
P R O C E E D I N G S  OF THE DEPARTMENT OF 
ENERGY WORKSHOP ON R A D I O B I O A S S A Y  
AND INTERNAL D O S I M E T R Y  

January 20-22, 1986 
A1 buquerque, New Mexi t o  

! 

r 

March 1987 

Work Prepared f o r  
t h e  U.S. Department o f  Energy 
A s s i s t a n t  Secretary  f o r  Environment, 
Safety ,  and Hea l th  
under Contract  DE-AC06-76RLO 1830 

P a c i f i c  Northwest Laboratory  
Rich land,  Washington 99352  

LANL 

QNL-SA-14043 
CONF-860146 

U C - 4 1  



A O D I I  IONAL SHORI-TERM PLUTONIUM U R I N A R Y  E X C R E T  1 0 ~  

DATA FROM THE 1945-1947 PLUTONIUM INJLCTION STUDIES 

W i l l i a m  0 .  Moss and Margaret  A. Gau t ie r  

Los Alamos N a t i o n a l  Laboratory  

HSE-9,  MS U484 

Los Alamos, New Mexico 87545 

A r e c e n t  p u b l i c a t i o n  by Rundo' on t h e  l ong - te rm u r i n a r y  e x c r e t i o n  

o f  p lu ton ium, 10,000 days a f t e r  in t ravenous i n j e c t i o n  o f  known amounts, 

has shown t h a t  t h e  amount o f  p l u t o n i u m  excreted p e r  day is s i g n i f i c a n t l y  

h i g h e r  than  p r e d i c t e d  by t h e  Langham power f u n c t i o n  model.? The 

Langham equa t ion  f o r  d a i l y  u r i n a r y  ( V u )  e x c r e t i o n  r a t e s ,  i n  p e r -  

cent/day o f  t h e  i n j e c t e d  dose a t  t i m e  t (days) a f t e r  t h e  i n t a k e ,  f o l l o w s :  

yU = 0 . 2 t - * * ' ~  

Complete d e t a i l s  on t h e  Langham exper iment a re  g i v e n  i n  t h e  Langham 

r e p o r t  and i n  a f o l l o w - u p  p u b l i c a t i o n  by Durb ln.  
s 

A rev iew  o f  t h e  o r i g i n a l  i n j e c t i o n  exper lmenta l  reco rds  was made 

because t h e  pub l i shed  10,000-day e x c r e t i o n  da ta  and obse rva t i ons  made a t  

Los Alamos' and a t  t h e  Oak Ridge N a t i o n a l  Laboratory '  have shown 

t h a t  a t  l o n g  t imes a f t e r  occupa t iona l  exposure, t h e  u r i n a r y  p lu ton ium 

e x c r e t l o n  d e v i a t e s  f rom the  Langtiam power f u n c t i o n  model. t a c h  o f  t h e  
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Los Alamos N a t i o n a l  Laboratory  notebooks used t o  r e c o r d  t h e  a n a l y t i c a l  

da ta  was taken f rom storage and was s t u d i e d  f o r  d e t a i l s  t h a t  cou ld  

i n f l u e n c e  t h e  pub l i shed  f i n d i n g s .  

t h i s  rev iew was t h a t  t h e r e  were a d d i t i o n a l  u r i n e  e x c r e t i o n  da ta  f o r  case 

The most I n t e r e s t i n g  d i scove ry  f rom 

HP-3. This  case was one of t h e  two cases from which Rundo ob ta ined  t h e  

10,000 day e x c r e t i o n  r a t e .  The reason t h e  da ta  were n o t  used i n  t h e  

o r i g i n a l  Langham p u b l i c a t i o n  i s  unknown, b u t  remarks i n c l u d e d  i n  t h e  

notebooks suggest t h a t  t h e r e  were some quest ions about t h e  a n a l y t i c a l  

methodology and an u n c e r t a i n t y  w i t h  regard t o  t h e  c o l l e c t i o n  o rde r .  

