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Gastrointestinal Absorption of l'lutonium, Uranium,
anti Neptuniuin in Fett and Faste<l Adult llahoons:

Appliention to Iluinans

by

M 11. liinitt mharyya,11 l'. I.aro n, it II. Oldloon,1: S. Moretti.
N. Cohen, LG. lWston, and L Ay res

Alistract

Gasirointntinal (Gi3 absorption values or plu. pe nder. nounts ineested and were wnsider.-

tonium, uraniurn, and neptunium were deterrnined ably hight, oin those in fed aninnds. The Ul
in fed ami fasted adult baboons. A dual isotope absorption of *Np in fed animain was essentially
method r mining U1 absorption, which does the same in mice, baboons, and hunnmm in fasted.

not rern ,aal sacrifice, was validated and aniennis, mice absorbed 4 tirnos less "Np than
shown to compare well with the sacrifice method did baboons (values for humans are not available).
(summation of oralisotope in urine with that in For one baboon that was not given its morning
tlnues at sacrifice). For all three elements, mean meal, both plutonium and neptunium Ul absorp+
GI absorption values were significantly higher tion values nt 0900 hours,2 h aner the usual
(5 to 50 fohl)in 24 hour (h) fasted aninnds than mealtime (11-h ou rnight fast," baboon without
in fed animals, and GI absorption values for breakfast"), were the smne as those in baboons
baboons agreed well with those for hunums. For fasted for 24 h. In cont rast, for baboons that
plutonium, GI absorption values in baboons were received a morninp meal, plutonium and nep-
almost identical to those in mice under both fed tunium absorptions did not rise to the value found
and fasted conditions (ca. 0.M in fasted animals, in 21 h fasted baboons even H h after the meal.
0 419 in fed animals), and the values for fed The authora conclude that GI absorption values
oninnds agreed with estinuttes for burnans. For for plutonium, uranium, and neptunium in adult
uranium, G1 absorption values in fed 10.5% ) and baboons are good estimates of the vahms in
fasted (49) baboons were 0-7 times higher than humans (and better than thoNU in mite) and that
those in mice and agreed well v,ith those in fed the values for the fasted condition need to be
and fasted hmnans. For neptunium, GI absorp- taken into account when standards are set for oral
tion values in fed baboons were lower for snudi exposures of persons in enviromnental and work-
amounts of *Np to.039-) than for much lar .:r place settings. A rational way of doing this for
ammmts of *Np 10.3% ). Neptunium GI absorp. plutonium is discussed.
tion values in fasted baboons (1.5'i) were inde-
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Executive Summary

Because oral exposure is the major route of human p]gg(oggjum
exposures in environmental settings, gastrointesti-
nal (GI) absorption values of radionuclides in the IWfects of Femling Regimen
nuclear fuel cycle are critical to settmg hnuts for
releases of these elements to the environment from Fractional GI absorption values of Pu(VI) bicar-
nuclear power facilities and nuclear waste sites. bonate for individual 21 hour th)-fasted adult
Plutonium and uraniungre integral parts of the bbns were (Table 3.0)
nuclear fuel cycle, and Np m a Ossion product
identi6ed as important to evaluating human expo-

l~1704 2.2 x 104 (0.022%)
sures from nuclear waste sites over a long period

B1048 13 x 104 (0.13 0
of time because ofits alpha emission,long physical a .

'
half-life (2 x 10" years lyll, relatively high GI 4

O 9
absorpt,on values, and relative mobility m thei

env'ronment (Pentreath and llarvey,1981; Cohen, * The mean GI absorption value for Pu(VI) int
4

24-h-fssted baboons was (22 13) x 10
I*"^" * mandard error [SEl, n = 4), or

Several unique features of the results reporte:1 0.22k ,The mean without baboon B704 was
here should be identified. First, G1 absorption

(29 15) x 104 (n = 3), or 0.29%. (B701
values were obtained m. nonhuman pn. mates (.i.e'' was our Orst 24 h-fasted baboon, and the
baboons), makmg the results particularly relevant uniformly low G1 absorption values obtained,

to humans. Secor.d, all three elements - plutom- for simultaneously administered plutonium,
um, neptunium, and uranium - were admuns- uranium, and neptunium indicate that she
tered to a given animal at the same time, allowing my Imvc inadvertantly obtained some food.)
direct interelement comparisons of G1 absorptwn
and metabolic pathways. Third, for plutoniuni In fed baboons, fractional GI abaarption*

and neptunium, multiple isotopes were used to dues of PWVI) bicarbonate were
obta,m G1 values for both fed and fasted condit. ions mbk 19)
in the same baboon, providing a measure of the

pignificant increase in GI absorption due to fasting B704 2.5 x 104 (0.025 %)
- m mdividual ammals. . Finally, use of a dual iso. B1050 0.38 x 104 (0.0038 %)
tope method m combinatwn with multiph; element B104G 0.47 x 104 (0.00179)
and multiple isotope admimstratw, na resuited m

,

our determination of 29 separate GI absorption (For this administration, the fourth baboon,
values in seven adult baboons, only three of which B104S, instead of being fed, underwent a
were sacrinced for this study (Expt.1, four 14 h overnight fast; results are shown
baboons, efTects of 14 to 24-h fast; Expt. 2, three below.)
baboons, etTects of 4- to 8-h fast and uranium _
absorption in fed baboons). The mean GI absorption salue for Pu(VI) in*

4
L fed adult baboons was (1.1 1.2) x 10

Below, the results are summarized m. dividually for (n = 3), or 0.011%.
! plutomum, uranmm, and neptunium, and the

major conclusions of our study are presented. Individual increases in plutonium G1*
Elements were admnustered m the T I oudatm.n

,

absorption due to a 24-h fast were 39. fold-
state m b arbonate medium to sunulate uptake for B10"30,126-fold for B104G, and zero forfrom chlor $ mated drinking water (Larsen and B704. On comparison of the means, the

-

.Oldham,1878). Results can also be applied t a h to m M 26-f4
evaluatm, g the absorption of soluble forms of these from 0.011% to 0.29%.
elements m the occ"patmnal settmg.

-

ix NUREG/CR4812
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Executive Summary

3 In one baboon (B1048) who was provided no'- Uranium
- breakfast and was administered Pu(VI) at |10900 hours,2 h after her normal breakfast
time (14.h overnight fast), the fractmnal GI Effects of Feeding Regimen

1 absorption value was 29 x 10d (0.29%), the
same as the mean m 24 h fasted animals Fractional G1 absorption values of U(VI)*

;(Table 3.9) and about 2-fold higher than in bicarbonate in individual 24.h fasted adult

the same baboon aRer a 24-h fast (0.13%). baboons were (TaWe 4.7) --

B704 1 4 (12%)In baboons provided with breakfast, GI 4[2 x 104 (4$7%) -)
*

B1048 7 x 10absorption values for Pu(VI) did not increase
B105C 4.1 x 10 2 (4,39) '

signi6cantly over those for fed baboons by
B1046 4.3 x 10-2 (4,33)= even 8 h after the morning meal in the

.

'

- absence of further feeding (Table 3.12).
The mean GI absorption value for UtVI)in,

Sacrifice vs. Dual Isotope Methods 24-h fasted adult baboons was (3.0 2 0.8) x
30 2 (mean * SE, n = 4), or 3.6%. The mean

4without baboon B704 was (1.4 2 0.2) x 10 ,GI absorption values of plutonium in fed*

or 4.4% (Table 4.8).-and fasted adult baboo'ns determined by the
sacrifice method (by summation of amounts Fractional Of ' absorption values of U(VI).

excreted in urine and amounts in tissues at bicarbonate in individual fed baboons weresacrifice) were 72 2 5% (mean - SE, n = 0) (Table 4.8)
of those determined by th_e dual isotope
method (from isotopic ratios after oral vs. BS58 0.46 x 10 2 (0.46%)
intravenous [i.v.] administrations) (Table B880 0.58 x 10'2 (0.58%)' 3.10).

(The third baboon. B230, regurgitated
Pathways for plutonium excretion and tissue shortly after the uranium administration.)

*

retention were the same, independent of
'whether the plutonium entered the blood- The mean GI absorption value for ,U(VI) in*

' stream by i,v. administration or GI absorp' fed adult baboons was (0,52 2 0.06) x 104
tion (Tables 3.4, 3.5, 3.7). (mean * SE, n = 2). *

* After i.v. injection of Pu(VI), values for On comparison of the means, uranium GI.

excretion and tissue retention (mean * SE absorption was increased 9-fold by a 24-h
for number of baboons in parentheses) were fast, from 0.52% to 4.4%.
as follo_ws (percentage of administered dose;
tissues taken at sacrifict 32 days (dl after
admimstration)(Table 6.1); -Sacrifice vs. Dual Isotope Methods

GI absorption values of uranium determined*
Days 1-8 urine 8.320.7%(4)_ by the sacrifice method in fasted adult -Liver 26.325.0%(3)

- Skeleton -- 37,5 * 5.5% (3) baboons were W z 39 (mean 2 SE n = 3) of
,

~ those deternu,ned by the dual isotope'Othcr tissues - 1.7 0.5% (2) ,

method (Table 4.8).
h Interspecies Comparisons- Pathways for uranium excretion and iissue-

~

.

retention were the same, independent ofsPlutonium G1 absorption values in fed*

whether the uranium entered the blood-
' (0.01%) and 24-h-fasted (0.2%) adult stream by i.v. administration or GI absorp<
baboons (Table 3.13) were the same as those tion (Tables 4.3-4.5).

'

in fed and fasted adult mice (Bhattacharyya
et al.,1986), and those in fed baboons were . After i.v. injection of U(VI), values for
the same as in fed humans (Hunt et al.,

excretion and tissue retent'on (mean.1986, 1990)-.
_ 2 SE for number of baboons shown in

NUREG/CR-5842 x
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Executive Summary

parentheses) we*e as follows (percentage of On comparison of the means, neptunium GIe

administered dose; tissues taken at sacrince - absorption was increased due to a 24h fast
23732 d after administration)(Table 6.1h by 5 fold for Np, from 0.3% to 1.5%, and

23950-fold for Np, from 0.03% to 1.fa%
Days 1-8 urine 82.7 s 1.4 % (4)
Liver' O.3220.07%(3) In one baboon (B1048) who was provided no*

237Skeleton 9.011.8% (3) breakfast and was administered Np(VI)
Other tissues 0.4520.05%(2) at 0900,2 h after her normal breakfast time

(14.h overnight fast), the fractional GI -
Interspecies Comparisons absorption value was 1.2 x 10'2, or 1.24,

essentially the same as in 24-h fasted
* Uranium GI absorption values in fed (0.5%) animals (Table 5.9L

and fasted (4%) adult baboons (Table 4.9)
In baboons provided with breakfast, GIwere the same as those reported for fed and *

237fasted humans (Larsen and Orlandini,1984; absorption values of Np did not increase
llursh et al.,1969) and were G- to 7-fold signincantly over those for fed baboons by
higher than those in fed and fasted mice even 8 h aner the morning meal in the
(Bhattacharyya et al.,1989). absence of further feeding (Table 5.9).

