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Effects of Age and Mode of Ingestion on Absorption of Plutonium."t (24164) 

JOHN E. HALLOU (Introduced by Harry A. Kornberg) 
Riolo,qy Operation, Cpnrval Elrctric Co., Richland, Wash. 

Gastrointestinal absorption and distribu- 
tion of plutonium in the rat has been studied 
in detail ( 1-3 ) . In most esperiments. absorp- 
tion was determined for young adult animals. 
The gavage method of administration has been 
employed estensively since it permits ac- 
curate calibration of the dose delivered. From 
the standpoint of personnel hazard however, 
stomach intubation does not adequately rep- 
resent the conditions of accidental oral in- 
gestion where the oral cavity and esophagus 
may also be esposed to the radioisotope. Fur- 
ther studies on plutonium metabolism show- 
ing the influence of age and method of oral 
administration on absorption are presented 
here. 

Rats were of the Sprague-Daw- 
ley strain. ranging in age from 1 to 84 days. 
The ver!- J-oung animals were gavage fed 
using il I : cc syringe fixed with a length of 
plastic intravenous tubing drawn out to about 
the diameter of a 2 7  gauge needle. Each rat 
received approsimately 100 pg of plutonium 
by gavage in 50 pl of a pH 2 nitric acid solu- 
tion. At least 5 rats were fed in each age 
group. After 2 1  days the rats were sacrificed 
and plutonium content determined in liver. 
lung. carcass and. in some animals, total bone 
and soft tissue. Lungs of all rats were ana- 
lyzed to determine if exposure had been intra- 
tracheal rather than intragastric. The young 
were returned to the dams after feeding and 
maintained in the usual manner until sacri- 
ficed. .Adult rats were used in the studies to 
show the effect of the method of oral admin- 
istration on absorption. Those rats adminis- 
tered Pu2.?!' directly on the tongue received 
1.4 pg of plutonium in 5 pl of either a 0.1 .Y 
or 2 S nitric acid solution. Animals were 
sacrificed after 7 days and the head. liver, 
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and total skeleton analyzed for plutonium 
content. Rats fed plutonium in drinking 
water were exposed for 24 days to pH 2 
water containing 66 pug of plutonium/liter. 
Previous studies showed percentage of the 
dose absorbed did not vary within a dose 
range of 10 -; p,g/ml to 1 pg,/ml( 2 ) .  Daily con- 
sumption amounted to about 1 pg after cor- 
recting for loss due to dripping from water 
bottles. Samples taken at  sacrifice included 
liver and skeleton. 

Results. Gastrointestinal absorption of 
plutonium at  several ages is shown in Fig. 1. 
In day-old rats absorption was 85 times that 
of the adult(2). The amount absorbed 
dropped abruptly in 21-day-old rats to near 
adult levels. The o/c absorbed varied consider- 
ably among animals in this group, possibly 
because of dietary and metabolic changes as- 
sociated with this age of weaning. After age 
30 days gastrointestinal absorption was not 
significantly different from the adult level, ex- 
cept for the unexplained high absorption 
found in the 56-day group. Plutonium dis- 
tribution in the 7-day-old rat was essentially 
the same as that reported for the adult(2). 
Of the total plutonium retained, 80% was in 
the skeleton. l5yo in the liver and 5% in the 
soft tissues. 

Results of the study of plutonium absorp- 
t ion and distribution following oral adminis- 
tration are presented in Table I. Total ab- 
sorption after exposure to the tongue was ap- 
proximately 20 times lower than has been re- 
ported for similar solutions fed intragas- 
trically(2). Holdup of plutonium in the 
mouth of these animals was still appreciable 
7 days after exposure. especially for the more 
acid solution. On examination at  sacrifice, 
the oral cavity showed no gross damage due 
to the 2 N acid. Absorption after drinking 
water containing plutonium for 24 days was 
in close agreement with results obtained from 
previous gavage feeding experiments ( 2 ) .  

Iliscussion. Conclusions based on extrapo- 



PLUTONIUM ABSORPTION AND AGE 72 7 

.25 

g .20 

g .I0 

a 

r 

a 

a 

g . I S  
4 

AGE OF ANIMAL WHEW Pu WAS ALMIINIST€RU) (DAYS) 

FIG. 1. (3:tstrointestinal absorption of plutoniuin 
t)y rats of diffcrcnt ; ~ g c s .  

lation of plutonium absorption in the imma- 
ture rat to any particular age in the human 
infant are of doubtful significance because of 
the uniquely long pre-pubertal period in man 
compared to other mammals. During this 
early development little correlation exists be- 
tween man and rat in age-growth relation- 
ships by which some comparison might be 
made(4). However, these results do give a 
quantitative measure of an enhanced absorp- 
tion that exists during early development and 
differentiation of the intestinal tissues. Of 
interest in this regard is the apparent perme- 
ability of the newborn animal intestine to 
some of the proteins present in the colostrum. 
Histological studies have shown globulins ab- 
sorbed without change from the intestine of 
the calf 24 to 48 hours after birth(5). En- 
hanced absorption of plutonium by immature 
rats may be further evidence of this increased 
intestinal permeability to relatively complex 
materials. Of further interest is the observa- 
tion that colostral protein is not absorbed ap- 
preciably by rats after age 21 days(6). Plu- 
tonium absorption a t  this age was found to be 
markedly decreased to near adult levels. 

The only suggestion of an increased hazard 

TABTIE I. Ahsorption and Distribution of Orally 
Adrninistcrctl Plutoniu111 (yo of Adniiiiistered Dose 

per Tissue). 

Single dose on tongue 94 days in 
drinking 

‘1’ issi I(’ 2 N HNO, .I N HSO, water, pH 2 

1 : O l l c  .00:3 .005 .002 
J ,ircr .003 .no2 .006 
TI(?ltl .4 .OH 

from ingested plutonium due to exposure of 
the oral cavity and esophagus lies in the pro- 
longed retention of an appreciable fraction of 
administered plutonium in the head. This 
was observed only following the application 
of solutions of high plutonium concentration 
directly on the tongue, and was not reflected 
in any increased absorption and deposition in 
bone. Under usual conditions of exposure i t  
seems reasonable to conclude that exposure of 
the oral cavity and esophagus will lead to no 
increase in the hazard. 

Summary. The effect of age on gastroin- 
testinal absorption of plutonium was deter- 
mined for rats over the range 1 to 84 days of 
age. Absorption for l-day-old rats was 85 
times that reported for the adult. This 
dropped to near adult levels in the 21-day-old 
weanlings. Plutonium distribution in the 7-  
day-old rat was essentially the same as that 
found for the adult. Absorption of plutonium 
applied directly to the tongue or fed in drink- 
ing water did not differ significantly from ab- 
sorption following gavage feeding. It was 
concluded that the hazard of ingested plu- 
tonium is not increased when exposure of the 
oral cavity and esophagus is involved. 
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