These two remarks may have i n f l u e n c e d  t h e  e x c l u s i o n  o f  t h e  da ta  f rom the  

Langham r e p o r t .  The o t h e r  case considered by Rundo was HP-6. 

Table I l i s t s  t h e  r e s u l t s  for case HP-3, recorded I n  t h e  Los Alamos 

notebooks, s t a r t i n g  w i t h  day 1 th rough  day 23 and f o r  days 321 through 

324. A d d i t i o n a l  u r i n e  e x c r e t i o n  da ta  referenced i n  t h e  Langham? 

p u b l i c a t i o n  f rom day 1645 ( r e p o r t e d  as f o u r  d a i l y  samples showing an 

average d a i l y  u r i n a r y  e x c r e t i o n  o f  0.0008% f o r  t h e  i n j e c t e d  dose) and t h e  

Rundo da ta  a t  day 9934 a r e  a l s o  l i s t e d  i n  Table I .  The Los Alamos 

notebook records d i d  n o t  i d e n t i f y  t h e  da ta  f rom day 1645, b u t  two samples 

c o l l e c t e d  on day 1674 a r e  noted i n  t h e  notebook and a r e  i n c l u d e d  i n  Table 

I .  The recorded va lues f o r  these two samples a r e  1.29 and 0.83 

counts/mln and correspond t o  0.0004% and 0.0002% o f  t h e  i n j e c t e d  dose. 

These va lues do n o t  r e l a t e  t o  t h e  pe rcen t  exc re ted  va lue  o f  0.0008% 

r e p o r t e d  by  Langham. There were no records o f  sp iked c o n t r o l  samples 

analyzed c o n c u r r e n t l y  w l t h  t h e  I n j e c t i o n  s tudy  samples, and t h e r e  i s  no 

reco rd  o f  c o r r e c t i o n  f a c t o r s  be ing  a p p l i e d  t o  t h e  recorded r e s u l t s  t o  

1 
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correct for chemical losses. 

analyzed In duplicate. When a serious procedural problem was noted with 

either of the aliquots, the result was not utilized by Cangham in the 

mathematical treatment of the data to calculate h i s  model. 

Each of the samples through day 324 was 

The data for case HP-6 are given in Table 11. The samples collected 

on day 523 and day 1610, referred to in the Langham report, were n o t  

identified in the notebooks. Two results for days 1626 and 1627 are 

identified and are listed in Table I 1  along with the 70,008-day data. 

All remarks relative to each sample's collection and analysis are also 

Included in this table. 

The excretion data for HP-3 and HP-6 are plotted i n  Figs. 1 and 2. 

Power function least-square curve fits for these data from day 3 to day 

22 or 23 are also shown In the figures, 

HP-3 and HP-6 cases were not used to calculate the curve fit because they 

d o  not  represent 24-h collection periods. 

also excluded because of the influence o f  the short first-day collection 

period. 

that was derived from the use of all the published data including data 

collected from occupationally exposed workers. 

data were used by Langharn to extend the power function fit to 1750 days 

o f  postexposure. 

The first data points for the 

The second data points were 

Also shown on this graph is the Langham power function curve 

The occupational exposure 

It i s  apparent in Figs. 1 and 2 that a power function fit is a good 

choice to describe the early urinary p l u t o K 1 m  excretion. The later 
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p e r i o d  (300-,500-, and 1600-day) r e s u l t s ,  a long w i t h  t h e  10,000-day 

r e s u l t s ,  however, show a s i g n i f i c a n t  depar tu re  f rom t h e  s i n g l e  power 

f u n c t i o n  model used t o  d e s c r i b e  l ong - te rm p lu ton lum e x c r e t l o n .  

