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ABSTRACT

The gastro-intestinal absorption and deposition of plutonium in bone
and solt tissue of 180 rats after £'7 low-level feedings of Puz“ were
determined at dozes that varied from 0.04 to 1.2 timas the curreatly
accepted maximum permissible concentration of plutoaium in drinking
water. Within the 33 per cent limits of confidence, the mean per cont
total, soft tissue, and skeletal deposition was 0.0026] & 0. 00038,
0.00021 £ 0.00010, and 0.00234 £ 0.00028 respectively for animals

receiving plutonium levels equivalent to 1.2 times the maximum per-
missible concentration.

No significant decrease in skeletal plutonium was observed over a
pericd of 250 days following cessaticn of feedings.

The concentration of plutonium fed appesred (0 exert some effect o
amount absorbed and deposited, but this is being further investigated.
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ABSORPTION OF PLUTONIUM FED CHRONICALLY TO RATS.
I FRACTION DEPOSITED IN SKELETON AND SOFT TISSUES
FOL.LOWING ORAL ADMINISTRATION OF SOLUTIONS OF VERY
LOW mASS CONCENTRATION

INTRODUCTION

The principal objective of this study waa to measure the fraction of
plutonium admiaistered orally to rats whkich is abscrbed from the gastro-
intestinal tract ard is subsequently deposited in the skeleton and soft
tissues. A sur /ey of the literature pertaining to th» metabolisam of plu-
tonfum revealed that previous studies had inveival the {eoding of relat'vely
high concentretions of plutonium to fmeali numders of animels during short
periods of uma‘. The calculation of the cv-rertly accepiad maximum
permiasible concentration (M P.C.) for thr soluble compounds of Puz”
in drinking water (1 $ x 10" p(‘/ml)‘ was based on gastro-intestinal
absorption values obtained under conditions rather far removed from thoee
apt to be encountered as a result of chronic contamination of food or water.
The present study {nvolved the feeding of plutoanlum solutions approxiruating
the M. P.C. to 160 rats over a period constituting a significant fractica of
the life npan of the snimal.

METHODS

One hundred and sixty young adult Sprague-Dawley vats wore divided
into 4 groups of 40 experimental rats each (20 maies and 10 females).
These animals were housed in individual cages having half-inch mesh wire
floors which allowed excreia to drop thTough to prevent coprophagy. Dog
chow pelliets (Purina) and water were supplied ad libitum. [n order to
permit deposition of detectable amounts of plutoaium ia the bones and solt
tissues (n spite of the low mass levels of ra lioelement in the feeding

NET RN
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solutions and i1n spite of the low percentage absorption of plutonium from
the gastro intestinal tract, Puma was used for all feedings. * By virtue

of thy . ;b specific activity of l»*u‘,'38 (sbout 260 times greater ..an 1wt of

2!
T ", swlutions of Jow muss concentration could be employe-.

Details of the feediny regimen are summarized in 7Table ;. [t wes
originally pianned to administer only one dose cf plutonium per day to
each rat, but {n order to shorten the duration of the experiment, feedings
were (ncreased first to two duses per day, then to three, and for the last
month of ferdings to four doses per day Doses administered to a givea
rat were always scparated by at least two hours.

In order to maintain control over possibie sources of contawination
duriny feedings as well as during radiochemical analyses, 40 additicual
rats (20 miies and 20 females) were subjected to the same procedures as
the experi‘nental animals, except that plutonium was omitted from the
solutionr. administered. The gavage app.arllus used in the feedings is
diagrammed in Figure | Separate gavage units were employed for feeding
the control rats and each group of experimental animals. Adsorption of
plutonium on rubber and glass was minimized by coating syringes, pipettes,

catheters. and flasks with a silicone preparation (dimethyldichlorosilane,
General Flectric Co )

As a control on the actual amount of plutonium adrrinistered to each
group of experimental rats. one ml volumes of sach feeding solution were
delivered, before and after each feeding of a given rat group, directly from
the gavage unit onto counting plates Data listed in Tabdle | for the amount
of plutonium fed to each group were dorived from statistical Andyon of

