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P L U T O N I U M  I N H A L A T I O N  S T U D I E S  

L E C T U R E  1 

T E C H N O L O G Y  U S E D  I N  P L U T O N I U M  I N H A L A T I O N  S T U D I E S *  

H I S T O R Y  O F  P R O G R A M  

Our plutonium i n h a l a t i o n  program began i n  about 1955. I n  

beginning t h e  program, we had n o t  y e t  developed techniques  f o r  

exposing animals t o  r a d i o a c t i v e  a e r o s o l s ,  s o  we used i n t r a -  

t r a c h e a l  i n j e c t i o n s  a s  a  method f o r  i n t roduc ing  t h e  plutonium 

i n t o  t h e  lungs  of  mice, r a t s ,  and dogs. However, i n  t h e s e  

f i r s t  exper iments ,  i t  qu ick ly  became apparen t  t h a t  i n t r a -  

t r a c h e a l  i n j e c t i o n  was a  poor s u b s t i t u t e  f o r  i n h a l a t i o n  of 

a e r o s o l s ,  because t h e  p a r t i c u l a t e  m a t e r i a l  was h i g h l y  concen- 

t r a t e d  i n  two o r  t h r e e  lobes  of  t h e  lung i n s t e a d  of being 

uniformly d i s p e r s e d .  The re fo re ,  we began development of  t e c h -  

n iques  t o  expose animals t o  r a d i o a c t i v e  a e r o s o l s  under c o n t r o l l e d  

c o n d i t i o n s .  

I n  our i n h a l a t i o n  program, we have g e n e r a l l y  fol lowed t h e  

p r a c t i c e  of doing p re l imina ry  type experiments on mice,  r a t s ,  

and more r e c e n t l y ,  hamsters .  To f a c i l i t a t e  e x t r a p o l a t i o n  of 

t h e  r e s u l t s  of animal s t u d i e s  t o  man, we u s u a l l y  fo l low t h e  

roden t  experiments w i th  dog exper iments .  For t h i s  purpose we 

have e s t a b l i s h e d  our  own beag le  dog colony s o  t h a t  we would 

have a  r e l i a b l e  source  of h e a l t h y ,  n e a r l y  p a r a s i t e - f r e e  dogs 

f o r  exper iments .  

I n  e s t a b l i s h i n g  our  i n h a l a t i o n  program, we made t h e  d e c i -  

s i o n  t h a t  our  p o i n t  of  i n t e r e s t  would begin  when t h e  a e r o s o l  

was depos i t ed  i n  t h e  body. While knowledge of t h e  q u a n t i t a t i v e  

a s p e c t s  of d e p o s i t i o n  of i nha l ed  a e r o s o l s  i s  of  cons ide rab l e  

i n t e r e s t  and importance,  r a t h e r  e l a b o r a t e  technology i s  

r equ i r ed  t o  make t h e  necessary  measurements. F u r t h e r ,  because 

t h e  d e p o s i t i o n  of p a r t i c u l a t e  m a t e r i a l s  i s  h i g h l y  v a r i a b l e  

depending upon f a c t o r s  such a s  t h e  anatomy and s i z e  of t h e  
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r e s p i r a t o r y  t r a c t ,  r e s p i r a t o r y  r a t e  and volume, e t c . ,  i t  i s  

d i f f i c u l t  t o  e x t r a p o l a t e  t h e  r e s u l t s  from animal s t u d i e s  t o  

t h e  human, excep t  i n  a  q u a l i t a t i v e  way. Because of t h i s  

d e c i s i o n  we were a b l e  t o  i n i t i a t e  a e r o s o l  exposures  much 

e a r l i e r  t han  i f  we had f i r s t  t r i e d  t o  develop methods t o  

measure d e p o s i t i o n .  A s  a  r e s u l t ,  our  long- term dog exper iments  

have been i n  p rog re s s  more t han  1 0  y e a r s .  

The o b j e c t i v e s  of our  i n h a l a t i o n  program a r e :  

Provide  guidance f o r  e s t ab l i shmen t  of p e r m i s s i b l e  l i m i t s  

by i d e n t i f y i n g  and d e f i n i n g  hazards  of i nha l ed  

r a d i o n u c l i d e s .  

Develop t h e r a p e u t i c  methods f o r  removal o f  inha led  

r a d i o n u c l i d e s .  

These o b j e c t i v e s  a r e  be ing  met by expe r imen ta l l y  de te rmin ing  

t h e  d i s p o s i t i o n  of v a r i o u s  forms of i nha l ed  m a t e r i a l  i n  t h e  

body and t h e  a c u t e  and ch ron ic  b i o l o g i c a l  e f f e c t s  which may 

occur .  

A number of f i s s i o n  produc ts  have been s t u d i e d .  These 

a r e  i d e n t i f i e d  i n  Table 1.1. 

T A B L E  1 . 1 .  Completed I n h a l a t i o n  S t u d i e s  i n  Mice,  R a t s ,  and Dogs 

Radionucl ide  
1311 

B i o l o g i c a l  E f f e c t s  
Re t en t ion  and D i s t r i b u t i o n  (Acute and Long Term) 

1 2 ,  AgI, S t a b l e  I 2  

SrS04,  SrO, SrF2 ,  SrHP04 SrS04 

SrT103, SrCOj 

RuO RuO 

Ce02 Ce02 

Pm203 Pm(C104) 3  Pm203 
Np d u s t  

Other :  Removal of 1 4 4 ~ e ~ 2  wi th  DTPA 

E f f e c t s  of  C i g a r e t t e  Smoking on Lung Clearance 



Using mice,  r a t s ,  and dogs ,  we have s t u d i e d  r e t e n t i o n ,  

d i s t r i b u t i o n ,  and b i o l o g i c a l  e f f e c t s  of i nha l ed  1311 90  , S r ,  
l o 6 ~ u ,  1 4 4 ~ e ,  1 4 7 ~ m ,  and 237 Np. Most of  t h e s e  s t u d i e s  have 

been phased o u t  and c u r r e n t  emphasis i s  i n  t h e  f o u r  fo l lowing  

a r e a s  : 

a Plutonium and curium. 

a Uranium. 

a Lung b iochemis t ry  and cy to logy .  

Removal t he rapy .  

