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Abstract 

The excretion data of  15 terminal patients, reported by Langham!') who received 

Pu by N injection have been analyzed and studied i n  the context of  the t i t le.  Power 239 
- 

functions bt'p have been f i t ted to the urinary excretion data U(t) by minimizing (1) the 

sum of deviations and (2) the sum of percent deviations. This correspmds to minimizing the 

sums 

respectively. This minimization produces parameter values a and a which provide a best 

f i t  to an individual's data; and by pooling a l l  the data, one obtains values of a and a 

for the group. The distribution of  the data U(t) of an individual about his own curve of 

best fit and about the curve determined for the group i s  studied, and confidence limits P 

and p are determjned so that the data U(t) only exceed P bt on -P -P or fa l l  k l o w  p bt 

a preassigned percentage of  days. For example, i t  appears from analysis of these data 

that an individual's dai ly excretion l ies between 0.3 and 3 times the power function bt' P 

for the group about 90% o f  the time. Thus, i f  a plutonium worker's excretion on a certain 

day i s  higher than his previous trend by more than a factor of 3, one may conclude with a 
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I' bx-13dx = b [ t  '-I3 - (t - l)'+]/(, - p) 
t-1 

in p l a c e  of bt'p. The use of these distributions in es t imat ing body burdens is discussed 

a n d  i l lustrated by examples.  

. . . . . . . . . . . . . . . . . . . . .  
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rather  high degree  of c o n f i d e n c e ,  perhaps 90%, tha t  he  had a new i n t a k e  t o  blood. 

I f  the  e m p l o y e e i s  e x c r e t i o n  is high o n  a cer ta in  day,  but not by a s  much a s  a factor  of 

3, then o n e  may c o n c l u d e  t h e r e  is a c h a n c e  of 10% or more t h a t  the excess  represents on ly  

a temporary f luc tua t ion  a n d  o n e  n e e d  not postulate t h a t  a new in take  has occurred .  
- - 

The same t y p e  of ana lys i s  is used wi th  the integral  form of t h e  power function, 

1 2 4  
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A number of computer codes have been described which interpret the urinalysis 

data of an employee to obtain an estimate of his intake of plutonium or, alternatively, 

his body burden. 

fol lowing a single intake to blood which predicts excretion in terms of a power function, 

A l l  of ihese codes are based essentially on a model for excretion (2-6) 

i.e., fraction of  a single intake (to blood) excreted t days postexposure i s  given as 

b t '. An employee's exposure plausibly may be considered to consist o f  a series of 

single exposures, and the computer. codes define a series of intakes at various times which, 

according to the model, would suffice to some degree of approximation to account for the 

- 
- 

- 

excretion pattern as measured. 

Langham et a l .  seem to have been the first to use this model for excretion of -- 
plutonium when they analyzed the data on some 15 terminal patients who were given 

239Pu complexed wi th  citrate by IV injection. They also analyzed excretion data of  

employees and found that the excretion curves which described the  trend of  the patient 

daTG seemed to be i n  accord wi th  the data on the employees. I n  this sense the model may 

be said to be supported by data out to f ive or more years postexposure. 

Few attempts have been reported for taking statistical fluctuations of the excretion 

This paper i s  a preliminary analysis of the statis- 

- 

data into account i n  a systematic way. 

t ical day-to-day fluctuations of excretion data of  the hospital patients reported by Langham 

-- et al., the different trend; seen in the  individual patients, and the different results found 

- 

(1) 
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when the data are analyzed in terms of various models or methods of curve f-itting. 

brevity these three sources of difference might be referred to as "statistical fluctuations, I' 

"individual differences, 'I and "differences in models. " Finally, a code is described which 

For 

allows one to explore to some extent the influence of each of these sources of  variability 

on t h e  estimated systemic burden, and the results of some of the cases studied are shown, 

The Basic Model 

T h e  basic model for excretion of plutonium which has entered blood and  its use 

in interpreting the urinalysis data of an employee have been described in reference 6 .  