Neptuuium sacrifice vs, Dual Isotopo Methods

Effects of Feeding Regimen and * GI absorption values of neptunium deter-
mmed by the sacrifice method m fasted,

Neptunium Mass adult baboons were 102 2 4're (mean t Sn,
n = 3) of those determined by the dual

Fractional GI absorption values of Np(VI) isotope methed (Table 5.8).
*

bicarbonate in individual 24-h-fasted adult
baboons were (Table 5._7) * Pathways for neptunium excretion and

237 - tissue deposition were the same, indepen.
B704 Np 0.32 x 10-2 (0.32%) dent of whether the neptunium entered the,a9Np 0.95 x 10-2 (0.95%)B704

;a"Np 0.85 x 10-2 (0.85%)
bloodstream by i.v. administration or GI

B1050 absorption (Tables 5.3-5.5).

2a7(The Np administration io B704 was on After i.v. injection of Np(VI), values for.

the day when B704 was suspected of excretion and tissue retention (mean SE
madvertently obtaining some food.) for number of baboons in parentheses) were

L as follows (percentage of administered dose-
'

[. . The mean GI absorption value for Np(VD in tissues taken at sacrince 30-32 d after
*

the above 24.h-fasted adult baboons was'

administration)(Table 6.1):(0.71 z' O.20) x 10-2 (n = 3), or 0.71% The -'

mean without the Orst B704 value was Days 1.-8 urine 41.0 2 2.2're (14)(0.00 2 0.05) x 10 2 (n = 2), or 0.90% A Liver 8. Pit (1)
: mean including additional administrations Skeleton 46.3% (1)at NYUMC was (1.5 0.3) x 10 2 (n = 8), or Other tissues 2.2% (1)

1.5% (Tables 5.0 anu 5.10).

* |In 24 h-fasted baboons, the GI absorption of Interspecies Comparisons
neptunium was independent of the mass 2a9
admmistered (Tables 5.9 and 5.10).

Np GI absorption values in fed adult.

baboons (0.03%) wero the same as those for

In fed baboons, the GI absorption of high fed adult mi:e (Larsen et al.,1982)gnd -!. *

humans ToppdweH et al, im Np
masses of neptunium was 10-fold hig37her values m aduk baboons U.W wmthan that oflow masses: 0.30% for Np

238 4-fold higher than ,m fasted mice(3 x 10 2 mg/kg) vs. 0.03% for Np
Hable 5.10). (No data are available en- (9 x 10* mg/kg) (Tables 5.9 and 5.10).
fasted humans.)
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Executive Summary

Conclusions be absorbed at the level of the 24 h-fasted
stato -- 0.2% for plutonium,17e for

GI absorption values for plutonium,- neptunium, and 47c for uranium.*

uranium, and neptunium in adult baboons i

These elements consumed either in food or ;*
provide good estimates of GI absorption '

values in humans. liquids or in other media after the morning
meal will be absorbed at the level of the fed

The dual isotope method provides an excel. state - 0.01% for plutonium,0.03% for ,

,*

lent means of determining GI absorption small amounts of neptunium (e.g.,10* mg I

values without requiring sacrifice of the "Np/kg) and 0.3% for larg7e amounts of
neptunium (e.g.,10 3 mg Np/kg), and2

animal (study subject). The method was
0.5% for uranium.recently applied to determining the GI

absorption of 23"Np in fed humans
(Popplewell et al.,1991). The above resuli.s should be applied to*

incorporate GI ribsorption values of fasted

Plutonium, neptunium, and probably animals into standards set for oral exposure*

uraniuna consumed before the first meal of of humans to plutonium, uranium, and

the day (in liquids such as coffee, or at work neptunium in both environmental and work.

for someone who has skipped breakfast) will place settings. A rational way of doing that
for plutonium is discussed.

!

' NUREG/CR-5842 xji-
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ICRP International Commission on SE standard error
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i.g. intragastric

,

a

NUREG/CR-5842 x;y

_ _ .



. - - - - . . - .

l

l

1 Introduction

1,1- Background applied to evaluating the absorption of soluble
forms of these elements in the occupational

Prior to conducting this study in adult baboons, setting,

we had conducted a series of experiments in mice
Annual limits on intake (Alls) of radionuclides by

.

for the Nuclear Regulatory Commission (NRC)
that identined a number of factors that might w rkers are recommended by the International

influenco the gastrointestinal (GI) absorption of Commission on Radiological Protection (ICRP) to

soluble forms of plutonium (Phattacharyya et al., provide guidelines for the protection of workers
where there is a pmential for exposure to radio-1985). nuclides in the workplace. At present, the ALis

oxidation state (PullV) s s. PulVil) f r oral exposure to compounds of plutonium, nep-*

tunium, and uranium are recommended without
consideration of the effect of fasting on their GIspecies (mouse vs. rat vs. dog)*

absorption (ICRP,1979). This approach was

feeding regimen (fed vs. fasted animals) adopted in 1979 because the efTects of fasting had*

not been systematically studied prior to publica-

plutonium concentration (10a2 M to 10* M) tion of ICRP Publicction 30.*

age of animal (neonate vs. adult) It has since become clear that the GI absorption of
*

plutonium and other elements may be at least

administration medium (bicarbonate vs. 10-15 times greater in 24.h fasted animals than*

in fed animals (ICRP,1986; Sullivan et al.,1979;nitric acid vs. citrate) Stather et al.,1980). However, even today, two

state of plutonium hydrolysis (solutions of imp rtant questions remain: (1) Wimt is the rele-*

high vs. Iow ultrafilterability). vance to humans of GI absorption values obtained
in animals that have been fasted for 24 h, a period

Because nearly all of the above studies were con, that is considerably longer than the customary

ducted in mice, a major question left unanswered vernight fast in humans? and (2) How reliably

was the relevance to humans of the G1 absorption can wo extrapolate to humans data that have been
obtained in rats or mice?- values obtained.

With joint support from the NRC and the Depart. In a recent study with mice, we addressed the first

ment of Energy (DOM), the studies reported here question and demonstrated that the GI absorption

were undertaken by a team of scientists from - f plutonium rises 10- to 15-fold after only 2 h of

Argonne National Laboratory (ANT ) in collabora, fasting if the fast is initiated at the start of the
tion with a team from tho Institute of Environ, mouse's active phase (Bhattacharyya et al.,1986).

- mental Medicine at New York University Medical We e neluded that persons who skipped breakfast

Center (NYUMC). GI absorption values for pluto- and were orally exposed to plutonium before their

- nium and uranium were obtained it M and fast- first meal might absorb considerably more plutoni-

ed adult baboons by ANL scientists Goint NRC/ um than their nonfasted counterparts, liowever,

DOE support), and values for neptunium were we recognized that the effect of duration of fast in

determined by NYUMC scientists as a part of - ice might differ from that in humans. We there-
their DOE program. Results for all three elements f re conducted the study reported here in a nonhu- |

are reported here to prcvide one document in man primate, the baboon.

which all results appear and to allow for direct
comparisons of GI absorption values among ele. 1.2 Overview and Objectives
ments.

Occupational and environmental exposure stan-
As with the preceding studies in mbe, elements dards for plutonium, neptunium, and uranium are
were administered in the VI oxidation state in required to control exposures in the workplace and

| bicarbonate medium to simulate environmental to regulate releases into the environment from
I exposures in chlorinated drinking water (Larsen nuclear power facilities and from nuclear waste

and Oldham,1978). The results can also be disposal sites. In the study reported here, GI

1 NUREG/CR-5842
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'

Lintrokluction

5 1 absorption values for soluble forms of plutonium, tion values obtained in 24 h_ fasted baboons,
inepttmium, and uranium were determined in fed' : Where possible, values in baboons were compared .I
_ and 24-h fasted adult baboons. A feeding regimeu with those reported for both mice and humann, j
study-was conducted with shorter fasting intervals providing a basis for evaluating the jplication of

- to evaluate the relevance to humanfor 01 absorp; data in laboratory animals to humans. 'i
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2 Materials and Methods

- 2.1 Anirnals noon Water was pmvided ad libitum. The
animal facili+y maintained 12 h day and night
cycles and strict climate conditions.Seven adult female baboons (/>upio onocephulus,

.

P. unubis, and P. hymadous),5 to 17 years old
I (mean standard deviation,10 5 y), weighing 2.2 Solution Preparation

12-18 kg (mean i standard deviation,13.8 2
1,8 kg), were used in this study O'able 2.1). Ani- The *Pu (half life,2.9 y), "Pu (half-life,88 y),

233U (halflife 1.6 x 10^ y), "U (half-life,2 3 xmais were chosen from a preconditioned colony 4

based on similarities in size, weight, aM age to 10 y), and 23'Np (half-life,2.1 x 10" y) used in7

minimize intraspecies differences and to provide this study were obtained from ANL. The *Np
2C

reproducible whole. body counting geometries for (halflife,2.36 d) was prepared from Am at
the measurement of neptunium isotopes (237Np NYUMC. Each isotope had an isotopic purity (on
and *Np). Female baboons were chosen over an activity base) of greater than 99.9% Where
males because they allow for more precise excreta necessary, this purity for plutonium was achieved
collections, are considerably smaller (by approxi- with the mass separator at ANL. Purity was
mately half the weight), and are less aggressive established by alpha spectrometric assay of mate-
(making them easier to handle). rial electrodeposited onto stainless " teel disks.