The most ex t ens ive  program involves  plutonium. S tud i e s  of 

curium a r e  j u s t  g e t t i n g  s t a r t e d .  Another p a r t  of  t h e  program 

i s  concerned wi th  problems a s s o c i a t e d  w i th  t h e  uranium mining 

and m i l l i n g  i n d u s t r y .  The long- term e f f e c t s  of combined 

exposure t o  uranium o r e  d u s t ,  radon daugh te r s ,  d i e s e l  engine  

exhaust  fumes, and tobacco smoke a r e  be ing  s t u d i e d  i n  hamsters  

and dogs. To unders tand some of t h e  p rocesses  fundamental t o  

t h e  d i s p o s i t i o n  and b i o l o g i c a l  e f f e c t s  of  i nha l ed  p a r t i c l e s ,  

t h e  b iochemis t ry  of  t h e  lung,  p a r t i c u l a r l y  i n  r ega rd  t o  t h e  

b i o s y n t h e s i s  of s u r f a c t a n t ,  i s  being i n v e s t i g a t e d .  Also,  

c e l l u l a r  r e a c t i o n s  t o  i nha l ed  p a r t i c l e s  a r e  be ing  examined 

q u a n t i t a t i v e l y  and morphological ly  u s ing  l i g h t  and e l e c t r o n  

microscopy. Because we have f i r s t h a n d  knowledge of t h e  

t o x i c i t y  of i nha l ed  plutonium and o t h e r  r a d i o n u c l i d e s ,  we a r e  

extremely i n t e r e s t e d  i n  developing t h e r a p e u t i c  procedures  t o  

remove them from t h e  body. 

The e x t e n t  of our plutonium s t u d i e s  i s  shown i n  Table 1 . 2 .  

These w i l l  be d e a l t  w i th  i n  more d e t a i l  i n  subsequent l e c t u r e s .  

The d i s p o s i t i o n  of i nha l ed  plutonium has  been compared f o r  

s e v e r a l  compounds and f o r  s e v e r a l  p a r t i c l e  s i z e  a e r o s o l s .  

Acute and ch ron ic  e f f e c t s  of i nha l ed  plutonium have been 

de f ined  i n  c l i n i c a l  s t u d i e s .  A s i g n i f i c a n t  response  has  been 

t h e  development of  lung tumors. Lymphopenia and immunosuppres- 

s i o n  a r e  o t h e r  e f f e c t s  which have been of i n t e r e s t .  These w i l l  

be d i s cus sed  i n  a  l a t e r  l e c t u r e .  



T A B L E  1 . 2 .  PZutonium I n h a l a t i o n  S t u d i e s  

1. R e t e n t i o n ,  D i s t r i b u t i o n  2 .  B i o l o g i c a l  E f f e c t s  
and E x c r e t i o n  (Acute and Long Term) 

Pu02, Pu(N03) 4 ,  PuF4 2 3 9 ~ u ~ 2  v s .  2 3 8 ~ u ~ 2  

P a r t i c l e  S i z e  E f f e c t s  2 3 9 ~ ~ ( ~ 0 3 )  

B i l i a r y  Exc re t i on  Lymphopenia 

2 3 9 ~ u  v s .  Immunology 

Pu Microspheres  

3. Removal T h e r a ~ v  

R e t i c u l o e n d o t h e l i a l  
System 

I N H A L A T I O N  E X P O S U R E  L A B O R A T O R Y  

To i n t r o d u c e  you t o  our  p lu tonium s t u d i e s ,  something 

shou ld  be s a i d  abou t  t h e  l a b o r a t o r y  i n  which t h e  animal expo- 

s u r e s  a r e  accomplished.  We have n o t  r e q u i r e d  an e l a b o r a t e  

f a c i l i t y ,  a l t hough  i t  would have been h e l p f u l  and we a r e  

l ook ing  forward t o  our  new l a b o r a t o r y .  Our requ i rements  have 

been r ea sonab ly  s a t i s f i e d  by a  l a b o r a t o r y  a r e a  which i s  on ly  

p a r t i a l l y  i s o l a t e d  from t h e  o t h e r  work a r e a .  The v e n t i l a t i o n  

of  t h e  exposure  l a b o r a t o r y  i s  des igned  s o  t h a t  t h e  a i r  p r e s -  

s u r e  i n  t h e  exposure  l a b o r a t o r y  i s  n e g a t i v e  w i t h  r e s p e c t  t o  

t h e  o t h e r  space  i n  t h e  b u i l d i n g .  The exhaus t  a i r  from t h e  

room goes through an a b s o l u t e  f i l t e r .  The exhaus t  from a e r o -  

s o l  chambers i n  t h e  g love  boxes i n  which t h e  a e r o s o l s  a r e  

gene ra t ed  i s  f i l t e r e d  a t  t h e  chamber, a t  t h e  g love  box,  and 

a g a i n  when it l e a v e s  t h e  l a b o r a t o r y .  However, t h e  lowes t  a i r  

p r e s s u r e  i s  main ta ined  i n  t h e  a e r o s o l  chamber t o  minimize 

d i r e c t  con tamina t ion  o f  t h e  room a i r .  The l a b o r a t o r y  i s  

equipped w i t h  two a i r  sampling sys tems.  One p rov ide s  a d i r e c t  

measurement of  a l p h a  r a d i a t i o n  l e v e l s .  The second i s  a  h i g h  

volume f i l t e r  sample r .  The f i l t e r s  a r e  removed f o r  coun t i ng  

i n  p r o p o r t i o n a l  c o u n t e r s .  



A f r e s h  a i r  b r e a t h i n g  system s u p p l i e s  a i r  t o  masks worn 

by personne l  when a e r o s o l s  a r e  be ing  genera ted  o r  when room 

a i r  contaminat ion i s  known o r  suspec ted .  Radia t ion  moni tor ing 

personne l  a r e  always a v a i l a b l e  when r a d i o a c t i v e  a e r o s o l s  a r e  

be ing  handled.  The a i r  moni tor ing system and t h e  f r e s h  a i r  

b r e a t h i n g  system a r e  equipped wi th  alarms i n  t h e  even t  of  an 

emergency c o n d i t i o n .  F loor  contaminat ion occurs  o c c a s i o n a l l y ,  

b u t  heavy t a r  paper  i s  u s u a l l y  p laced  on t h e  f l o o r  be fo re  

experiments a r e  s t a r t e d  s o  t h a t  c l ean  up i s  r e l a t i v e l y  easy .  
a 

A E R O S O L  E X P O S U R E  C H A M B E R S  A N D  G L O V E  B O X E S  

To s tudy  inha l ed  plutonium i n  exper imenta l  an imals ,  it i s  

d e s i r a b l e  t o  cause t h e  d e p o s i t i o n  of  plutonium i n  a  manner 

c l o s e l y  s i m u l a t i n g  t h a t  which would occur  i n  a  human exposure 

t o  contaminated a i r .  Also t o  minimize r a d i o l o g i c a l  hazards  

t o  t h e  r e s e a r c h e r  and avoid numerous o t h e r  problems, i t  i s  

necessary  t o  p reven t  e x t e r n a l  contaminat ion of t h e  e x p e r i -  

mental  animal.  This  r e q u i r e s  t h a t  t h e  a e r o s o l  be in t roduced-  

t o  j u s t  t h e  n a s a l  and o r a l  r eg ions  of t h e  animal .  Th is  i s  

done by us ing  s u i t a b l e  c o n t a i n e r s  t o  ho ld  roden t s  and masks 

f o r  dogs. 