500-, 1600-, and 10,000-day da ta  may rep resen t  a d i s t i n c t l y  d i f f e r e n t  

segment of t h e  Pu e x c r e t l o n a l  model f o r  humans. 

w i t h  t h e  obse rva t i ons  made by Stover '  and C la rk '  t h a t  t h e r e  were 

two  d l s t i n c t  e x c r e t i o n  segment r a t e s  f o r  dog and swine p lu ton ium 

e x c r e t i o n  as a f u n c t i o n  o f  t i m e  f o l l o w i n g  i n j e c t i o n  o f  p l u t o n i u m  (Iv) 

c i t r a t e .  

and t h e  swine da ta  changed a f t e r  10 days. 

The 300-, 

T h l s  would be i n  keeping 

The dog da ta  showed a change i n  t h e  f i r s t  segment a f t e r  20 days 

Durb in  has concluded t h a t  

w l t h l n  t h e  Langham pub l i shed  data,  t h e r e  i s  evidence o f  two t o  f o u r  

d i s t i n c t  segments i n  t h e  e x c r e t i o n  da ta  and t h a t  t h e  segments were 

dependent on how, long t h e  e x c r e t i o n  da ta  were c o l l e c t e d .  

f rom t h e  animal  data,  t h e  a d d i t i o n a l  r e s u l t s  on day 324 f o r  case HP-3, on 

day 523 f o r  case HP-6, and on t h e  10,000-day da ta  f o r  b o t h  cases suppor t  

t h e  evidence o f  a t  l e a s t  a two-segment model f o r  t h e  two human cases. 

The 1600-day d a t a  f o r  cases HP-3 and HP-6, however, appear t o  be a 

depar tu re  f rom a s imple two-segment model f o r  t h e  human e x c r e t i o n  da ta .  

The evidence 

Because t h e  1600-day da ta  a r e  i n c o n s i s t e n t  w f t h  a s imple two-segment 

model t o  d e s c r i b e  human p l u t o n i u m  e x c r e t i o n ,  t h e  notebook reco rds  f o r  

t h i s  t i m e  p e r i o d  (1950) were reviewed f o r  I d e n t i f i a b l e  events t h a t  cou ld  

have a f f e c t e d  t h e  r e p o r t e d  r e s u l t s .  As p r e v i o u s l y  s ta ted ,  o n l y  two 

r e s u l t s  f o r  each case a t  t h e  1600-day p e r i o d  were i d e n t i f i e d  by  t h e  

p a t i e n t ' s  name i n  t h e  notebook reco rds .  The HP-3 r e s u l t s  d i d  n o t  r e l a t e  
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t o  t h e  percentage g i ven  by t h e  Langham r e p o r t ;  t h e r e f o r e ,  we cannot 

I d e n t i f y  t h e  source o f  t h e  r e p o r t e d  0.0008% o f  dose exc re ted  on day 1645 

f o r  case HP-3. The notebook reco rds ,  4.54 and 4.26 coun ts lm in ,  f o r  case 

HP-6 a r e  e q u l v a l e n t  t o  t h e  0.0011% e x c r e t i o n  values r e p o r t e d  by Langham. 

These r e s u l t s  can be assumed t o  be one o f  t h e  sources o f  t h e  da ta  

r e p o r t e d  by  Langham f o r  t h e  1610-day e x c r e t i o n  f o r  case HP-6. 

notebook records i n d i c a t e  t h a t  these " s p e c i a l "  samples were analyzed 

The 

a long  wl th  o t h e r  r o u t i n e  b ioassay samples and t h a t  no s p e c i a l  a t t e n t i o n  

was g i v e n  t o  t h e  samples. However, these samples were analyzed by a 

d i f f e r e n t  a n a l y t i c a l  procedure than  was used t o  r e p o r t  r e s u l t s  analyzed 

b e f o r e  t h e  year  1950. 

method rep laced t h e  c u p f e r r o n  procedure t h a t  had been used s i n c e  1945. 

