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ABSTRACT

Inosi.ngle -feeding experiments tk?e absorption of plutonium from the
gastro-%ntestinal tract of three pigs averaged 0. 0022 per cent, with 95
per cent confidence limits of + 0.5013. This figure did not differ sig-
nificantly from the results of more extensive single feeding and chron‘ic'

feeding experiments on rats. d

]
]
Plutonium absorbed and excrete® in the@urine of rats amounted
to less than 20 perocent q the total plutonium absorbed. Less than one -]

per cent of plutonium fed to rats gemained in the animals two days after
]

feeding. ® o
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GASTRO-INTESTINAL ABSORPTION OF PLUTONIUM
II. COMPARISON BETWEEN RAT AND PIG

° ®
@ INTRODUCTION

The preceding papers in this series reported the results of long-term
ct?ronic feeding experiments in which the gastro-intestinal absorption of
® PY ®
plutonﬁm in the rat was found to average 0. 0028 per cent, and to be conl- 5
stant over a wide range of plutonium concentgations in the solution fed.( »2)
The extrapolation of any experimental result from rat to man is‘frauggt
with considerable uncertainty. Additional data were ther&ore sought

from a larger anima® The pig was chosen for study because of its

similarity physiologically to the human. ® ®

Because of the exp%rimental difficulties involved 1?1 the intra-gastric
administration of rgdiooactive materials to animal®as large ana obstrep-
erous assthe pig, chronic feeding was considered impractical. Single doses
of relatively high plutonium content fere administered to the pigs and g
single doses of smaller volume to rats. Thus a comparison was obtained
betw®en pigs and rats receiving acute dosage; and, combined with earli?er
data, a comparison between rats chronically exposed and rats acutely
exposed. The results should be of value in establishing the most probable
value for gastro-intestinal absoxgtion of plutonium in the human.

[

EXPERIMENTAL PROCEDURE
o

st i s TR

3
The three bigs emplogred w?-zre female Chester-White ygDanish 1
Landrace hybrids weighting between 30 and 45 kg. The 15 rats were young ‘
adult ferfales of the Sprague-Dawley strain weighing between 210 and 265 g.
All animals were housed in individual cages and maintained on their normal
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diets of dried ragions wi?h water ad libitum, A single dose of plutonium-
239 nitrate solution, pH 2, containing 0.45 mg Pu per ml w#® administered

® 1y stomach tube to each animal; 20 nul to each pig, and 1 ml to each.rat.
Single rats were sacrificed & 2, 3, 4, 5 and 7 days after plutonium
administration. The 10 remaining rats and .he 3 pigs were sacrificed 9
days after plutonium administration. Urine and feces were collected

@ daily from the 10 rats sacrificed at 9 days. [

® Pelt and gastroQintestina.l trgct were removed from all animals
@t sacrifice, care being taken to prevent contamination of other tissues
from these sources. A blood sample and the liver were analyzed ,eparately ©®
for each animal. In addition, kidneys, spleen, heart and lungs were '
@?% ® separately analyzed for thgpigs.OOrgans fron®the pig were a.nal}ged_i_n_
toto, except for the liver and blood, where an average result was obtained
® from three gr four aliquots. OSkeletons wel separated from the soft
tissue and analyzed in toto in the case of the rats. Soft tissues and sk®le-g
tons from the pigs were thoroughly ground and three or four aliquots

analyzed. Analytical procedures$have been previcusly described. (1)
® o ()

® @ o RESULTS AND DISCUSSION

®

L Plutonium retention in the three pigs sacrificed nine days after

® intra-gastric administration is shown in Table I. Comparab.le plutonium

concentrations were observed in skeleton and liver; other tissues exhibited
considerably lower concentrations. On a total tissue ?sis the skeleton
® contained from two to three times as much plutonium as the remainder

of%he animal. °Samplas from the intestinal tract (contents removed)

® were analyzed from one pig. Thoe results indicate no appreciable holdup
of plutonium on the intes®nal tract. In general, agreement bet®een samples
from the three animals was quite good, ® L

® o
(T A
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TABLE I o ©

o 9
ABSORPTION AND RETENTION OF PLUTONIUM IN THE PIG
é\IINE DAYS FOLLOWING INTRA-GASTRIC ADMINISTRATION

® % a o © ®
= 1
Prr Cent of Administered Dose Retained
Per Gram ( x 108) o Per Tissue ( x 104)

Tissue Pig#l Pig#2g Pig#3 Pig#l Pig#z Pig#3
o | Skeleton 38 58 40 16 20 10

Elood o 2 11 1.7 1.4

Liver 52® 52 g 34 4.7 3.8 2.3

Kidney @ 5. 2 6.5 2.3®9 .09 Ll . 06

Spleen 2.5 3.6 .8 .02 . (g .03

Hgart ® 45 L5 0.3®  .008  .008 .004

Lung 4.1 4.1 4.1 .13 .10 .10

Duodenuml 40 ®

Jejunum1 ® 8.1

Tlium? ® 5.9 ® ®

Other Soft Tissue® 2.2 L8 1.8 4.0 3.1 2.7

Total Soft Tissue! ® ° 3.0 7.1 5.2

Total Animall ° 25.0  27.1  15.2

'

. o
1Plutomum content of gastro-intestinal tract and skin not included in totals.

