,  a lmost  invisible d e p o s i t ,  

b u t  t h e  y i e l d s  t e n d  t o  be  low and errat ic.  The pH i s  b e s t  a d j u s t e d  

us ing  ~ l - f ~  g a s  w i t h  thymol b l u e  a s  i n d i c a t o r .  The ye l lowish  p ink  end- , . 

p o i n t  i s  optimum. If t h i s  p o i n t  i s  ove r sho t  i n t o  t h e  green o r  b l u e  

c o l o r ,  lowering t h e  pH wi th  a c i d '  w i l l  o f t e n  r e s u l t  i n  a low y i e l d .  

. . .  . - .. . - .  
' \ I  

The a d d i t i o n  o f  d i l u t e  HF t o  t h e  e l e c t r o l y t e ,  a l t h o u g h  

s l i g h t l y  reduc ing  t h e  y i e l d ,  a p p e a r s  t o  improve t h e  c o n s i s t e n c i e s  

of r e c o v e r i e s .  D i s . c s  are k e p t  covered  t o  l i m i t  exposure  t o  a i r  

f o r  a t  l e a s t  6-8 h o u r s  p r i o r  t o  c o u n t i n g  t o  e l i m i n a t e  radon 

daugh te r  con tamina t ion .  

E. Alpha Em.ergy A n a l y s i s  

Each 256 channe l  q u a d r a n t  o f  the 1024 m u l t i c h a n n e l  a n a l y z e r  

i s  set t o  store e lectr ical  p u l s e s  from a l p h a  p a r t i c l e s  d e t e c t e d  

w i t h  e n e r g i e s  f r o m 3 . 5  - 6 . 5  MeV. A second spec t rome te r  u s e s  a 

4096 channe l  a n a l y z e r  and e a c h  1024 channe l  q u a d r a n t  i s  set  t o  

d e t e c t  a l p h a  e n e r g i e s  from 3 t o  9  MeV, These r anges  cove r  most 

n u c l i d e s  of i n t e r e s t . ,  T y p i c a l l y  a l p h a  r e s o l u t i o n  i s  abou t  60 keV 

FWHM ( f u l l  wzdth a t  h a l f  maximum) and i s  de t ec t ed ;  w i t h  an ave rage  

e f f i c i e n c y  o f  36%. The ave rage  b a c k g r o u ~ d  i n - t h e  20 c h a n n e l s  u sed  

from t h e . 1 0 2 4  channe l  a n a l y z e r  t o  c a l c u l a t e  2 3 9 ~ u  i s  0.0052 + - 
0.0033 Spm, and i n  t h e  2 3 8 ~ u  c h a n n e l s  i s  0.0104 + 0.0072 dpm, .here  - 

t t h e  i n d i c a t e d  e r r o r s  a r e  one s t a n d a r d  d e v i a t i o n  about  ..the mean. 

Four of t h e  e i g h t  d e t e c t o r s  a r e  o f  t h e  go ld - su r f aced  v a r i e t y  

which are ex t remely  f r a g i l e  t o  p h y s i c a l  a b r a s i o n  o f  t h e  g o l d  s u r f a c e .  

Diodes are re? laced  when their  s u r f a c e s  have become contamina ted  

because acco rd ing  t o  t h e  manufac tu re r  t h e y  canno t  be  c l e a n e d .  The 

o t h e r  f o u r  d e t e c t o r s  are a lumin ized  so t h a t  t h e  a c t i v e  s u r f a c e  c a n  

w i t h  care be c l eaned  o f  l o o s e  contamina t ion .  Although t h e  r e s o l u t i o n  

c a p a b i l i t i e s  o f  t h e  go ld - su r f aced  d i o d e s  are s u p e r i o r  t o  t h o s e  o f  

t h e  a luminunized d i o d e s ,  i n  p r a c t i c e ,  t h e  e l e c t r o d e p o s i t e d  s o u r c e  

de t e rmines  t h e  o v e r a l l  r e s o l u t i o n  which does  n o t  normal ly  approach 

t h e  c a p a b i l i t i e s  of  t h e  d i o d e .  Hence t h e  p o s s i b i l i t y  of  c l e a n i n g  t h e  

a luminized d i o d e  makes it a more economical  c h o i c e  w i t h o u t  a p p a r e n t  

l o s s  o f  s e n s i t i v i t y  or r e s o l u t i o n .  To minimize d i o d e  rep lacement  

due t o  con tamina t ion ,  samples  a r e  s c reened  by ZnS s c i n t i l l a t i o n  

coun t ing ,  and o n l y  samples  w i t h  t h e  lowest a c t i v i t y  a r e  counted  



w i t h  t h e  go ld-sur faced  d i o d e s .  