I n  October 1949, t h e  bismuth phosphate a n a l y t i c a l  

0 

The lower  chemical  recove ry  and w i d e r  s tandard d e v i a t i o n  o f  t h e  bismuth 

phosphate procedure a r e  s l g n l f i c a n t  v a r i a b l e s  t h a t  c o u l d  have I n f l u e n c e d  

t h e  1600-day HP-3 and HP-6 r e s u l t s .  The I n f l u e n c e  o f  t h i s  l ower  recovery 

and l a r g e r  p r e c i s i o n  I s  a l s o  e v i d e n t  w i t h i n  t h e  r o u t i n e  b ioassay sample 

d a t a  ob ta ined  f rom personnel  w l t h  h i s t o r i e s  o f  p o s i t i v e  p l u t o n i u m  

9 e x c r e t i o n .  

I n  c o n t r a s t  t o  t h e  da ta  c o l l e c t e d  and analyzed th rough  day 1600, which 

may be low because o f  losses assoc ia ted  w l t h  t h e  a n a l y t i c a l  procedure, t h e  

10,000-day da ta  r e p o r t e d  by Rundo a r e  c o r r e c t e d  by t h e  use of  '.'Pu 

t r a c e r  t o  100% o f  t h e  exc re ted  amount o f  Pu i n  each 24-h c o l l e c t i o n .  2 3 9  

The 10,000-day data,  t h e r e f o r e ,  a re  t h e  o n l y  da ta  we have f rom t h e  

i n j e c t i o n  s tudy  cases t h a t  have a r e l i a b l e  es t ima te  o f  a n a l y t l c a l  sources 

34 7 ;kNL 



o f  e r r o r  assoc ia ted  w i t h  t h e  e x c r e t i o n  data.  

da ta  f o r  t h e  a p p r o p r i a t e  chemical  recovery f a c t o r s  would change t h e  

est lmates o f  t h e  amounts exc re ted  and w i l l  s i g n i f i c a n t l y  b r i n g  t h e  day 

1600 da ta  c l o s e r  t o  t h e  p r o f i l e  o f  long- term p l u t o n i u m  e x c r e t i o n  f o r  t h e  

two cases, as evidenced by t h e  da ta  on e i t h e r  s i d e  o f  t h e  1600-day data.  

We have n o t  I n t roduced  these f a c t o r s  i n t o  t h e  da ta  l i s t e d  i n  Tables I and 

11. We do, however, suggest t h a t  t h e  1600-day r e s u l t s  be used w i t h  

c a u t i o n  because o f  p o s s i b l e  e r r o r s  i n t roduced  by  t h e  a n a l y t i c a l  method 

used i n  1950 and because o f  t h e  a v a i l a b l e  evidence, which shows t h a t  

samples analyzed i n  1950 were n o t  as c a r e f u l l y  superv ised as were t h e  

samples analyzed d u r i n g  t h e  p e r i o d  when t h e  i n j e c t i o n  s tudy samples w e r e  

f i r s t  under i n v e s t i g a t i o n  i n  1945-47 and aga in  i n  1973. 

The c o r r e c t i o n  o f  t h e  o t h e r  

The p r e v i o u s l y  unrepor ted a d d i t i o n a l  p lu ton ium e x c r e t i o n  data f rom 

HP-3 a t  day 324 and t h e  evidence o f  t h e  r e p o r t e d  HP-6 da ta  a t  day 524, 

p l u s  t h e  10,000-day da ta  on each case, suppor t  t h e  c o n c l u s i o n  t h a t  f o r  

these two cases, p l u t o n i u m  e x c r e t i o n  depar t s  f r o m  a power f u n c t i o n  curve 

f i t  as e a r l y  as 300 days'  p o s t l n j e c t l o n .  

evidence seen i n  o c c u p a t i o n a l l y  exposed workers t h a t  t h e  long-term 

e x c r e t i o n  o f  p l u t o n i u m  dev ia tes  f rom t h e  Langham power f u n c t f o n  model 

a f t e r  t h e  e a r l y  e x c r e t i o n  p e r i o d .  

