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EVALZATION OF BIOASSAY DATA FROM EMPLOYEE 
ACCIDENTALLY INJECTED WITH 238Pu 

Plutoniwr.-238 n i t r a t e  was a c c i d e n t a l l y  i n j e c t e d  above the p o s t e r i o r  
a spzc t  o f  t h e  proximal i n t e rpha lan  e a 1  j o i n t  of t he  r i g h t  index f i n g e r  
of  an employee on November 29, 196 . 
i n d i c a t p s  tha t  h i s  plutonium body burden (excluding t h a t  i n  t h e  f i n g e r  
and b lood)  r o s e  t o  a maxim-m of 53 nCi on t h e  18 th  day fo l lowing  in ' ec -  
t i o n .  This  w a s  reduced t o  37 nCi by t h e  use of DTPA over t h e  next  26- 
day per iod .  
burden over t h e  remainder o f  t h e  per iod .  

8 Evaluation of t h e  bioassay d a t a  

L i t t l e  change i s  be l ieved  t o  have occurred i n  t h e  body 

The plutonium-238 content of t h e  employee's body as est imated by 
a m a t e r i a l  balance using da ta  suppl ied  i n  two l e t t e r s ( y r 2 ) .  The first 
s t e p  w a s  t o  e s t ima te  t h e  amount o f  plutonium i n i t i a l l y  taken  up by the  
employee's body by comparing d a t a  from blood ana lyses  contained i n  
Table 1 made wi th in  a few days of t h e  acc iden t  h d a t a  from p a t i e n t s  

f i t  of Langham's d a t a  gave a l i n e  of r e g r e s s i o n  def ined by 

i n j e c t e d  wi th  Pu(IV) c i t r a t e  by.Langham's group Y35. . A least  squares  

-1.2 ( i . 1  Y = 22.5 x 
where X = t h e  days a f t e r  i n j e c t i o n ,  and 

Y = t h e  percent  of  i n j e c t e d  Pu(IV) c i t r a t e  i n  t h e  t o t a l  blood 
volume . 

A l eas t  squzres  f i t  of t h e  plutonium concentrat ion i n  t h e  
employee's blood dur ing  the  f i rs t  f i v e  days was then  made. 
were s e l e c t e d  f o r  they represented  a pe r iod  before  t h e  plutonium con- 
c e n t r a t i o n s  i n  t h e  blood could be g r e a t l y  influenced by a d d i t i o n a l  
c o n t r i b u t i o n s  of plutonium t o  the  body from t h e  wound s i t e .  
i s o n  of blood samples co l l ec t ed  a t  va r ious  times af ter  DTPA adminis t ra-  
t i o n  i n d i c a t e d  l i t t l e  if any inf luence  of t h i s  drug on t h e  concentrat ion 
of plutonium in t h e  blood. 
when s e l e c t i n g  blood da ta .  
t h a t  t h e  s lope  equaled t h a t  c a l c u l a t e d  f rom d a t a  from Langham's group. 
This  gave a l i n e  def ined by 

These d a t a  

A compar- 

Thus t h e  use of DTPA w a s  not considered 
The l i n e  of r eg res s ion  was r e s t r a i n e d  s o  
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(ii) 

where Y = t h e  Pu concent ra t ion  i n  d/m/ml of blood, 

employee's b l o o d i l f ,  t o  ob ta in  t h e  t o t a l  amount of plutonium i n  h i s  
blood. 
t h e  employee's body was then obtained by d i v i d i n g  equation (ii) by 
equation (i). 

i n j e c t i o n  contained 4.2 d/maof plutonium per  ml. 
t h e  blood volume o r  5370 r n l  gave 22,554 d/m of plutonium i n  t h e  blood. 
This  plutonium, however, i s  included i n  amount i n j e c t e d .  
t h e  quan t i ty  i n i t i a l l y  i n  t h e  body, excluding t h e  blood stream and 
f i n g e r ,  was 26,119 d/m o r  about 1 2  nCi. 

which must be considered here .  
i n i t i a l l y  o r  t h a t  found on d res s ings  and o t h e r  m a t e r i a l s  e x t e r n a l  t o  
t h e  body. The q u a n t i t y  of plutonium which remained i n  t h e  i n j u r e d  
f i n g e r  a f t e r  t h e  f i rs t  exc is ion  w a s  e t imated us ing  d a t a  obtained from 
measurements w i th  t h e  wound monitor(27. This  w a s  a 5-inch diameter by 
1-mm t h i c k  sodium iod ide  s c i n t i l l a t i o n  c r y s t a l  operated i n s i d e  t h e  
whole body counter  s h i e l d .  These da t a ,  which a r e  contained i n  Table 2 
and p l o t t e d  i n  Figure 1, were ad jus ted  t o  account f o r  an est imated 
1/16-inch t i s s u e  absorp t ion .  The q u a n t i t y  of plutonium i n  t h e  i n j u r e d  
f i n g e r  dur ing  the f irst  18 days a f t e r  t h e  acc ident  can be represented  
by t h e  equat ion 

This w a s  mu plded by 5370 m l ,  e s t imated  t o  be  t h e  volume of  t h e  

An es t ima te  of t h e  i n i t i a l  q u a n t i t y  of plutonium i n j e c t e d  i n t o  

This  arrounted t o  48,673 d/m. 

The f i rs t  sample of blood taken two and th ree -qua r t e r s  hours after 
Mult iplying this by 

Therefore 

The nex t  s t e p  was t o  determine t h e  t o t a l  q u a n t i t y  of plutonium 
This  does n o t  i nc lude  plutonium excised 

(iii) 

where Y = the amount of Pu i n  d/m, and 

From t h i s ,  t h e  q u a n t i t y  of plutonium i n i t i a l l y  a v a i l a b l e  t o  t h e  body 
from the i n j u r e d  f i n g e r  w a s  es t imated t o  be 180,000 d/m. 

Thus t h e  sum of t h e  plutonium i n i t i a l l y  i n j e c t e d  i n t o  t h e  blood 
and body o r  48,673 d/m and t h a t  a v a i l a b l e  f o r  l a t e r  i n c o r  o r a t i o n  i n t o  
t h e  body from t h e  wound s i t e  o r  180,000 d/m is  228,673 d P m o r  103 nCi. 
There i s  t h e  p o s s i b i l i t y  t h a t  some plutonium may have been i n j e c t e d '  
deep i n t o  t h e  knuckle capsule  where it could no t  be measured by the 
wound monitor. 
t h a t ,  i f  t h i s  i s  t h e  case,  it does no t  r e p r e s e n t  a major source of 
plutonium t o  t h e  body. 

X = t h e  days a f t e r  t h e  i n j u r y .  

However t h e  t r e n d  i n  t h e  blood d a t a  thus  fa r  i n d i c a t e s  

The amount o f  plutonium i n  t h e  body i t s e l f  on day X w a s  next  
* c a l c u l a t e d  as the d i f f e r e n c e  between lo3  nCi and t h e  fol lowing measured - .  

q u a n t i t i e s :  

O 

O 

O 

plutonium i n  t h e  f i n g e r  on day X 

plutonium i n  t h e  blood on day'X 

t o t a l  plutonium excre ted  i n  u r i n e  by day X 



. O 

O 

A second exc is ion  w a s  made on t h e  18 th  day. 

t o t a l  plutonium excre ted  i n  f e c e s  by day X 

t o t a l  plutonium excised  by day X. 