Chamber and Glove Boxes f o r  Rodents 

F igure  1.1 shows a  s e r i e s  of  a e r o s o l  chambers used f o r  

mice exposed d a i l y  t o  ' O S ~ .  The e x t e r n a l  contaminat ion of 

t h e s e  animals was accep tab l e  because t h e  a e r o s o l  was very  low 

l e v e l  and could  be c leaned  up. However, because plutonium 

p r e s e n t s  more d i f f i c u l t  decontaminat ion problems than  'Osr, 
such a  chamber could  n o t  be used f o r  plutonium i n h a l a t i o n  

exper iments .  

e I n s t e a d ,  it was neces sa ry  t o  con f ine  t h e  a e r o s o l  t o  an 

i nne r  chamber, through p o r t s  i n  t h e  w a l l  of which t h e  roden ts  

c were al lowed t o  i n h a l e  t h e  a e r o s o l .  An example i s  shown i n  
Figure  1 . 2 .  Mice were i n d i v i d u a l l y  p laced  head f i r s t  i n t o  







50 m l  c o n i c a l  c e n t r i f u g e  t ubes  w i t h  t h e  bottom 1 / 2  i n .  c u t  o f f  

t o  g ive  a  3 / 8 - i n .  opening.  The t ubes  c o n t a i n i n g  t h e  mice were 

i n s e r t e d  i n t o  p o r t s  d r i l l e d  i n t o  t h e  w a l l  o f  a  v e r t i c a l  a e r o -  

s o l  chamber c o n s t r u c t e d  of a  1 6 - i n .  l e n g t h  of  8 - i n .  (OD)  l u c i t e  

t u b i n g .  The exposure  chamber cou ld  ho ld  a s  many a s  84 mouse 

t u b e s ,  i n  seven  rows of  1 2  mice each row. The a e r o s o l  was 

admi t t ed  a t  t h e  t o p  and exhaus ted  a t  t h e  bottom through an 

e l e c t r o s t a t i c  p r e c i p i t a t o r  and two s e t s  o f  membrane f i l t e r s  t o  

c o l l e c t  p lu tonium and p r even t  con tamina t ion  o f  t h e  room a i r .  . 
I n  such a  chamber, t h e  a e r o s o l  c o n c e n t r a t i o n  v a r i e d  25% from 

t o p  t o  bottom of  t h e  chamber. 

F igu re  1 . 3  shows a  chamber and glove  box used f o r  r a t s .  

The p r i n c i p l e  i s  t h e  same a s  f o r  t h e  mice excep t  t h a t  i t  i s  

s l i g h t l y  s c a l e d  up.  Con t a ine r s  t o  ho ld  r a t s  were f a b r i c a t e d  

from Coca Cola b o t t l e s ,  t h e  bottoms of  which were removed 

w i t h  a  g l a s s  saw. The r a t s  were i n s e r t e d  th rough  t h e  bottoms 

of  t h e  b o t t l e s  and h e l d  i n  p l a c e  w i t h  l a r g e  rubber  s t o p p e r s .  

The b o t t l e s  were t h e n  i n s e r t e d  i n t o  p o r t s  d r i l l e d  i n t o  t h e  

w a l l  o f  t h e  a e r o s o l  chamber. Exposing mice and r a t s  t o  r a d i o -  

a c t i v e  a e r o s o l s  i n  t h i s  manner r e s t r i c t e d  t h e  r a d i o a c t i v e  con-  

t amina t i on  mainly t o  t h e  head r eg ion .  Following exposure  t o  

t h e  a e r o s o l ,  t h e  heads of  t h e  r a t s  were washed w i t h  wa t e r  and 

d e t e r g e n t .  

Another  g love  box and chamber used  f o r  exposure  o f  r a t s  

t o  p lu tonium and o t h e r  r a d i o n u c l i d e s  a r e  shown i n  F igu re  1 . 4 .  

Th i s  i s  a  r e l a t i v e l y  inexpens ive  g love  box and i s  used  f o r  

r o u t i n e  r a t  exposu re s .  When t hey  become h e a v i l y  contaminated  

and t h e r e  i s  d i f f i c u l t y  i n  c o n f i n i n g  t h e  con tamina t ion  t o  t h e  

i n s i d e  of t h e  g love  box,  t h e  boxes a r e  s e a l e d  i n  a  l a r g e  

wooden box and b u r i e d .  

F igu re  1 . 5  shows a  more e l a b o r a t e  v e r s i o n  of  a  g love  box 

f o r  exposing r a t s  t o  r a d i o n u c l i d e s .  The a e r o s o l  chamber i s  









shown i n  t h e  c e n t e r .  P o r t s  i n t o  which t h e  b o t t l e d  r a t s  a r e  

p l aced  a r e  c lo sed  w i th  rubber  s t oppe r s  when exposures a r e  n o t  

i n  p rog re s s .  Th is  glove box provided space f o r  s t o r a g e  of 

waste .  A d u s t  g e n e r a t o r  i s  shown a t  t h e  t op  of t h e  chamber. 

Everything taken  i n t o  o r  o u t  of t h e  box pas se s  through an a i r  

lock .  E l e c t r o s t a t i c  p r e c i p i t a t o r s  used t o  decontaminate t h e  

exhaust  from t h e  chamber a r e  a l s o  shown. 

Our work w i t h  2 3 8 ~ u  posed s e r i o u s  p o t e n t i a l  contaminat ion 

problems. We were i n t e r e s t e d  i n  t h e  acu te  l e t h a l  dose range.  
I 

This  meant t h a t  we would be g i v i n g  each r a t  50 t o  100 p C i .  I n  

a d d i t i o n  we had l ea rned  t h a t  238Pu seemed t o  be more mobile 

than  2 3 9 ~ u  i n  t h a t  we o c c a s i o n a l l y  found 2 3 8 ~ ~  on t h e  f l o o r  of  

t h e  l a b o r a t o r y .  This  was seldom our  exper ience  wi th  2 3 9 ~ u .  