These da ta  a l s o  suppor t  t h e  

We have r e f r a i n e d  f rom t h e  development o f  a new mathematical  model t o  

desc r ibe  p l u t o n i u m  e x c r e t i o n  u s i n g  these da ta  because o f  t h e  l i m i t e d  data 

and p o s s i b l e  sources o f  e r r o r  noted.  

Langtiam equa t ion  t o  p r e d i c t  p l u t o n i u m  body burdens f rom long-term 

We do f e e l  t h a t  t h e  use o f  t h e  
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e x c r e t i o n  da ta  should be d iscouraged.  

523- and 1600-day da ta  f rom t h e  HP-3 and HP-6 cases I n f l u e n c e d  the  

mathematlcal  development of t h e  Langham power f u n c t i o n  equat ion,  and 

a p p l l c a t l o n  o f  t h i s  equa t lon  t o  occupa t iona l  exposure e x c r e t i o n  da ta  w i l l  

b ias  t h e  r e s u l t i n g  est imates o f  p l u t o n i u m  body d e p o s i t i o n .  

I t  i s  obvious t h a t  t he  use of the 
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1 
TABLE 1. I n d i v i d u a l  U r i n a r y  E x c r e t i o n  Values f o r  Case HP-3 Expressed as 

Counts per  Minute per  A l i q o u t  Analyzed and as Per Cent o f  Oose 
Excreted per  C o l l e c t i o n  Per iod  

Days Counts Der A l l a u o t a  
P o s t - I n j e c t l o n  1 2 Per Cent o f  ooseb 

(1 1 /27/45) (counts/mtn) (counts /mln)  1 2 Remarks f rom Notebook 
0.4 9h 5 6 3 - 9  509.1 0.3281 0.2962 
0.9 
1.9 

3 
4 
5 
6 
7 
8 
9 

IO 
11 
12 
13 
14 
1 5  
16 
17 
18 
19 
20 
21 
22 
23 

321 

322 
323 
324 

1645 
1674 
1674 

9934 

12h 
24h 

24h 
24h 
24h 
24h 
24h 
24h 
24h 

24h 
24h 
24h 
24h 
24h 
24h 
24h 
24h 
24h 
24h 
24h 
24h 
24h 
24h 

24h 

24h 
24h 
24h 

C 
d 
d 

e 

437 . O  446.8 
299.1 496.6 

191.4 l o s t  
190.3 176.7 
138.7 129.0 

73.1 74.6 
70.0 77.0 
74.3 94.1 
45.2 32.9 

46.6 
46.8 
26.5 
34.1 
34.2 
49.5 
41.9 
30.4 
34.3 
29.5 
17.6 
32.1 
23.6 
23.6 

l o s t  
45.2 
23.7 
33.9 
34.1 
45.6 
43.3 
41 . 3  
23.1 
31 . 6  
24.1 
31.8 
24.0 
23.5 

3.1 4.5 

5 .O 4.3 
7.4 4 .5  
8.2 8 .0  

1 .29  
0.83 

8 . 6 i l  a,0.9 

0.2543 -- 

0.1114 
0.1107 
0.0807 
0.0425 
0.0407 
0.0432 
0.0263 

0.0271 
0.0272 
0.0154 
0.0196 
0.0199 
0.0268 
0.0244 
0.0177 
0.0200 
0.0172 
0.0102 
0.0187 
0.0137 
0.0137 

0,001 80 

0.00291 
0.00431 
0.0047 7 

( X I  1 
0.0006 

0.0002 

0.00252 

0.2600 
0.2890 

-- 
0.1028 
0.0751 
0,0434 
0.0448 
0.0548 
0.0191 

-- 
0.0263 
0.0138 
0.0197 
0.0198 
0.0265 
0 .OX2  
0.0240 
0.0134 
0.0184 
0.0140 
0.0165 
0.0140 
0.0137 

0.00262 

0.00250 
0.00262 
0.00471 

A l i q u o t  No. 1 d iscarded 

Shlpplng m a t e r i a l  mo is t  

Ran these two b o t t l e s  
separa te l y ,  b o t h  4 t h  same 
da te ,  as we understood f o u r  
24-h samples had been sent .  