Briefly summarized, the excretion following a single u n i t  intake of plutonium to blood 

: i s  described by a function f(t)  which represents the fraction of initial activity reaching 

blood at time 0 which is excreted on day t. Langham et al. (1) gave the relation -- 

-0.77 f(t)  = b t-' = 0.0023 t 

- - 

based on the study of the data on the terminal patients mentioned a b v e .  

we retain the same essential idea, i. e. , to represent excretion by a power function, but 

use different fitting procedures to obtain b and p. 

In this paper 

- 
- If the function f is defined as above, t should be considered as a discrete variable, 

that is, t takes on values 1, 2,  3, . . ., but f ( t>  is not defined for fractions of a day and 

hence does not define an instantaneous rate of excretion. Alternatively, one may define 

126 
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a n  instantaneous r a t e  of excre t ion ,  a n d  in t h a t  case the fract ion of i n t a k e  reaching  blood 

a t  t ime 0 w h i c h  is e x c r e t e d  on d a y  t is g i v e n  by the  formula 

f(t) = Jt-, t b 7 -P d 7  = - [ t '+  - (t - , ) ' - P I .  
1 - P  

In w h a t  follows, the  funct ion def ined  as  a power funct ion,  t h a t  is, as in Eq. ( l ) ,  will  be 

deno ted  by f d  t o  i n d i c a t e  that i t  is a func t ion  f i t t e d  t o  the d iscre te  points where  t = 1 ,  

2, 3, . . .; whereas  t h e  e x c r e t i o n  funct ion def ined  by Eq. (2) will  be deno ted  by f c  to  

ind ica te  t h a t  it is d e f i n e d  in terms of a cont inuous r a t e  func t ion  a n d  represents t h e  a r e a  

under  the g r a p h  of t h e  power funct ion represent ing t h e  instantaneous r a t e  of excre t ion .  

In e i t h e r  c a s e  the parameters b a n d  p may be de te rmined  by f i t t ing t h e  appropr ia te  funct ion 

to the data on t h e  hospital  pat ients .  In  this paper  t h e  curve  f i t t ing is d o n e  i n  two  ways. 

The first, represented by Eq. (3), minimizes t h e  sub  of a b j o l u t e  devia t ions  of the  formula 

a b o u t  t h e  sample ur inary e x c r e t i o n  values  U;; a n d  t h e  second curve-fitt-ing procedure,  

represented by Eq. (4), minimizes ti-:? sum of percent  deviat ions of t h e  sample  va lues  a b u t  

the t rend c u r v e  def ined  by the func t ion  f .  Either the  point funct ion fd o r  t h e  a r e a  funct ion 

f, may be de te rmined  by Eqs. (3) a n d  (4). Thus four different  models for  e x c r e t i o n  following 

a s ingle  i n t a k e  a r e  s tud ied  in t h e  present paper .  That  is, a funct ion  f may be of e i t h e r  

type  fd or of type  fc, a n d  the  curve  f i t t ing may be done  my minimizing e i t h e r  t h e  sum 

of absolute  devia t ions  o r  by minimizing t h e  sum of percent  deviat ions as i n d i c a t e d  by 

Eqs. (3) a n d  (4). 

- 
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1 \ U ;  - f ( t ; )  I = Min 
i =I 

Snydc r 

- 

The curve-fi t t ing procedures  d e f i n e d  by Eqs. (3) a n d  (4) h a v e  been  a p p l i e d  to  
- 

determine b a n d  p f o r  each of t h e  15 hospital patients,  a n d  the va lues  of b a n d  p 

determined in this w a y  a r e  shown in  Tables  I a n d  II wh ich  a r e  q u o t e d  from reference  6. 
- 

It will  be noted tha t  there  is a cons iderable  spread of the va lues  of b a n d  p for different - 

individuals,  a n d  this is tQ some e x t e n t  a measure of the e x t e n t  of individual  var iab i l i ty  

among t h e  pat ients  of this group. 

a l though the fecal d a t a  c a n  be fitted by the  same methods. All of the urinary excre t ion  

O n l y  t h e  urinary d a t a  wil l  be used in this  paper ,  

'data of the  pat ients  may be poo led  a n d  the same minimizat ion procedures  a p p l i e d  to determine 

va lues  of b a n d  p which  a r e  in a sense  representat ive for t h e  g roup  r a t h e r  t h a n  for a n  indi-  

vidual  pa t ien t .  The excre t ion  model determined for t h e  g roup  wi l l  be referred to  in w h a t  follows 

a s  t h e  "typical" excre t ion  f o r m u l a  or excre t ion  model. T h e  va lues  of b a n d  p so determined 

a r e  shown in Tables I and  11. 