The baboons were housed and cared for by the Solutions of plutonium were prepared as described
technical and veterinary sta0'at New York 'Um- previously (Bhattacharyya et al.,1986). Brief1v,
versity's Laboratory for Experimental Medicine the plutonium in HNO stock solution was3

reduced to PutilD with IIBr, oxidized to PuflV)and Surgery in Primates in Tuxedo, New York..
They were housed individually in wall-mounted, with IINO , and oxidized electroche,nically to

3

stainless steel metabolism cages (20 x 36 x 48 in.) Pu(VI). The Pu(VI) solution was made 0.01 M in
with Door clearances of 3 ft to accommodate excre- NaHCO and 1 ppm in chlorine f pH 8.3) for3

ta collectors. Baboons were maintained on two administration to the animals. The plutonium in
daily meals of Purina High Protein Monkey Chow the administered solutions was in the VI oxidation
(Ralston Purina, St. Louis, Missouri) at 0700 and state (86 2 57c PulVU) and was 84 2 57c ultrafil-
1600 hours, supplemented with fresh fruits at terable.

Table 2.1 Characteristics of adult female baboons used
in gastrointestinal absorption studies

Haboon Age at start Mean study
number - of study (y) _wt. (kg)" - Species

B704 11 12.720.9(8) P. hymado us
B1046 5 12.4 0.9 (17) P. anubis
IM048 5 13.9 L4 (8) P. anuhis
B1050 5 13.920.4(8)- P. anubis
B230 17 14.210.8(26) P. cynocephulus
B358 17 17.810.9(12) P. anubis
B880 11 12.2 0.3 (11) P. anubis

Mean SD 10 5 13.9 2 L8
Range 5-17 12.2-17.8

"Vahws are mean 2 standard deviation for the number of tine the ananal was
weighed which is shown in parentheses

|
|

! '
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' hiethods

. Solutions of uranium were prepared by diluting a 2A Sampling and SacrifiCOstock solution (generally in 8 M IfNO ) with water
3 3

until it was 1 M in HNO and titrating dropwise roceditreS
3

with 1 M NallCO until the pil of the solution3

was 7.0-7.5. A solution that was 1 M in NaHCO Ten-milliliter blood samples were drawn from each
and 0.0015 M in NaOCl(100 ppm in chlorine) was animai at various times after irdection and gavage,
addediand the resulting solution was diluted with Separate urine and fecal samples were collected
water to achieve concentrations in the adminis- daily from each animal veith use of collectors of
tered solutions of 0,01 M in NallCO and 1 ppm nyl n mesh screen (to collect feces) and plastic

s
in chlorine (pH 8.3). The uranium in these solu, sheet (to direct urine now to collection bottles)
tions was in the VI oxidation state, positioned under the metabolism cages. Urine was

;

collected in 1 L plastic bottles, and samples were '

Solutions of neptunium were prepared as acidified with 2 mL of concentrated hcl per
described (Cohen and Ralston,1987; Ralston 100 mL of urine to prevent adsorption of
1990), by using either electrochemical or chemical radioactivity to the walls of the bottles. Fecal
oxidation to convert the neptunium to the VI oxi- samples me weighed wet, dried in a small
dation ctate. 239Np was separated from th' par- convection oven n>r 1-2 d, reweighed, and

243 pulverized in a ball mill shaker.
Am on a Dowex 50 X-2 cation exchanfe

ent
column just before uso. Prior to this the 2a Pu

2h 239(and 239Np) present in the original Am/ Np Three baboons (B704, B1048, B1050) were sacri-
solution was removed by chromatogra hv on a ficed by exsanguination under heavy ketamine
Dowex 1 column. Within 14 d, this Am solution anesthesia to avoid any animal discomfor. Soft -24

was used to yield Np that was free of Pu. tissue samples were removed. The eviscerated239 239

2a9- This was important because Np was adminis- carcass was stripped of the pelt and muscle, and
tered to baboons that had previously received the skeleton was disarticulated. The liver was
known amounts of239Pu. As with the other radio- separated into its four lobes, and the GI tract was
elements, the neptunium was in the VI oxidation 8ep rated into esophogus, stomach, small intes-
state, and the medium of the administered solu- tm.e, and large mtestme.
tions was 0.01 M in NaHCO and 1 ppm in chlo-s
rina For the remaining four baboons (B1040, D358,

B880, and B230), biopsy samples ofliver and
As an example, the isotopic compositions and caudal vertebrae were surgically removed under
chemical characteristics of the solutions of pluto- ketamine tranquilization to allow determination of
nium, uranium, and neptunium administered to W absorption values by the dualisotope method
baboon B704 are presented in Table 2.2. fr m the isotopic ratios in these tissues. Surgery

was carried out by highly experienced veterinar-

2.3 Solution Administration ians, with all precautions taken to minimize
ammal discomfort. These baboons were not

' Solutions of plutonium, uranium, and neptunium
were administered to the tranquilized baboons
both mtravenously arviintragastrically. An mtra- 2.5 Sample Analyses
muscular injection of 10 mg/kg of ketamine hcl
(Ketaset, Bristol 41yers Co., Syracuse, New York) All tissue and excreta samples from the baboons
was used to tranquilize the animals prior to han- were analyzed for isotopes of plutonium and urani-
dling outside of confinement. Injections were via um by means of alpha spectrometric isotope dilu-
the saphenous or femeral vein (1-2 mL); intra- tion (ASID) with ion exchange chromatography

| gastric (i.g.) administrativas (10-20 mL) were and electrodepositkn.
made directly into the stomachs of fed or fasted
baboons through a catheter introduced nasally. Samples were ashed in a mufDe furnace a f;00 "C.
Animals remained tranquilized for 10-15 minutes The ash was dissolved in concentrated HNO , and

3

tho solution was diluted to e kno)nPu and asU
(min) for i.v. injections and for 20-30 min for vn volume with

8 M HNO . Known anmunts of2 2gavage administrations. Recovery from the efTects 3

of tranquilization was generaUy complete by 2 h (is t pie diluents) were added to an aliquot of each
after administration. s luti n, and the solution was evaporated to incip-

ient dryness. The material was dissolved in

NUREG/CR-5842 4
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' Methods -

9 M llBr and again brought to incipient dryness. added. Results showed excellent agreement
(This step ensured plutonium isotopic exchange.) between prepared and measured values, with
The plutonium and uranium were taken up in 12 measured values at 98-11071 of the amounts

'_M 11C1 containing about 100 ppm of chlorine, the added (Table 2.3).
solution was applied to a BioRad AG1 X-2 anion

2a9exchange column, and the column was washed For samples containing Np and higher activi-
with a solution of the same composition. The ties of 2 Np, three photon measurement systems
plutonium and neptunium were cluted with 9 M were used to determine activity (Cohen and
IIBr. The column was washed with 8 M 1101/ Ralston,1987; Ralston,1990):(1) a Ge(Li) detector
0.05_M Nil.,I to remove iron, and the uranium was for measuring large volume (1.L) urine samples in
eluted with 0.05 M 11C1. After elution, the pluto- Marinelli beakers; d) a 4 in. x 4 in. Nal(TI) detec-
nium and uranium fractions from the column were tor for blood and puherized dried fecal samples;
separately electrodeposited onto stainless steel and (3) a 3 in. x 2 in. Nal(TI) detector for 100-mL
planchets, and the planchets were analyzed alpha aliquots of urine and ashed tissue samples. Sam-

237spectrometrically. ' ples containing low activities of Np were ana-
lyzed by ASID as described above for plutonium

A typical alpha spectrum for determination of the and uranium.
239Pu, 23*Pu, and 236Pu in our samples is shown
in Figure 2.1. Good separation of the peaks of 2.6 DualIsotope Method

ese isotopes was achieved. Measurement of the of Deterinining GIPu spike allowed determination of plutomum
recovery through the analysis steps. Samples Absorption Values
were counted in a low-background counting system

4(background < 10 counts per min) until adequate The GI absorption of an element can be deter-
counting statistics were achieved for each of the mined by simultaneously administering two iso-
radionuclides. topes of that element to the same animal, one

isotope intravenously and one orally. This method
Before use, this method was validated by analysis has been used to determine the GI absorption of
of a urine specirnen to which known amounts of calcium (DeGrazia et al.,1965), iron (Inamoto,
2scPu, 239Pu,2sa y,2aaU, and 237t Np had been 1970), and neptunium (Popplewell et al.,1990)in

humans. Blood and urine san >ples and tissue

ALPHA ENERGY. MeV
after the isotope admmistrations. From the=s

,-_ u,.

u u
., r- i cown amount of the i.v. isotope injected into

' bL0 (A ) and the oral /i.v. isotopic ratio in bloodj
(or urine or tissue biopsy specimens), the amount' - %

|
m

M of the ingested isotope that was absorbed from the
GI tract to blood (A ) can be calculated as follows:y

_

Ao = A; x N
Si,m

It
Y'

!n i where A, = amount of oral isotope reaching;
I m j ! blood from GI tract

'"
, A= amount ofi,v. isotope injectedg

f ; into blood
/ .V < k ( |a

s, = activity of oral isotope in- n n x M

cHAWG NUMBER . sample s

Figure 2.1 Alpha spectrum from the deter- s= activity of i.v. isotope inf
mination of238Pu, 238Pu,and 23"Pu sample s

1
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Methods

Table 2.3 Determination of actinides in a
test urine sample

isotopes Cor. centration (pCl/L)

Measured Diluent Prepared Measured"

242Pu 1.12 1.10, 1.09 (0,007)236 Pu.
23*Pu 3.28 3.27, 3.28 (0.007)

Pu 0.093 0.105, 0.099 (0.004)239

238U 1.91 1.90, 1.90 (0.04)233U
236U 1.97 1.90, 2.02 (0.04)

Np Np 0.387 0.383, 0.40 t (0.015)239237

"Value in parentheses is the standard deviathn for the twn measured valuen

The fraction absorbed to blood (the GI absorption 2.7 Experiment 1 Protocol
value, ff)is the amount reaching the blood (A )y
divided by the known dose oi oral isotope ingested Experitaent I was conducted to determine the GI
(D): absarption of plutonium and neptunium in fed and

fasted baboons and of urenium in fasted baboons.

fi=,Aa/ On day 0 of the protocal (Fig. 2.2), each of four
adult baboons was administered a known amount

-of Pu(VI)(mean dose,4.3 kBq) through a239

stomach tube at 0900-1000,2 h after the morning
Substituting for A from above,it can be seen that: feeding of baboons B704, B1050, and B1046, and -o

after a 14-h overnight fast (from 2000 to 1000

/2 - - A' x 3" - s" x A -.J. = R"" hours) of baboon B1048. Blood was taken at 4 hA
239D, D sg I)n sg R (8704) or 8 h (B1050, B1046, B1048) after Puo ai

admiaistration. On day 14 of the protocol
(Fig. 2.2), each of the same four baboons was

236
wh.ere administered known amounts of Pu(VI) (mean

233dose,3.4 kBq) and U(VI) (mean dose; 4.6 kBq)

R,g- Ag - fraet.mual retentjon of i.v.through a stomach tube at 0900-1000, after a 24-h#'
. .

isotope in samp e s fast. Immediately after the i.g. administrations on
day 14, each baboon received an i.v. injection of-

- - fractional retention of oral
23*Pu(VI)(mean dose,12.6 Bq) and 23"U(VI)#

R 8o F ~ isotope in sample s (mean dose,14.9 Bq). ' Blood samples were taken
8 h after these administrations.