A s i g n i f i c a n t  advantage of  u s i n g  a lpha  energy a n a l y s i s  

over  au torad iography ,  o t h e r  t han  t h e  a b i l i t y  t o  de te rmine  t h e  

amounts of s p e c i f i c  r a d i o i s o t o p e s ,  i s  t h e  a b i l i t y  t o  c a l c u l a t e  

a c c u r a t e l y  t h e  rad iochemica l  recovery  of each  a l i q u o t  analyzed 
-- 

through t h e  u s e  of  t r a c e r  i s o t o p e s  of t h e . s a m e  element .  Th i s  i s  

p a r t i c u l a r l y  u s e f u l  i n  t h e  a n a l y s i s  of l a r g e  au topsy  samples which 

have i n h e r e n t  problems of  e r r a t i c  and o f t e n  low r e c o v e r i e s .  When 

au torad iography  i s  used,  t h e  c o r r e c t i o n  of samples f o r  r a d i o -  

chemical  recovery  i s  based on a n a l y s e s  of  s i m i l a r  samples ( u s u a l l y  

bovine)  t o  which known amounts o f  t h e  d e s i r e d  r a d i o n u c l i d e  have 

been added. The average  recovery  of many such proxy samples i s  

t h e n  used t o  c o r r e c t  t h e  t r u e  sample f o r  p r o c e d u r a l  l o s s e s .  The 

u n c e r t a i n t y  i n  y i e l d  f a c t o r s  d e r i v e d  i n  such a manner f o r  l a r g e  

au topsy  samples which a r e . s u b j e c t  t o  e r r a t i c  y i e l d s  i s  c o n s i d e r a b l e .  

A c t u a l l y ,  t h e  u n c e r t a i n t y  i n  t h e  y i e l d  d i r e c t l y  c o n t r o l s  t h e  ac- 

curacy  t o  which an a n a l y t i c a l  r e s u l t  may be r e p o r t e d ,  r e g a r d l e s s  

of t h e  l e v e l  of a c t i v i t y  i n  t h e  sample. A t y p i c a l  p l o t  of  r ad io -  

chemical  recovery  v e r s u s  weight  of bovine l i v e r  ana lyzed  by t h i s  

s u b s t i t u t i o n  method is shown i n  F igu re  3 .  These d a t a  i n d i c a t e  

t h a t  no r e s u l t  can be r e p o r t e d  t o  an accuracy  of b e t t e r  t h a n  + - 2 5 %  

( l a )  because of t h e  u n c e r t a i n t y  i n  t h e  y i e l d .  I n  c o n t r a s t ,  a  

p l o t  of s i m i l a r  d a t a  f o r  human lung  o b t a i n e d  by t h e  modif ied pro-  

cedure  of t h i s  paper  i s  shown i n  F i g u r e  4 .  The e r r o r  b a r s  on 

s e l e c t e d '  d a t a  p o i n t s  i n d i c a t e  t y p i c a l  p ropaga ted  e r r o r s  about  

measurements of rad iochemica l  y i e l d .  C o n t r i b u t i o n  t o  t h e  t o t a l  

e r r o r  on t h e  f i n a l  p lutonium r e s u l t s  c a l c u l a t e d  from t h e s e  re- 

c o v e r i e s  is  less than  + - 1 0 %  ( l a ) .  
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Autopsy t i s s u e  and bone samples have been ana lyzed  f o r  

2 3 9 t 2 4 0 p U  and 2 3 8 ~ ~  a t  v e r y  low l e v e l s  i n  ou r  l a b o r a t o r y  us ing  

a d a p t a t i o n s  o f  v a r i o u s  pub l i shed  procedures .  While rad iochemica l  

r e c o v e r i e s  are sometimes e r r a t i c  f o r  a l l  t y p e s  of samples,  t h e  u s e  

of i n t e r n a l  p lutonium i ~ o t o p e ~ t r a c e r s  i n  each  sample ana lyzed  a l l ows  

t h e . r a d i o c h e m i c a 1  y i e l d  f o r  t h a t  a n a l y s i s  t o  be  de te rmined  ve ry  

p r e d i s e l y  and t h e r e f o r e  conf idence  can be p u t  i n  a n a l y t i c a l  r e s u l t s  

based on even low r e c o v e r i e s .  

