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K e s e a r c h  P r o g r e s s  R c p u r t  --- 1 

The o b j e c t i v e  o f  my r e s e a r c h  i s  t o  d e t e r m i n e  t h e  p l u t o n i u m  d i s t r i b u t i o n  
i n  hclman t e e t h  s a m p l e s  a n d  compare i t  w i t h  t h a t  f o u n d  i n  a n i m a l  s a m p l e s .  
F i g u r e  1 and  T a b l e  1 a re  p i c t u r e s  and c a p t i o n s  on a l p h a  and  b e t a  a u t o r a -  
d i o g r a p h s  o €  t e e t h  s a m p l e s  f r o m  b e a g l e s  i n j e c t e d  w i t h  d i f f e r e n t  r a d i o n u c l i d e s .  
Only i f  t h e  d i s t r i b u t i o n  i n  human t e e t h  s a m p l e s  c o r r e s p o n d  t o  t h a t  i n  ani.ma1 
s a m p l e s  c a n  one u s e  t e e t h  t o  bone r a t i d s  f rom a n i m a l  e x p e r i m e n t s  t o  o b t a i n  
bone b u r d e n  f r o m  human t e e t h  a c t i v i t y  c v n c e n t r a t i o n  f o r  human b e i n g s .  

The e x p e r i m e n t a l  p r o c e d u r e  i n v o l v e s  f i s s i o n  t r a c k  a u t o r a d i o g r a p h y  on 
t h i n  s e c t i o n s  of embedded t e e t h .  F i s s i o n  t r a c k  a u t o r a d i o g r a p h y  h a s  t o  be 
u s e d  i n s t e a d  of a l p h a  a u t o r a d i o g r a p h y  b e c a u s e  t h e  l e v e l  o f  a c t i v i t y  c o n c e n -  
c e n t r a t i o n  i n  t h e  t e e t h  a r e  o f  s u c h  low q u a n t i t i e s ,  a r o u n d  200 fCi, 'gm, t h a t  
i t  w i l l  t a k e  s e v e r a l  mon ths  t o  o b t a i n  a n  a l p h a  a u t o r a d i o g r a p h .  I n  v i ew of 
t h e  f a c t  t h a t  M a r s h a l l  I s l a n d s  s o i l  saii iples have  shown t r a c e  q u a n t i t i e s  of 
u r a n i u m  and  t h o r i u m ,  i t  was deem n e c e s s a r y  t h a t  Pu/U r a t i o s  be o b t a i n e d  t o  
a l l a y  d o u b t  on t h e  o r i g i n  of t h e  f i s s i o n  t r a c k s  i n  t h e  a u t o r a d i o g r a p h s .  
A t t e m p t s  w i l l  be  n:ade t o  o b t a i n  Pu /Th  and  P u / S r  as  w e l l  as  Pu/gamma e m i t t i n g  
r a d i o n u c l i d e s  on each e n t i r e  t o o t h .  

B r i e f l y ,  I have  done  a t r i o l  r u n  f o r  f i s s i o n  t r a c k  a u t o r a d i o g r a p h y .  
D e t a i l s  of t h e  p r o c e d u r e  on t h e  t w o  t e e t h  s a m p l e s  u s e d  a r e  d c s c r i b e d  i n  
T a b l e  2 .  T a b l e  3 l i s t s  t h e  m o d i f i c a t i o n s  t o  b e  t r i e d  on t h e  n e x t  b a t c h  o f  
s a m p l e s .  F i g u r e  2 shows t h e  f l o w  c h a r t  f o r  o b t a i n i n g  t h e  d i f f e r e n t  r a t i o s  
on t h e  w h o l e  t e e t h  s a m p l e s  t h a t  w i l l  be s u b j e c t e d  t o  t h e  r a d i o c h e m i s t r y  
p r o c e d u r e s .  A t  t h e  moment, I have  done  q u a l i t a t i v e  i d e n t i f i c a t i o n  of 
gamma e m i t t i n g  r a d i o n u c l i d e s  a n d  have  found  f o r  p o s s i b l e  r a d i o n u c l i d e s  
t h e  d a u g h t e r  p r o d u c t s  of Th-232 and U - 2 3 8 .  