Consequently, the fractional GI absorption value,
fy, can be calculated directly as the fractional Starting on day 0, each animal was housed in a i

!retention of the oral isotope in a given sample stainless steel ractabolism cage, and urine and
(R,y) divided by the fractional retention of the i.v. feces were collected daily. In addition, for each
isotope in that same sample (R,3). For this method baboon except B704, ene urine sample was
to apply, the i.v. isotope must be metabolically obtained by catheterization 4 d after the plu-
equivalent to the absorbed portion of the oral tonium and uranium administrations. On day 40

' isotope, of the experiment,32 d after the dual isotope
administrations on day 14, three baboons (B704,

7 NUREG/CR-5842
| -
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Methoda

Day 0 Fed 239Pu i.g. + 2 "Np i.g.

14 Fasted 23"Pu i.g. + 23*Pu i.v., 233U i.g. + 23f'U i.v., 2 7Npi.g.

45 Fasted 239Npi.g.
46 Sacrifice

Figure 2.2 Experiment I design: G1 absorption of plutonium and neptunium
in fed and fasted adult baboons and of uranium in fasted adult baboons

B1050, B1948) were sa;rificed, and one baboon 1.9 kBq) through a stomach tube (Cohen and
(B104Q had biopsies taken of the liver and caudal Ralston,1987; Ralston,1990).
vertebrae. All excreta and all tissues taken at
sacrifice were ashed and analyzed for isotopes of 2.8 Experiment 2 Protocol
uranium and plutonium by means of ASID. This
experiment provided GI absorption values of plu- This experiment was conducted to determine the
tonium in fed (239Pu) and fasted (236Pu) adult GI absorption of uranium in fed adult baboons and
baboons and of uranium in fasted (2asU) adult the GI absorption of plutonium and neptunium at
baboons. GI absorption values were obtained by various times after a morning meal. On day 0 of
the dual isotope method from isotopic ratios in the protocol (Fig. 2.3), three adult baboons (B358,
samples of blood, urine, liver, and bene. For the B880, B230) were given a breakfast of one banana
baboons that were sacrificed, values were als (peeled,100 g) and three largo pecan oatmeal
obtained by summatioa of the amounts ofisotope cookies (80 g, Archway Co.) at 0700. The animals
in urine and tissues. As part of this collaborative ali ate their meals immediately. At 1100 4 h
study with NYUMC, the babnns were also admm- aner the meal, each was administered Pu(VI)23d

istered known amounts of a9Np (day 0 and orally (mean dose,7.5 kBq) and 23sPu(VI)
2

287day 45; 5.9 m 1.0 MBq) and Np (day 14; 5.1 * intravenously (mean dose,11 Bq). A blood sample

.

Day 0 4 h Fast 23sPu i.g. + 23sPu i.v., 237Npi.g.
L.
1

ra9Pu i.g. + 23*Pu i.v., 237Npi.g.21 6-h Fast
1

42 8-h Fast 239Pu i.g. + 238Pu i.v.,237Npi.e

23356 Fed U i.g. + 23sU i.v.

|-
! 70 Biopsy

Figure 2.3 Experiment 2 design: GI absorption of uranium in
fed adult baboons and effects of duration of fast on GI,

'

absorption of plutonium and neptunium in adult baboons

'
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Methods

was taken from each animal 8 h aRer the adminis- plutonium isotopes in the same amounts as before,
trations. Urine samples were collected daily, and .a"Pu VI) orally and "*Pu(VI) intravenously.
a separate urine specimen was collected by Blood and urine smuples were collected as for the
catheterization on day 4. second set of plutonium administrations. As part

of this collaborative study w h NYUMC, the ba.
On day 21, when blood and urine concentrations of boons were also administered known amounts of

23?2xPu and 23*Pu had decreased to sery low levels, Np (10 1 kBq) through a stomach tube on
the same three baboons were again given the same days 0,21, and 42 (Fig. 2.3)(llalston,1990).
breakfast at 0730. At 1300,6 h after the meal,
each baboon was again administered two isotopes On day 56, the same three baboons were given two
of plutonium, this time 2"Pu(VI) orally (mean isotopes of uranium,2"U orally 113 LUq) and *U

2dose,5.4 kBq) and nPutVI) intravenously (mean intravenously (10 Uqt Administration was at
dose,11 Bq). Blood samples were taken just prior 0900,2 h after their morning feeding. Urine sam.
to the administrations and 8 h after. Urine sam- ples were collected daily during the day 56-60
ules were collected during the 24.h period prior to interval, and urine specimens were obtained by
% ndministrations and daily thereafter. A sep- cathetoriratwn on day 60,4 d after the uranium

O , + ' macimen was obtained by catheterization on administrations. On day 70, samples of caudal
! A., uu, i Sr the second set of plutonium vertebrae were removed from each baboon at

[ administ -r biopsy. No animal was sacrificed. Only samples.

of caudal vertebrae could be analyzed from this
On4 D the same three baboons were again study because of programmatic restrictions. These
jvn ne same breakfast at 0700. At 1500,8 h samples were ashed and analyzed for plutonium,j
Jter the meal, each baboon was administered two uranium, and neptunium.

kt

I

9 NUREG/CR-5842
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l 3 Results: Plutoniuut
,

3.1 Gastrointestinal Absorption in muscle was low, but muscle mass was high,

of Plutonium: Sacrifice muhing in the remaining organs containing plu-
tomum m the order muscle > spleen > kidneys e

hietllod lungs. The first 24-h urine sample contained
13H4 of the absotbed plutonium, where absorbed

One method for determinine .he G1 absorption of plutonium = sum of plutonium in tissues 4 urine.
plutonium is to administer an isotope orally and to After day in, plutonium levels in urine were high
sum the amounts retainen. in tissues obtained at due to contamination by #Pu in feces from the
sacrifice with the amoun* excreted in urine. oral dose. The plutonium fractional GI absorption
Table 3.1 presents detailt d results for this method value for B704 after a 24 h fast was 1.60 x 10-4
applied to determining the GI absorptica of *Pu to.010's) as determined by this method. The sacri-
in baboon 11704 on day 14 m' experiment 1. As can lice method does not take into account any 23"Pu
be seen, the liver and skeletu at sacrifice 32 d that was absorbed and then excreted in fnces
aller administration contained most of the because of the inability to distinguish between
retained phttonium, with a liver!. skeleton ratio of unabsorbed 23"Pu from the administered dose and
approximately 1:1. The plutonium concentration "Pu absorbed and then excreted in feces.

Table 3.1 Gastrointestinal absorption of plutonium in fasted baboon H704:
sacrifice method"

23 cpu content"
Percentage

4Sample 10 x fraction of retained
Sample wt.b (g) dpm of dose plutonium

Skeleton 476 4.92 0.24 0.60 0.03 43.5
Liver 264 5.5520.22 0.67 e 0.03 48.6
Muscle 3990 0.758 0.160 0.0913 0.0193 6.6
Spleen -d 0.082 0.011 0.0099 0.0013 0.7
Left kidney 18.1 0.017 0.004

0'0042 + 0'0011 0'3Itight kidney 18.8 0.018 2 0.005 -

Lungs 68.3 0.028 0.006 0.0034 0.0007 03

Total retained *Pu 1.3820.04 100 s

Day-15 urine 1567 1.8620.09 0 22 + 0 01 - 13.S*

Total absorbed *Pu 1.60 0.04

" Baboon U"'04 wa administered M3.000 dpm #Pu (136 kU(p by i u. intuhation at 0900 on day 14 of experiment 1 after a
24.h fet. Samples other than urine were obtained at sacrifice of the bnhoon on day 46,32 d after "Pu administintion.
The day-15 unne sample was a 24.h collection obtained one day afte "Pu administration, before the appearance of
high leveh of"Pu in feces.

l' Ash weight ihr skeleton. wet weight for other samples. Weights are for whole organ niwue>> and 24 h collection (urinet

' Values are tuean 2 SE. Fractim of dee = tractica ofintrapastrically udministered Pu retained per sample. SE k#

values show the uncertatnty awaated with u. counting #Pu in the sample. Total retained Pu = sum of samples the I
#

total absorbed "Pu = samples + urint. I

b
dNot weighed.

' Percentage of abuirhed t not retained) #Pu.

NUREG/CR 5812 10
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Plutonium

In Experiment 1, three baboons were sacrificed:
On comparison of mean values, fasting caused a|

13-fold increase in the G1 absorption of plutonium
11704,111018, and 131050. Plutonium GI absorp- in the adult baboon. On comparison of values for
tion values determined by the sarrifice method for individual baboons,11701 showed essentially no
these baboons after a 14-h or 24 h fast are pre. increase due to fasting, while B1050 showed a
sented in Table 3.2. There was a 16-fold range in 33-fold increase. (Because GI absorption values4
fractional Gl absorption values, from 1.6 x 10 for
B704 to.0169 ) to 20 x 10 for Blot 8 (0.26% L The

for 23"Pu,2aaU, and Np were all low for admin-237
4

istrations on day 14 to fasted baboon 11701, we
mean value for the fasted animals was (1215) x suspect that H704, the first 24 h fasted anium)in104(mean SE, n = 4), or 0.129. GI absorption
values for fed animals are presented in Table 3.1

our study, may have inadvertantly obtained some
foodJThe two values had a 5 fold range and a mean of

(0.912 0.61 x 104 (mean i SE, n : 21 or 0.0099.

Table 3.2 Gastrointestinal absorption of plutonium in
fasted adult baboons: sacrifice method"

Plutonium content
(10 x fraction of dose)8

238
230Pu P u _.