Day-to-Day Fluctuat ions of Excretion Data 

The excre t ion  models de t e rmined  in ilie preceding sec t ion  o n l y  es tab l i sh  a trend 

of these d a t a ,  a n d  i t  is well  known t h a t  t h e r e  a r e  wide  f luc tua t ions  in  t h e  day-to-day 

e x c r e t i o n  da ta .  

bution of t h e  ratios U;/f(t;) has been  s tudied .  When this ra t io  is less t h a n  1,  t h e  sample 

To establ ish some measure of the e x t e n t  of this f luc tua t ion ,  t h e  distri- 

- 
W 
.e 
N 

v a l u e  l ies below t h e  curve  def in ing  t h c  t rend  of the  d a t a ,  a n d  when  i t  e x c e e d s  1, the  

sample va lue  is in cxcess  of t h e  t rend  curve .  

128  
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Table I. Urinary Excretion Formula:, bt-p, for Fifteen Individuals 

(Obtained by minimizing the sum of the absolute deviations) 

Po in t F it " "Area F i t" 
Patient b P b P 

Hp-1 0.24 0.74 0.10 0.42 

Hp-2 0.47 1.04 0. 17 0.63 

Hp-3 0.3p 0.99 0.17 0.71 

Hp-4 0.44 0.89 0.20 0.54 

Hp-5 0.30 1.10 0. 1 1  0.62 

- 

.. 
Hp-6 0.50 1.21 0.31 0.99 
Hp-7 0.24 1.02 0.078 0.64 
Hp-8 0.38 0.88 0.16 0.58 

Hp-9 0.12 0.48 0.096 0.40 

Hp-10 0.41 0.98 0. 17 0.60 

Hp-12 0. 15 0.58 0.087 0.40 

Chi-I 0.86 1.85' 0.18 0.79 

Chi-11 0.25 0.73 0.20 0.66 

Chi-111 0. 15 0.86 0.071 0.53 
Cal - I  0.48 1. 19 0.12 0.74 

All the 
pat icnts 0.32 0.93 0. 15 0.65 
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Table 11. Urinary Excretion Formulas, bt'P, for Fifteen Individuals 

(Obtained by minimizing the sum of the percent deviations) 

Po i n  t F it " "Area F i t "  

Patient b B b P 

Hp- 1 0.28 0.82 - 0.18 0.65 

H p-2 0.66 1.21 0.17 0.63 

Hp-3 0.57 1.20 0.16 0.72 

Hp-4 0.44 0.89 0.19 0.56 

Hp-5 0.18 0.79 0.11 0.62 

Hp-6 0.50 1.21 0.31 0.99 
Hp-7 0.48 1.26 0.089 0.75 
Hp-8 0.32 0.81 0.23 0.73 

Hp-9 0.12 0.42 0.096 0.40 
Hp-10 0.73 1.22 0. 16 0.72 

Hp-12 0. 15 0.57 0.12 0.52 
Chi-I 0.11 0.61 - 0.099 0.57 
Chi-I1 0. 17 0.62 0.16 0.60 - - 

- Chi-111 0.15 0.83 0.083 0.45 

Cal - I  0.26 0.88 0. 13 0.72 

0.14 0.61 
Ali the 
pot ients 0.21 0.73 
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of these rat ios  has been  determined i n  each c a s e .  This cumula t ive  c u r v e  rises from the 

v a l u e  0 at t h e  smallest  v a l u e  of the  ra t io  a n d  a t t a i n s  the  v a l u e  1 for t h e  largest  va lue  

of the r a t i o  in each individual  case.  Figure 1 shows a typical  e x a m p l e  of these curves 

for  the 15 hospital  pa t ien ts ,  The excre t ion  func t ion  f c  used here  is that determined for 

the f luc tua t ions  a round  t h e  typical  e x c r e t i o n  formula d e f i n e d  by Eq. (3) for  the group. 