T h a t  i s  a l l .  f o r  now. 

F l c r e n c e  T .  Cua 

c c .  D r .  L a n d o l t )  
D r .  Ziemer ) c o - c h a i r m e n ,  Purdue  

D r .  Ve t te r  P u r d u e  
D r .  Saum BNI. a d v i s e r  

JDr. Na idu  Dose R e a s s e s s m e n t  p r o j e c t ,  M a r s h a l l  I s l a n d s  R a d i o l o g i c a l  
p r  ograni 

T .  G r e e n h o u s e  P rogram D i r e c t o r ,  M a r s h a l l  I s l a n d s  R a d i o l o g i c a l  P rogram 
D r .  P r a t t  M a r s h a l l  I s l a n d s  M e d i c a l  Team D i r e c t o r  
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T e e t h  Samples  
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Q u a n t i t a t i v e  1 
t racers  f o r  Gamma C o u n t i n g  o f \  
P u ,  U, T h ,  & D i s s o l v e d  t e e t h  

Samples  I ____ _..__-- - . 

1 -. - I _ c  

1s u r a n i c s i  

R e s u l t s :  PuJgammas, P u / S r - v ,  P u / U ,  Pu/Th 

i f  f i s s i o n  a n d  a l p h a  a i l t o r a d i o g r a p h y  have  t o  I>P d o n e ,  t h e  k i n d  
of t r a c e r s  w h i c h  i s  used  f o r  o b t a i n i n g  r e c o v e r y  y i e l d s  h a s  t o  b e  
w e l l - c h o i e n  t r r  i n s u r e  n o n - a d d i t i o n  01 e x t r a n e o u s  f i s s i o n  t r a c k s  
o r  a l p h a  t r a c k s .  
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T a b l e  1 
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T a b l e  2 

F i s s i o n  T r a c k  A u t o r a d i o g r a p h y  P r o c e d u r e  used  on  two t e e t h  samples f rom t h e  
M a r s h a l l  I s  l a n d s  

D e s c r i p t i o n  of  t e e t h :  no  I D  
T o o t h  A w a s  a n  i n t a c t  i n c i s o r  
T o o t h  B was a m o l a r  with v e r y  l i t t l e  o f  t h e  r o o t s  a t t a c h e d  

S t e p  

D e h y d r a t i o n  

- 

I n f i l t r a t i o n  

Embedding 

C u r i n g  

S e c t i o n i n g  

P r e p a r a t i o n  
f o r  i r r a d i a t i o n  

I r r a d i a t i o n  

Desc r i p  t i o n  C onuue n t  s 

2 t o  3 c h a n g e s  i n  a b s o l u t e  T o  min imize  o u t g a s s i n g  when t e e t h  
e t ha no 1 a r e  b e i n g  i r r a d i a t e d  and  t o  p e r m i t  

t h e  polymer  t o  i n f i l t r a t e  t h e  t e e t h  

p l a c e d  i n  u n p o l y m e r i z e  f u l l  i n f i l t r a t i o n  o f  t e e t h  i s  more 
m e t h y l  m e t h a c r y l a t e  + d i f f i c u l t  t h a n  o f  bone 
1% (by w e i g h t )  o f  c a t a l y s t ,  
b e n z o y l  p e r o x i d g  f o r  2 d a y s  

r e p l a c c m e n t  o f  above  by The  a c c e l e r a t o r  c a u s e s  t h e  po ly rne r i  
m e t h y l  m e t h a c r y l a t e  f - z a t i o n  o f  t h e  m e t h y l  m e t h a c r y l a t e  

a c c e l e r a t o r  ( 2 5 : l  by  volume)  t h r o u g h  a n  e x o t h e r m i c  r e a c t i o n  