Sample 11704 Ill N 8 111050 111048

Skeleton 0.60 2.97 5.04 14.43

Liver 0.67 4.35 3.40 8.40

Other tissues 0 11 0.4s 0.39 2 49'ch

Total retained Pu 1.38 7.80 9.43 25.32

d
0.22 0 30 0 93 0 57"

Day-15 urine

Total absorbed Pu 1.60 8.10 10.36 25.89

*llaboons were administered "IM (14 A7 kBq' by i g intuhation at o900 on)

day 14 of experiment 1 after a 24-h fast llaboon 111048 was also administered
_.

# u M.7 kihp intragn.strically at 0900 on day o aner a 14-h overnight fast (noP
breakfam. See Table 31, footnote a, for noter. on sample collection.

'For B704, *other ti ,,ues" = ki-ineys, muscle, htngs, and spleen, analyzed sepu-
rately and nummed. For 111050. Kher tiwuei = kidneys, n.uscle, and lungs
analyred heparately and summed with a won tu. sue coniposite containing norta,
trachen, spleen, benrt, pancreas, uterus ovaris and tubes, eyes, thyroid, and
odrenals

#For 111048,"other tissuei were not analyzed, values were calculated huwd on

the mean fraction of tntal retained Pu in "other tmsues" for the other two
hidinoni

For B1050, day-15 urine was contaminated with "IM in feces trom i g.d

ndministration on day 14. The value given was cahmlated based on the mean

fraction of total retained Pu excreted in the urine of other two I ahoons.

"This urine was collected on day 1(not day to,24 h idbr *Pu adminstration.

1
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Plutonium

Table 3.3 Gastrointestinal absorption of skeleton, we postulate that the remaining 23%plutonium in fed adult baboons:
might have been excreted in feces. (Twenty threesacrifice method" percent of the i.v. 238Pu dose 1175 dpm) could not
be clearly quantitated in feces because 238Pu was
also present in feces as a small fraction of the oral
2mPu [ Table 2.21.) Assuming that a similar frac.

2nPu Content tion of the 23"Pu absorbed through the GI tract
4(10 x fraction was present in the "other" fraction, the total frac-
of dose) tional absor 236

2.12 x 10'4 (ption of
Pu by baboon I1704 was

0.021%),Sample 11704 111050

Skeleton 0.80 0.181 Table 3.5 presents a detailed distribution of the
Liver 0.52 0.087 ral and i.v. is topes in the skeleton. The oralh,.v.

hOther tissues 0.11 0.038 is t pic r tio is nearly the same for each of the 24
skeletal parts, again demonstratmg the equivalent

Total retained Pu 1.43 0.300 handling of the i.v. and oral plutonium by the
-

Day-1 urino 0.04 0.004

Total absorbed Pu 1.47 0.310 in e ntrast to the tissue distribution data, the
urinary excretion of the oral isotope differed con-
siderably from that of the i.v. isotope (Fig. 3.1)."Dahoons were administered *Pu (H70$ o.73 kilq;2

D 1050, 9.1 kilq) by i g. Intubation at 090tc on day o While 8% of the i.v. 2rPu appeared in urine dur-
of experiment L 2 h after their morning fn ding. ing the first 24 h, very little appeared in urine
Day.1 urine was a 24.h collection obtalaed une day after that. For the oral 236Pu, urinary plutonium2
after "Pu administre. tion. Skeleton, hver, aad

increased until 3 d after administration and thennther tinues were obtained et sacrince 46 d atkr
| 2*Pu administration. decreased to low levels by 8 d. Although the

shape of the urinary 23SPu peak looked regular
*0ther tinues" wete as described in Tuhle 3.2, foot. "" * "" * #" " * "## ""
note b.

0 04
g 3 j i ; i , 7 - 10

3,2 Plutonium Metabolism after
Oral vs. Intravenous 3 ! - 5 3

,

. Administration. . .
1 e aa -

,nm : -.-!

; ,i ie-- tstaavcLuS N Pu

% I \ ,

For the dual isotope method to apply, the intra- (- |\ - 6|
t

~ venous isotope must be 'netabolically equivalent to d | ( fthe absorbed portion of the oral isotope. Table 3.4 y oc2 - , ,

2 ygives an accounting of the oral pPu vs. i.v. 238Pu
1 _'in baboon B704. After both administration modes,

j | ! /, [-om ms
| j* ~ '; 8-10% of the absorbed plutonium was excreted in f 1 i E

e

urine in the first 24 h (day 15 urine). In addition, _| ]

.

l. . by both modes, the ratio of plutonium in liver vs. ag i

| t
skeleton was 1:1. These results indicate that the I

,

$
- 2

t
major plutonium metabolic pathways were the

| { \
~

same, independent of whether the plutonium ' . g' w _,entered the bloodstream by i.v. injection or via the
of j '' ~yryryG1 tract. o

cay 3 arig,i pti,resivu acmistgar,en

Upon summing tho amotmts of238 Pu in urine,
liver, and skeleton, we were surprised to find that Figure 3.1 Plutonium content of urine
29% of the i.v. dose was not accounted for during days 1-8 after oral or intra-
("Other," Table 3.4). While about 6% of the i.v, venous plutonium administration
dose was present in tissues other than liver and to baboon B704

NUREG/CR-5842 12
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Plutonium

Table 3.4 Comparison of metabolism of plutonium in adult baboon 11704:
oral vs. Intravenous administration"

Plutonium content (fraction of
administered dose)

No. of
238samples Oral Pu

Sample analyzed (10 x fraction) 1.v. sasPu4

Urine

Day 15 1 0.22 (10'1) 0.082 (89)
h

Days 16-46, cumulative 13 6 17 t-) 0 029 (3"a

Tc .1 0.22 0.111

Tissues on day 46

Liver 4 0.67 (329) 0.298(30%)
Sk eleton 25 0.60 '28ca 0.296(309)
Other - 0.63 (309) Oy).E (299 )e

Total L90 0,889

Total absorbed 2.12 (100W) 1.000 (100's)

(urine + tissuesl

"Dakon H704 was adrninbtered "TN (13M kikp by i g. intutution und *lN (13 ilip by i v udministra.2

tion at u900 on day 14 of experiment 1. [1704 was suctificed on day 46.

%t included in calculation of total absurhed "}h ile tn enntamination of unne by "Pu in feces fromt

i.g. dose.

" Values for "other" were culmiated. Per the i g. "Pa. "other" was takulated by analogy to the i v. *lN.
p

making the total absorbed "Pu in this table (2.12 x lot sumewhat hmher than the value in Table 31
(1.00 x loi. Fer the i.v, "lN. ''other" is the amount of the i.v. dme nut accounted for by *1% in urine,
hver, and skeleton. A 5.mnll purti:m represents "pu in tissues other them liver and skeh ton (Table 3 21'

The remaining may repnsent *Pu extteted in feces. Gxcretion of i v. "Pu in feces could not beW
directly measured becauw of"Pu in feces from the presence of that i otope in the IM preparation

(Table 2.2lt

236excretion pathways for oral vs. i.v. plutonium, we an overabundance of oral Pu (presumably from
postulated that the urine, which was collected in a feces)in the cage-collected urine sample compared

23metabolism cage, was contaminated by Pu in with the catheter urine sample (Table 3,6).
,

/
feces. To test this hypothesis, we collected a urine

.

sample from baboon B1048 by catheterization 4 d The results also demonstrated that contamination
k aRer Pu! "Pu administration and compared of urine by oral isotopes in feces was critical for2N 2

the oralli.v. isotopic ratio for the catheter sample plutoniun, but not uranium. Contamination of
with the ratio for the urine collected in the cage on urine by feces was low enough to not significantly
that same day. diaturb the oralli.v. isotopic ratio for uranium

(Table 3.0). This is because the oral uranium was
236Figure 3.2 shows the amounts of oral Pu and more abundant in urine (it was absorbed through

i.v. 23*Pu in urine during the first 8 d after admin- the GI tract to a greater extent than was the
istration to baboon B1048. Clearly, the peak of plutonium, and most of the absorbed uranium was
236Pu in urine was not as regular as for 11701 excreted in urine).
(Fig. 3.1). In addition, for plutonium, there was

1

,
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- Plutonium

Table 3.5 Comparison of distribution of plutonium in bones of babocn 11704:
oral vs. Intravenous administration

Plutonium content"

nacPu (oral) 238 Pu (i.v.)
8 210 x 10 x

fraction fraction Oral /1,v.
Ash wt. Ash retained Ash retained ratio

lione (g) (dpnt g) [A] (dpm/g) [H] [Afillt

Skull (without calvarium)b 78.14 0.0088 0.828 0.398 4.06 0.20
Calvarium 21.52 0,0120 0.310 0.561 1R 0.20

hTotal skull 99.66 1.138 5.63 0.20

Cervical vertebrae 9.50 0.0113 0.130 0.466 0.58 0.22
Thoracic vertebrae 21.61 0.0219 0.466 1.014 2.73 0.17
Lumbar vertebrae 30.06 0.0205 0.742 1.029 4.04 0.18
Caudal vertebrae (tail) 13.33 0.0041 0.066 0.224 0.39 0.17
Pelvis + sacral vertebrae 53.41 0.0105 0.674 0.672 4.68 0.14
Rib 5 2.51 0.0138 0.040 0.00s 0.20 0.20
Rib 7 2.84 0.0204 0.070 0.043 0.24 0.29
Rib 9 2.82 0.0126 0.0 14 0.647 0.24 0.18
Ribs (all other) 19.24 0.0199 0.400 0.638 1.60 0.29
Scapulae 21.20 0.0120 0.260 0.545 1.52 0.18
Clavicles 2.27 0.0123 0.034 0.608 0.18 0.19
Sternum __2 26 0.0403 0.104 1.769 0.50 0.21

Total axial 181.05 3.096 10.90 0.18

Femora 46.21 0.0090 0.514 0.409 2.70 0.19
Patellae 1.84 0.0090 0.020 0.238 0.06 0.33
Tibiae -large end 7.83 0.0037 0.140 0.501 0.50 0.28
Tibiae - shaft 18.74 0.0018 0.046 0.096 0.22 0.21
Tibiae - small end 3.51 ND" ND 0.135 0.06 --

Fibulae 5.67 0.0024 0.024 0.123 0.10 0.24
Hands and feet. 35.28 0.0046 0.192 0.108 0.50 0.38
Humeri 40.17 0.0122 0.590 0.443 2.35 0.25
Radil 18.85 0.0036 0.086 0.103 0.25 0.33
Ulnae 18 34 0.0053 0.118 0.122 0 29 0.39

Total appendicular 196.44' 1.730 7.03 0.25-

bTotal skeleton 477.15 5.964 29.56 0.20
_

*The relative standard deviation of the mean for the values presented uveraged 23% f range 1040'U for the 2"Pu content und
4% (range 114%) for the 2nPu content. "dpm'g'shows concentration;' fraction retained''shows amount per 8 ample.

bNot including teeth.