¢ The Puz“ was obtained from Dr. G T Seaborg. University of Call-
fornia Radiation Laboratory. Berkeley California
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. TABLE ]
Dosage Schedule
(Each group represents 40 rats)
l"ui" per Fracton of Total Amount of Puz“ Fode
Average Dose M.P.C.
Group| d/m neug | (weight basis)e d/m g
{ 36 1 0.04 18, 821 ¢ 210 823
ks 110 3 0.12 86,688 2 170 1,878
11 388 10 0.40 188,707 2 7182 5,242 ‘
1v 112} 3l 1.2 576, 873 2 2256 is,108 g
Chemical form of administered Pu: Pu (NO 4),
pH of sdministered solutioa: , 2.0
Mode of administration: stomach tube
Volume administered per dose: 1.0 ml
Frequency of administration: 1-4 doses per day,
8 days per week
Duration of experimeantal feeding period: 9 l: moaths
Total doses administered: a7
* S8ince s’ specific activity of pudd gy 200 times greatsr than
of ,.4 mass concentrstion of equal to the M. P.C. for "
&::/w"' pe/ml, or 3.4 d/m/ml) would have an activity ¢f about
m.
g mnz’.uplcyodmmmuynad mically pure. The
presence of a slight isotopic impurity of below radiochemically

detectable limits may have beea present. Such impurities may have
increased the weights fed over those listed above by ar amount aot
exceeding 23 per cent.
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FIGURE )

GAVAGE APPARATUS USED FOR FE rL TO RATE
A - 3 ml gyrisnge E - Stepoosh adapier
B - Rubber cioeve ¥ - Rubher catheter (Freach §3)
C - | ml pipete C - Alr vest _
D - 3-way stopcock l-munl:.rsum

1 - Plutonium solwtiea
UCLANETRR
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TABLE 2

Comparison of Total Amounts af Pu
Found in Fresh and Autocliaved Bone

(4, m x 10’3)

hat Ne¢ ) Fresh Bone Sample Autoclaved Bone Sample
1 2.684 .69
2 3.09 2.76
3 239 2.16
4 2 8 2.176
L) 3. 22 3 ol
6 2.96 3.14
T 3. 18 2.18
) 2.16 2.69
9 3.1 2.8
10 2.%6 2.584

Total 28.81 27.32

In view of the extended duration of the feeding pericd, it was neces-

sary to obtain knowledge of the blological turmover of deposited plutonium.
Ten of the forty rats receiving the highest plutonium concestration jlesig-
nated as Group (Va) were sacrificed at the same time as the other experi-
mental rats. The remaining 30 rats in Group IV were divided into 3 sub-

groups of 10 rats each (deaignaied as Groups 1VD, 1Ve, and 1Vd) and these |

groups were sacrificed 8V, 180 and 250 days after {eedings had been dis-
continued.

The various tissue segments, bcae, soft tissue, pelt and gastro-
intestinal tract were digested with concentrated nitric acid, evaporated
‘o dryness. and muffled to a white ash at 600°C. ‘rhe ash was dissoived

UNCLASSIFIED
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in 2 N nitric acid and analyzed according to a standard procedure Iozr blo-
logical samples of low activity density now in use in our laboratory .

Tissues from sxperimental rats were analysed simultaneously with
similar tiscues from rats in the control group and with a tissue to which 8
kndwn amount of plutoaiumn was added. Results on experimental tisswes
were corrected for the activity found in the conmtrol tissues and for the par
cent recovery obtained from the spiked tissue. In order to minimise the
possibilities of cross contamination, all tissue segments from rats in s
lower plutonium feeding ievel were analysed before commencing analyses
on tisrues from the next higher level.

Samples were counted on proportional low background alpha crunters
(manufsctured by the Nuclear Instruments Corp.) having a 52 per cemt
geometr; and operating at the 93 per cent confidence level. Backgrouad
was less than 0. S counts per minute.

RESULTS

A mortality of about 8 per cent occurred over the entire feeding
period of 9 1/2 months. Deaths usually could be attribeted to respiratory
allcaents. The average plutoaium costents ia the body {ractions of the
experimental rats are given ia Table 3. These valuss have besa correctsl -
torwuuuqmumamuwmmmum,
82 by appropriate factors based on average spibe recovery data ebtained :
for sach group and fer sach type of tisses. Veluwes shown in pareathesis
wore not statistically diferem at the 08 per cont cenfidence lovel frem
vslues obtained o0 samilar tissues from control aalmals.