An es t ima te  of t h e  
plutonium removed by t h i s  ope ra t ion  w a s  made as fo l lows:  

O t h e  amount of plutonium remaining i n  t h e  i n j u r e d  f i n g e r  on t h s  
18 th  day was  c a l c u l a t e d  t o  be 14,844 d/ni us ing  equat ion (iii). 

O t h e  t h r e e  wound monitor measurements fo l lowing  t h e  second 
exc i s ion  ( see  F i g u r e , l )  can be represented  by 

-. 693X = 14,000 e*p(- 26.5 ) 
From t h i s  r e l a t i o n s h i p ,  t h e  amount of lutonium remaining a f t e r  t h e  
exc i s ion  was ca l cu la t ed  t o  be 8,743 d P m. 

The amount of plutonium excised ,  which i s  t h e  d i f f e r e n c e  between 
t h e  above two f i g u r e s ,  w a s  t h u s  6,101 d/m. 
f a c t o r  of  two ,  f o r  only 3,068 d/m could be found by counting t h e  excised 
t i s s u e  and gauze. However, some plutonium may have been l o s t  during t h e  
opera t ion .  

The blood concent ra t ions  used i n  t h e  m a t e r i a l  balance were obtained 
f rom a l e a s t  s q u a r e s f i t  of t h e  d a t a  i n  Table 1 and Figure 2. 
a l i n e  of r eg res s ion  ( t h e  s t r a i g h t  l i n e  i n  f i g u r e  2 )  of 

This va lue  may be high by a 

This gave 

Y = .61 X (V 1 
where Y = t h e  plutonium concent ra t ion  i n  d/m/ml of blood. 

Because t h e r e  seemed t o  be l i t t l e  i n f luence  by DTPA on blood concentrat ion,  
a l l  d a t a  were used. (The l a c k  of response i n  blood concent ra t ion  t o  DTPA 
w a s  probably due t o  t h e  f a c t  t h a t ,  i n  a l l  but t h r e e  cases ,  blood samples 
were c o l l e c t e d  j u s t  p r i o r  t o  DTPA i n j e c t i o n .  However on days 36, 39 and 
40 t h e  blood samples were taken j u s t  a f t e r  DTPA i n j e c t i o n s  and these d a t a  
do n o t  appear t o  be ou t  of l i n e  with t h e  o t h e r s . )  
c a l c u l a t e d  from equation ( v )  were m u l t i p l i e d  by t h e  volume of  blood o r  
5370 m l  t o  ob ta in  t h e  t o t a l  amount o f  plutonium i n  blood on day X. 
These va lues ,  expressed i n  nCi, a r e  given f o r  25 d i f f e r e n t  t imes a f t e r  
t h e  acc iden t  i n  Table 3 .  

The concent ra t ions  

‘ C  The t o t a l  q u a n t i t i e s  of plutonium excre ted  v i a  u r i n e  and f e c e s  from 
t h e  l$y of t h e  acc ident  u n t i l  day X a r e  given wi th  t h e  r a w  d a t a  on t h i s  
c a s e  . These a r e  a l so  given i n  Table 3 .  

The q u a n t i t i e s  of plutonium i n  t h e  f i n g e r  on day X were taken from 
Figure 1. 
Table 3 .  
Figure 3 .  

These along wi th  t h e  ca l cu la t ed  body burdens are  given in  
The body burdens a t  d i f f e r e n t  t imes  a r e  a l s o  p l o t t e d  i n .  
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' Thus it i s  est imated t h a t  t h e  employee's body accunulated a 

maximum of 53 nCi of plutonium dur ing  t h e  first 18 days wi th  t h e  
amount dropping t o  about 37 nCi a f t e r  84 days. 
p r i n c i p a l l y  due t o  t h e  a c t i o n  of DTPA, it cafi be c red i t ed  with t h e  
r educ t ion  of t h e  body burden by about 3 0 5 .  

Since t h i s  drop w a s  

The d a i l y  excre';ion of plutonium i n  u r ine ,  given i n  Table 4 and 
p l o t t e d  i n  F.igu-e 4,  could not  be r e l a t e d  t o  body content .  
was made us ing  t h e  equation 

An attempt 

18 

T=O 
This  i s  t h e  upper curve i n  Figure &. 
plutonium l eaves  the f i n g e r  f o r  t h e  body a t  a r a t e  

It i s  based on t h e  concept t h a t  

R = A exp (-*y) 
f o r  18 days.  
excre ted  a s  an independent acute  a s s i m i l a t i o n  

( v i i  1 

Each day, T ,  t h i s  quan t i ty  i s  f i x e d  i n  t h e  body and 

Y = R (X-T) -2.2 ' ( v i i i )  . 
The exc re t ion  on any day, X ,  i s  then t h e  SM of these  18 independent 
a s s i m i l a t i o n s .  Assuming the  same f r a c t i o n  o f  a s s imi l a t ed  plutonium 
i s  excre ted  as i n  cases repor ted  by Langham's group, 

le 

o r  8.5 x lo4 nCi would have t o  be a s s i m i l a t e d  t o  g ive  t h e s e  r e s u l t s .  

From t h i s  it i s  evident  t h a t  plutonium i n  a wound s i t e  h a s  a 
more d i r e c t  i n f luence  on t h e  ur inary  exc re t ion  than  previous ly  supposed. - 
A base l i n e  represented  by 

-* 

was f i t t e d . t o  t h e  d a t a  t o  a i d  i n  a n a l y s i s .  
Table 4 and p l o t t e d  a s  tb lower curve i n  Figure .4. 
f i t  of t h i s  curve and an i n d i c a t i o n  o f  t h e  e f f e c t  of DTPA, t h e  r a t i o  

,of  t h e  a c t u a l  exc re t ion  ra te  t o  Y i s  a l s o  given i n  Table 4 and p l o t t e d  
i n  F igure  5. 
t h e  wound on t h e  ur inary  exc re t ion  r a t e  overshadows t h a t  of  t h e  
plutonium i n  t h e  r e s t  of t h e  body i s  t h e  h igh  negat ive  power o f  t h e .  
time func t ion .  r e  2.28 was needed t o  f i t  t h e  da t e  w i l e  d a t a  from 
Langhamfs group(g7 gave a range of f r o m  0.46 t o  1.31(47. I n t e g r a t i n g  
t h e  a r e a  under t h i s  curve from 85 days t o  i n f i n i t y  gave 'a  t o t a l  
amount of plutonium y e t  t o  be excreted of 2858 d/m o r  1.29 nCi,which 
'is s l i g h t l y  more than t h e  plutonium i n  t h e  f i n g e r  a t  t h a t  t i m e .  

Values f o r  Y are given i n  
As a t e s t  of  t h e  

An i n d i c a t i o n  t h a t  t h e  in f luence  of t h e  plutonium i n  

I l b 9 5 0 0  . .  
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. A  poss ib l e  e:cplanation of t h i s  inf lueRce xay l i e  i n  t h e  chemical 
form of t h e  plutonium l eav ing  t h e  wound s i t e .  If th is form i s  r e a d i l y  
c leared  from t h e  blood by t h e  kidney while  t h a t  f rom t h e  r e s t  of t h e  
body i s  n o t ,  t h e  blood w i l l - r e f l e c t  t h e  plutonium content  o f  t h e  bone 
and l i v e r  while t h e  u r i n e  w i l l  r e f l e c t  t h e  piutoniun? l eav ing  t h e  wound. 
This could a l s o  exp la in  why DTPA seemed t o  have l i t t l e  e f f e c t  on t h e  
l e v e l  of  plutonium i n  t h e  blood. 