'ND = nnt detectable.

NUREG/CR-5842 14
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Plutonium

Table 3.6 Evidence for plutonium, but not
urnulum, contamination of cage collected
urine samples by the oral isotope in feces"

Oral /i.v. irotopic ratio
.

238U730 pug 38p u 233U/
(dpnt dpm)Sample (d;im/dpm) /

Day-18 urine

Cage collected,24 h 25 108
,

Catheterized 0.80 89

" Data are for huboon UlD4M Day 18 coge-collectet' urine u ns n 24 h __.

collection obtained 4 d after administrution of *.ht (tL7 klkp and
U (6.7 kbp by i g intuhutian and "pu (16 klkp and "U2#

(161hp by i.v. administration Wyr 7 2). On day IN, a urma sample
was also t.htnined directly from the bladder by catheteri/ation in
avoid contamination by ihe oral into1*3 in feces.

_ _ . _ _ _ _ - _ _ . -

3.3 Gastrointestinal Absorption
of Plutonium: Dual Isotope

m .

Method
, mtw %;
i
* Table 3.7 presents fractional GI absorption valuesr m.

i$ | ','/ /\ 6 for 2acPu(VI) in baboon B704, calculated by the

/\ h Jual isotope method from the ratio of R /R,g ink
| '', /\ ,, y various samples. Although there was close to a

m
7

W y L
|'

%

/ \~ ~ - 3&' } 2 fold range from the low to the high valuej j i

E, [ ||
', '\ depending on the tissue *mple analyzed, the

r i i E calculated GI absorptim. <alue was largely con-

\I !* sistent from sample to sample, independent of -'"

's f! Il N whether the sample contained a large fraction ofi

i| p . % 'N p. the retained dose (e.g., liver) or a small fraction'

7. '-r7-" (e.g., nb 5), again indicatmg that the oral and i.v.L

isotopes were behaving metabor lly the same.un u un mm,w evwura

The mean calculated fractio- . absorption
Figure 3.2 Plutonium content of urine value,2.0 x 10"' (0.020%), y 25% higher than

during days 1-8 after oral or .ntravenous the value obtained by the sauiGee method,1.0 x
plutonium administration to baboon B1048 104 (0.0169)(Table 3.1). The clear advantages of

the dual isotope method are (1) it dots not require
sacrince of the animal and thus can be used to

In conclusion, differences in the temporal patterns determine GI absorption values in humans;(2) it
of plutonium in urine for the oral vs. i.v. isotopes requires much less sample analysis time; and

l clearly renected contamination of urine by feces (3) the same animal can provide multiple GI
,

and not differences in excretion pathways for the absorption values by readministration of a dual
oral vs. i.v. isotopes. set of isotopes after the original isotopes have

cleared from blood and urine.

I
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Plutonium

Table 3.7 Gastrointestinal absorption of plutonium in fasted
baboon 11704: dual isotope method

Plutonium content"
4

(fraction of dose) 10 x
calculated

23oPu 23sPu fractional GI
8 2 i- Sample (10 x R,,,) (10 x Ra) absorption ,

Blood,8 h 5.6c 25' 2.2
dUrine, day 15 2.2 8.2 2.7

Liver 6.7 30 2.2 (
Total skeleton 6.0 30 2.0
Caudal vertebrae 0.066 0.39 1.7
Skull 0.83 4.06 2.0
Pelvis + sacral vertebrae 0.67 4.68 1.5
Rib 5 0.010 0.20 2.0

Mean 2 SE (n) 2.0 0.1 (8)

" Values are the fiaction of administered plutonium retained by the sample ("Pu adminis-
tued orally,2"Pu administered intravenouslyt Samph s other than bled and urine were
obtained at soerifice of the baboon 32 d after admmistration of"Pu t1.4 kilq) and "Pu
(la lig)(day 46 of experiment 1).

bSumple cateulation for h.h bhiod.

g ._ R
4

ao _ 5.6 x 10 ' - o ' x 10 -4
R 25 x 10~2si

where R,,, n fractional retention ofi g. dose m sample
R,, a fmetional retention ofi.v. dose in sample

"v'alue is for total bhod in the animal at 8 h tussuming hh.od equals 79 of body weight),
indic;. ting that, for example,254 of the i.v. plutonium was present in the blood at a h after
administratinn.

dDay 15 urine sample was a 24.h collection obtained one day after the administration of
"Pu and "Pu sn day 14 of experiment it Only day 15 urine was used to calculate f, fe
plutonium because contamination nf urine h., "Pu in feces was unlikely on that day; the
oral'y administered actmides were assumed to be present in feces ofter thut not ont day 15
(Fig. 3.1. Table 3.61

Table 3.8 gives the values of R,(fractional that could be obtained without sacriGee of the
retention of23"Pu and 236Pu) and Rg (fractional animal and thus might be used by other investiga-
retention of23sPu) that were used to calculate GI tors.
absorption values for l' boons B704, B1048,
B1050, and B1046 by the dual isotope method. GI absorption values calculated from ratios for
239Pu was administered orally to fed animals individual samples of blood, urine, bone, and liver
(except for B1048) and 23sPu was administered in general agreed well with one another and al-
orally to 24-h-fasted animals. Table 3.9 provides most always were close to the mean value for all
the fractional Gi absorption values calculated from samples. Calculated GI absorption values for

4the fractional retention values, R and R , in plutonium ranged from 2.2 x 10 for B704 to 59 xy g
4Table 3.8. The tissues selected to provide GI 10 for B1046 for the fasted animals and from

absorption values in Table 3.9 (blood, urine, l
caudal vertebrae, liver biopsy specimen) are those

NUREG/CR-5842 16
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| Tabic 3.8 Plutonium content of samples used to determine GI absorption by the dual isotope method.

Plutonium content (fraction of dose) __

B703 H1048 111050 111016

239Pu 23sPu 238Pu Pu 23sPu 23sPu 239Pu 23 cpu 23sPu 2 'Pu 23 cpu 238Pu239

5 5 2 5 8 2 s 3 2 5 5 2

(10 x (10 x (10 x (10 x (10 x (10 x (lo x (10 x (10 x (10 x (10 x (10 x

Samp!c" R,,,) R.,,) R,g) R,,,) R,,,) R,g) R,,,) R ,,) R g) R,,,) R,,,) R,g)
s

d

Illood,8 h 3.02' 5.97 26.7 53.6 25.5 21.5 0.61 23.2 43.3 ND 126 26.7
h

Urine, day 1* 0.43 2.24 8.22 - - - -- -- - - -- -

day-4 cath! - - -- -- 1.69 1.09 - u.75 0.41 - 9.22 1.09

l Caudal 0.18 0.066 0.39 1.19 0.50 0.72 0.015 0.28 0.2S ND 0.20 0.064

vertebrae"

Liver, biopsy -- - -- 1.78 0.54 0.40 0.010 0.47 0.22 0.036 5.59 0.76h
-

Total liver 5.17 6.70 29.8 - -- - -- - - - - -

"
|

2"Pu
f

" Samples other than bl~.d and urine were obtained either by sacrifier 4 B704. B1048. B1050) or by biopsy (B10461 on day 46 of experiment 1,46 d after
administrath;n and 32 d after *I%/ "Pu administration.Z 2

f

|
"Bbd was obtained H h after imtope administration an day 0 (for "*Pu! and day 44 e fer "Pu and "Put Vah2e* are for whole bl, -d as-ummg bbd = 74 of h.dy
weight L

#Bbd sarrple taken at 4 h trather than 8 h) after 2% administration.

dND = n< t detectable.

Mou and "Pa." Urine was collected dur:ng the first 24 h after iv tope administraten. i.e.. on day I for 2"Pu and day 15 for

Sample obtained fmm the bladder by catheterization 4 d after isotope administration (day la of exprritnent IL Value* ere calculated to o.rrespond to 24-h urineI
collectien based on fraction of 244 urine v.eight obtained by catheterirstian. Catheterized and 24.h urine scights were 4 A g and 19W g for D104N R9 g andZ _

h 1223 g fier B1050; 26 g and 588 g for B1046. :
j h| m
I Q 8C,adal vertebrae 1-17 for B704; 114 for B1048; I & 2.11-13, and part of 14 for B1050. and S16 and part of IT for Blo46 5

N~a
Values are Pu contents of biopsy sample. Liser biopsy and totalliver weights were 2.7 g and 218 g for B104m 3.2 g and 203 g for Blu50; 42 g and unknown forh :
B1046 (which was not sacrificed, so the hver weight is unknown).cc

u
tQ
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Plutonium

Table 3.9 Gastrointestinal absorption of plutonium in fed and fasted adult baboons:
dual isotope method"

4 b10 x calculated fractional Gl absorption

Sample 11704 111018 111050 11104G 111018'

dFasted animals

Blood,8 h 2.2 12 5 47 25
Urine,4 d cath. 2.7 16 18 85 -

| Bone, caudal vert. 1.7 10 16 31 17
Liver, biopsy 2.2 14 21 74 45

Mean SE (n) 2.220,2(4) 13 1(4) 1523(4) 59 11 (4) 2927(4)

Fed animals"
IBlood,8 h 1,1 -- 0.14 ND --

Bone, caudal vert, 4.6 - 0.54 ND --

Liver, biopsy 1.7 -- 0.40 0.47 -

Mean SE (n) 2.520.9(3) - 0.38 0.10 (3) 0.47(1) --

"On day 0 of experiment 1, fed baboons were administered "Pu (0.7341 kIAp by i g intubation at 0900. On day 14.
fasted baboons were ndministered "Pu (1.4 6.7 klkp by i g. intuhatun at 09ho and "Pu (lo.iti Dq) by i v. inyction
imnwdietely afterwards. For fasted animala, administrations were ener a 24.h fast except where in:licated; for led
animals, administrations were 2 h after a morning meal.