Ia the case of animals on the louest plutenium feediag level (Grewp
D) enly the gasiro-intestinal tract showed significant pluteniem retention,
while the rate in Qroup Il which received solutions of 0. 12 of the M. P.C.
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TABLE 3

Average Plutonium Deposition in Body Fractions
(d,m & ¥5% Confidence Limits)
(Values in parenthesis are not significantly different {from coatrels)

}Group G.l. Tract Pelt Skeleton Soft Tissue
1 2.94 £0.585 (0.00 ¢ 0.3¢) (0 £ 0.38) (0.50 ¢ 0.82)
11 4.65 ¢ 1.38 0.2 £0.17 1.10 £ 0.29 (0.04 £ 0.18)
il 14.80 £ 5. 0% 0.69 20.33 4.84 £ 0.59 0.84 £0.78
IVa 104.48 £ 80. 98 2.88 £2.20 14.68 £3.79 1.28 20.93
Ivd (0.14 £0.7%) ' (0.87 20.87),] 13.57 22.39 1.18 £0.7¢
1ve 10.42 ¢ 6. 63 (02£0.83) | ‘210 21 68 4.62+2.83
iIvd | (0.8221.44) | (0.232£1.82) | 13.03 22.48 2.8822.37
1 J

showed significant retention in all body fra tiona except the solt tisswes.
The skeleton and soft tissues of the animals which received solutioas of

0.4 0of the M.P.C. and 1.2 times the M. P.C. were found to contaia sig-
nificant amounts of plutoaium. The same was true of the gastro-intestimal
tracts and pelts of the rats in these last two groups which were sacrificed
immediataly after cessation of plutonium feedings. The plutonium content
in the pelts and gastro-iatestinal tracts of the rats on the highest level of
plutonium administration (Group IV) which were sacrificed at varieus time
intervals following cessation of feedings showed a decreasing contamimation
with time and reached non-significant levels at the end of 90 days.

Table 4 shows the per cent uf fod plmtontum which was absorbed
from the gastro-iatestinal tract and deposited in the sheleten and soft
tssues of the experimental rats. [n calculating the total per cont absorbed

URCLASSIFIED
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Average Per Cent of Gastro-Intestinal Absorption

TABLE 4

and Deposition of Plutonium Fed to Rats

(98% Confidence Limits)

. ¥ o’ NSRS X
. L LNl
- eE T A A

.. - . ¢’ PR o :\.‘.', -

- BN AL g :

Fraction of k”
M.I.C. In -
8olutions Fed Skeleton Soft Tissues
N
u 0.12 . 00194 £ .00051 -
1 0.4 00246 £.00031 | .00044 £ .00040
IVa 1.2 .00283 + .00085) .00022 2. 00016
1vb 1.2 00234 £ .00045| .00020 £ .00013
ive 1.2 .00208 £+ . 00028 .00080 £ .00044
Ivd 1.2 .00226 & . 00043| .00050 & .00041
144 » ' Y
Eosnhlnod 1.2 .00234 1 .00028| .00021 £.00010

¢ Combined values for Group 1V were obtained by
pobents of sub-groups 1Va, 1VDd, and IVd (Bee t

Disc

ing we

oxt under

¢s Combined values {or Group 1V were obtained by pooling we
ponents of sub-groups 1Va and Vb (Seq text under Disc




UNCLASSIFIED ' 18
HW-28991

the amounis of plutonium found in the pelts and gastro-intestinal tracts
were neglected. since as indicated by the sharp drop in activity following
cessation of feedings. the former values represent largely congamlmuon
of pelt by excreta while the latter consists of physically adsorbed plu-
tonium on food particles or gastro-intestinal mucosa which were not
removed during the 4-day pre-aacrifice fasting period.

DISCUSSION

Statistical evaluation of data pertaining 1o skeletal deposition of
plutonium in rats of sub-groups 1Va, IVb, and ]vd (see Table 4) which
were sacrificed 4. 80. and 250 days. respectively, following cessation
of plutonium feedings revesls that no significant differences exist among
those values Results of radiochemical analyses of skeletal plutonium
deposition in rats which were sacrificed |80 days after completion of foed-
ings (sub-group l%c) indicate a significant decrease, but this value is coan-
sidered to be the result of experimental error due tc the low levels of
activily assayed, the length of the experiment, and the complexity of the
laborious plutonium extraction procedure used. This is taken to justify
the conclusion that no significant decrease in akeletal plutonium content
occurred during the experimental feeding period. A pooling of values for
sub-groups [Va, 1Vb, and 1Vd yields 0.00234 & 0. 00028 per cent at the §8
per cent coafidence interval for the mean daposition in skeletal tissue for

rats in Group IV which received 1. 2 times the maximum permissible con-
centration of plutonium.