Figures 2, 3, a n d  4 show t h e  similar d a t a  for  o t h e r  versions of t h e  e x c r e t i o n  model, but 

t h e  individual  curves have  been  omi t ted  so t h a t  o n l y  t h e  broad band conta in ing  all the  

individual  curves  is shown. From this band o n e  c a n  read  off t h e  ex t r eme  va lues  of the 

r a t i o  w h i c h  wou ld  c o n t a i n  a spec i f ied  p e r c e n t a g e  of the d a i l y  e x c r e t i o n  va lues  for each 

of the individ- ,a ls .  For example ,  using Fig. 1 i t  is a p p a r e n t  t h a t  for  none  of t h e  pat ients  

was t h e r e  more than  10% of fhe doi ly  e x c r e t i o n  d a t a  for  wh ich  t h e  r a t i o  fell below 0.30 

a n d  for  no pa t ien t  w e r e  as many as  10% of t h e  d a i l y  excre t ion  values  in excess  of the 

number 2.59. Thus a n  80% r a n g e  for the ra t io  of the d a i l y  sample to t h e  t rend curve for t h e  

.. 

g r o u p  is g i v e n  by t h e  range of ratios from 0.30 t o  2 .59 .  These dis t r ibut ions provide a 
- 

measure of the e x t e n t  of day-to-day f luc tua t ions  of a n  individual  a b o u t  his own t rend 

curve  o r  of a n  a rb i t ra ry  individual  of t h e  group a b o u t  the g roup  t rend  curve .  O n e  may 

wel l  hesi ta te  to a p p l y  e i t h e r  of these measures of day-to-day f luc tua t ions  to employees 

whose individual  t rend curves a r e  unknown a n d  where  there  is l i t t l e  information o n  the  

e x t e n t  of f luc tua t ions  of t h e  group.  Never the less ,  this is almost t h e  t o t a l i t y  of d a t a  of 

this kind t h a t  a r e  a v a i l a b l e .  O n e  may mention, however,  t h e  s tudy of Beach a n d  Dolphin (7) 

who o b t a i n e d  distributions grossly similar to these based o n  e m p l o y e e  d a t a  wh ich  were  

normalized in terms of the i r  body burdens of plutonium. 

I 

/ 
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ORNL-DWG 67-lf346R 

Fluctuations of Daily Urinary Excrc-tion Data of all Patients (Longham - 4950) about thc"Typica1" 
Formula of Best Fit -"Area Fit" Formula Obtained by Minimizing thc Sum of Absolute Dsyiations. 

Fig.  1 
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ORNL- DWG 67-7982 

L$/fd ( f i ,  = q/bti-' 

Fluctuations of Daily Urinary Excretion bata of all Patients (Langham -1950) about the 
"Typical" Formula of Best Fit -"Point F i t "  Formula Obtained by Minimizing the Sum 
of Percent Deviations. 

Fig .  3 
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Percent Deviations. 

Fig. 4 
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A Computer Code for Estimation of the Intake of Plutonium to Blood 

on the B a s i s  of Excretion Data 

The input for the code consists of the sample values U; and the days t i  on which 
- 

the sample was taken. I t  i s  assumed that each sample represents a 24-hr period of 
- - 

excretion, Essentially the design of the code i s  based on the supposition that an intake 

i s  potentially possible between each successive pair of sample values, and the code i s  - 

designed to produce intakes which w i l l  reproduce the excretion data as nearly as possible 

on the basis of the model. BdsicaIly this is achieved i n  the fol lowing way. Amming 
- 

