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A REVIEW OF THE H U W N  PLUTONIUM 
INJECTION STUD1 ES* 

W. 0. M o s s ,  G. L. T i e t j e n ,  M. A. Gau t ie r ,  and 
M. J. McLeod 

ABSTRACT 

A r e v i e w  o f  t h e  human p l u t o n i u m  i n j e c t i o n  s t u d i e s  r e p o r t e d  by  Langham 
(La50) was made by  s tudy ing  t h e  Los Aiamos Labora to ry  notebooks used t o  
r e c o r d  and r e p o r t  t h e  a n a l y t i c a l  r e s u l t s  obta ined f rom t h e  in t ravenous 
a d m i n i s t r a t i o n  o f  p lu ton ium as a Pu+4 complex. T h i s  s tudy  was planned 
and executed i n  1945 under wart ime urgency. The r e s u l t s  were needed t o  
p r o v i d e  i n f o r m a t i o n  on t h e  behav io r  o f  p lu ton ium i n  humans. 
experiment was impor tan t  f o r  t h e  f o l l o w i n g  reasons: 

The 

1. To min imize t h e  degree o f  u n c e r t a i n t y  i n h e r e n t  i n  e x t r a p o l a t i n g  
t h e  v a s t  amount o f  animal exper imenta l  da ta  t o  man. 

2 .  To p r o v i d e  t h e  b e s t  p o s s i b l e  q u a n t i t a t i v e  b a s i s  f o r  t h e  d iagnosis  
o f  degree o f  exposure o f  personnel  t o  plutonium. 

3 .  To determine t h e  degree o f  f i x a t i o n  o f  p lu ton ium b y  man and 
e s t a b l i s h  c r i t e r i a  f o r  t h e  p e r i o d  o f  r e t i r e m e n t  f r o m  f u r t h e r  exposure o f  
workers h a v i n g  r e c e i v e d  a maximum p e r m i s s i b l e  dose. 

4. To p r o v i d e  more ex tens i ve  and q u a n t i t a t i v e  da ta  on t h e  
d e p o s i t i o n  and e x c r e t i o n  o f  p l u t o n i u m  by  man as a b a s i s  f o r  f u t u r e  
c o n s i d e r a t i o n  o f  maximum p e r m i s s i b l e  body to le rance .  

A l l  o f  these o b j e c t i v e s  were met by t h e  s t u d y  and were based on 
u r ine ,  f e c a l ,  blood, and t i s s u e  samples analyzed a t  Los Alamos. The 
p lu ton ium u r i n e  e x c r e t i o n  model r e s u l t i n g  f rom t h i s  s t u d y  u t i l i z e d  
samples c o l l e c t e d  over a s h o r t  138-day per iod.  
t o  1750 days by  u s i n g  a d d i t i o n a l  u r i n e  d a t a  c o l l e c t e d  from two o f  t h e  
i n j e c t e d  cases. These da ta  and a d d i t i o n a l  p lu ton ium e x c r e t i o n  data from 
t h r e e  o c c u p a t i o n a l l y  exposed workers were t h e  b a s i s  f o r  a power f u n c t i o n  
model used t o  p r e d i c t  p lu ton ium body burdens. Th is  model has been used 
e x t e n s i v e l y  t o  es t ima te  workers i n t a k e  o f  p lu ton ium and i s  based on t h e  
employee’s 2 4  hour u r i n a r y  p l u t o n i u m  e x c r e t i o n  a t  n days f o l l o w i n g  
exposure. 

This  model was extended 

The inadequacies o f  t h e  Langham power f u n c t i o n  model, a t  l o n g  t imes 
(20 y r s . )  a f t e r  i n t a k e  o f  p lu ton ium, have been demonstrated by t h e  l a r g e r  
than p r e d i c t e d  p lu ton ium e x c r e t i o n  i n  o c c u p a t i o n a l l y  exposed workers. 

*Work performed a t  t h e  Los Alamos N a t i o n a l  Laboratory  under t h e  auspices 
of t h e  U n i t e d  S ta tes  Department o f  Energy under c o n t r a c t  No. 
W-7405-ENG-3 6. 
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The d a t a  r e p o r t e d  by  Rundo (Ru 79) on two o f  t h e  i n j e c t e d  cases, a t  
10,000 days post - in take,  suppor t  t h e  conc lus ion  t h a t  t h e  power f u n c t i o n  
model does n o t  adequate ly  d e s c r i b e  t h e  p lu ton ium e x c r e t i o n  beyond 5 
years  . 