a l l o w e d  t h e  sample  t o  s o l i d i -  Bet ter  c u r i n g  c a n  be done  by u s i n g  
f y  i n  a vacuum d e s s i c a t o r  
ovc  r n  i g  h t 

use of  ca rborundum saw 
t o  remove p a r t s  of  g l a s s  
mold 

Ten s e c t i o n s  r a n g i n g  f r o m  
356 um t o  1816 p m  i n  t h i c k -  
n e s s  were o b t a i n e d  f r o m  
t h e  two t e e t h  samples w i t h  
a macrotome 2 p r e c i s i o n  

s a w (  100 mm d i a m e t e r  diamond 
b l a d e ,  water c o o l e d )  

Each s e c t i o n  was sandwiched  
between l e x a n  f o i l s (  250 urn 
t;hicl., 2 . & 5  cm c i idme te r )  & 
5 p a i r s  f rom e a c h  t e e t h  
s c o c k e d  one a f t e r  t h e  o t h e r  
and  wrapped  i n  p u r e  A 1  f o i l  

10 nL/cm sec n e u t r o n  f l u x  
f o r  2 h r s  a t  t h e  M e d i c a l  
R e s e a r c h  k e a c t o r  wh ich  h a s  
a t h e r m a l  t o  f a s t  n e u t r o n  
r a t i o  o i  a b o u t  3 3 .  Ambient  
t e m p e r a t u r e  i n  t h e  c a p s u l e  
is g r e a t e r  t h a n  500c .  The 

1 3  2 

a p r e s s u r e  chamber  ( e . g .  250  l b l i n L  
a n d  50°C) 

The c u r e d  m a t e r i a l  s t u c k  t o  t h e  
g l a s s  mold .  Such  s h o u l d  n o t  have  
o c c u r e d  i f  a mold re leaser  i s  
u s e d .  

T h i n n e s t  s e c t i o n  o b t a i n e d  of  
e n c a p s u l a t e d  t e e t h  had  been  250 ,um,  
a c c o r d i n g  t o  t h e  i n s t r u c t i o n  manual  

Wrapping  i n  A 1  f o i l  i s  s u p p o s e d  
t o  provide,,%%?$act be tween  t e e t h  
and Lexan  

A low n /n r a t i o  i s  d e s i r e d  t o  
p r e v e n t  6-25$ f a s t  f i s s i o n  a n d  

2 7 A l  (n f  , A ) 24 Na r e a c t i o n  

C o n t r o l  t e e t h  were i n a c c e s s i b l e  
a t  t h e  t i m e .  C o n t r o l  l e x a n  
was n o t  i n c l u d e d  i n  t h e  i r r a -  

d i a t e d  b a t c h  t h i s  t i m e  ( p l a i n  



conl: .  

Step 

E t c h i n g  

R i n s e  

Des c r i p  t i o n  Comments 

n e u t r o n s  were s u p p o s e d  f o r g e t f u l n e s s )  
t o  cclme from a l l  d i r e c -  
t i o n s  

20  m i n u t e s  e t c h i n g  a t  
5.94N KOH -f 0 . 4 9 5  a t  3 . 5  1 KOH a f t e r  GM r e a d i n g  o n  t h e  
6 0 . 5 O C ,  f o i l s  were l e s s  t h a n  1 mR/hr 
4 0  m i n u t e s  e t c h i n g  a t  
5 . 7 2 N  KO:! 2 0.305 a t  