The exp lana t ion  f o r  t h i s  i s  probably  t h e  f a c t  t h a t  f o r  a  g iven  

mass, 2 3 8 ~ u  i s  about  280 t imes  more r a d i o a c t i v e  t han  2 3 9 ~ u .  

Because of  t h i s ,  2 3 8 ~ ~  i s  more r e a d i l y  d e t e c t e d  than  an equa l  

mass of  2 3 9 ~ ~ .  Th is  glove box was des igned t o  house t h e  r a t s  

a s  w e l l  a s  c o n t a i n  t h e  a e r o s o l  exposure chamber (Figure  1 . 6 ) .  

The glove box i s  d iv ided  i n t o  a r e a s .  The compartment c o n t a i n -  

ing  t h e  a e r o s o l  chamber i s  a t  one end. Another compartment 

above t h e  chamber houses t h e  a e r o s o l  g e n e r a t o r .  A f t e r  t h e  

r a t s  a r e  exposed t o  t h e  plutonium a e r o s o l ,  t h e  b o t t l e s  con- 

t a i n i n g  t h e  r a t s  a r e  dropped through t h e  chu te  i n t o  t h e  housing 

compartment. The b o t t l e s  a r e  dropped i n t o  t h e  waste  bag and 

the  r a t s  a r e  pu t  i n t o  cages .  

We have been i n t e r e s t e d  i n  u s ing  hamsters i n  our  pulmonary 

s t u d i e s .  Rats  and, t o  l e s s e r  e x t e n t ,  mice a r e  prone t o  r e s p i r a -  

t o r y  t r a c t  i n f e c t i o n ,  whereas hamsters  seem t o  be f r e e  of  such 

problems. Hamsters have been s u c c e s s f u l l y  used a t  o t h e r  s i t e s  

f o r  whole body type  of a e r o s o l  exposures .  However, we have 

had d i f f i c u l t y  i n  con f in ing  them t o  s o f t  d r i n k  b o t t l e s  o r  

o t h e r  type  c o n t a i n e r s .  The hamsters  a r e  capable  of  r e v e r s i n g  

themselves i n  most types  of  such confinement,  and can s u f f o c a t e  





i n  t h e  b o t t l e s .  The re fo re ,  we have been t r y i n g  t o  develop a  

hamster  chamber f o r  nose only  type of exposure.  Hamsters a r e  

be ing  used i n  a  s t udy  of i nha l ed  radon,  radon daugh te r s ,  and 

uranium d u s t .  The chamber be ing  used i n  t h i s  p r o j e c t  may 

i n t e r e s t  you (Figure  1 . 7 ) .  I t  i s  comprised of two l u c i t e  

hemispheres.  A t u r n t a b l e  f l o o r  i s  l o c a t e d  a t  t h e  e q u a t o r .  

Cages con ta in ing  hamsters  a r e  loaded i n t o  t h e  chamber through 

the  p o r t  and p l aced  on t h e  t u r n t a b l e .  Excre ta  i s  c o l l e c t e d  on 

absorbent  paper  p laced  on a  s h e l f  below t h e  cages .  Aerosol  i s  

in t roduced  a t  t h e  t op  and exhausted a t  t h e  bottom. The chamber 
I 

can be washed ou t  through a  p o r t  i n  t h e  bottom. F igure  1 .8  

shows t h e  cage used.  I t  i s  c o n s t r u c t e d  of s t a i n l e s s  s t e e l .  

Each hamster  i s  i n  a  s e p a r a t e  compartment. 

Aerosol  Chambers and Glove Boxes f o r  Dogs 

A number of  d i f f e r e n t  a e r o s o l  chambers and glove boxes 

f o r  exposing dogs have evolved.  In  F igure  1 . 9 ,  a  l a r g e  d u s t  

chamber i s  shown suspended i n  one compartment of  t h e  glove box. 

The dog, p l aced  i n  t h e  compartment t o  t h e  r i g h t ,  i nha l ed  t h e  

a e r o s o l  through a  mask a t t a c h e d  t o  t h e  bottom of t h e  t ank .  A 

p l a s t i c  bag i n s i d e  t h e  a e r o s o l  chamber c o l l a p s e d  a s  t h e  dog 

i n h a l e d  t h e  a e r o s o l .  Dry d u s t  can be f i r e d  i n t o  t h i s  chamber 

wi th  an a i r  p i s t o l .  There a r e  a l s o  o t h e r  ways of  i n t r o d u c i n g  

d u s t  i n t o  such a  chamber. The t e c h n i c i a n  i s  shown wearing a  

f r e s h - a i r  b r e a t h i n g  mask. The r e c o r d e r  i s  used t o  moni tor  

temperature  and r e l a t i v e  humidity w i t h i n  t h e  chamber. The 

r e l a t i v e  humidi ty  of t h e  chamber seldom exceeds 40% even when 

a e r o s o l s  a r e  genera ted  from aqueous s o l u t i o n s  o r  suspens ions .  

A s i m i l a r  glove box i s  shown i n  Figure  1 .10 .  However, a  

d i f f e r e n t  a e r o s o l  chamber was used.  I t  c o n s i s t e d  of a  l a r g e  

octagon wi th  c o n i c a l  ends .  The a e r o s o l  g e n e r a t o r  i s  shown a t  

t h e  t op  of t h e  chamber. The i n s t rumen ta t i on  shown measured 

p r e s s u r e s  and a i r  f lows w i t h i n  t h e  system. 











I n  those  experiments where d a i l y  exposures o f  dogs were 

r e q u i r e d ,  it was necessary  t o  dev i se  a  system by which more 

than  one dog cou ld  be exposed a t  one t ime.  The glove box and 

chamber shown i n  F igure  1.11 accommodates f i v e  dogs s i m u l t a -  

neous ly .  The dogs a r e  t r a i n e d  t o  s i t  i n  t h e  boxes.  The masks 

through which they i n h a l e  t h e  a e r o s o l  a r e  r i g i d l y  a t t a c h e d  t o  

t h e  a e r o s o l  chamber, i n  t h i s  case  a  3 - f t  d iamete r  hexagon. 

The most r e c e n t  des ign  f o r  an a e r o s o l  exposure system f o r  

dogs i s  shown i n  Figure  1 . 1 2 .  The a e r o s o l  chamber i s  con ta ined  

i n  t h e  l a r g e  compartment of t h e  glove box. The dog s i t s  i n  

ano ther  compartment wi th  h i s  nose i n  a  mask. The mask i s  f a b -  

r i c a t e d  from l i q u i d  l a t e x  and p l a s t e r .  I t  i s  a t t a c h e d  t o  a  

three-way r e s p i r a t o r y  va lve  which i s  c o n t r o l l e d  by e l e c t r o n i c  

c i r c u i t s  housed i n  t h e  boxes above t h e  dog. The f l o o r  upon 

which t h e  dog s i t s  can be a l t e r e d  by an e l e c t r i c a l l y  opera ted  

jack t o  keep t h e  dog comfor table .  