Of a l l  the d a t a ,  t h e  excre t ion  of p lu toniuq  i n  the f e c e s ,  given 
i n  Table 5 and Figure  6 i s  the  most d i f f i c u l t  t o  i n t e r p r e t .  
seems t o  be l i t t l e  c o r r e l a t i o n  between t h e  adminis t ra t ion  o f  DTPA and 
t h e  excre t ion  ra te .  
from t h e  u r i n e  data. The r a t i o  of t h e  f e c a l  t o  t h e  ur inary  exc re t ion  
r a t e s  obtained by Langham's group ranged from 3.13 on t h e  f irst  dsy t o .  
0.69 on t h e  76th day. It i s  i n t e r e s t i n g ,  however, t h a t  t h e  r a t i o s  i n  
8 of t h e  22 samples ranged between .05 and .06. 

There 

The exc,retion r a t e  i s  lower than  one w o d d  expect 

A l e a s t  squares  a n a l y s i s  of t h e  f e c a l  d a t a  gave a l i n e  of regres- 
s ion  represented  by t h e  s o l i d  l i n e  i n  F igu re  6 and equation 

Y = 34-87 x -1.15 (x i  1 
where Y = t he  d a i l y  f e c a l  excre t ion  of plutonium expressed as d/m/day. 

(3  1 This compares wi th  t h e  l i n e  of r eg res s ion  obta ined  by Langhamls group 
of  

Y. = 0.63 X ( x i i )  

where Y = t h e  d a i l y  f e c a l  excret ion of plutonium expressed as percent  
of  t h e  i n j e c t e d  dose. 

Assuming t h a t  t h e  higher  values  i n  F igure  6 probably were due t o  

The l i n e  of  regress ion  obta ined  was r e s t r a i n e d  s o  t h a t  the  
This  i s  represented  by 

t h e  in f luence  of DTPA, a l e a s t  squares  f i t  of t h e  f o u r  lowest va lues  
w a s  made. 
s lope was t h e  sane as t h a t  i n  equat ion ( x i i ) .  
t h e  dashed l i n e  i n  Figure 6 and t h e  equat ion 

Y = 1053 X - loo9  . ( x i i i )  

where Y = t h e  d a i l y  f e c a l  excre t ion  of plutonium expressed as d/m/day. 

By d iv id ing  equat ion f x i i i )  by ( x i i ) ,  a body burden o f  plutonium 
of 167,222 d/m o r  75'nCi was obtained.  This i s  about 4355 h igher  
than t h e  moun t  p r e d i c t e a b y  t h e  m a t e r i a l  balance method, which could 
be t h e  resul t  of the  inf luence  o f  plutonium from t h e  wound s i t e .  

Addit ional  f e c a l  samples c o l l e c t e d  when t h e r e  i s  no inf luence  
from DTPA are  needed t o  b e t t e r  eva lua te  t h e  meaning of t h e  f e c a l  data .  
These have been reques ted .  
I 

a quant i ty  of p lu tonim-238 i n  t h e  enployee 's  body which reached a 
maximum o f  about j 3 2 $  of the  ElPB3. This h a s  s ince  been reduced t o  
about 92s of the  MPBB. 

f u r t h e r .  

Thus a l l  data wi th  t h e  exception of t hose  from u r i n a l y s e s  i n d i c a t e  

The ur ine  d a t a ,  hovrever, have brougkt t o  li h t  

- 

some i zLeres t ing  a s p e c t s  of plutoniun rnetabolism which could be stu g. 1 2 2  



Summary 

a m a t e r i a l  balance o u t l i n e d  i n  Figure 7. 
t h e  f i n g e r  and body ( inc lud ing  blood)  a f t e r  t h e  f irst  exc is ion  w a s  
es t imated t o  be lo3 nCi. This  included 22 nCi  removed f rom t h e  wound 
s i t e  immediately and 81 nCi which remained i n  t h e  f i n g e r .  
of t h e  plutonium removed from t h e  wound s i t e  was based on a comparison 
of blood ana lyses  du r ing  t h e  f i rs t  f i v e  days wi th  those from p a t i e n t s  
i n j e c t e d  with known amounts of plutonium (IV) c i t r a t e .  10 nCi of t h i s  
was ca l cu la t ed  t o  be i n i t i a l l y  i n  t h e  blood by t a k i n g  t h e  product of 
t h e  blood concent ra t ion  and volume. 
wound s i t e  w a s  es t imated  by 'extrapolat ing wound monitor measurements 
back t o  t i m e  0. 

i n  t h e  body i s  t h e  d i f f e rence  b'etween it and a l l  o t h e r  measurable 
q u a n t i t i e s  i nc lud ing  plutonium i n  t h e  blood and f i n g e r ,  plutonium 
excreted i n  t h e  u r i n e  and f e c e s ,  and exc ised  plutonium. 
a t i o n s  i n d i c a t e  tha t  t h e  employee's body burden r o s e  t o  53 nCi (1.32 
MPBB) j u s t  before t h e  second exc is ion  on t h e  1 8 t h  day. 
per iod  92 percent  of t h e  plutonium i n  t h e  f i n g e r  was re l eased .  
t h i s  amount, 58 pe rcen t  was-excreted.  
and then been exc re t ed ,  only about 3 percent  would have been eliminated. 
Thus t h e  use of DTPA may have caused t h e  exc re t ion  of 55 percent o f  
t h e  plutonium r e l e a s e d  f r o m  t h e  f i n g e r .  

cons tan t .  Thus a reduct ion  t o  37 nCi ( .92 MPBB) over t h e  next  66 days 
i n d i c a t e s  t h a t  DTPA given during t h i s  pe r iod  w a s  probably respons ib le  
f o r  removing about 30 percent  of t h e  plutonium from t h e  body. 

Only 3 . 4  percen t  of t h e  plutonium was removed from t h e  f i n g e r  by 
the second exc is ion .  This  w a s  due t o  t h e  l a t e n e s s  o f  t h e  operat ion.  
Actually 41 percent  of t h e  plutonium p resen t  a t  t h e  time of t h e  
opera t ion  w a s  excised.  

any accuracy. 
and .feces between the 84th  and 259th days. 
came from t h e  f i n g e r .  
body probably contained between 36 and 37 nCi. 