80 m i n u t e s  e t c h i n g  a t  
5 . 1 4 N  + 0 . 4 2 8  a t  G0.3OC 

15-20 m i n u t e s  i n  c i r c u -  
l a t i n g  d i s t i l l e d  water  

The f o i l s  were t o t a l l y  immersed i n  

6 0 . 3 O C ,  

D r y i n g  86°C o v e n  t i l l  d r y  

T r a c k s  v i e w i n g  a i   racks f rom 20 m i n .  a )  l e n g t h  a n d  w i d t h  of t h e  t r a c k  
e t c h i n g  are n e e d l e  l i k e ,  and  t h e  t r a c k  d e n s i t y  h a v e  n o t  
f o r  4 0  a n d  80 m i n .  a re  been  measu red  
small dnd b i g  o v a l - s h a p e d  
h o l e s  r e s p e c t i v e l y  
b) t r a c k s  t h a t  have  t o  he  t)) t h o u g h  t h e  P.1 f o i l  h a s  a h i g h  
U o r  Pu f i s s i o n  t r a c k s  c h e m i c a l  p u r i t y ,  U c o n t a m i n a -  
abound on f o i l s  i n  d i r e c t  t i o n  c a n  e a s i l y  come a b o u t  
c o n t d c L  w i t h  t h e  A 1  f o i l  t h r o u g h  c o n t a c t  w i t h  t h e  a t m o s -  
and  on t h e  e d g e s  of t h e  p h e r e ,  e t c  . 
f o i l .  
c )  Images  o f  t h e  t o o t h  c )  d u e  t o  i n a d e q u a t e  c o n t a c t ,  images  
a n d  t h e  embedd ing  Inater ia l  of  t h e  d e n t i n e ,  p u l p ,  enamel  are  
i s  p r e s e n t  n o t  d i s t i n g u i s h a b l e  
d )  S t a r  a g g r e g a t e s  a r e  d j  a g g r e g a t e s  c o u l d  be c l u s t e r s  
p r e s e n t  t h o u g h  sparse  a n d  of Pu i n  t h e  t e e t h  o r  r e s u l t i n g  
c a n  b e  f o u n d  m a i n l y  where f r o m  b a c k g r o u n d  ff-23% c o n v e r -  
t h e  t o o t h  i s  b u t  i s  a l s o  s i o n  t o  Pu-239  
v i s i b l e  w h e r e  t h e  t o o t h  
i s n '  t 
e )  N e e d l e  l i k e  t r a c k s  
f r o m  4 0  min and  80  min 
e t c h i n g s  seem t o  h e  hu-  
r i e d  I:, 5 e c t i o n s  where 
t h e  d e n t i n e  o f  t h e  t o o t h  

I) photrwnicro:;rapks and  
p o l d r o i d  s h o t s  o f  L r a c k s  
o n  t h e  v i e w i n g  s c r e e n  
were t a k e n  

W A S  



T a b l e  3 

M o d i f i c a t i o n  u f  Lhc. P r o c P d u r e  used  f o r  F i s s i o n  T r d c k  A u t o r a d i o g r a p h y  o f  
Mar-lia; I!::ands Teet! i  Samples  

step M o d i f i c a t i o n  

Dehyd.ca t ion  none 

I n f i l t r a t i o n  none  

Embedding and  C u r i n g  i n s t e a d  of S o l u t i o n  B f r o m  P o l y s c i e n c e  I n c .  a s  
a c c e l e r a t o r ,  u s e  2,2' A z o b i s i s o  b u t y r o n t r i l e  
ALBN (0 .5% by w e i g h t ) .  
'The m e t h y l  m e t h a c r y l a t e  p l u s  ALBN w i l l  be  e x p o s e d  
t o  uv  l i g h t , o v e r n i g h t - 1  d a y .  
The new p r o c e d u r e  s h o u l d  r e s u l t  i n  a h a r d e r  p o l y m e r .  
T o  p r o v i d e  e a s y  r e l e a s e  of t h e  s p e c i m e n  f rom t h e  
m o l d ,  a r e l e a s e  a g e n t  s u c h  as  s i l i c o n  g r e a s e  (20'% 
by w t . )  d i s s o l v e d  i n  m e t h y l  m e t h a c r y l a t e  c a n  be  
used  t o  c o a t  t h e  i n s i d e  of t h e  g l a s s  mold .  