IValues calculated by dual inntope method (see text and Table 3.7, footnote ht

' Values based on 23g43APu ratios (R,,/R,. Table 3a ofindicated amples. Blo48 was administered "Pu on day 0
after a 14.h overnight fast to simulate a baboon "without breakfast."

dValues calculated from "Pu#3*Pu ratios (R,,/R,, Table am of the indiented samph's except for second U1048 value,
which used23%#3*Pu ratios (see note et For B704, urine was a 24-h collection on day 1innt a 4 d cathetenzatiant

' Values calculated from 23g43"Pu ratios (R,,/R,, Table am ofindiented samph s- --

IND = not detectable.

0.38 x 10-4 for B1050 to 2.5 x 10 for B704 for the values. Note that bataon B1046, whose GI ab-4

fed animals. EtTects of fasting were 40 fold for sorption val tes were not shown in earlier tables
B1050,125-fold for B1046, and non-existent for because she was not sacrinced, had the L:ghest GI
B704, again indicating that B704 may have absorption value in the 24-h-fasted state (59 x '

4inadvertantly obtained some food. 10 ,0.59%)(Tables 3.9 and 3.10), bringing up the |

mean GI absorption value fbr the fasted animals
4 4 '3.4 Comparison of Sacrifice vs. from (15 z c) x 10 with n = 4 to (24 2-11) x 10

with n = 5 (Table 3.10). As mentioned earlier, theDual Isotope Methods sacri 6co method values may be lower than the
dual isotope method values because the former do

Plutonium GI absorption values obtained by the not account for plutonium excreted into feces after
dualisotope method agreed reasonably well with GI absorption. Results demonstrate that the dual
those obtamed by the sacrince method isotope method can be used as a reliable means of
(Table 3.10), On the average, sacrince method determining the Gl absorption of plutonium in
values were 72% of the dual isotope method adult baboons.

|
NUREG/CR-5842 18
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| Plutonium

Table 3.10 l'lutonium GI absorption in fed and fasted
adult baboons: comparison of sacrifice and

dua* !sotope methods

10 x fractional Gl absorption"

Feeding Sacrifice Dual
regimen lAl luitope lill Ml

hFasted

11704 1.6 2.2 0.73
111018 8.1 13 OM2
111050 10 15 0E0
111010 59
111018" 20 29 0.90

Mean i SE (n) 12 a 5 (4)
21s1115|15 6 (4f

Fed

11701 1.5 2.5 0.50
111050 0.31 0.38 0.82
1110 10 0.47-

Mean i SE fn) 0.91206(2) 1.121.2(3)
1.41 1.1 (2)d

" Values for nu'rifice nicthod are from inbles 3 *i and 3 3, s alun for duul '

iwtope inethod are trom Table 3 9.
.

bAntinnis were fasted (br 24 h before plutonium udntuustration. except where
indwcted.

'1%t was a 14.h ovemight to siinulate a behoon "mthout bienkf ast J '

dMean for dualiwtope inethod urluding 111o46, which wan not encrifked
This rnean is therefore duectly cornpaeuble in the macrifke inethod roonn.

3.5 Effects of Feeding Regimen nicht fast, baboon "w itbout breakfast") absorbed

and Animal Species on the plutonium to the saine extent is 4he 24-h fasted 1

amnuds (29 x 10-4, In0 s> iraba 3.10h
Gastrointestinal Absorption
O1f PlutonillIn in Experiment 2, we as! ad whether the G1 absorp-

tion of plutonium was a reased significantly by
4-8 h aller a more ng meal in the absente of addi-3.5.1 Feeding llegimen tional food intake. 01 absorption vclues were
determined by the dual isotope method from anal-

In Experiment 1, we showed by two methods that
yses of sotopie ratios in caudal vertebrae of ani-the G1 absorption of plutonium was about 20 x mais given "*Pu intravenously and either ""Pu

10'4 (0.27) in 24 h fasted adult baboons and about Wor Pu by i.g. intubation at varioes times after a
1 x 10-4 (0.01%)in fed animals given plutonium morning meal. Plutonium contents of the caudal
2 h aner the morning feeding (Tables 3.2, 3.3, 3.9, vertebrae and calculated GI absorption values are
3.10). We alsa showed that one babcon given

snown in Table 3.11. Four hours after the morn-plutonium with no morning feeding (11 h over- ing meal, individual GI absorption values were
1

10 NUltEG/ Cit 5812
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Plutonium

Table 3.!! Plutonium content of caudal vertel,rne and cairulated GI absorption values for
adult baboons adminl*tered plutoniutu a'. 4,0, and H h after a breakfaut tucal"

. . OV

h 108 x calculatedCaudal vertebrae Pu content
- fractional Gl

Fraction of abi.orpt ion
Animal isotope Cond;tionn dpnhample dos,e/sa mple value (II,,//ta)

11230 * Pu(i.va - 0.9M t 0.045 (2) 5.11 x 10 * fit >g
*Pu fi gJ 4 h fast 0.0,110.005(2) 7.20 x 10* (It,,,) 1.1
* l'u (i g) 6484 fast 0.12810.0'JB (2) 1.90 x 104 (lt ,) 3.8y

11358 *Pu t i.v.) - 2.02 t 0.05 (2) 3.01 x 144 (It )a
"Pu (i g.) 4.h fast 0.007 t 0.011 (2) 1.47 x 10 lith,) 0,194

11880 *Pu (i.v. ) - 3.70 2 0 LO(2) 1.82 x 10 fl{ p3

*Pu (i.g.) 4 h fast OJ:d4 2 0.018 (2) 7.11 x 10'7 (11, ,) 1.1

Pu (i.g) 0 + 8 h fast 0 22M 2 0.014 (2) 3.48 x 10 7 (it ) 1.9#

"In up. nwnt 2, baia 4a incived don 1 twto e adrnini irnu -* < n Hiree a parate den '1% a g ) + 2"Pu o g ) at 4 h afn r
brenkfet on duy o. "Pu u g ) 4 7"pu a v ) et 6 h plh r 8. on dry 21, r.nd the lutter > tope pnir again at h h afh re.

14enkfat on day 42 Unu em bed the irlNo ob -nl .

'Caudi.1 vertti rue #1.lo were rene,ved on day 70, The brdmn* were not sacrinced The dern vnbin are rnenn a sh.ndard
deviation for two wrparate a4rmb of the caudal verh brae dige*t.

4 41.4 x 10 and 4,1 x 10 , similar to those in the fasted smimals (Table 3.12). If the baboons and
fed animal. Similarly, GI absorption values that mice consumed food Ibanana mal catmeal cookies
were means from administrations at 6 h and 8 h for baboons, mouse chow for mice) at the start of

4aner the morning meal ranged from 0.49 x 10 to their active phase, the G1 absorption of plutonium
43.8 x 10 , indicating that ven by 8 h afler a was s milar to that of fed animals 2 h after the8

breakfast of oatmeal cookies and a banana, the GI meal, and absorption did not rise to the value of
' absorption of plutonium had still not significantly 21.h. fasted animals even 8 h after the meal
increased beyond that of the animal given plu- (Table 3.12).
tunium 2 h aner the morning feeding (Table 3.10).

A summary of effects of various feeding regimens
on the G1 absorption of plutonium in adult Plutonium Gl absorption values in fed aninals
baboonc and mice is shown in Table 3.12. When were similar for mice, baboons, and humans
botl. baboons and mice were without food for the (Table 3.13). In fasted animals, value. for
first 2 h of the active phase of their daily activity humans were not available. but those for mice and
c3 cle (animals with no breakfast), the G1 absorp- baboons agreed well with one anomer.
hon of plutonium was the same as that of 24.h.

NUltEG/CR-5842 20



l'lutonium

Table 3.12 til absorption of plutonium in mluit huboonw aml mice
before anti at variouw timew after n incakfast meal

b1)uration l'ercentage absorbe<l
Contlition at of fat.t"

nelministration (h1 llahoonu Mice

21.h fat ted 21 0.2210.1301) 0.19 0.02 112)
No breakfast + 2 h 14 0.28(1) 0.1710.05(5)
lireakfast + 2 h 2 0 012 2 0.011 <3) 0.021 a 0.00h a 6s
!!reakfast + 4 h 4 0.020 t 0.011 (3) 0,017 1 0.001(5)

lirenkfast + 6 h 6 '"l'

0 'O # 0 010 W'

lireakfast + 8 h 8 0.090 2 0,030(7)
2

"[hlthtiorn ( | f ttht a tuttid.L:r of hour 16 'if Ist* t Hig ['llot t o plJti'nlutu bdinint*tl ation All
hnitnalm %t te re ftd 24 h pfler the ,14thniurn S an pdinittistered.

'Tulues nre int et. 2 SE, with the nundwr of atuinnin thou n in run nthews '! he s aloo f-r n
hnboon with tio breakfast wan obtained by adininisternig plutoniurn et If ni!! s'tt r u 14 h
overnight fast. Hiw eith 'w breukfnit" were i..;ted from the start of their actiu phase
and adminintt red plutoniurn 2 h later lluhoont, with_t renkinst mere fod n descobed in the
trat and were edininistered plutonienn L 4, c. or s h Inter. ML:e with htrakfast utre
oth.wed to out for the nrvt 4 h of th(Ir nett' ; hnw la fore f-.od au* removed. tho w era
udininistered plutonturn 2,4, and N h aller the ri tma al of their food Date for rnh ove
fro:n IJhottin haryya 51 si. (19%I.

'nd , no; dettrmined

Table 3.13 GI absorption of plutoniinm:
an interspecies comparison

l'ereentage absorbett
l'eeding

hregimen M!ce" llaboons llumans

Fed

Mean 0.014 0.011 0.008
SE OhJ2 0.012 0.003
n 12 3 8

Fasteder

f Mean 0.19 0. ""
SE 0.02 0.13 -

| n 12 4 --

* Data aie inun libattachary)n et al. (INL

'7his s alue is for glutoritum bi<dogically incorporated mio
winkle * 0lunt et al.,19%.19+n rather than in drinking
water and may not he stoetly comparable to the othert

'Anitrutls were fasted for 24 h.

