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Studies on distrribution, turnover, and long- 
term retention of C14 (from C1403) in animal 
tissues have indicated that from the stand- 
point of C14 radiation hazard, the bone is per- 
haps of gneatest concern( 1-5). For several 
months after injection of 18 pc of NaHCl4O3 
(a 50 mc man-equivalent) , ,the radiation doses 
in “active” areas of long bones of mice were 
greater than the “tolerated dose limit’’ of 0.05 
roentgen equivalent physical (rep) per day. 
Although it is apparent that one cannot extra- 
polate directly from animal results to man 
wimthout some quantitative results cm the lat- 
ter, it seems important to obtain rather exten- 
sive data with regard to long-term retention of 
Ci4 in bones of animals and to estimate radia- 
tion being received by the most active areas 
of such bones. Such data might be of value 
in rough approxijmation of sthe hazard in- 
volved in use of C14, anld with availability of 
some human data correlations could be made. 

The present paper is a brief report extend- 
ing and confirming earlier reports frolm this 
laboratory( 2,s) on long-term retention of C14 
from bicarbonate by long bones of mice and 
appropriate radiakion calculations. 

*This work was supported by a grant from the 
Medical and Biological Division, Atomi>c Energy 
Commission. 

Experimental. Each of a group of adult 
CFW strain mice (3 months of age) was ad- 
ministered intraperitoneally 100 pc of CI4- 
bicarbonate. These animals were sacrificed 
as indicated in Table I. A femur and hu- 
merus were taken from ea& animal for oxi- 
dation and activity assay in a gas phase Gei- 
ger counter (6)  which had been cdibrzted 
against a Bureau of Standards BaCI403 
standard and shown to give results extremely 
close to the absolute C14 content. Corres- 
ponding bones from the same animals were 
fixed in alcohol, embedded in plastic, and 
ground to provide the desired cross section, 
an’d subsequently au toradiogrammed on No- 
Screen X-ray film. The “active” volume of 
each bone was calculated from the individuaI 
autoradiograms. The average length and 
width of the parallel autoradiogram lines were 
measured with a filar micrometer and the “ac- 
tive’’ bone volume calculated using the pro- 
cedure and assumptions previously described 
( 3 ) .  Based on the total activity determina- 
tions on corresponding bones of the same 
mouse, calculations have been made of the 
total activity per cmm of “active” bone and 
the degree of radiation (rap) in “active” bone. 
Results of these efforts are presented in Table 
I along with previously reported results(3). 
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TABLE I. Calculations on Radiation Received by 
“Active” Bone a t  Periods following a Single In- 

jection of C1’-Bicarbonate (100 ,.tc/Mouse). 

Avg radiation in 
‘ active ) bone 

after activity New J.B.C. 189 
inj. Bone (pc/mole C) data 159,1951” 

Period Specific (rep/da;y) 8 80.2 
a 

1 w k  

2 ) f  

1 1110 

4 ) ?  

G ” 

8 * ?  

12 ” 

1’7 ’ ?  

21 ’ ?  

Feniur 
Humerus 
Femur 
Femur 
Humerus 
Feniur 
Humerus 
Femur 

? ?  

? )  

Feinur 
Humerus 
Tibia 
Humerus 
Tibia 
Tibia and 

humerus 

1.5 .6 
1.2 .4 
1.5“ .9 
1 .(? .- 
.8 .- 
.a .1 
.3 .- 
.G“ .- 
-5” 
.4* .- 

.3 .08 

.1 .03 
-03 .@@8 
.@3 .005 

9 

3 

6) 

9 
c) .- 
9 

.a 

? .- 

* Preriouslp reported values corrected ( X  5.5) 
I~c~c.;iusc~ of differences in level of C14 inj. (18 pc us 
100 pc) included for  comparison with present data. 

These results are plotted in Fig. 1. No gross 
evidence of bone damage was observed in any 
of the animals employed in this investigation. 

Discussion. It can be seen from the data 
presented in Table I that the specific activity 
of bones from mice injected with a single dose 
of 100 p c  of C14-bicarbonate drops continu- 
ausly with ti’me, until a t  2 1  months the ac- 
tivity is extremely low (0.02 pc/mole of car- 
bon, ca. 1% of the bone specific activity a t  
one week). Agreement of the present data 
with previously published data is good. After 
injection of 100 pc (a 280 millicurie man- 
equivalent) approximately one year was re- 
quired for the radiation being received by the 
“active area” of the bone to drop to the maxi- 
mum tolerated level for man (0.05 rep/day). 
This should not be construed as evidence that 
C14 is a particularly hazardous isotope since 

w U 

TIME (MONTHS) 
FIG. 1. Calculated radiation received by area of 
bone where C” from P\’aHC140, has localized at 
varying periods following single inj. of 100 p c  (a. 
280 inc man-equivalent). Dotted line indicates 

masimum permissible daily dose. 

it is difficult to visualize accidental inhalation 
of millicurie quantities of C140r in any or- 
dinary laboratory operation. 

These data would seem to suggest thalt, for 
specially authorized human experimentatio,n 
(in the instance of compounds in which the 
biological fate of the carbon isotope is C1402), 
the present allowable doses of C14 are not too 
high. 

Summary. Studies have been carried out 
on retention of C14 from labeled bicarbonate 
in the bones of mice. A siaglfe dose of 100 pc 
per mouse (a 280 millicurie man-equivalent) 
provided daily radiation of the most active 
areas of the long bones of above 0.05 rep/ 
day for a period of approximately one year. 
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