S ince  u s i n g  e i t h e r  2 4 2 ~ ~  o r  2 3 6 ~ ~  e x c l u s i v e l y  a s  i n t e r n a l  

t r a c z r s  i n  samples hav ing  unknown a c t i v i t y  l e v e l s  r e s u l t s  i n '  l o s s  

of d a t a ,  bo th  t r a c e r s  are used.  Plutonium-242 i s  used a s  t h e  

i n i t i a l  tracer added t o  t h e  t o t a l  sample and 2 3 6 ~ ~  need o n l y  

be used i n  t h o s e  i n s t a n c e s  i n  which s u f f i c i e n t  2 3 9 ~ u  a c t i v i t y  i s  

p r e s e n t  i n  t h e  sample t o  i n t e r f e r e  w i t h  t h e  a c c u r a t e  d e t e r m i n a t i o n  

of t h e  2 ~ u  recovery .  

Sample s i z e s  v a r y i n g  from 400 grams f o r  s o f t  t i s s u e s  t o  

about  50 grams f o r  bone have been ana lyzed  w i t h  t r a c e r  r e c o v e r i e s  

normally f a l l i n g  w i t h i n  t h e  70 + - 30% range.  With 90% t r a c e r  

recovery ,  d e t e c t i o n  l e v e l s  of  2 . 3 9 p ~ ~  . and 
238 

Pu a r e  p r e s e n t l y  0.02 

and 0.03 dpm (9 and 1 4  f.Ci) , r e s p e c t i v e l y .  

ACKNOWLEDGMENTS 

The a u t h o r s  w i s h  t o  e x p r e s s  t h e i r  a p p r e c i a t i o n  t o  D. T. 

H a r l e s s  and C. W. Weaver f o r  a s s i s t a n c e  i n  t h e  rad iochemica l  a n a l y s i s ,  

t o  J. D. .Forsy the  f o r  a s s i s t a n c e  i n  a l p h a  energy a n a l y s i s ,  and t o  

R. S. P i e t z  f o r  in s t rumen t  i n s t a l l a t i o n  and maintenance.  The e f f o r t s  

of P. 0 ,  Jackson i n  s u g g e s t i n g  modif.icat.inns t o  t h e  p r ~ c e d u r e s  and t o  

W. L. Nicholson f o r  c o n s u l t a t i o n  on s t a t i s t i c a l  a s p e c t s  o f  t h e  work 

. a r e  a l s o  a p p r e c i a t e d ,  . ,. i 



REFERENCES 

Campbe.11 E. E . ,  Moss W. D . ,  1 9 6 5 ,  H e a l t h  P h y s .  11, 737 .  

C l e v e l a n d  J. M . ,  1 9 6 7 ,  P l u t o n i u m  Handbook V o l .  '11, 5 7 8  (New York :  
Gordon and B r e a c h ,  S c i e n c e  P u b l i s h e r s ,  I nc . )  . 

D r a p e r  N.  R . ,  S m i t h  He., 1 9 6 6 ,  A p p l i e d  R @ g r e s s i o n  ' A n a l y s i s ,  24 (New York :  
J o h n  Wiley a n d  S o n s ,  I n c . ) .  

Magno P.  J . ,  Kauffman P. E . ,  a n d  S h l e i e n  B.?, 1 9 6 7 ,  H e a ' l t h  P h y s .  1 3 ,  
1 3 2 5 .  

N i c h o l s o n  W. L . ,  1 9 6 3 ,  " F i x e d  Time E s t i m a t i o n  of C o u n t i n g  R a t e s  w i t h  
B a c k g r o u n d  C o r r e c t i o n s , "  H a n f o r d  Works R e p o r t  HW-76279. 

Schwendiman L. C. ,  H e a l y  J. W . ,  R e i d  D. L . ,  1 9 5 1 ,  "The ~ p p l i c a t i o n  
of N u c l e a r  T r a c k  E m u l s i o n s ' t o  t h e  A n a l y s i s  of U r i n e  f o r  V e r y  Low. 
L e v e l  P l u t o n i u m , "  H a n f o r d  Works R e p o r t  HW-22680. 