The plutonium-238 content  of t h e  employee's body w a s  estimated by 
The plutonium remaining i n  

The estimate 

The plutonium i n i t i a l l y  i n  t h e  

If t h i s  t o t a l  of lo3  nCi i s  c o r r e c t ,  t h e n  the amount of plutonium 

These ca lcu l -  

During t h i s  
Of 

Had t h i s  gone t o  t h e  body first 

The leve l  of plutonium f i x e d  i n  the  body u s u a l l y  remains f a i r l y  

The material balance can n o t  be extended beyond t h e  84th day with 
It is  es t imated  t h a t  1.5 nCi was exc re t ed  i n  t h e  u r i n e  

Some o f  t h i s  probably 
Thus a t  t h e  end of t h i s  per iod  t h e  employee's 
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TABLE 1 

Pu in Finger 
(d /m)  

119,000 

69,000 

PLUTONIUM COIJCENTRATION IN THE BLOOD 

Days After 
Accident 

40 

48 

Days After  
Accident 

8,040 

6,270 

0.115 

76 
84 

1.15 

2.15 

' 2.90 

3-92 

4.94 

6 

0 

10 

11 

13 

14 

18 

20 

21 

31 

Blood 
Conc . 
a / m / m l )  

4.2 

1 . 3  

27 

.12 

17 

.24 

.062 

27 

19 

.071 

.034 

.044 

.025 

.034 

.051 

,076 

Days A f t e r  
Accident 

3 
c 6 

13 
17 
21 

31 

Days After  
Accident 

32 

34 

4 36 

39 

40 

41 

43 

46 

47 

50 

54 

57 

60 

61 

63 

64 

TABLE 2 

Blood 
Conc . 

( d/m/ml)  

039 

.050 

033 

033 

.024 

.026 

,024 

.038 

.031 

.023 

037 

.027 

.031 

035 

.017 

-009 

WOUND MONITOR DATA 

33,300 
17 000 

57 
64 

Days After  
Accident 

67 

68 

70 

71 

74 

75 

77 

78 

81 

82 

87 

102 

116 

130 

144 

Blood 
Conc . 

(d/m/ml) 

033 

.005 

.022 

.021 

037 

.015 

.020 

.016 

.016 

.013 

.027 

.020 

012 

4,420 

3,740 

3,540 

. 



Days After 
Accident 

0 

5 

6 

7 

8 

9 

10 

12 

14 

16 

18 

20 

31 

35 
40 

. =* 

45 

50 
@ 

60 

70 
80 

, 84 

Pu in 
Finger 
(nci) 

81.08 

70.59 

61.45 

53 49 

46.57 

40.54 

35 *29 

30 72 

26.75 

23.28 

20.27 

15 36 
11.64 

8.82 

3.94 

3.74 

2.80 

2.52 

2.21 

2.04 

1.80 

1.64 

1.52 

1.42 
1.07 

TABLE 3 

MATERUU; BALAIJCE OF PLUTONIUM 

Pu in 
Blood 
(nci) 

10.16 

1.48 

.84 
A 

.60 

.48 

39 

-34 

30 

* 27 

.24 

.22 

19 

17 

15 

1-4 

13 

09 

.08 

9 07 

.06 

.06 

05 

05 

.04 

.04 

Pu in 
Excreted 
Urine 
(nci) 

1.50 

4.85 

11.24 

12.74 

13.50 

18.67 

21.45 

24. a9 

28.08 

32 89 

34.04 

37 50 

39 38 

26.45 

41.14 

45.32 
48.64 

50 67 

52 03 

52 99 

53 76 

55 49 
56.55 
56.88 

Pu in 
Excreted 

Feces 
(nci) 

.62 

* 99 

2.32 

2.60 

2.91 

3.21 

3.27 

3.59 

3.62 

3.76 

3.86 

4.01 

4.10 

4.18 

4.43 

4.52 

4.59 

4.66 

4.88 

5-30 

5.37 
5.48 

5.52 

/ 

Pu 
Excised 
(nci 1 

2.75 

2-75 

2.75 

2-75 

2.75 

2-75 

2.75 

2.75 

2.75 

2.75 

2.75 

Pu in 
Body 
(nci) ' 

11.76 

29.44 

35.25 

36.68 

40.89 

45.98 

45 79 

47.32 

47 83 
49.44 

50.81 

50 79 
.- 52 9 49 

52.52 

52.70 

51.07 

47.62 

44.49 

42.71 

41.46 

40.45 

39.51 

37 83 

36-77 

36.74 



Days 
After Days Urinary 

Accident After Excretion 
X - M'PA U (d/m/day) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1 5  
16 
18 
19 
20 
21 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41  
42 
43 
44 
43 

' 46 
47 
48 
49 
50 
51 
52 
53 I 
54 
55 
56 
57 
58 
59 

- 3,333 
1 7 I 441 
1 14; 178 
1 3,330 
2 1,680 
1 11,486 
2 ' 6,180 
1 
2 
3 
1 
1 
2 
1 
1 
2 
1 
1 
2 
3 
1 
1 
2 
1 
1 
2 
3 
1 
1 
2 
1 
1 
2 
3 
1 

. 1  
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

-c 

7; 622 
3,461 
3,621 
5,770 
4,922 

9 2  
3,342 
4,589 
1,320 
3,980 
2,955 

950 
2,763 
3, 297 
2,271 

741 
1,080 
1,557 

4 9  
208 

1,348 
8 9  
520 

1,117 
775 
336 
270 
810 
6 9  
255 
205 
165 
155 
100 
87 
115 
80 
97 
73 

119 
156 

I I b 9 S U b  

TABLE 4 

URIlt4RY EXCRETION 

Y 
( d/m/day) 

3,333 
2,480 
2,087 
1,846 
1,679 ' 
1,553 
1,454 
1,374 
1,307 
1,249 
1,199 
1,156 
1,117 
1,082 
1,051 
1,022 

972 
860 
765 
684 
262 
244 
228 
213 
200 
188 
177 
167 
157 
149 
141 
133 
3-27 
3-20 
114 
109 
104 

U 
Y 

1.00 

- - 
3.00 
6.79 
1.80 
1.00 
7.40 
4.25 
5.55 
2.65 
2.90 
4.81 
4.26 

.88 
3.09 
4.37 
1.29 
4.09 
3.48 
1.24 
4.04 

12.59 
9.30 
3.25 
5.06 
7.78 
2.65 
1.18 
8.08 
5.65 
3.50 
7.93 
5.81 
2.65 
2.24 
7-08 
6.33 
2.46 

99.1 2.07 
94.6 1.74 
90.4 1.71 

82.8 1.05 
79.4 1.45 

86.5 1.16 

76.1 1.05 

67.4 1.76 

73.1 1.33 
70.2 1.04 

64.9 2.40 

Days 
After 
.ccident 

X 

60 
61 
62 
63 
64 
65 
66 
67 
6a 
69 
70 
7 1  
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
95 

102 
109 
110 
116 
117 
118 
130 
131 
132 
137 
138 
144 
i45 
146 
151 
152 
158 
159 
160 

h Y S  Urinary 
After Excretion 
DT?A U (d/m/day) - 
1 
1 
2 
1 
1 
2 
3 
1 
1 
2 
1 
1 
2 
3 
1 
1 
2 
1 
1 
2 
3 
1 
1 
2 
3 
4 
5 
6 
14 
21 
27 
29 
35 
36 
37 
49 
50 
51 
56 
57 
63 
64 
65 
70 
71 
77 
78 
79 

740 
660 
177 
585 
5 50 
170 
157 
590 
400 
18 5 
350 
290 
180 
97 

460 
305 
165 
340 
295 
130 
97 

265 
265 
l l 2  
82 
48 
51 
41 
24 
16 
16 

11 
13 
11 

7.8 

6.0 
8.6 
6*9 
8.1 
7-6 
5-9 
5.0 
6.4 
7.4 
6.6 
7 07 
5.6 
5.6 

Y 
( d/m/day ) 

62.4 
60.1 
57.9 
55.9 
53.9 
52.0 
50.2 
48.5 

45.4 
43.9 
42.5 
41.2 
39.9 
38.7 
37.5 
36.4 
35.3 
34.3 
33- 3 
32.4 
31.5 
30.6 
29.8 
29.0 
28.2 
27.5 
26.8 . 
21.9 
18.6 
16.0 
15.7 
13.9 
13.6 
13.4 . 