Similar statistical analyses of the observed plutonium concentrations
in soft tissues suggested that any pocling of results in the sub-groups com-
prising Group IV would best be limitled to those of IVa and IVL. Values
from |Vc and I1Vd were discarded on the basis that turnover of plutonium
from soft tissue may be reasonably expected to be more rapid than from

UNCLASSIFIED
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the sraounts of plutonium found in the pelts and gastro-intestinal tracts
were neglected. since. as indicated by the sharp drop in activity following
cessation of feedings. the former values represent largely contamination
of pelt by excreta while the latter consists of physically adsorbed plu-
tonfum on food particles or gastro-intestinal mucosa which were not
removed during the 4-day pre-asacrifice fasting period.

DISCUSSION

Statistical evaluation of data pertaining 'o akeletal deposition of
plutonium in rats of sub-groups iVa, IVb. and IVd (see Table 4) which
were sacrificed 4. 80. and 250 days. respectively, following cessation
of plutonium feedings revesls that no significamt differences exist among
those values Results of radiochemical analyses of skeletal plutonium
deposition in rats which were sacrificed 80 days after completion of feed-
ings (sub-group Ivc) indicate a significant decrease, but this value is coa-
sidered to be the result of experimental error due to the low levels of
activity assayed, the length of the experiment, and the complexity of the
laborious plutonium extraction procedure used. This is taken to justify
the conclusion that no significant decrease in skeletal plutonium content
occurred during the experimental feeding period. A pooling of valuea for
sub-groups 1Va, IVb, and 1Vd yields 0.00234 2 0.00028 per cent at the 88
per cent confidence interval for the mean deposition in skeletal tissue for

rats in Group 1V which received 1. 2 times the maximum permissible con~
centration of plutonium.

Similar statistical analyses of the observed plutonium concentrations
in soft tissues suggested that any pooling of rasults ir the sub-groups com-
prising Group ]V would best be limited to those of {Va and IVb. Values
from lVc and 1Vd were discarded on the basis that turnover of plutonium
from soft tissue may be reasonably expected to be more rapid than from
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the gastro-intestinal trac: on fraction absorbed, Discrepancies in poeffl-
clents of absorption calculated from the present study and {rom earlier
work may have been due to such concentration effects.

\
The cnlculation of the maximum permissible concentration of plui |
tonium in drinking water must not be based only on average values of plu- -
~ tonium deposited. It must place emphasis on individual variation {n order
. to set up standaris which will protect the exceptional as well as the IVOI‘I..O
individual. WIith this tn mind, Table 5 was prepared. Here are found G
statistical estimates of the maximum per cent of gastro- -intestinal ablorp- ;?'
tion to be expected in 99 per cent of the experimental rats, 90 per cent ot -3
the time. In spite of the pessimistic bias embodied in these values, the ; ¥
limiting per cent of gastro-intestinal absorption falls below the 0. Ol pﬂ' '

‘cent which has previously been accepted as the best oxporlmenul lnnp
value for the rat. '

The presently accepted M. P.C. for plutonium in water (1 8 x 10'. J

uc/ml) is based on an assumed absorption coetficient of 0,1 per eonl’.

This {s a factor of approximately ten higher than the absorpuon coofnchl!

,dcuruumd by previous workers using small numbers of animals and uﬂ

__ concentrations of plutonium; and a factor of 40 Ngbor than the lboorptloa" ; :

_»',_,_.eoofm:unt measured In the present experiment. . In view of the conslgte 5+ 303 B
- -ency of the data cbtained in the present study, the large number of uuuh"ﬁ A

msmblo to nccopl a value of 0.01 per cent for the tbsorpuan coo!ﬂelcnt
' 'l'hls would still leave a safety factor of four to take care of unusual
' lndlvtdul variation and the possibility of spccies variation between the

rat and man. Using 0. 0] per cent for the absorption coefficient the M. P.C.
tor plutonium in water would become 1.5 x 10°> w¢,'ml.
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TABLE 8

Maximum Per Cent of Gastro-lntestinal Absorption and Deposition
of Plutonium in 89 Per Cent of Rats
80 Per Cent of the Time.

Group Skeleton Solt Tissue Total

1 - -

1 .0047 .0027 .0074

m . 0080 o .0038 .0088

IVa .0062 .0009 .0071

Ivd .0043 . 0008 0081 |5
Ive .0033 .0027 | . .ooe0 |
1vd .0039 .0019 .0088 | .
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