T a l v i t i e  N .  A. , 1972 ' ,  Anal'. 'Chem. 4 4 ,  N o .  2 ,  2 8 0 .  

Wogman N. A.,. R o b e r t s o n  D. E . ,  a n d  P e r k i n s . R .  W . ,  1 9 6 7 ,  H e a l t h  
P h y s .  13, 767 .  

Wogman N.  A. ,  1 9 7 0 ,  N u c l .  I n s t r .  a n d  M e t h . ,  8 3 ,  2 7 7 .  



APPENDIX 

PROCEDURE 

I. "Sample Ashing and D i s s o l u t i o n  

. '  ' ~ u t o ~ s ~ .  samples 'are r ece ived  f rozen  o r  fo rma l in - f ixed  and 

a r e  s t o r e d  f r o z e n  o r  r e f r i g e r a t e d  u n t i l  analyzed.  

A. ' Dry-Ash'ing - A f t e r  thawing t h e  sample, enough 242' 
Pu t r a c e r  

i s  added t o  i n s u r e  t h a t  about  2  dpm w i l l  be i n  t h e  a l i q u o t  

t o  be ana lyzed .  The sample i s  then  thoroughly  c h a r r e d  

. e i t h e r  under  an i n f r a r e d  h e a t  lamp or. i n  a  s t a i n l e s s  s teel  

l i n e d  f u r n a c e  a t  t empera tures ,  l e s s  t han  150°C. The c h a r r e d  

sample i s  d r y  ashed i n  t h e  oven by' s lowly  r a i s i n g  t h e  temp- 

e r a t u r e  t o  500°C o v e r  s e v e r a l  days '  t ime.  The samples a r e  ~ 

k e p t  a t  500°C f o r  a t  leas t  2 4  hours .  

B. ' W e t  Ashing - D i s s o l u t i o n  of t h e  sample a s h  beg ins  by t h e  

a d d i t i o n  of 16N - HN03 and 30% H202. The' m ix tu re  i s  hea t ed  

on a  h o t  p l a t e  t o  n e a r  d ryness  and 30% H 2 0 2  i s  c a r e f u l l y  

added. S e q u e n t i a l  a d d i t i o n s  and 

' - t h e  n e a r l y  d r y  sample a r e  cont inued  u n t i l  t h e  r e s i d u e  i s  

whi te . ,  I f  t a r s  and o i l s  r e s i s t  t h i s  t r e a t m e n t ,  fuming 

HN03 i s  s u b s t i t u t e d  f o r  16N - HN03.  I f  t h i s  t r e a t m e n t  f a i l s  

t o  s o l u b i l i z e  t h e  o r g a n i c  m a t e r i a l ,  20-30 m l  of 16N - HN03 

a r e  added t o  t h e  s :anple ,  fo l lowed by 10 m l  of  70% H C 1 0 4 .  

The mix tu re  i s  b o i l e d  down and fumed u n t i l  n e a r l y  d r y ,  

H N O j  i s  added, and t h e  sample i s  t aken  t o  n e a r  d ryness .  

A d d i t i o n a l  p o r t i o n s  of HNO are added and b o i l e d  down 3 

u n t i l  no fuming i s  e v i d e n t  and t h e  sample i s  a g a i n  n e a r l y  

dry.  T h i s  HN03-HC104 t r e a t m e n t  may have t o  be r e p e a t e d  



f o r  stubborn samples. Bone samples a r e  s e t  a s i d e  a t  t h i s  

p o i n t  while  o t h e r  t y p e s  of t i s s u e  a r e  t r e a t e d  f u r t h e r  i n  

p repara t ion  f o r  anion exchange column separa t ion .  The r e s i d u e  

i s  t r a n s f e r r e d  t o  a  t e f l o n  beaker wi th  8N - HN03.. Hydrofluoric  
. . .. . - - . . . . . . - .  

. ac id  i s  added, and t h e  sample is taken t o  near  dryness  under 

an i n f r a r e d  lamp. The HN03 - HE' t rea tment  i s  repeated  u n t i l  

complete sample d i s s o l u t i o n  i s  achieved. The s o l u t i o n  i s  

once-more taken t o  dryness  with HN03 without  baking. 