10.5 
10.3 

46.9 

10.7 

9;  50 
9.34 
8.40 
8.35 
8.22 
7.61 
7.50 
6.86 
6.76 
6.67 

U 
Y 

11.85 
10.98 

3.06 
10.47 
10.21 
3.27 
3.13 

12.15 
8.52 
4.08 
7.97 
6.82 
4.34 
2.43 

11.89 
8.13 
4.53 
9.62 
8.60 
3.90 
2-99 
8.42 
0.65 
3.76 
2.83 - 
1.70 -- 
1.86 
1.53 
1.10 

.86 
1.00 

50 
79 
95 

.02 
56 

.82 
067 
85 

.81 
70 

.60 

.78 
97 

.88 
1.12 

83 
.84 

- - 



URINARY mcm10hT 

Days 
Urinary After Days 

Y U - Accident After Excretion 
X DTPA U (d/m/day) (d/m/day) y 

my3 
After Days Urinary 

Accident After Excretion U - Y 
DPA u (a/n/aay) i d / m / a y )  Y X 

172 91 
92 

173 190 109 
191 110 
202 121 
203 122 
218 137 

. 

5.4 5.65 96 
5.2 59 58 93 
4.2 4.51 * 93 
4.9 4.45 1.10 
2.7 3-92 69 

3.87 1.63 6.3 
2.7 3.29 .82 

Days 
After 

Accident 

2 
3 
4 

7 
8 
9 
10 
11 
12 
13 . 
14 
15 
31 
34 
41 
49 
55 
62 
70 
76 

3.6 3.26 1.10 
2.91 1.20 

219 138 
3.5 

2.89 1.39 
149 

4.0 
2 30 

150 
2.50 

231 
2.5 

2.48 9 93 
246 165 
247 166 2.3 

2.8 2.24 1.25 
2.6 2.22 1.17 

1.00 

2 58 177 
2 59 178 

TABU 5 

FECAL EXCRETION 

Days Fecal 
After Excretion 
DTPA F ( d / d  

1 
1 
1 
2 
1 
2 
1 
2 
3 
1 
1 
2 
1 
1 
9 
2 
2 
3 
8 
2 
1 
2 

1,374 
826 

2,950 
615 
700 
665 
127 
710 
69 
80 
250 
60 
150 
230 
79 
25 
30 
76 
92 
55 
21 
22 

Urinary 
Excretion 
u b / m >  

7, 441 
14,178 
3; 330 
1.680 
11; 486 
6,180 
7; 622 
3,461 
3,621 
5,770 
4,922 
982 

3,342 
4,539 

741 
520 
205 
80 
177 
350 
165 

- 

F 
U 
- 
19 
.06 
89 
37 

.06 

.ll 

.02 

.21 

.02 

.01 
005 
.06 
05 
05 

03 
.06 
37 

1.15 
31 
.06 

- 

13 

. 

J 
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IN REPLY 

REF= TO: 

H-4 

UNIVERSITY OF CALIFORNIA 
LOS ALAMOS SCIENTIFIC LABORATORY 

P. 0. Box 1663 
( C O N T B A ~  W-7405-r~o-36) 

LOO ~lm, NWI ~ e x i c o  a754.c 

September 2 ,  1969 

Walter S. Snyder, Ph.D. 
Heal th  Physics  Div is ion  
Oak Ridge Nat ional  Laboratory 
Oak Ridge, Tennessee 37830 

D e a r  Walter: 

Enclosed are Hea ly  ' s  and Lawrence's c o n t r i b u t i o n s  
on t h e  Savannah River C a s e .  Treat i t  as p r iv i l eged  information 
as P a t t e r s o n  seem t o  want i t  tha t  way. I hope you, Healy 
and Lawrence can g e t  together  dur ing  your forthcoming v i s i t  
t o  Los A l a m o s .  

I a m  about o u t  of t h e  exposure p r e d i c t i o n  bus iness  and 
have given t h e  r e s p o n s i b i l i t y  t o  them. 

S ince re ly ,  
n 

Wright *La ngh a m  
Biomedical Research Group 

WHL:gm 
Encl .  2 Memorandums 

I l b 9 5 1 S  AN EQUAL O~maTuNrrr EMPLOYER 



LO5 * LAMOS SCIENTIFIC LABORATORY 
UNIVERSITY OF CALIFORNIA 

LOS ALAMOS. NEW MEXICO 07544 
TELEPHONE: 

TO : James N . P .  Lawrence, Assoc. Group DATE: J U L Y  2 4 ,  1969 
Leader,  H - 1  

FROM : J .  W .  Healy, H - 1  

SUBJECT: SAVANNAH RIVER 

' ,  
SYMBOL: H - 1  , 

I have reviewed t h e  bioassay d a t a  from Savannah River and 
have at tempted an independent a p p r a i s a l .  
complicated s i t u a t i o n  due t o  t h e  p o s s i b l e  presence of a pool  
of plutonium i n  t h e  wound, poss ib ly  feeding  i n t o  t h e  blood,  
a probable  immediate uptake and t h e  unknown e f f e c t s  on ex- 
c r e t i o n  rate of t h e  c h e l a t i n g  agents  used. I would cons ider  
the fo l lowing  analysis a very pre l imina ry  look since there 
a r e  o t h e r  p o s s i b i l i t i e s  which could be t r i e d ,  p a r t i c u l a r l y  
with r e s p e c t  t o  t h e  p o s s i b l e  uptake ffom t h e  wound over  a 
pe r iod  of  t i m e .  

Wound Counter: The d a t a  from t h e  wound counter  a r e  p l o t t e d  
i n  F ig .  1. A second exc i s ion  w a s  made on t h e  18th  day which 
co inc ides  w i t h  t h e  end of t h e  sudden drop which s t a r t e d  on 
t h e  12th  day. 
t h e  exc i sed  sample. I t  is, t h e r e f o r e ,  unknown whether t h i s  
shape i s  due t o  an a r t i f a c t  i n  t h e  d a t a ,  t h e  plutonium w a s  
l o s t  by s u r f a c e  c leaning  o r  some lo5 dis/min w e r e  absorbed 
from t h e  s i te  between t h e  12th  and 18th  day. It s e e m s  
u n l i k e l y  t h a t  t h e  m a t e r i a l  would remain f o r  1 2  days and then  
suddenly slough of f  o r  absorb.  I f  t h i s  curve could be ex- 
p l a ined ,  it could be h e l p f u l  i n  a more d e t a i l e d  examination 
of t h e  d a t a .  