Ref. 2 

Cor rec ted  f o r  t r a c e r  recovery 

. Note: Dose, 343 725 counts/min; I n j e c t i o n  t ime,  11:OO a.m. 
aEach a1 iquot=one-hal f  o f  sample. 
k o u n t s  p e r  a11quot/doseXZX100=per c e n t  o f  dose exc re ted  p e r  sample. 
CFour 24-h d a i l y  c o l l e c t l o n s .  
dCol1 e c t  i on p e r 1  od n o t  recorded. 
eThe 14- t o  24-h s a w l r s .  
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TABLE 2. I n d i v i d u a l  Ur inary  Excre t ion  Values for  Case HP-6 Expressed as 
Counts per Minute per A l i q o u t  Analyzed and as Per Cent of Dose 
Excreted per Col l e c t  i on Per iod  

0.76 

1.76 

3 
4 
5 

6 
7 

8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

523 

1610 
1626 
1627 

10 008 

Days Counts Der AIIauota 
Post-Injectlon 1 2 Per Cent of Ooseb 

(1 1 /27/45) (counts/mln) (counts/mln) 1 2 Remarks from Notebook 
0.26 6.3h 312.3 331.9 0.1690 0.1800 

12.0h 324.2 315.2 0.1755 0.1706 Splattering In oven, Aliquot 

24h 

24h 
24h 
24h 

24h 
24h 

24h 
24h 

24h 
24h 
24h 
24h 
24h 
24h 
24h 
24h 
24h 
24h 
24h 
24h 
24h 

C 

C 
d 
d 

e 

404.9 

225.8 
206.0 
138.3 

99.5 
80.5 

81.3 
63.3 

48.1 
lost 
43.4 
43.3 
36.9 
40.7 
30.4 
25 . O  
27.7 
29 . O  
23.7 
23.7 
23.3 

391 .8 

241 .e 
135.7 
140.7 

112.3 
81.7 

80.1 
54.0 

66.4 
lost 
45.9 
40.9 
35.3 
39 .O 
33.2 
23.0 
28.2 
27.4 
22.7 
20.2 
20.6 

4.54 
4.26 

5.45fla.O. 6 

0.2192 

0.1222 
0.1115 
0.0749 

0 .OS39 
0.0436 

0.0440 
0.0343 

0,0260 

0.0234 
0.0235 
0.0200 
0.0220 
0.0164 
0.0135 
0.0150 
0.0157 
0.0128 
0.0128 
0.0126 

(XI) 
0.002 

0.0011 
0.0012 
0.0012 

0.001 41 

-- 

0.2121 

0.1309 
lost 

0.0762 

0.0608 
0.0442 

0.0434 
0.0292 

0.0359 

0.0248 
0.0221 
0.0191 
0.0211 
0.0180 
0.0124 
0.0153 
0.0148 
0.0123 
0.0109 
0.0111 

-- 

W O .  2, broken pipette 

Allquot No. 2 splattered 
Sample ignlted, vigorous 
reac t ion 

Spllled In centrlfuge, 
indlcator trouble 

Great loss In ashlng 
Leakage 

Burned in oven 

Approximately 100 cc lost 

Ref.  2 

Ref. 2 

Result corrected for 
tracer recovery 

Note: Dose, 369 500 counts/mfn; Injectlon time, 1:40 p.m. 
aEach allquot=one-half of sangle. 
bCounts per allquot/doseX2X100=per cent of dose excreted per sanple. 
CFour dally samples. 
dcollection period not recorded. 
eElght 24-h samples. 
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