The a e r o s o l  gene ra to r  i s  l o c a t e d  i n  t h e  compartment above 

t h e  a e r o s o l  chamber. A i r  f lows and p r e s s u r e  i n  t h e  equipment 

a r e  c o n t r o l l e d  a t  t h e  conso le .  Three 1 - i n .  membrane f i l t e r  
3  samplers o p e r a t e  s imu l t aneous ly ,  a t  about 100 cm /min. Thermal 

p r e c i p i t a t o r s  a r e  used t o  sample t h e  a i r  exhaled by t h e  dog a s  

w e l l  a s  t h e  a i r  w i t h i n  t h e  a e r o s o l  chamber f o r  p a r t i c l e  s i z e  

measurements by e l e c t r o n  microscopy. A i r  i s  exhausted from 

t h e  a e r o s o l  chamber through an e l e c t r o s t a t i c  p r e c i p i t a t o r  and 

a t  l e a s t  two membrane f i l t e r s ,  a t  a  r a t e  of  about 6 almin. 

This  i s  a  s l i g h t  excess  of t h e  r a t e  of  a i r  in t roduced  through 

t h e  a e r o s o l - g e n e r a t i n g  system t o , e n s u r e  t h a t  t h e  p r e s s u r e  i n  

t h e  chamber i s  nega t ive  w i th  r e s p e c t  t o  t h e  glove box. F ig -  

u r e  1 .13  shows a  c lo se -up  of t h e  r e s p i r a t o r y  va lve  which i s  

a t t a c h e d  t o  t h e  a e r o s o l  chamber and t h e  mask of t h e  dog. The 

r e s p i r a t o r y  va lve  was a  l i n e a r  va lve  ope ra t ed  by a  l i n e a r  

motor, Figure  1 . 1 4 .  











I n  t h i s  sys tem,  t h e  exha led  a i r  was measured and a l s o  

f i l t e r e d  t o  remove t h e  r a d i o n u c l i d e  f o r  a n a l y s e s .  Th i s  p r o -  

v ided  d a t a  t o  e s t i m a t e  d e p o s i t i o n ,  a l though  a s  mentioned 

e a r l i e r  t h i s  has  n o t  been a  major  o b j e c t i v e  o f  ou r  s t u d i e s .  

An example o f  a  3-way r e s p i r a t o r y  v a l v e  i s  shown i n  

F igu re  1 .15 .  Th i s  i s  a  r o t a r y  t ype  des igned  i n  o u r  l a b o r a t o r y .  

A t  t h e  t o p  of  t h e  va lve  i s  a  motor which a c t u a t e s  t h e  v a l v e .  

The motor i s  c o n t r o l l e d  e l e c t r o n i c a l l y  by a  system which moni- 

t o r s  t h e  r e s p i r a t i o n  o f  t h e  dog. F igure  1 .16 shows t h e  v a l v e  - 
disassembled .  Although t h i s  i s  one o f  t h e  b e s t  we have u s e d ,  

we have n o t  been s a t i s f i e d  w i t h  t h e  t echn ique  t o  measure 

r e s p i r a t o r y  pa ramete r s  du r ing  exposure .  A new sys tem i s  under  

development t o  moni tor  r e s p i r a t o r y  excu r s ions  d u r i n g  t h e  expo- 

s u r e  of  dogs t o  r a d i o a c t i v e  a e r o s o l s .  

P L U T O N I U M  A E R O S O L S  

P r e ~ a r a t i o n  o f  Plutonium 

Plutonium used i n  our  s t u d i e s  was p r epa red  t o  o u r  s p e c i -  

f i c a t i o n s  i n  some c a s e s  and i n  o t h e r s  i t  was from a  p r o d u c t i o n  

run  w i thou t  f u r t h e r  man ipu l a t i on .  Oxides were p r epa red  by 

c a l c i n i n g  t h e  o x a l a t e  a t  t empera tu res  from 300 t o  abou t  1000 O C .  

Two ox ide s  were p r epa red  by o x i d a t i o n  of  t h e  d e l t a  form of  

p lu tonium me ta l .  Sed imenta t ion  t e chn iques  were used  on aqueous 

suspens ions  o f  ox ide  p a r t i c l e s  t o  narrow t h e  p a r t i c l e  s i z e  

d i s t r i b u t i o n  o f  t h e  a e r o s o l s  gene ra t ed  from t h e  su spens ions .  

X-ray d i f f r a c t i o n  a n a l y s e s  o f  Pu02 p r e p a r a t i o n s  confirmed t h e  

c r y s t a l l i n e  s t a t e .  

U l t r a f i l t e r a b i l i t v  T e s t s  

Pu02 su spens ions  were t e s t e d  f o r  t h e  p resence  of  i o n i z e d  

plu tonium t o  a s s u r e  t h a t  t h e  r e s u l t s  ob t a ined  i n  t h e  animal 

s t u d i e s  were c o r r e c t l y  a t t r i b u t e d  t o  Pu02 p a r t i c l e s .  I n  e a r l y  

s t u d i e s ,  Pu02 suspens ions  were f i l t e r e d  through a  f i n e - g r a d e  







membrane f i l t e r  hav ing  an average  po re  s i z e  o f  0 .3  u m .  The 

f i l t e r  was expec ted  t o  r e t a i n  a l l  p a r t i c l e s  l a r g e r  t han  

0.005 v m  w i t h  a t  l e a s t  95% e f f i c i e n c y .  

More r e c e n t l y ,  t h e  method o f  Lindenbaum and W e s t f a l l  ha s  

been used  t o  t e s t  t h e  u l t r a f i l t e r a b i l i t y  of p lu tonium p a r t i c l e  

su spens ions .  By t h i s  method t h e  p lu tonium suspens ion  i n  a  

d i a l y s i s  bag i s  c e n t r i f u g e d  a t  1000 x g r a v i t y  f o r  40 minu tes .  

The plutoniunl  i n  t h e  u l t r a f i l t r a t e  p a s s i n g  through t h e  d i a l y s i s  
0 

membrane having an average  po re  s i z e  of  24 A i s  measured. 