* tha t  the data on excretion are given by 

" i t  t i  i = 1, 2, 3, ... n 

one seeks to determine intake values 

1; on day 7; i = 1, 2, 3, . . .n. ( 6 )  

Since the intakes to blood must be spaced between the sample values, one requires 

that 

< 7; <= t. i = 1, 2, 3, ... n. 'i-1 I (7) 

The first intake i s  determined as i n  Eq. (8) where the quantity t l  - TI + 1 represents 

the number of days from the first intake on day T, to the first sample day t The 1'  

convention has been made that intake i s  assumed to occur at the beginning of the day 

while the sample col lect ion i s  cn ly  complete at ihe end of the day. There i s  a certain 

136 
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degree  of inde te rminacy  in Eq. (8) in tha t  t h e  func t ion  f may be a n y  o n e  of t h e  func t ions  

a s  def ined  in Tables  I a n d  I1 a n d  the  va r i ab le  71 may be a n y  day sub jec t  t o  t h e  inequal i t ies  

g iven  by ( 7 ) ,  t h a t  is ,  0 < T, 5 t l .  W h a t e v e r  t h e  choice of t h e  func t ion  f o r  of  t h e  day 

t h e  intcike I o n  d a y  7 wil l  e x a c t l y  r ep roduce  t h e  sample  v a l u e  U 1  a c c o r d i n g  t o  
1 1 

the  chosen  model.  

1. have  b e e n  d e f i n e d  for  t h e  first i - 1 cases ,  i.e. , j = 1, 2, , ..., i - 1 ,  t hese  intakes J 

a l r eady  a c c o u n t  for  some of t h e  a c t i v i t y  found in the sample  o n  d a y  t i .  

r epresented  by  the sum in formula (9 )  which  is t hen  sub t r ac t ed  from U;, so t h a t  o n l y  the- 

In pr inc ip le ,  t h e  computer  code t h e n  proceeds by induct ion .  I f  intakes 

This amount  is 

remainder,  i. e. / t h e  b racke ted  quant i ty ,  needs  t o  be a c c o u n t e d  for by  t h e  new in t ake  I;. 

I I  

1; = u; - 1 I j  f ( t i  - 7 j  + l)]/f (ti - Ti + 1) [ 
j= 1 

O n e  cont inues  in this w a y  to de f ine  success ive ly  t h e  in takes  I ; ,  a n d  this wou 

comple te  a n d  rigorous solut ion to i-he problem if ind iv idua ls  e x a c t l y  fo l lowed 

formula de f in ing  f .  Unfortunately,  t he re  a r e  w i d e  day-to-day f luc tua t ions  of 

(8 1 

(9 1 

d be a 

he t rend  

the exc re t ion  

d a t a  a b u t  t h e  t rend  curve ,  a n d  o n e  canno t  p roceed  in such  a simple fashion a s  tha t  indi- 

c a t e d  a b o v e .  I t  may, for example ,  happen t h a t  the b racke ted  term in Eq. ( 9 )  may be 

negat ive ,  i .e . ,  t h e  previous intakes a l r e a d y  more t h a n  a c c o u n t  f a r  t h e  e x c r e t i o n  as seen  

on d a y  i .  In this case no  new in t ake  is necessary,  s i n c e  a n  excess  has a l r e a d y  b e e n  

a c c o u n t e d  foi- accord ing  to  t h e  model.  That this s i t ua t ion  may occur  is no  c a u s e  for 

, 

13 7 
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surprise s ince  it may happen tha t  t he  sample c o l l e c t e d  o n  day  i is one  wh ich  fell below 

the  t rend  cu rve ,  t h a t  is, it was an  unusual ly  low o u t p u t  for that  par t icular  day.. However ,  

in such  case ,  o n e  need  not seek  for a posi t ive in take ,  a n d  one  merely sets 1; = 0. 