S e c t i o n i n g  

P r e p a r a t i o n  f o r  
I r r a d i a t i o n  

I r r a d i a t i o n  

E t c h i n g  

S e c t i o n s  a s  t h i n  as 250 u m  w i l l  be a t t e m p t e d .  

a )  I f  A 1  f o i l  were t o  be u s e d ,  s e v e r a l  p i e c e s  of 
l e x a n  o r  p o l y e t h y l e n e  8i.c:; s h o u l d  be p l a c e d  
be tween  t h e  f o i l  and  t h e  " t e e t h  sandwich"  

b )  A new s e t - u p  w i t h o u t  t h e  u s e  o f  A 1  f o i l  i s  
b e i n g  p l a n n e d  

I n s t e a d  o f  t h e  " r a b b i t "  p n e u m a t i c  t u b e  i r r a d i a t i o n  
f a c i l i t y ,  tlie "aluminum can"  r a d i a l  s e t - u p  w i l l  

r a t i o  of 33 b e  u s e d ;  t h e  f o r m e r  h a s  a n 
and  t e m p e r a t u r e  i s  g r e a t e r  d k n  o r  e q u a l  t o  5OoC 
w h e r e a s  t h e  l a t t e r  h a s  a r a t i o  of  300  a n d  t emp .  
i s  g r e a t e r  t h a n  o r  e q u a l  t o  30 C .  I r r a d i a t i o n  
t i m e  h a s  t o  be i n c r e a s e d  c o n s i d y 5 a b l y  i n c e  Lhe 
f o r m e r  h a s  a n e u t r o n  f l u x  yJ 10 
w h e r e a s  t h e  Latter of 3x10 n t / cn i  s e c ,  smaller  
by a L a c t o r  o f  3 .  The i r r a d i a t i o n  t i m e  u s e d  
p r e v i o u s l y  i s  t o o  s h o r t ,  a s  o b s e r v e d  f rom t h e  Pu 
t r a c k s ,  and may h a v e  t o  be i n c r e a s e d  2 - 3 ( .  Thus  
t h e  n e w  i r r a d i a t i o n  t i m e  may be 8-10 h r s .  

f o r  l o n g  i r r a d i a t i o n  C l i n e ,  g r 2 a t e r  t h a n  o r  e q u a l  
t o  10 h r s  a t  the 3x10 n t / c m  sec f l u x ,  B i l l i e  
Ol tman of AYL s i g g e s t s  l ower  t e m p e r a t u r e  and  l o n -  
g e r  e t c h i n g  t i m e ,  4 4  C ,  90 m i n u t e s .  
be r e t a i n e d ,  35 m i n u t e s  e t c h i n g  t i m e  was recom- 
mended.  
He a l s o  recommends p a r t i a l  immers ion  i n s t e a d  o f  
t o t a l  immers ion -  e t c h  t h e  s i d e  a g a i n s t  t h e  t e e t h  
spec imen  o n l y .  The s e t - u p  used  a t  ANL i s  6.25M 
KOH i n  a 1500  mL p y r e x  t r a y  on t o p  of  a h o t  p l a t e  
w i t h  t e m p e r a t u r e  measu red  by a t h e r m o m e t e r .  T h i s  
s h o u l d  improve  s i g n a l  t o  n o i s e  r a t i o  and  a l s o  
make t r a c k  c o u n t i n g  l e s s  c o n f u s i n g .  

/ " f a s t  

0 

3 
n / c m  sec 5 

L 

0 
I f  60°C i s  t o  



R i n s e  

D r y i n g  

T r a c k s  viewi.ng 

M o d i f i c a t i o n  

none 

a i r  d r y  o r  oven d r y  

w i t h  t h e  use o f  a m i c r o m e t e r  s l i d e ,  t h e  t r a c k  
l e n g t h  c a n  b e  m e a s u r e d .  H o p e f u l l y ,  t h e  s i g n a l  
t o  n o i s e  r a t i o  would be b e t t e r  and good con- 
t a c t  be tween t e e t h  and  l e x a n  o b t a i n e d  s o  t h a t  
a good f i s s i o n  t r a c k  a u t o r a d i o g r a p h  d e t a i l i n g  
Pu d i s t r i b u t i o n  i n  t e e t h  c a n  be  a c q u i r e d .  