We r o u t i n e l y  t e s t  t h e  i n t e g r i t y  of  t h e  membrane w i t h  a  
0 

hemoglobin s o l u t i o n .  The hemoglobin molecu le ,  about  70 A by 
0 

4 0  A ,  s hou ld  n o t  p a s s  t h e  d i a l y s i s  membrane w i t h  a  po re  s i z e  
0 

of 24 A .  Hemoglobin i n  t h e  u l t r a f i l t r a t e  i s  t aken  a s  ev idence  

f o r  a  d i s r u p t e d  membrane. I n  our  t e s t s  hemoglobin was added 

t o  t h e  p lu tonium suspens ions  i n  t h e  d i a l y s i s  t u b i n g  b e f o r e  

c e n t r i f u g a t i o n .  Hemoglobin was found i n  t h e  u l t r a f i l t r a t e  

from 2 3 8 ~ u  suspens ions  w i t h  a  h i g h e r  f requency  t han  from 2 3 9 ~ u  

su spens ions .  A l so ,  i n  some c a s e s  we found t h a t  t h e  f r a c t i o n  

of p lu tonium i n  t h e  u l t r a f i l t r a t e  i n c r e a s e d  w i t h  t h e  amount o f  

p lu tonium p l aced  i n  t h e  d i a l y s i s  t u b i n g .  Some of  t h e s e  r e s u l t s  

a r e  shown i n  Table  1 . 3 .  The amount of p lu tonium i n  t h e  u l t r a -  

f i l t r a t e  v a r i e d  by a  f a c t o r  o f  10 depending upon t h e  amount o f  

p lu tonium p l aced  i n  t h e  d i a l y s i s  t ub ing .  In  a  number o f  t h e s e  

t h e r e  was ev idence  of  hemoglobin. T h e r e f o r e ,  we s u s p e c t  t h a t  

p lu tonium may i n  some c a s e s  a l t e r  t h e  po re  s i z e  of  t h e  d i a l y s i s  

membrane. 

Genera t ion  o f  Aeroso l s  

Plutonium a e r o s o l s  have been produced from d ry  powder o r  

from suspens ions  and s o l u t i o n s .  Because t h e  mass o f  m a t e r i a l  

i s  s m a l l ,  conven t i ona l  a e r o s o l - g e n e r a t i n g  sys tems such a s  d u s t  

m i l l s  cannot  be used.  T h e r e f o r e ,  new o r  modi f i ed  methods were 

r e q u i r e d .  



TABLE 1.3. UZtrafiZterabiZity of PZutonium SoZutions 
and Suspensions 

Concent ra t ion ,  P a r t i c l e  S i z e  Pe rcen t  
Compound p C i / m l  CMD, u m  F i l t e r e d  

40 

3  

40 

20 

(Plasma Torch) 500 

100 

(300°) 1500 

400 

(750') 500 

Dispers ion  of So lu t ions  and Suspensions 

A modif ied  La te rbach- type  gene ra to r  was used f o r  d i s p e r -  

s i o n  of s o l u t i o n s  and suspens ions .  The a e r o s o l  g e n e r a t o r  was 

cons t ruc t ed  from 1 - i n .  OD p l a s t i c  p i p e  o r  from an 8 - i n .  l ong ,  

1 - i n .  p l a s t i c  rod w i th  a  3 / 4 - i n .  ho l e  d r i l l e d  from one end t o  

w i t h i n  1 / 2  i n .  of t h e  o t h e r  end (Figure  1 . 1 7 ) .  A s i d e  arm w a s  

a t t a c h e d  n e a r  t h e  open end t o  l e a d  t h e  a e r o s o l  i n t o  t h e  a e r o s o l  

chamber. A l e n g t h  of  1 / 4 - i n .  s t a i n l e s s  s t e e l  t ub ing  s e a l e d  a t  

t h e  bottom end wi th  t h e  top  end extending through a  rubber  

s t o p p e r  was i n s e r t e d  i n t o  t h e  g e n e r a t o r .  One t o  seven ve ry  

f i n e  h o l e s ,  d r i l l e d  i n  t h e  w a l l  o f  t h e  t ub ing  about 1 / 4 - i n .  

from t h e  s c a l e d  end,  were l o c a t e d  a t  t h e  s u r f a c e  of t h e  p l u -  

tonium suspens ion  o r  s o l u t i o n .  F i l t e r e d  dry  a i r  d e l i v e r e d  a t  

30 p s i  t o  t h e  t ub ing  produced a  fog  c o n s i s t i n g  of plutonium 

p a r t i c l e s .  This  was d i r e c t e d  i n t o  t h e  a e r o s o l  chamber. 





Dry Dusts  

Aerosols  were produced from dry  plutonium d u s t  by two 

methods. I n  one,  t h e  dry d u s t  was p laced  i n  No. 4 g e l a t i n  cap-  

s u l e s  and f i r e d  i n t o  an a e r o s o l  chamber wi th  an a i r  p i s t o l .  I n  

a  second method, t h e  a e r o s o l s  were produced by d i r e c t i n g  dry  
3 - - -  - - - -  ~ ~ ~ ~ ~ 

a i r - a t - a - r a t e - o f  -100 - c m  fmrn through a  smal l  d iameter  tube 

a t t a c h e d  a s  a  s i d e  arm t o  a  25 m l  f l a s k  con ta in ing  t h e  d ry  

plutonium d iox ide  d u s t .  The f l a s k  was v i b r a t e d  w i th  an e l e c -  

t r i c  t e s t  tube  shaker  t o  keep t h e  d u s t  i n  motion. The t op  of  
t 

t h e  f l a s k  was connected t o  t h e  t op  opening of t h e  a e r o s o l  cham- 

be r  by f l e x i b l e  t ub ing .  

Aerosol  S a m ~ l i n g  

Aerosol  samples a r e  c o l l e c t e d  f o r  two purposes :  measuring 

average c o n c e n t r a t i o n  of t h e  a e r o s o l  and de te rmin ing  p a r t i c l e  

s i z e  c h a r a c t e r i s t i c s  of t h e  a e r o s o l .  Membrane f i l t e r  samples ,  
3 c o l l e c t e d  a t  about 100 t o  150 cm-[min, p r ~ v i - d e  _ e s t i m a t e s  o f  t h e  

- - p p - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

- - - - - -  

a e r o s o l  c o n c e n t r a t i o n .  For p a r t i c l e  s i z i n g ,  a  thermal  p r e c i p i -  

t a t o r  c o l l e c t s  samples d i r e c t l y  on e l e c t r o n  microscope g r i d s .  