The s o l u t i o n  i s  t r a n s f e r r e d  back t o  t h e  o r i g i n a l  g l a s s  

beaker wi th  8 N  - HN03 -'.01N - HF. This  a c i d  mixture i s  a l s o  

added t o  bone samples and t h e  samples a r e  bo i l ed  t o  near  

dryness ,  and t h e  a c i d  t r ea tmen t  i s  repeated  a t  l e a s t  t h r e e  

t imes'  f o r  samples which may con ta in  r e f r a c t o r y  plutonium 

oxide p a r t i c l e s .  The r e s i d u e  i s  d i s so lved  i n  7.7N - HN03 

and a l l  samples a r e  analyzed by gamma ray  spectrometry f o r  

major gamma e m i t t e r s  p r e s e n t  using l a r g e  NaI ( T l )  w e l l  

c r y s t a l s  descr ibed  elsewhere (Wogman e t  a l .  1967; Wogman, 

1970).  The s o l u t i o n  i s  then  d i l u t e d  t o  a  known volume i n  . . 

a volumetr ic  f l a s k  wi th  7.7N - HNO, f o r  a . l iguot inq and 

s to rage .  

11 . ' 'Is'o'l'a't i o n  b'f' P l u t  on'iurn 

A.. . Pho'spha'te 'Cop'rec ' ipitation 

Al iquots  a r e  taken f o r  a n a l y s i s  such t h a t  one-half of t h e  

t o t a l  sample i s  analyzed up t o  a  maximum equ iva len t  of about  

400g f o r  s o f t  t i s s u e s  and up t o  about 50g f o r  bone samples. 

S o f t  t i s s u e  a l i q u o t s  a r e  taken  t o  dryness  on a  h o t  p l a t e  

and then  d i s so lved  i n  4 N  - HN03. Fo r ty  mi l l igrams of calcium 

c a r r i e r  and 6  mg of i r o n  c a r r i e r  ( ~ e + ~ )  a r e  added, followed 



by.1 ml of 1M phosphoric acid. Ammonium hydroxide is added - 
until a permanent precipitate of calcium ammonium phosphate 

£oms, and then 5 ml in excess are added. The precipitate is 

centrifuged and 2 - 3 drops of NHIOH are added to the clear 
supernate to test for complete precipitation. Two milligrams 

of ~ e + ~  carrier are added, the sample swirled, and the Fe 

precipitate is centrifuged on top of the phosphate precipi- 

tate. The supernate is discarded to waste. The precipitate 

is washed with 10 ml of distilled water, once again centri- 

fuged, and the supernate.discarded. The precipitate is 

dissolved in 150-200 ml of 7.7NHN03. - Approximately 2 ml of 

i'\ saturated boric acid solution are added to all samples ,(,includ- a 

ing bone samples) which are then heated in boi.ling water for 

15 minutes, cooled for 10 minutes and finally 2 ml of freshly 

prepared .3M - NaN02 are added. The solution is allowed to stand 

overnight to insure that the plutonium adjusts to the +4 

oxidation state.. 

B. Preparation of ~nion Exchanqe Column 

., . A distilled water slurry of BioRad AG-1-X2 (50-100 mesh) anion 

exchange resin ( ~ 1 -  form) is allowed to settle in a 7 rnm dia- 

meter column t0.a depth of 10 cm on a glass wool support. The 

column has a 10-0 ml reservoir. A secofid .glass wool plug is 

inserted at the top of the resin, 

The resin is washed with the following solutions,,allowing 

time for the, column to drain to within several millimeters 

above the top glass wool plug between additions: 2 column 

volumes of 12N - HC1, 2 column volumes of 6N HC1, 2 column - 
volumes of distilled water, and then enough 7.7N - HN03 to 
remove all chlorides. .Turbidity of the eluate is tested with 



AgN03 t o  d e t e c t  r e s i d u a l  c h l o r i d e .  The flow r a t e  i s  ad jus ted  

t o  1 ml/min during t h e  . f i n a l  washing. 

