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C u r i e s  

2.06 x 10" 
5.6 x 
4.4 
3.2 10-9 

1.6 1 0 ' ~  
1.7 x 

8.25 x 
7.8 x IO-'' 
5.1 x 10"O 
3.56 x 1 O-" 

EXCRETION AND RETENTION O F  Razz6 IN HUMANS: 

INHALATION CASE 
A 2 3 1 2 - D A Y  FOLLOW-UP OF A SINGLE 

I 

Days  

235 
246 
297 
334 

597 
484 

622 
1012 
2300 

L.  D. Marinelli,  H. F. Lucas,  P. F. Gustafson' and C. E.  Miller 

This  summary  brings to  a close a 6.5-year period of observations 
on technician G who accidentally inhaled some RaS04 on June 13, 1952. 
Earlier data on body contents and excreta  have been reported in the open 
l i terature(1)  and la te r  i n  some of the repor t s  of our D i ~ i s i o n , ( ~ ~ ~ )  as well 
as elsewhere in this report .  They a r e  shown in Tables 16 and 1 7  in their  

Tab le  1 6  

Retent ion of RaZz6 following 
s ingle  inhalat ion of R a S 0 4  

Days  

3 

Days 

3 
7 

13  
34 
5 7  
61 
92 

102 
122 
185 

G a m m a  

24 .8  
22.2 
23.2 

6.7 
2 .8  
0 .7  
0.58 
0.22 

C u r i e s  x IO* 

Radon 1 To ta l  

9 .0  
3.0 
5.0 
3.0 
2.2 
1 . 6  
1 .12 
0 .67  

33.8 
25 .2  
28.2 

9.7 
5.0 
2 .3  
1.7 
0.89 

Tab le  17  

Excre t ion  of Razz6 following 
s ingle  inhalat ion of RaSO, 

C u r i e s  

2.18 x IO-'' 

1.68 x 10"O 
9.1 x lo-'' 
5.6 x lo-' '  
2.2 x 
1.8 x 
1.1 x 

2.11 x 10"O 

5 x 10-12" 

a C o r r e c t e d  f o r  2 x 1 0 - ' z n o r m a l  in take .  I 
( T h e s e  c u r v e s  are plotted o n l o g  log p a p e r  in  F i g .  16.) 

*Biological and Medical Research Division 



entirety. 
straight line between 100-2312 days, which is described analytically by 

The body contents, when plotted on log log paper,  yield a good 

q (curies  retained) = 3.6 x t-.78 

where t is in days. 

The differential of this  curve,  namely the excretion curve 

( 2 )  dq/dt (cur ies  excreted) = 2 . 8  x t- '-78 

fi ts  as well as any the measurements  obtained f r o m  excreta  in the same 
interval (F ig .  16). 
l o 2  days f o r  it was exhaustively shown by scanning(1) in vivo that,  at ear ly  
t imes,  mos t  of the radioelement was in the lung and was being released, 
therefore,  with a half-life of the o rde r  of 30 days.  
have been overlooked in a t  l ea s t  one paper dealing with the behavior of 
radium excretion f r o m  humans.(4) The consistency of both the gamma-ray 
and breath analysis on the one hand, and the excreta  measurements  on the 
other,  do confirm the validity of our body measurements  in absolute t e rms  

F o r  either curve no fitting was attempted a t  l e s s  than 

-- 

This fact  s eems  to  

--I 

c EXCRETION AND RETENTION - 
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3 

i 
F - 
t EXCRETION 2 8 x 1O6t" '' \ rn 

- 
4 10-9 

V 1 ;  c a 

1 ;  10-'O z 

T 

0 EXPERIMENTAL POINTS- 

lo-'2 BODY BURDEN 

A EXPERIMENTAL POINTS- 
EXCRETION 

DAYS 

Fig .  16 



56 

The above-mentioned equations a r e  a l so  consistent with the finding 
of Norr i s  et  a d 5 )  in patients observed m o r e  than 20 yea r s  a f te r  I .V.  injec 
tion of radium; thus equations (1)  and (2)  predict  daily coefficients of elim 

and 9 . 0 5 ~  a t  8030 a1 

8620 days,  respectively,  in good agreement  with Nor r i s '  values of 7.45 x 1 
and 8.05 x for  equivalent periods.(5) It would seem f r o m  these data t 
the power law cor rec t ly  applies to radium metabol ism in adult humans foi 
long periods of t ime.  

computed as dddt - - - bt" ) of 9.6 x 
9 

As for the description of excretion in t e r m s  of a s u m  of exponentiz 
t e r m s ,  the data of Table 17 can be descr ibed adequately by the equation 

d d d t  = 1.53 x 10-8e-3'01 t 2.87 x 10 -11e-5.13 x 10'~t 

-4 

, ( 3  + 1-43  10-1Ze-5.O6 X 10 t 

but, in  addition to i t s  c lumsiness ,  this expression suffers a l so  of propheti, 
blindness,  inasmuch a s  it predicts  at late times a coefficient of eliminatio 
of 5 x 
(Tables  16 and 17) but at  variance with Nor r i s  ' data at  la ter  t imes  
l a t t e r ,  it wi l l  be remembered ,  mus t  be substantially co r rec t  for they were 
obtained f r o m  a total of 1 0  c a s e s ,  and they were  supported by independent 
remeasurements  of the Elgin c a s e s  760 days af terwards.  In the second 
measurement  the average contents of a la rge  number of patients decrease  
by only 6.570, consistent with a coefficient of elimination of 7 . 3  x but 
not with i t s  value of 5 x It will be ve ry  difficult to follow the excre-  
tion of this subject any fur ther  since cor rec t ions  for  normal  radium intake 
in food and water have become n e c e s s a r x  and this would requi re  hospitali- 
zation with metabolic ward faci l i t ies .  Therefore ,  to sett le any doubts(6f7s 
beyond dispute it i s  proposed to r e m e a s u r e  the whole-body burdens of the 
Elgin patients v e r y  soon in o rde r  to obtain an  average coefficient of e l im- 
ination utilizing observations covering a span of a lmost  a decade. This  
s e e m s  to be much the most  economic, d i rec t ,  accurate  and l e s s  punitive 
way of obtaining meaningful values of retention in long-lived mammals .  

This is c lose to what is 'experimental ly  found at  2 3 1 2  days 
The 

*By plotting equation (2)  on semilog paper it is poss ib l e  to match the 
s t ra ight  line with the following exponential expression: 

-4 
dq/dt = 1.75 x 10-'0e-3*3 t 1-42 10-1le-7-7 x 1 0  t 

+ 6.1 2 1 0'13e'8.75 x io'5t 

This equation will predict  the c o r r e c t  excretion coefficient a t  l a te r  
t ime ( X = 8.75 x l o e 5 ) ;  the trouble is that i ts  f o r m  cannot be p re -  
dicted f r o m  observations obtained at t = 2 x l o 3  days if these a r e  
descr ibed as a s e r i e s  of exponential t e r m s  as in equation ( 3 ) .  



1 On the other hand, observations on excre ta ,  beside their  relatively higher 
cost and their  inherent higher susceptibility to  e r r o r ,  suffer a l so  f r o m  
,,nsiderable sca t te r  due to the i r  sensit ivity to t ransient  metabolic var iab les  
such as calcium content in diet, constipation, thyroid activity etc.(q) The 
experience of Van  Di l la  e t  a1.(10) with measurements  in  a la rge  number of 
beagles amply documents these fac ts ;  their  long-term observations as well  
as M. P. Finkel with in mice  confirm the validity of the power sr9' 

5 7  

i ~ w  for  alkaline ea r ths  in other mammals. 
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