2
Includes blood and all tissues@ot separately listed, @xcept gastro-intestinal

tract and skin.
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Table 1I%hows the results obtainet‘fﬁ:m the 15 rats..Th?'ee animals,
numbers 3,87, and 15, show consgstently a much lower plutonium fetention
in all tissues than do the other animals. Excretion of plutonium by rat®
7 and 15 (feces were not collected from rat 3) was comparable with that
from the other animals, so the low retention values can only be attributed ®
to an impaired absorption. Individual variationsgin absorption of this
magnitgde were not noted in previous chronic feeding experiments, (1,2)
and it is therefore pr%bable that the low vallgs observed for these animals
were due to some temporary disturbance in gastro-intestinal function.
Excluding animals 3, 7, and 15, the results were reasonably consistent.
There was no significant difference between animals sacrificed from 2

to 7 days followin%administration, and those sacrificed S:'day.s follgwing
administration. ’

Plutonium excretion %ata obtained from rats 6-15 are summarized
in Table III. There is little holdup of plutoniifn in the intestinal tract,
less than one per cent of the administered dose being excreted after the
second day. The very@mall amounts of plutonium excreted in the urine
are evidence that most of the plutonium absorbed from the gastro-intgsti-
nal tract is retained by the animal. Total urinary excretion amounted
to only about one-fourth 5 the plutonium ret&ned in the animal., All
figures for urinary excretion should be consid;red as maximum values,
since the slightest contamination of the collected urine witlbthe much @
more‘radioactive feces would result in higher apparent urinary excretion.
That such contamination probably did not occur to any very significant
degree is indicated by the fact that the measured plutonium content of the
urine remained at a relatively constant level for the first three days in
the face of a sharp decrease in fecal plutonium gcretion. The difference
of 12 per cen? between plutonium administered and total plutenium recovered

from the excreta is not considered a serious discrepancy in view uf the
® L

® o
®
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EXCRETION OF PLUTONIUM BY RATS FOLLAWING : INTRA-GASTRIC

® ® ® ADMBUSTRATION ®

®
()] ®
*_ ®
@ PQD Cent of .Edministered Dose Excreted
@

4Z
In Urine ( x10°)

Days Following 1 ®
Feeding In Feces
(O1C] 0.6

@
® 0. 02 @
® ® 0.002

@ . 00g8

® .0935 ® C
. 0005
. 0006

® Cumulative Total ® 88 °e . ® %
® g J— [ T '

1 e ° e
Figures for first five days are averages of galues obtained on 24-hour_ @

feces cadlection from each of 10 animals. res for last four days ®

cbtained ifom analysis of pooled collection from all animals. e
&® )

bl
)

®

Pe

(74

R Y-
®
®

@
© 0~ TP > PN~
N NOOoOONONS

® ,ZFigures are the average cf results on 2 samples, each representing the
@ pooled 24-hour urine collection from 5 animals. o

° o o ) ® ¢ % )
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diffigulties inherent in the intra-gastric adrxgnist:a.tion o®an a@ccuritely

®
® @ ®

meas®®ed volume of%olution, and th@ general problems ? plutonilgn
@ analysis in biological rna‘teria.ls.C ® @ o

@ . e
@ % summary of gas®ro-intestinal absorption of plutonium in the &g
® @oingle YeedingfPang the ®at gsingle %edixg ®nd chronic feedingpis giVEJ?OO
pBadle fNe Wity the @ossible exception~of liver depositiong the singly
§-3®¥s and®igs show ndsignificant difference® Because of the smaller
$umbeP@®f animals emplqaed‘ resultspon the s_n 1y ®d animals have

® wider ggnfidence limits than the resu@s from the chronically fed r:a.ts.Q

& ertainly there is no significant.difference in total absorpt%;n between@
the singly and chronically fed a.nimags. It does appear that plutonium
retention in s?it tissue is g.reater in the singly fed animals@ ang deposition
o® the skeletorﬁ:orrespondi'ﬁgly lower, ¢han in the chronically fed anilgals.
Such a difference is reasonably explaiﬁee on t®e basis of a gradual shift
@ of plutonium, with time, from the soft tissues.to bone. Evidecace for such o
a shift was not obtained fgom the rats sacrificed ‘at intervais from 2 to 7
days following feeding. The f@mber ofg@nimals employedgwas, in ang
case, too small ® have givexbsignificant results, and the time interval ™

too short to have proven or disprovex?this point.g @g

® @&The de‘nonstrated c&ose :imilarity in extent of gastro-intestinal
absorption of plutonium in the zat and pig is presumptive eB®dence fqg a
® similar behavior ingthe human. The presently recommended maximum ¢
permissible concentration of plutonium in drinking water (1.5 x 10-6 pe/
o ml)(s) is based ofPan assumed absorption of 0.1 per sent.‘ In vie\& of the
gcvidence here presented this figure would'seem to be unnecessarily @
conserv:.tive by a factor of at least ten. o o
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P L
®
- —A -~ ®- BH—= *—@
@® ® Per Cent of Administered Dose Rei:ained4
® 9 ® (Average with 95% Confidence Limits (x 10
® ® — Single Feeding Chronic Feeding
Tissue Pig (3 Ammals? Rat (_Ammal_s% Rat (360 Animals)?
y e o ®
® |Skeleton 15 97, 5 20 ot T. 25 £3
Liver 3.6 :!:.?..6. 9.3+ 8.3 -- ®
Other Soft Ti.ssue3 3.3+ 1.0 2.1 @ L5 o - ®
_Total Soft Tzssue3 o 712 41 .4t g2 . 33872
®otal Animal3 22 13 ® 3 i1 o 28 8
- ) 9 —® L
Amma&s 7 and 15 (Table II) omitted (See text).
ZD%ta from ref. (Z).
®0
Gastro-mtestmal tract and skin not mc:ludedD o
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