Tissue  sample s o l u t i o n s  a r e  d i l u t e d  wi th  7.7N - HN03 t o  200 m l  

and bone sample s o l u t i o n s  a r e  d i l u t e d  t o  500 m l .  The sample 

s o l u t i o n  i s  passed through t h e  r e s i n  column a t  a  f l o w , r a t e  

of 1 ml/min followed by a  7. '7N - HN03 wash equal  i n  volume t o  

t h e  sample load.  The e l u a t e  i s  saved f o r  f u t u r e  americium 

. a n a l y s i s .  When t h e  l i q u i d  i s  about 1/g cm from t h e  t o p  g l a s s  

p lug ,  20 m l  of 10N - H C 1  a r e  added i n  t h r e e  increments. When 

, t h e  I'ON - H C 1  i s  again wi th in  1 / 2  cm of t h e  g l a s s  plug,  plu-  

tonium i s  e l u t e d  w i t h  40 m l  of f r e s h l y  prepared 6N - H C 1  - 
0.024% H I  s o l u t i o n .  The e l u a t e  i s  c o l l e c t e d  i n  a  100 m l  

beaker .  The e l u t i o n  i s  repeated wi th  10 m l  HC1-HI  s o l u t i o n .  

Ten m l  of '6N - HNOj a r e  added t o  t h e  combined e l u a t e s  and 

t h e  plutonium-bearing s o l u t i o n  i s  d r i e d  under a  h e a t  lamp 

wi thout  baking. 

The r e s i d u e  i s  d i s so lved  i n  100 m l  warm 7 . 7 N  . - HN03 and then 

piit Llirough a s.eeond prepnrcd column as  above. 

The . res idue  from t h e  second.colurnn i s ' d i s s o l v e d  from t h e  bottom 

of t h e  100 m l  beaker w i t h  1500 ~1 of d i s t i l l e d  

water  and one drop of 0.02% thymol b lue  i n d i c a t o r  a r e  added. The 

p H , i s  a d j u s t e d  t o  t h e y e l l o w  endpoint  wi th  NHJ gas .  The s o l u t i o n  

i s  t r a n s f e r r e d  t o  an e l e c t r o d e p o s i t i o n  c e l l  descr ibed  elsewhere 

(Schwendiroan eiz a l .  1951) w i t h  two 1000 p 1  r i n s e s  of .36N - H2S04 - 

.01'4N - HF. The pH i s  a d j u s t e d  t o  2.3 w i t h  NH3 and H2S04-HF a c i d  



mixture by v i s u a l  comparison t o  a  reagent  blank e l e c t r o d e p o s i t i o n  

c e l l  which has  been ad jus ted  t o  pH 2.3 a s  measured by a  pH meter. 

The two hour e l e c t r o d e p o s i t i o n  employs a  c o n s t a n t  c u r r e n t  power 

2  supply provid ing  240 mA (0.6 A/cm ) through a  s t a t i . ona ry  platinum 

anode t o  t h e  e l e c t r o l y t e .  The d e p o s i t  i s  p l a t e d  on 1 / 2  i n  d ia -  

meter pre-pol ished s t a i n l e s s  s t e e l  d i s c s .  T h i r t y  seconds before  

te rminat ion  of t h e  e l e c t r o d e p o s i t i o n ,  5  m l  of 1:10 NH40H a r e  added. 

A t  t e rmina t ion ,  t h e  depos i t ion  i s  stopped by r a i s i n g  t h e  platinum 

anode o u t  of t h e  e l e c t r o l y t e  and immediately pouring t h e  e l e c t r o -  

l y t e  from t h e  c e l l .  The c e l l  i s  f lushed 3  times wi th  1% NH4N03 - 
1:99 NH40H, followed by a  d i s t i l l e d  water r i n s e .  The c e l l  i s  

quickly  disassembled and t h e  d i s c  i s  r i n s e d  wi th  a  s t ream of 

e t h y l  a l coho l  which has  been adjus ted  t o  pH 8 w i t h  NH40H. The, 

excess  a l coho l  i s ,>absorbed  from t h e  edge of t h e  d i s c  on a  paper 

. towel,  and t h e  d i s c  i s  then d r i e d  on a  porcelain- topped h o t  p l a t e  

a t  no more than  250°C. 