Likewise, it may happen tha t  the numerator  of formula ( 9 )  is not very  la rge  com- 

pared t o  u;; tha t  is ,  t h e  previous intakes a l r e a d y  a c c o u n t  for most-of U;, or perhaps 

a c c o u n t  for U; wi th in  a fair ly  small factor .  In this c a s e  o n e  may be tempted t o  regard  

the  excess  as  mere ly  d u e  to  chance ,  i .  e. , as o n e  of t h e  high da i ly  f luc tua t ions .  O n e  

may make  this  prec ise  by using t h e  distributions g iven  in Figs. 1-4; tha t  is, o n e  may 

assign conf idence  l imits wi th in  which the  day-to-day f luc tua t ions  a p p e a r  to lie wi th  

a ce r t a in  d e g r e e  of probabi l i ty .  Thus t h e  va lues  0.30 a n d  2.59 spec i f ied  e a r l i e r  a n d  

based on Fig. ( I )  wou ld  be va lues  such  that ,  for  t h a t  exc re t ion  model, in no p a t i e n t  did 

t he  r a t io  of t h e  d a i l y  excre t ion  to the  t rend formula lie outs ide  this range  in more t h a n  

20% of the  cases .  Using on ly  t h e  high va lue  of 2.59 ,  o n e  may say  tha t  i f  a n  excess  by 

more than  this  amount  occurs ,  o n e  has 90% c o n f i d e n c e  t h a t  there  has been  add i t iona l  i n t ake .  

06 may then  in t roduce  into the code  a tes t  so t h a t  i f - t h e  r a t io  satisfies the inequa l i ty  (10) 

w h e r e  P is chosen  t o  represent  the upper  l imit  of d a i l y  f luc tua t ions  at  t h e  prescr ibed con-  
. _  

f i d e n c e  l eve l ,  t hen  a n d  on ly  then  does o n e  pos tu la te  a new intake.  Otherwise ,  i f  t h e  r a t io  

does not e x c e e d  P, o n e  may postulate  no add i t iona l  i n t a k e  but regard the  excess  r ep resen ted -  - 

by t h e  b racke t  in formula (9 )  as  being merely d u e  t o  c h a n c e  f luctuat ions.  

i -1 
u./ I I .  f ( t i  - Tj + 1) > P 

I 1 j=1 
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The procedures  mentioned a b o v e  rcprescnt  o n l y  a few of the  possibi l i t ies  w h i c h  

c a n  be m a d e  a pa r t  of the c o d e  for est imat ion of systemic body burden or, a l t e rna t ive ly ,  

of in take  t o  blood of plutonium. O n e  may t a k e  the  c o d e  as so designed,  tes t  it by using 

t h e  e x c r e t i o n  d a t a  of a n y  o r  all of t h e  hospital pat ients ,  a n d  s e e  wi th  wha t  d e g r e e  of 

a c c u r a c y  the c o d e  wi l l  p red ic t  t h e  a c t u a l  in take .  

the d i f fe ren t  models  discussed a b o v e  a n d  at var ious conf idence  leve ls  for the f luctuat ions,  

a n d  t h e  resul ts  are shown g raph ica l ly  in Figs. 5 a n d  6. 

appears  to be g r e a t l y  superior to a n y  o n e  of t h e  others,  nor do  t h e  conf idence  leve ls  tes ted  

thus fa r  f o r  t ak ing  a c c o u n t  of d a i l y  f luc tua t ions  seem to make  a n y  g r e a t  d i f f e rence  in the 

f inal  es t imate .  

These a r e  n o t a b l y  absen t  when  the  model uses t h e  a r e a  formula,  e s p e c i a l l y  t h a t  where  the 

absolu te  dev ia t ions  a r e  minimized.  

the es t imates  t e n d  t o  b e  high, a n d  this is unders tandable  because  each high f luc tua t ion  may 

require  some new i n t a k e  t o  a c c o u n t  for t he  excess.  W h e n  a l l o w a n c e  is made  for f luctuat ions,  

th-k t e n d e n c y  is less pronounced.  The cases  t r ied  he re  represent  o n l y  a few of the  many 

possibi l i t ies  w h i c h  may be tes ted ,and  var ious o t h e r  ways of tak ing  da i ly  f luc tua t ions  into 

This has been  done  for  a number of 

Actua l ly ,  no o n e  of t h e  models 

In a few cases  excess ive ly  high va lues  of in t ake  seem to be ob ta ined .  