The Walkenhorst- type thermal  p r e c i p i t a t o r  i s  shown i n  F ig -  

u r e  1 .18.  The power supply  prov ides  c u r r e n t  a t  about 2 A .  A i r  
3 i s  drawn through t h e  sampler a t  a  r a t e  o f  40  c m  /min. Four 

e l e c t r o n  microscope g r i d s  a r e  mounted on p la t inum p o s t s  i n  each 

of t h e  two p lugs .  The g r i d s  a r e  p a r a l l e l  t o  t h e  h o t  w i r e  i n  

t h e  p r e c i p i t a t o r  and pe rpend icu l a r  t o  t h e  a i r  f low.  A membrane 

f i l t e r  backs up t h e  thermal  p r e c i p i t a t o r .  We have a l s o  used a  

p o i n t - t o - p l a n e  e l e c t r o s t a t i c  p r e c i p i t a t o r .  The one shown i n  

Figure  1 .19 was des igned a t  t h e  U n i v e r s i t y  o f  Rochester .  The 

a e r o s o l  sample i s  c o l l e c t e d  d i r e c t l y  on an e l e c t r o n  microscope 

g r i d ,  - - - - - - - - - - 

P a r t i c l e  S i z i n g  

The e l e c t r o n  n ic roscope  g r i d s  a r e  shadowed wi th  chromium 

a t  an angle  of about 20 degrees .  The e l e c t r o n  micrographs a r e  







made a t  a magn i f i ca t i on  of about 30,000. A Ze i ss  p a r t i c l e  

s i z e  ana lyze r  i s  used t o  s i z e  t h e  p a r t i c l e s  and the  r e s u l t s  

a r e  p rocessed  by a  computer program t o  g ive  s e v e r a l  parameters  

of  a  log-normal d i s t r i b u t i o n .  These i nc lude :  

Geometric mean. 

Geometric s t a n d a r d  d e v i a t i o n .  

Average d i ame te r s :  

Count, s p e c i f i c  s u r f a c e ,  s u r f a c e  a r e a ,  volume, 

volume/unit  s u r f a c e  a r e a .  

Median d i ame te r s :  

Count, s u r f a c e ,  mass. 

F igure  1 .20 i s  an e l e c t r o n  micrograph of Pu02 p a r t i c l e s  

w i th  a  CMD of  0.6 pm and MMD of 4.3 pm. The t h i r d  dimension,  

h e i g h t ,  of  t h e  p a r t i c l e  i s  i n d i c a t e d  by t h e  l e n g t h  of  t h e  

shadows. 

F igure  1 . 2 1  i s  an e l e c t r o n  micrograph of  Pu02 p a r t i c l e s  

wi th  a  CMD of  0.05 pm and MMD of  0.12 pm. 

The Pu02 p a r t i c l e s  have a  d e n s i t y  of about  11 and a r e  

e s s e n t i a l l y  opaque t o  t h e  e l e c t r o n s .  However, t h e r e  i s  always 

a  degree of u n c e r t a i n t y  about whether a l l  t h e  p a r t i c l e s  s i z e d  

a r e  PuOZ o r  some contaminat ing d u s t .  There fore ,  a  technique 

was developed t o  examine autoradiograms of a e r o s o l  samples w i t h  

t h e  e l e c t r o n  microscope.  F igure  1 . 2 2  i s  an example. P a r t i c l e s  

from which a lpha  t r a c k s  o r i g i n a t e d  can be i d e n t i f i e d  a s  be ing  

plutonium. There were p a r t i c l e s  i n  t h i s  sample which were n o t  

plutonium, a l though they  were dense p a r t i c l e s .  

IN VIVO M O N I T O R I N G  

We have used i n  v ivo  moni tor ing techniques  i n  our p l u -  

tonium s t u d i e s  s i n c e  1956. Because i n  v ivo  count ing of p l u -  

tonium i s  s u b j e c t  t o  e r r o r s ,  we have n o t  always been w i l l i n g  

t o  accep t  t h e  r e s u l t s  i n  a  q u a n t i t a t i v e  s ense .  However, i n  

v ivo  count ing  has  been extremely u s e f u l  t o  t h e  i n v e s t i g a t o r  









i n  a  q u a l i t a t i v e  sense  i n  fo l lowing  t h e  p rog re s s  of  a  g iven 

experiment.  With c o n s t a n t  c a r e f u l  r e c a l i b r a t i o n  t h e  r e s u l t s  

can be very  r e l i a b l e ,  e s p e c i a l l y  i n  roden t s .  

F igure  1 .23  shows a  whole body count ing  assembly f o r  

roden t s .  The c a s t  l e a d  s h i e l d  housed t h r e e  1 mm x 2 i n .  NaI 

(Th) c r y s t a l s  and t h e  p h o t o m u l t i p l i e r  tube assembl ies .  The 

h o r i z o n t a l  animal t unne l  was 2 - 1 / 2  i n .  i n  d iamete r  t o  admit 

r a t s  p l aced  i n  7 - in .  long p e r f o r a t e d  cardboard c y l i n d e r s .  

S i g n a l s  from t h r e e  d e t e c t o r s  were i n t e g r a t e d  i n t o  a  s i n g l e -  

channel  p u l s e  h e i g h t  ana lyze r  w i th  a  window of 1 4  t o  43 keV. 

This  ins t rument  i s  used f o r  both  2 3 8 ~ u  and 2 3 9 ~ u .  The 1 7  keV 

X r ays  from 2 3 9 ~ u  and t h e  a t t e n u a t e d  43 keV gammas from 2 3 8 ~ u  

a r e  d e t e c t e d .  Frozen r a t s  con ta in ing  known amounts of  2 3 8 ~ u  

o r  2 3 9 ~ u  a r e  used f o r  c a l i b r a t i o n .  ~ i ~ b r e  1..24 shows t h e  

energy s p e c t r a  ob t a ined  f o r  2 3 8 ~ u  and 3 9 ~ u .  

With t h i s  i n s t rumen t ,  a  count ing  r a t e  of  1000 cpm i s  

e q u i v a l e n t  t o  0.16 p C i  of 2 3 9 ~ u  o r  0.095 p C i  of  2 3 8 ~ u .  An 

example of  a  plutonium r e t e n t i o n  curve ob t a ined  f o r  a  r a t  i s  

shown i n  F igure  1 .25 .  The d a t a  a r e  adequate f o r  determining 

t h e  r e t e n t i o n  h a l f  t ime and o t h e r  paramete rs .  

The roden t  coun te r  can be used t o  o b t a i n  l o n g i t u d i n a l  

scans  of t h e  animals by a d j u s t i n g  t h e  s h i e l d  s o  t h a t  t h e  

c r y s t a l s  monitor  only  a  f r a c t i o n  of t h e  animal a t  one t ime.  