IV: Alpha Energy Analys is  

A. ' Ins'trumen'tation 

The e l e c t r o d e p o s i t e d  plutonium i s  counted i n  a  vacuum chamber 

2 f o r  1000 t o  1333 minutes us ing  a  450 mm s i l i c o n  s u r f a c e - b a r r i e r  

d e t e c t o r .  The p u l s e  generated by t h e  d e t e c t o r  i s  f e d  through 

p reampl i f i ca t ion ,  a m p l i f i c a t i o n  and p u l s e  shaping s t a g e s  t o  a. 

t r u e  mul t ip lexing  r o u t i n g  system which e n t e r s  t h e  information 

from each of four  d e t e c t o r s  i n t o  t h e  four  quadrants  of e i t h e r  

a  1024 o r  4096 channel  ana lyzer  with no l o s s  of information due 

to .  coincidence and wi th  no i n t r o d u c t i o n  of ex t raneous  information 

due t o  c r o s s  t a l k  between quadrants .  



B . ' 'Ca'l'cu'l'a't'idn s 

Data ou tpu t  from t h e  analyzer  i s  by means of t e l e t y p e  o r  a  

p a r a l l e l  p r i n t e r .  The analyzer  can i n t e g r a t e  s e l e c t e d  peak 

a r e a s  f o r  p r i n t o u t ,  b u t  a l l  o t h e r  c a l c u l a t i o n s  a r e  done by hand 
. 

with t h e  a s s i s t a n c e  of a  programmable c a l c u l a t o r .  Percent  t r a c e r  

y i e l d  and fCi  plutonium a r e  c a l c u l a t e d  by t h e  fo l lowing formulae: 

% Tracer  Yield + l a  = G + g = I (A-B) f bl (Ctc)  (100) 
- - D t d  Eq.  1 

where A = g r o s s  counts  per  minute (c/min) i n  t h e  
t r a c e r  peak region chosen 

B = background c/min i n  t h e  t r a c e r  peak region  
chosen 

b  = one 'sigma counting e r r o r  about (A-B) c a l -  
c u l a t e d  by Eq.  3 o r  4 ,  

C = , r e c i p r o c a l  of t h e  count ing e f f i c i e n c y  

c  = one sigma e r r o r  about C . . '  . 

D = dis/min of t r a c e r  added 

d  = one sigma e r r o r  about D 

where E = g r o s s  c/min i n  t h e  chosen peak region  of t h e  
plutonium i so tope  of i n t e r e s t  

F  = background c/min i n  t h e  plutonium peak region 

f  = one sigma counting e r r o r  about E-F 

C ,  c  = a s  def ined  above 

Gtg = Tracer  Yield - + l a '  from Eq. 1. 

One sigma counting e r r o r s  a r e  c a l c u l a t e d  by one of t h e  fol lowing 

methods : 



1) I f  t h e  g r o s s  sample coun t s  a r e  - > 15 counts , .  t h e n ,  

Eq. 3 .  

where, ts = sample coun t ing  t i m e  

tg = b a c k g r o u n d  coun t ing  t i m e  

2)  I f  t h e  g r o s s  sample coun t s  a r e  < 15 coun t s ,  t h e n  t h e  

upper and lower end p o i n t s  o f  t h e  95% conf idence  

i n t e r v a l  about  t h e  observed n e t  counts .  a r e  o b t a i n e d  

from t a b l e  D.2 as r e p o r t e d  by Nicholson (1963) and 

t h e  n e t  observed  c o u n t s  - + . l a  a r e  e s t i m a t e d  from t h e  

fo l lowing:  

(E-F) + f  of Eq. 2 = (E-F) + (UL-LL) 
- - ( 4 )  (ts) 

Eq. 4 

where, U L  = upper end p o i n t  o f .  t h e  95% conf idence  
i n t e r v a l  

LL = lower end p o i n t  of t h e  95% conf idence  
, i n t e r v a l  

S t a t i s t i c a l  e r r o r s  about  t h e  count  r a t e ,  t h e  count ing  e f f i c i e n c y ,  

t h e  t r a c e r  y i e l d ,  and t h e  t r a c e r  dis/min a r e  c a r r i e d  th rough  t o  

t.n t h e  final r e s u l t €  by means of Eq. 5 '  

where i = a ,  b,  c ,  ... 

which i s  t h e  formula  f o r  t h e  r e l a t i v e  v a r i a n c e  of a  p roduc t  o r  

Eq. 5  

q u o t i e n t  i n  terms of t h e  r e l a t i v e  v a r i a n c e  of each  o f - t h e  f a c t o r s .  