It appears  t ha t  when no  a l l o w a n c e  is made  for  f luc tua t ions  

a c c o u n t  a r e  unde r  study. It is hoped  t h a t  this  approach  wi l l  even tua l ly  l e a d  t o  a procedure 

wh ich  wi l l  no t  r equ i r e  tha t  a new in t ake  be prescr ibed for each high v a l u e  tha t  occu r s  s ince  

some of these  may indeed  be mere ly  c h a n c e  f luc tua t ions  of t h e  da t a .  

There  remains o n e  add i t iona l  case in wh ich  t h e  body burden is known, a n d  tha t  is 

e t  al. (*) of a plutonium worker  w h o  was  k i l led  
-7 

the case  repor ted  by  Foreman 

// 

I I 3 4 2 b l  
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in  a c r i t i c a l i t y  a c c i d e n t  in  1958. 

(see refs. 2 a n d  3), but it may be of interest  t o  compare  the  values  obta ined  by the present  

The case  has been s tudied  previously by these  methods 

code  wi th  some of those reported earlier. O u r  study of t h e  case  leads to  es t imates  of 

about  0.0075 pCi i f  t he  a rea  model is used a n d  0.013 pCi if t h e  point model is used. 

As with t h e  hospi ta l  pat ients ,  the  conf idence  leve l  used does not mater ia l ly  a f f e c t  t hese  

estimates.  S i n c e  exc re t ion  is small, o n e  may regard  these  as an est imate  of t h e  systemic 

body burden w h i c h  on  t h e  basis of autopsy d a t a  would  b e  abou t  0.015 pCi. This e s t i m a t e  

includes the amounts  present in ske le ton ,  l iver ,  muscle,  hear t ,  spleen,  kidneys,  a n d  t h e  

ba lance  of t h e  body but exc ludes  that  present in lung a n d  pulmonary lymph nodes. 
* .  

It wou ld  be of g rea t  va lue  t o  tes t  a n y  or  all of these  models on fur ther  employee  

da ta  t h a t  may be a v a i l a b l e ,  a n d  t h e  au thor  inv i tes  a n y  who  may have s u c h  d a t a  t o  supply  

it t o  h im i f  possible,  a n d  he will be g lad  to  provide  t h e  est imates  of systemic b d y  burden 

that a r e  o b t a i n e d  by these  methods. 

References 
- - 

1. W. H. Langtmm, S. H. Bassett, P. 5. Harris, and-R.  E. Carter ,  Los Alamos S c i e n t i f i c  

Laboratory,  LA-1151 (1950). 

2. James N. P.- Lawrence, Heal th  Phys. 8(1), 61 (1962). - - - 

3. W. S. Snyder ,  Argonne Nat iona l  L a b r a t o r y ,  ANL-6637, p. 13 (1961). 

4. W. S. Snyder ,  Heal th  Phys. 8(6), 767 (1962). - - 
5. W. S. Snyder ,  p. 583 in Assessment of Radioac t iv i ty  i n  Man, Vol.  I1 ( In te rna t iona l  

Atomic Energy Agency,  Vienna ,  1964). 



Snyder LI-2 

6. 

7. 

a. 

W. S. Snyder,  Mary R ,  Ford, a n d  G.  G. Warner,  "The Use of Excret ion Da ta  to 

Predict  the Systemic Body Burden of Plutonium, " Proceedings of Symposium o n  

Diagnosis a n d  T r e a t m m t  of Deposited Radionuclides,  Richland, Washington,  May 

15-17, 1967 ( to  be published).  

S. A. Beach a n d  G. W. Dolphin,  p. 603 in Assessment of Radioac t iv i ty  in Man ,  

Vol. I1 ( Internat ional  A tomic  Energy Agency,  V ienna ,  1964). 

H. Foreman, W. MOSS, and W. H. Langham, Health Phys. 2(4), 326 (1960). 
3c 

I 

/ 

I l 3 4 2 b 5  . 
14 3 