The Rundo d a t a  prompted t h e  rev iew  o f  t h e  o r i g i n a l  i n j e c t i o n  s tudy 
notebooks f o r  a d d i t i o n a l  i n f o r m a t i o n  which m igh t  add t o  ou r  knowledge of 
t h e  behavior  o f  p lu ton ium i n  humans. 
t r a n s c r i p t i o n  e r r o r s  i n  the  u r i n e  d a t a  f o r  f o u r  o f  t h e  e leven  i n j e c t e d  
cases recorded i n  t h e  Los Alamos notebooks. It was a l s o  noted t h a t  
a v a i l a b l e  u r i n a r y  e x c r e t i o n  data,  c o l l e c t e d  a t  days o f  322, 394, and 474 
pos t - i n take  on t h r e e  cases, were n o t  u t i l i z e d  t o  develop t h e  power 
f u n c t i o n  model. 

Th i s  rev iew  i d e n t i f i e d  

The u r i n e  r e s u l t s  r e p o r t e d  by  Langham a t  1600 days pos t - i n take  f o r  
two o f  t h e  i n j e c t i o n  cases were a l s o  reviewed and found t o  be r e p o r t e d  
low because o f  t h e  d a t a  r e d u c t i o n  methods used a t  t h a t  t i m e  (1950). The 
impact o f  t r a n s c r i p t i o n  e r r o r s  and t h e  a d d i t i o n a l  d a t a  a t  300 t o  400 days 
i s  t h e  s u b j e c t  t o  be  presented i n  t h i s  paper. 

The c o r r e c t e d  and a d d i t i o n a l  u r i n e  data, expressed as t h e  p e r  cen t  o f  

The decrease was r a p i d  

t h e  admin i s te red  dose exc re ted  per day f o r  t h e  i n j e c t e d  cases, showed 
c o n c l u s i v e l y  t h a t  t h e  r a t e  of p lu ton ium e x c r e t i o n  decreased con t inuous ly  
f r o m  t h e  day of  a d m i n i s t r a t i o n  through 1600 days. 
and d e v i a t e d  s i g n i f i c a n t l y  f rom a s i n g l e  power f u n c t i o n  model between 10 
and 100 days. 
a d d i t i o n a l  r e s u l t s  between day 300 and 400 days were v e r y  suppor t i ve  of 
t h e  d a t a  r e p o r t e d  by  Rundo a t  10,000 days. 

The c o r r e c t e d  u r i n e  d a t a  p o i n t s  a t  day 80 and t h e  

These data,  i n c l u d i n g  t h e  r e s u l t s  c o l l e c t e d  a t  10,000 days, were used 

T h i s  s l o p e  i s  c o n s i s t e n t  w i t h  t h e  p lu ton ium e x c r e t i o n  

t o  develop a sum o f  t h r e e  exponen t ia l  models which i n d i c a t e d  a s lope of 
-0.000048 f o r  t h e  t h i r d  exponen t ia l  f u n c t i o n  f rom day 100 t o  10,000 days 
p o s t  exposure. 
noted i n  p lu ton ium workers u r i n e  d a t a  c o l l e c t e d  d u r i n g  a s i m i l a r  10,000 
day p o s t  exposure pe r iod .  

The f e c a l  r e s u l t s  were a l s o  rev iewed f o r  t h e i r  completeness and were 
found t o  be c o r r e c t l y  recorded and repo r ted .  
was a l s o  developed f o r  t h e  f e c a l  d a t a  through day 10,000. 

u s i n g  these  exponen t ia l  models over a 10,000 day per iod,  i s  35 per cen t  
f o r  u r i n e  and 15 p e r  c e n t  f o r  f e c a l .  

A t h r e e  exponent ia l  model 

The i n t e g r a t e d  percentage o f  t h e  t o t a l  amount o f  p lu ton ium excreted,  

The s i g n i f i c a n c e  of  these a d d i t i o n a l  p lu ton ium da ta  i s  as fo l l ows :  

1. The e x c r e t i o n  r a t e s  f o r  p lu ton ium f o l l o w i n g  in t ravenous 
a d m i n i s t r a t i o n  are p r e d i c t a b l y  s i m i l a r  f o r  t h e  e leven cases s tud ied .  

The p lu tonu im e x c r e t i o n  r a t e s  were v e r y  r a p i d  f rom t h e  f i r s t  day 
and d e v i a t e d  f r o m  a s i n g l e  power f u n c t i o n  f i t  w i t h i n  t h e  f i r s t  100 days. 

2. 

3. The p lu ton ium e x c r e t i o n  i n  b o t h  t h e  u r i n e  and feces was descr ibed 
by a sum o f  t h r e e  exponen t ia l s  model which a l s o  descr ibes t h e  p lu ton ium 

workers who rece ived  t h e i r  exposures 10,000 



. 
4 .  The amount of plutonium eliminated by the excreta for these cases 

studied over a 10,000 day post intake period, i s  4 times greater than 
that predicted by the Langham power function model. 
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