This i s  a very 

However only 2400  dis/min were measured on 

U r i n e  Data: 
i n  t h e  i n i t i a l  po r t ion  up t o  30-40 days,  a r ap id  drop a t  about 
46 days when c h e l a t i o n  w a s  
a recovery when c h e l a t i o n  w a s  resumed, and a second drop 
when c h e l a t i o n  w a s  f i n a l l y  s topped (Fig.  2 ) .  I n c i d e n t a l l y ,  I 
have proceeded .on t h e  assumption t h a t  t hese  d a t a  r e p r e s e n t  
t h e ' f u l l  excretion although t h e r e  are some per iods  where no 
sample is given. For example, from 2:15 p.m. on 11/29 t o  
1 2  noon on 11/30 (16-17 hours )  o r  from 6:OO p.m. on 1 2 / 2  t o  
1:30 p.m. on 12/3 (19-20 h o u r s ) .  Another f e a t u r e  of t h e  curve 
is  t h e  apparent  curva ture  i n  t h e  pe r iod  from 50-80 days.  I 
have p l o t t e d  a t '0*74 l i n e  on t h i s  curve t o  i n d i c a t e  t h e  
dev ia t ion .  

A p l o t  of t h e  u r i n e  d a t a  shows a wide sca t te r  

d iscont inued  for a s h o r t  pe r iod ,  
~ 



' 

-.. 

For purposes of a n a l y s i s ,  i t  w a s  assumed t h a t  t h e  c h e l a t i n g  
agents  i n c r e a s e d  t h e  e x c r e t i o n  ra te  i n  t h e  u r i n e  by a f a c t o r  
"a" .  I t  w a s  f u r t h e r  assumed t h a t  t h e  e x c r e t i o n  ra te  of t h e  
amount remaining i n  t h e  body w a s  
B i s  t h e  body burden remaining a t  t i m e  t. 
Langham's equa t ions  w e r e  assumed t o  apply  w i t h  t h e  enhanced 
exc re t ion  r a t e  b u t  c o r r e c t e d  f o r  t h e  amount remaining i n  t h e  
body. 
be only i n  t h e  u r i n e .  
a n a l y s i s  by n o t i n g  t h a t  the cumulative e x c r e t i o n  i n  t h e  f e c e s  
w a s  only abou t  1 0 %  of t h a t  i n  the  u r i n e ,  The body burden can 
then  be computed from: 

g iven  by 0 . 0 0 2 a B t ' 0 ' 7 4  where 
I n  o t h e r  words, 

The body burden w a s  then  computed assuming t h e  loss  t o  
T h i s  w a s  j u s t i f i e d  f o r  t h i s  pre l iminary  

0.74dt dB = - 0 .002aBt '  

us ing  the c o n d i t i o n  t h a t  B=B, when t=l day. 

Severa l  va lues  of a w e r e  assumed based upon Thompson's wr i t eup  
i n  t h e  Plutonium ilandbook. The s i m p l e s t  w a s  t h a t  a w a s  
cons t an t  d u r i n g  t h e  pe r iod  of a d m i n i s t r a t i o n .  
d i t i o n s  B is given by: 

Under these con- 

Since t h e r e  i s  a l so  some i n d i c a t i o n  t h a t  t h e  e f f e c t i v e n e s s  of 
DTPA dec reases  w i t h  t i m e ,  f a c t o r s  of t h e  f o r m  a = b-c t  w e r e  
t r i e d .  Under t h e s e  cond i t ions  t h e  body burden is  given by: 

0 . 0 0 2 ~  It1.26-11) 
-11 - 1.26 

I n - = -  0 . 0 0 2 b  . 2 6  
BO ( 0.26 

The e x c r e t i o n  r a t e  i s  then  given by Langham's equat ion  corrected 
f o r  t h e  enhancement and f o r  t h e  decreased body burden due t o  
p r i o r  e x c r e t i o n .  . 
During t h e  p e r i o d  of no c h e l a t i o n  t h e  e x c r e t i o n  ra te  drops 
r a p i d l y  and t h e  change i n  body burden is  much slower. The d a t a  
f o r  t h e  p e r i o d  fo l lowing  t h e  c e s s a t i o n  of c h e l a t i o n  a t  82  days 
is given i n . F i g .  3 .  The d o t t e d  l i n e  r e p r e s e n t s  a t '0*24 s l o p e  
f i t t e d  t o  t h e  p o i n t s  p a s t  1 3 0  days whi le  t h e  o t h e r  curves  re- 
p r e s e n t  e x p o n e n t i a l s  ob ta ined  by s u c c e s s i v e  s u b t r a c t i o n s .  I n  
o ther  words, a t  82 days,  t h e  e f fec t  of t h e  DTPA decreases  wi th  
about 70% r e p r e s e n t e d  by a 1.5 day h a l f - l i f e  and about 30% by 
an 11 day h a l f - l i f e .  I hold  no s p e c i a l  brief f o r  t h e s e  numbers 
except  t h a t  t hey  were used t o  r e p r e s e n t  t h e  f a l l - o f f  of t h e  DTPA 



effect. '  
c r e t i o n  by about  a f a c t o r  of t e n  a t  8 2  days.  
my choice of c i n  t h e  equa t ion  f o r  a. 

For t h e  pe r iod  fol1.owing c h e l a t i o n ,  t h e  e x c r e t i o n  rate can be 
r e l a t e d  t o  t h e  e x c r e t i o n  ra te  before  c h e l a t i o n  s t o p s  by: 

Note t h a t  t h e  p l o t  i n d i c a t e s  an enhancement of ex- 
Th i s  d i d  in f luence  

, 

where Q i s  t h e  t i m e  t h a t  che, la t ion i s  s topped  and EQ is t h e  ex- 
c re t ion  ra te  a t  t h i s  t i m e .  Although t h e  change i n  body burden 
i s  no t  s i g n i f i c a n t ,  t h e  body burden r e l a t e d  t o  t h e  body burden 
a t  the t i m e  c h e l a t i o n  is stopped (BQ) can be w r i t t e n  as: 

) 0 . 3  (1-e-0.0631t-Q1) - 0 . 4 6 2  [t-QI 3 [ O.7 (1-e . + 0.063 Eo 0.426 
B - -  

In BQ - 

0.002b +0.26] 
0 . 2 6  

+ 

These equat ions  w e r e  u s e d  t o  estimate body burden and e x c r e t i o n  
rates dur ing  t h e  p e r i o d s  of no c h e l a t i o n .  

The values of a chGsen fo r  t r i a l  w e r e  a=100, a=100-t, a=100-0.8t, 
and a = 2 0 0 - 2 t .  A t  82 days these r e l a t i o n s  would g ive  an enhance- 
ment of t h e  DTPA i n  u r i n e  e x c r e t i o n  of 1 0 0 ,  18 ,  34, and 36. 
The func t ions  chosen are e n t i r e l y  a r b i t r a r y  as a p a r t  of an 
i t e r a t i o n  p rocess  t o  see which would fit t h e  d a t a  best. 

The c a l c u l a t e d  curves  are p l o t t e d  a g a i n s t  t h e  u r i n e  d a t a  i n  
F igs .  4 t o  7 w i th  t h e  curve normalized t o  t h e  data a t  an e x c r e t i o n  
ra te  of 6 . 3  dis/min a t  1 5 0  days. The p o o r e s t  f i t  seems t o  be . 
t h e  a = 2 0 0 - 2 t  f u n c t i o n  wi th  a=100 next .  There i s  l i t t l e  t o  choose 
between t h e  o t h e r  two al though t h e  100-0.8t seems a l i t t l e  b e t t e r  
i n  the  60  t o  82 day per iod. '  None of the c a l c u l a t e d  curves 
i n d i c a t e  as much of a drop i n  t h e  46 t o  59 day p e r i o d  of no 
che la t ion  as t h e  a c t u a l  data.  This  may i n d i c a t e  t h a t  t h e  s h o r t  
component of t h e  e f f e c t i v e n e s s  decay curve  i s  of more importance 

As another  measure of t h e  curve f i t ,  I have p l o t t e d  t h e  cumulative 

d i f f e r e n c e s  i n  c a l c u l a t e d  body burden (Fig.  8 ) .  The cumulative 
e x c r e t i o n  a t  150  days w a s  t aken  as t h e  base  and t h e  p o i n t s  re- 
p r e s e n t  t h e  t o t a l  e x c r e t i o n  f r o m  t h e  t i m e  given to 1 5 0  days.  The 
curves were normalized a t  1 0 0  days. 