The animal i s  t hen  moved through t h e  coun te r  a t  a  predetermined 

r a t e .  

A dog coun te r  was developed a long t h e  same gene ra l  des ign  

a s  t h e  roden t  coun te r ,  excep t  t h a t  t h e  whole dog could  n o t  be 

monitored a t  once,  b u t  had t o  be scanned. The ins t rument  i s  

shown i n  F igure  1 .26.  The c r y s t a l  d e t e c t o r s  a r e  mounted i n  

t h e  shadow s h i e l d .  Three of  t h e  f i v e  c r y s t a l s  surrounding t h e  

dog i n  a  v e r t i c a l  p lane  a r e  2 i n .  x 2 i n .  NaI (TI) and two a r e  

1 mm x 2 i n .  c r y s t a l s .  The two t h i n  c r y s t a l s ,  mounted oppos i t e  
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each o t h e r ,  a r e  used f o r  p lu tonium whi le  t h e  t h r e e  t h i c k  

c r y s t a l s  a r e  used  f o r  gamma e m i t t e r s .  The c r y s t a l s  a r e  

enc lo sed  i n  l e a d  c o l l i m a t e r s  which a s s u r e  t h a t  t h e  c r y s t a l s  

moni tor  on ly  a  smal l  volume of  t h e  dog. The dog i s  p r o p e l l e d  

p a s t  t h e  d e t e c t o r s  on a  motor -d r iven  c a r t  a t  a  c o n s t a n t  r a t e  

(F igure  1 . 2 7 ) .  For coun t i ng ,  t h e  dog i s  r e s t r a i n e d  i n  a  

coun t ing  box a s  shown i n  F igure  1 .28 .  Th i s  ho ld s  t h e  dog i n  

a  c o n s t a n t  p o s i t i o n .  

An example of  a  dog scan  i s  shown i n  F igu re  1 .29 .  The 

scan  i n d i c a t e s  t h e  l o n g i t u d i n a l  d i s t r i b u t i o n  of  t h e  r a d i o -  

a c t i v i t y  i n  t h e  an imal .  I n  t h i s  c a se  t h e  dog had i n h a l e d  

5 9 ~ e 2 ~ 3 .  I n  ou r  s t u d i e s  o f  i n s o l u b l e  compounds, t h e  r a d i o -  

a c t i v i t y  i s  p r i m a r i l y  i n  t h e  l ung ,  and t h i s  s can  shows a  

t y p i c a l  lung peak.  The a r e a  under  t h e  curve  i s  compared w i t h  

t h a t  ob t a ined  w i t h  a  s t a n d a r d  source  i n  a  dog phantom t o  

o b t a i n  a  q u a n t i t a t i v e  e s t i m a t e  of  t h e  body burden.  

The dog c o u n t e r  i s  a l s o  used f o r  i n  v ivo  moni to r ing  o f  

r o d e n t s .  Th i s  i s  shown i n  F igure  1 .30.  The roden t  i n  t h e  

cardboard  c o n t a i n e r  i s  p l a c e d  i n  a  f i x e d  p o s i t i o n  between t h e  

c r y s t a l s .  

Another  coun t e r  i s  a l s o  used f o r  moni to r ing  p lu tonium i n  

dogs. Th i s  was des igned  a s  a  c h e s t  coun t e r  f o r  humans and has  

been q u i t e  u s e f u l  f o r  moni to r ing  dogs .  A d e s c r i p t i o n  of  t h i s  

i n s t rumen t  w i l l  be g iven  i n  a  l a t e r  l e c t u r e .  

P L U T O N I U M  A N A L Y S E S  

An impor tan t  a s p e c t  of  ou r  program i s  t h e  p lu tonium 

a n a l y s e s  o f  t i s s u e s  and e x c r e t a .  The f i r s t  s t e p  i s  d ry ing  of  

t h e  samples a t  150 deg ree s .  Then t h e  samples a r e  muf f led  a t  

450 t o  500 O C  u n t i l  t h e  r e s i d u e s  a r e  carbon f r e e .  Th i s  may 

r e q u i r e  a l t e r n a t e  n i t r i c  a c i d  wet a sh ing  and muf f l i ng  t o  p r o -  

duce carbon f r e e  r e s i d u e s .  The r e s i d u e s  a r e  d i s s o l v e d  w i t h  

2 M  - H N 0 3  and 5% HF evapora ted  t o  d ryness  a t  150 O C ,  r e d i s s o l v e d  
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wi th  n i t r i c  a c i d  and evaporated a t  300 O C .  I t  i s  f i n a l l y  d i s -  

so lved  i n  2 M  - HN03 + 1% H3B03, t r e a t e d  w i th  u r e a ,  and e x t r a c t e d  

wi th  t h e  D2EHPA [ b i s ( 2 - e t h y l h e x y l )  hydrogen phosphate]  s c i n -  

t i l l a t i n g  s o l u t i o n .  Measurements a r e  made by l i q u i d  s c i n t i l l a -  

t i o n  count ing.  A p r e l imina ry  c o n c e n t r a t i o n  by c o p r e c i p i t a t i o n  

w i th  lanthanum f l u o r i d e  o r  bismuth phosphate i s  u s e f u l  f o r  

samples i n  which t h e  plutonium con ten t  approaches background 

l e v e l s .  

The r e s u l t s  of  t h e  plutonium a n a l y s e s ,  t h e  weights  o f  

t i s s u e s  and e x c r e t a  samples,  and o t h e r  p e r t i n e n t  d a t a  provide  

t h e  i n p u t  f o r  a  computer program which performs a l l  c a l c u l a -  

t i o n s  r equ i r ed  t o  conver t  t h e  d a t a  i n t o  a  form f o r  

i n t e r p r e t a t i o n .  

S U M M A R Y  

We have gained enough exper ience  through t h e  y e a r s  t o  

s t a n d a r d i z e  most o f  t h e  procedures  used i n  our  plutonium 

s t u d i e s .  However, we a r e  c o n t i n u a l l y  s ea rch ing  f o r  b e t t e r  

methods t o  improve our  exper iments ,  both  q u a n t i t a t i v e l y  and 

q u a l i t a t i v e l y .  S t u d i e s  w i th  plutonium a r e  expensive and time 

consuming. The re fo re ,  i t  i s  impera t ive  t o  ga in  a s  much i n f o r -  

mation a s  p o s s i b l e  from each exper iment .  Subsequent l e c t u r e s  

w i l l  summarize t h e  r e s u l t s  of our  s t u d i e s  and i n d i c a t e  where 

a d d i t i o n a l  in format ion  i s  needed t o  complete our  knowledge of 

i nha l ed  plutonium. 