- a t  t h i s  e a r l i e r  t i m e .  

' exc re t ion  rate a g a i n s t  t h e  cumulative e x c r e t i o n  p r e d i c t e d  by t h e  



I n  each case, t h e  c a l c u l a t e d  curve seems t o  be somewhat high 
a t  t h e  e a r l y  t i m e s .  
ment from m a t e r i a l  i n  t h e  wound i n t o  t h e  bloodstream over t h e  
f i r s t  f e w  days.  
simple model used here  where  t h e  admin i s t r a t ion  i s  c o n s i d e r e d .  
t o - b e  e n t i r e l y  a t  t i m e  zero  and t h e  c a l c u l a t i o n s  are based on 
t h e  body burden a t  one day. 
t o  compute t y p i c a l  curves  f o r  t h i s  e f f e c t  bu t  t h e  equat ions  need 
more s tudy t o  see i f  an a n a l y t i c a l s o l u t i o n  can be found t o  avoid 
t h e  numerical  ana lyses .  It was, t h e r e f o r e ,  considered t h a t  fo r  
t h i s  pre l iminary  a n a l y s i s  t h e  e f f e c t  would be s m a l l  and have 
l i t t l e  in f luence  over t h e  shape of t h e  curve a t  longer  t i m e s .  

The e s t ima te  of the q u a n t i t y  of plutonium i n  t h e  body can be 
made f o r  each of t h e s e  va lues  of a from t h e  e x c r e t i o n  rates and 
t h e  c a l c u l a t e d  va lues .  If one assumes t h a t  Langham's equat ion  
holds a f t e r  t h e  pe r iod  of c h e l a t i o n  t o  r e p r e s e n t  t h e  amount re- 
maining i n  t h e  body, an a d d i t i o n a l  e s t ima te  can be made. 
e s t i m a t e s  w e r e  based on an e x c r e t i o n  r a t e  of 6.3 dis/min a t  150 
days.  

This  may w e l l  be due t o  a continued move- 

This  would give a d i f f e r e n t  r e s u l t  from t h e  
J 

Some e f f o r t  was expended i n  a t tempting 

A l l  

Ext rapola ted  * 

Body Burden Burden a t  
a t  150 days One Day 

Method Wi) (vci 1 

Langham 0.058 
a=100 0.035 
a=100-t  0.052 
2=100-0.8t 0.047 
a=20 0 - 2 t 0.047 

*Obtained by summing body 
e x c r e t i o n .  

0.12* 
0.16 
0.17 
0.17 
0.50 

burden a t  150  days and t o t a l  

Blood: The blood d a t a  are p l o t t e d  i n  Fig.  9 .  Although t h e  d a t a  
on humans a v a i l a b l e  f o r  comparison covers only a pe r iod  of about 
30 days,  it has e a r l i e r  been f i t t e d  t o  a power func t ion  t o  give 
0 . 0 0 2 9 t - l o 3  as the con ten t  of t h e  adminis tered dose i n  t h e  t o t a l  
blood volume. The l i n e  i n  Fig.  9 has  been f i t t e d  with t h i s  s lope  
t o  a concent ra t ion  of 0 . 0 1  dis /min/mli ter  a t  130 days.  The d a t a  

amount of scatter makes it d i f f i c u l t  t o  conclude t h a t  a f i t  
ex is t s .  

Using t h e  above r e l a t i o n  and a blood volume of 5370 m l i t e r s ,  a 
concent ra t ion  of 0 . 0 1  dis /min/mli ter  a t  130 days would be equiva- 
l e n t  t o  a body burden of 0 .05  WCi, a value i n  remarkable,  
b u t  p a s s i b l y  f o r t u i t o u s ,  agreement wi th  t h e  u r i n e  d a t a .  I f  t h i s  
t rea tment  of t h e  d a t a  i s  accepted ,  t h e  lower va lues  of blood 

-. a f t e r  c h e l a t i o n  would n o t  c o n t r a d i c t  such a f i t  a l though t h e  

* * 
f 

concent ra t ion  
~ i n  t h e  e f f e c t  

f o r  the first several weeks may be of s i g n i f i c a n c e  
of DTPA. 



Feces: The fecal e x c r e t i o n  i s  p l o t t e d  i n  Fig.  1 0 .  The d o t t e d  
l i n e  r e p r e s e n t s  a s lope  of t-' O as given by Langham. To show 
t h e  e f f e c t  of t h e  change i n  body burden due t o  DTPA, each p o i n t  
w a s  c o r r e c t e d  f o r  t i m e  by t h e  Langham func t ion  and for t h e  change 
i n  body burden us ing  t h e  a=100-0.8t func t ion .  
a l l  p o i n t s  was computed and t h e  s o l i d  l i n e  r e p r e s e n t s  t h e  f e c a l '  
e x c r e t i b n  f o r  t h i s  q u a n t i t y .  N o  conc lus ions  can be drawn by eye  
as t o  t h e  f i t ,  b u t  the curve i s  n o t  i n c o n s i s t e n t  w i th  t h e  da t a .  

The estimated body burden a t  one day from t h e  above t r e a t m e n t  
i s  0 . 5 9  p C i  o r ,  s i n c e  t h e  f u n c t i o n  used predicts a body burden 
of about  28% of t h i s  a t  150 days ,  about  0.17 p C i  f o l lowing  che la-  
t i o n .  Th i s  i s  cons iderably  h i g h e r  t h a n  t h e  blood o r  u r i n e  
es t imate  and  may i n d i c a t e  a n  enhancement of f e c a l  e x c r e t i o n  by 
about a f ac to r  of t h r e e .  

The average of 

Conclusions : 
t h a t  a t  least  a p o r t i o n  of t h e  e x c r e t i o n  curve can be exp la ined  
by t h e  s i g n i f i c a n t  decrease of t h e  body burden due t o  t h e  DTPA 
t r ea tmen t .  Only a f e w  of t h e  p o s s i b l e  pe r tuba t ions  which could 
be a t t r i b u t e d  t o  t h e  e f f e c t  of DTPA have been examined w i t h  no 
rea l  a t t e m p t  t o  f i n d  t h e  bes t  f i t .  There are some anomolies 
which could  be s t u d i e d  f u r t h e r ,  as, f o r  .example, t h e  p o s s i b i l i t y  
t h a t  t h e  DTPA e f f e c t i v e n e s s  r e t u r n s  t o  a h ighe r  va lue  a f t e r  the 
per iod  of no u s e  about the 50th  day. Fu r the r  work on t h e  pos- 
s i b i l i t y  of plutonium moving t o  t h e  bloodstream dur ing  t h e  
f i r s t  f e w  days would be warranted t o  see i f  a b e t t e r  f i t  could .  
be ob ta ined .  Carefu l  s tudy of data such as t h e s e  could  be 
u s e f u l  i n  g i v i n g  more informat ion  on t h e  e f f e c t i v e n e s s  of DTPA 
as w e l l  as a bas i s  f o r  i n t e r p r e t a t i o n  of d a t a  from f u t u r e  cases 
where DTPA is  used. 

The p r e s e n t  p re l imina ry  a n a l y s i s  would i n d i c a t e  

This  p r e l i m i n a r y  estimate would i n d i c a t e  t h a t  t h e  body burden 
a t  1 5 0  days i s  i n  the range 0 . 0 5  t o  0 . 0 6  U C i .  The upper value 
nay be  somewhat b e t t e r  s i n c e  t h e  p o s s i b l e  e f f e c t  of cont inued  
a d m i n i s t r a t i o n  f r o m  t h e  wound h a s  n o t  been made. 

.- 
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t 

According t o  t h e  Monitoring and Bioassay Data Sheets  for 
the 24-hour per iod following t h e  acc iden t ,  t h e  total ur ina ry  
e x c r e t i o n  was 3333 d i s / m i n .  T h i s  w a s  p r i o r  t o  t he  f i r s t  
admin i s t r a t ion  of DTPA. Using t h i s  f i g u r e  and Langham's 
equat ion  DE = 500 for  t = 1, t h e  body burden (DE) 
would have been 21 .7  x l o 6  dis/min (0.75 WCi), PUQFUA ca l -  
c u l a t i o n  of t h e  amount remaining on J u l y  l, 1969 is  
1.57 x l o 6  d i s / m i n .  

On t h e  attached c h a r t  a r e  p l o t t e d  t h e  observed u r i n a r y  ex- 
c r e t i o n  p e r  24-hour per iod  (noon til noon) f o r  the e n t i r e  
se t  of d a t a .  The double-line curve r ep resen t s  t h e  "expected" 
e x c r e t i o n  according t o  Langham's equat ion.  I t  i s  obvious . 
t h a t  t h e  DTPA t rea tments  had a marked e f f e c t  on t h e  u r ina ry  
e x c r e t i o n .  I know of no way t o  incorpora te  t h e  d a t a  dur ing  
the DTPA t r e a t m e n t s  i n t o  a c a l c u l a t i o n  of body burden. 

How t o  use the u r ina ry  exc re t ion  d a t a  for these pe r iods  
when DTPA was - no t  adminis tered i s  n o t  a t  a l l  c e r t a i n .  Be- 
fore p l o t t i n g  t h e  "expected" e x c r e t i o n  curve,  I examined 
the p l o t  of t h e  ur inary  d a t a ,  and decided t h a t  t h e  d a t a  on 
11/30/68, 1/19-25/69, and from 3/3/69 through 5/20/69 
appeared t o  be r e l a t i v e l y  f r e e  of DTPA effects. From this 
d a t a ,  I devised f i v e  sets (described below) and f eed  t h e  
information i n t o  t h e  PUQFUA computer code with t h e  r e s u l t s  
i n d i c a t e d .  

* 
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PUQFUA 
Dates of Body 

S e t  Iden t i -  Samples Burden - 
f i c a t i o n  Included (Ki 1 

SVR- 1 11/30/68, 0 . 0 4  Samples on 11/30/68 and 1/19/69 were 
judged i n v a l i d  by computer code and code 
c a l c u l a t e d  t h e  i n i t i a l  exposure date  

1/ 19  - 2 5/ 6 9 
3/3 t h r u  
5/20/69 t o  be 1/20/69.  4 

a 

SVR- 2 

* SVR-3 

SVR- 4 

SVR- 5 

I 

11/30/68 0 . 7 1  Based on one sample only.  

1/19-25/69, 0 . 0 4  I n i & l  sample n o t  included i n  o r i g i n a l  
3/3 t h r u  d a t a .  Accident programed t o  occur 51  days 
5/20/69 before  t h e  1/19/69 sample. Since sample 

on 1/19/69 w a s  judged i n v a l i d  by computer 
code, code c a l c u l a t e d  t h e  i n i t i a l  exposure 
d a t e  t o  be 1/20/69.  

1/19 -25/69 0 . 0 3  I n i t i a l  sample n o t  included i n  o r ig i an l  
da t a .  
days be fo re  t h e  1/19/69 sample. Since 
sample on 1/.19/69 w a s  judged inval id  by 
computer code, t h e  code c a l c u l a t e d  t h e  
i n i t i a l  exposure t o  occur on 1/20/69. 

Accident programed t o  occur 51 

3/3 t h r u  0 . 0 2  Accident programed t o  occur 9 4  days before 
5/20/69 t h e  3/3/69 sample. Since computer.code 

judged sample on 3/3/69 t o  be i n v a l i d ,  
t h e  code c a l c u l a t e d  the  i n i t i a l  exposure .: 
t o  have occurred  on 3/7/69. 

Since t h e  u r ina ry  d a t a  f l u c t u a t e d  adverse ly  i n s o f a r  as t h e  
PUQFUA code w a s  concerned (causing i n v a l i d a t i o n  of i n i t i a l  sample 
i n  a l l  groupings of d a t a  except SVR-2), and thereby causing t h e  
a c t u a l  acc iden t  d a t a  t o  be ignored,  I have concluded t h a t  
PUQFUA i n  i t s  p r e s e n t  form is  incapable  of a reasonable esti- 
mation of t h e  body burden af ter  t h e  DTPA treatments. 

A t  t h i s  p o i n t ,  I p l o t t e d  t h e  "expected" excretion assuming the 
sample on 11/30/69 t o  be a v a l i d  sample. 
a f t e r  2/19/69 when t h e  DTPA t r ea tmen t s  w a s  d iscont inued,  i t '  
appears (to m e )  t h a t  t h e  e f f e c t s ' o f  t h e  DTPA have not  worn off 
u n t i l  3/19/69 o r  la ter .  I made t h i s  judgment o n . t h e  observa t ion  
t h a t  t h e  s l o p e  of t h e  exc re t ion  ra te  observed and "expected" 
a r e  about the same a t  t h i s  t i m e  i n t e r v a l  a f te r  t h e  acc ident .  
The r a t i o  of  t h e  observed t o  t h e  expected is about 1/12th.  
Thus, i n  t h e  absence of DTPA, a sample on 11/30/69 of 

By examining the data 

- e  3333 280 dis/min would have given the observed d a t a  a f t e r  
1 2  
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3/19/69. 
af ter  3/19/69 is about  0 . 0 6  p C i .  
organ f o r  t h e  c a l c u l a t e d  systemic burden, I would no t  hazard 

The i n d i c a t e h  systemic body burden f r o m  t h e  da t a  
I n  r ega rd  t o  t h e  c r i t i c a l  

a guess.  
, 

Since the  conversion f r o m  counts/min t o  dis/min fo r  plutonium 
wound monitor ing v a r i e s  &$markedlywith the  depth  of plutonium 
i n  t h e  t i s s u e  ( d a t a  which n o t  known), I can n o t  venture  an 
i n t e l l i g e n t  guess as t o  t h e  q u a n t i t y  remaining a t  t h e  wound I 

s i t e .  

c 
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I put the newer data on the curves as 
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