21 NUIEG/Cil.5842
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1 Itesults: Uraniurn

1.1 Gastrointestinal Absorption the >Lel" ton, with niuch snudier iu rceninges
(l-6's ) in liver, kidne), uful niusch- (Table 1.I hof Uranluin: Sacrifice

Metliotl G1 obsorption values obtained at sacrifice or tw o
additional baboons are shown in Table 4.2. These

#Sununing the anmunts of U in tissues with that s alues take into e; count o'ily the first 8 d of
excreted in urine for baboon 11701 3 ehls a f rac- urinary uraniurn excretion, because urine satuplesi

tional Gl abwrption value for the 21.h. fasted be3ond 8 d were not anal) red for the mhlitional
animal of 1.25 x 10'2, or 1.25'i (Table 4.l h ofthe baboons. Considering all three aninnds, the ruean
uraniutu absorbed through the GI tract,67G was fractional Gl absorption of uraniuni in the 21 h.
excre ted in urint in the fir.st 8 d. At $acrifice, M3'? fasted adult haboon by the sacrifice snethod was
of the uraniutu retained in tissues was present in 0.0.'O i 0.008 hnean 1 SE, n = 3h or 2V1,

Table 4.1 Unstrointestinal abuirptinn of uranlurn in fauted baboon 11701:
sacrifice inethod"

# U content"
810 x l'ereent age

Sarnple wt.h fraction of retained
Sarnple (g) d pin of dose uranlurn

Skeleton 476 37.1 0.0852 83 1
Liver 264 7.30 0.17 0.0000 0.4
Left kidney 18.4 3.2820.06 } O~0059 A8Itight kidney 18.8 34010,06 1
Muscle 3990 4.7911.20 0.0012 1.1
Spleen -d 02820.01 0.0003 0.3
Lungs 68.3 0.3630.02 0 0003 0.3

Total retained *U 0.10 100

lla)s 15 22 uriae 0.81 67.2"
I)avs 23 40 urine 0 31 24.8"

Total absarbed *U l.25

allaboon 117o4 was administered 114puo dpm "U (130 ko p by i p. intuhation at 090u on day 14 ef
ixpenment I aner a 2 8.h fast. Samples other than urine were obtained at snenfice 32 d af er WU
administration. Day ifr22 unne anmpics were dally 24.h mlintion, obtained on days IF.-22,14 d after
' ''U administrati"n.

'Ai.h wtight for >keleton, wet weight f"r other whole organt

%lun are mean i SE Fruction of done = fnution of introgastrienHy adnunietered M U retained p r
s a m ple.

SE $ ahiu whow the uncertasty"U contentnuocintt d w a h u. counting #U in the vaniple Values Shown
2wt re c"tretter' for neturally occurring Total retnined *U = sum of samples, the total

absorbed "U a >nmpin + urine.

d&t weighed.

' Percentage of abwrhed (not retained) *t t.

NUltEG/ Cit-5842 22
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Uranium

|

Tah'c 4.2 Unstrointestinal abhorintion of
uranium in three 21 h fakted adult

huboons: sacrifice method"

2ea3U content (10 x
fraction of dose)

Sample 11701 11101H Il1050

Skeleton 0.085 0.65 0. A7

1.iver 0.007 0.02 0.025
Kidneys 0.006 0.02" 0.025

IOthe r iissues ' O 004 0 Ol' O 007

l'otal ret.ained U 0,10 0.70 0 63

Days 15 22 urint OA1 2.77 2 05

Total absorbed U 0.91 3.47 3.28
.

allawn wt te nanonktered "if t t u o 7 kike by i g intuhn-
it"n at 0:#00 on day 14 of O M ttrnent i uhet n 24 h fu t.

0For U704. *other tinue** = kidneyn, inuwle, lunn. end
spleen, analyed separately and entned For lilo o. ithe r
tinues" = rnuule and hue anniped separately and surntued
with a $nft it**ue cornimmite ointnining norto u nt hc u. opleen.
hentl. pancivh*. uterus ovaries and tubes. ens thyroia, and
adrenal +

'For Ulatk, kidneys and "other tioun" we re not analyred
%duen were cohulated ly unningy in these snui} les tot the
other tu t. Lahnons.

4.2 Uranium Metabolism after crable 3 n. rr"other" is mostly made up or rt cal
racii nuclide, these results indicato that plutoniumOral vs. Intravenous inay be excreted m feces to a greater extent than

Adrainistration uraniem in the aduit baboon.

11y 32 d after administration of both oral Uand itesults of the detailed distribution of oral and i.v.233

j i.v. '"'U,84% of the absorbed uranium was uranium isotopes in skeleton (Table 4.4) show ed
excreted in urine for 11701 (Table 4.3). In add , that the oral /i.v. isotopic ratio was nearly the

tion, by both modes, the ratio of uranium in liver same for each of 24 skeletal parts, again demon-

to skeleton was 1:13 at sacrifice 32 d after admin. strating the equivalent handling of 1.v. and oral

istration. These results indicate that, as for uranium by the body,

plutonium, the nudor uranium metabolic pathways
*/ete indepeadent of whether the uranium entered in spite of the similar percentages of absorbed

the bloodstream by 1.v. injection or via the G1 uranium appearing in urine by 32 d after oral vs.
i.v. uranitun (Table 4.3), the time-course of excre-tract.
tion of the oral isotope ditTered considerably from

Sumumtion of the 2asU in all tissues and urine that of the i.v. isotope (Fig. 4.1). The oral isotope

accounted for 91'?e of the i.v. dose, leaving only 93 was excreted more slowly and steadily w:th time,
unaccounted for (see Other, Table 4.3). l'or com. while the i.v. isotope appearing in urine was

parison,29% of the i.v,2"Pu was unaccounted for nearly all excreted within the first 24 h. For
in these same tissue and urine samples for 11701 nample, for the i.e. isotope in baboons 11701.

23 NUllEG/ Cit-5812

____-- - _-__ _____________ _ _ -__



_ __ - - - _ _ - - - - - - - - - - - - - - -

Uranium

Table 4.3 nomparison of metabolium of uranium in adult habonn n104:
oral vs. Intravenouw adminiktration"

Uranium content (fraction
of administered dose)

No of oral 8330
8kamplen (10 x

Sample analyred fraction) 1.v. *U
Urine (cumulative)

1)ays 15 22 8 0.81 (01'J ) 0.81 (81'J !
Days 23-40 0 0 31 (23'3) 9M (3'3 )

Total 1.15 (64'3) 0. 81 ( 8 l'7c )

Tissues on day 40

Liver 4 0.0000 (OH7c ) 0.0015 (ORA >
Skeleton 25 0.0552 (0.2'#) 0.0017 (0.2's)

bOther -- 0.1301 (DM3 ) !)LIfd> (9 4'I)
Total 0.2222(10'A) 0.2262 f10's )

Total absorbed 1.37 (100';U 1.0 f 100'# ),

(urine + tissues)

811ah 'in U704 won adinint& red W Plf (130 kD.p by 1,t intuballon and LI(9 5 lhe by i v. adin!n-
tutrut h,n at omH) en any 14 of empetirnent 1. D704 was snerificed on day 4R

'Talues for *other" were enleulated For the i g WU, ''other" w se caladated by unality to the it.
"U. For the i v "U. "ot her" is the envuot of the i v. dow not awounted Ier by '"If in the#

urine, hver, and keleton. A small portion reprewnt. WU in tinues other than hver und skeh tonD(Table 4 2) The remnining inny represent li excreted in feces.

B1046, and 131048,85 t 2'1 (mean * SE, n = 3)' of 1.3 Gastrointestinal Absorption
the total amount excreted during tlye first 8 d was of Uranlunu Dual IsotoIieexcreted on the first day after adnunistration;in
contrast, the first day's urine accounted for only hleillotl
2915'l of the total amount of oral nU excreted2

during the first 8 d for these same animals. For Gl absorption values for uranium calculated from
baboon IM048, who urinated just 1 h afler isotope /R, ratios were nearly the same for a number
administration on day 14, the urine was highly R[ lifTerent sample types for baboon 11704, inde-o
enriched in the i.v. compared with the oral isotope, pendent of whether the samples contained a large
Consequently, for uranium, the dual isotop"

fraction of the absorbed uranium furine) or amethod only worked if an oral'i.v. ratio was sman fraction trib 5)(Table 4.5L Dy this method,
obtained from values for urinary exc etion the fractional GI absorption of uranium in B701
obtained cumulatively during at least the first 8 d atter a 24 h fast was 1.3 x 10 2 (1.3'4), much high-
after administration. The 4 d catheterized urine5

er than the absorption of plutonium (2.0 x 10'4,sample alone, for example, was too enriched in the 0.02'k; Table 3.7), which was administered at the i'

oralisotope compared with the i.v. isotope to give same time to the same baboon, j
a valid Gl absorption value by the dual isotope
method.

,
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Uranium I
:

Table 4,4 Comparison of distribution of uranit m in honen of baboon ll701:
oral vs. Intravenous adminihtration

Urantum content .

t

233 g (ppg]) 2Hg (g,y,)

10' x 10 x Gral/ .

8

fraction fraction 1.v. |
IAsh wt. Ash of dnso Ash of done ratio
!lione (g) (dpm/g) (Al (dpm/g) till [A/III

Skull (without calvariumf 78.14 0.199 1.307 0.078 1.07- 1.3
Calvarium 21.52 0.151 0.2R5 0.057 0.21 1.4 |

s,

Total skull' 99.00 1.052 1.28 1.3 j

ICervical vertebrae 9.50 0.186 0.155 0,068 0.11 1.4

Thoracle vertebrae 21.01 0 299 0.507 0.111 0.42 1.4
Luinbar vertebrao 30.00 0,318 0.838 0.122 0.04 1.3

Caudal vertebrae (tail) 13.33 0 150 0.183 0.054 0.13 14 |
l' elvis + sacral vertebrae 53.41 0.332 1.550 0.114 1.07 L5 i"-

. Itib 5 2.51 0.255 0.050 0.113 0.050 1.1 i

- Itih 7 ' , 2.84 0.201 0.065 0.093 0.040 1.4 |
Itib 0 2.82 0.220 0.055 0.102 0.050 1.1 !

Itibs (all other) 19.24 0.229 0.387 0.076 0.26 1.5
Scapula 21.20 0.236 0.438 0.088 0.33 1.3 .

'
Clavicle 2.27 0.285 0.057 0.118 0.010 1.2

: Sternum 2.26 0.720 0.143 0.238 0.094 1.5

Total acal 181.05 4.500 3.240 1.4

Femora 46.21 0.194 0.780 0.078 0.03 1.2 !
l'at ellae 1.84 0.013 0.099 0.054 0.018 5.5
Tibiae large end 7.83 0.141 0.097 0.049 0.000 1.5
Tiblae shaft 18.74 0.020 0.013 0.012 0.038 1.1

Tibiae 'small end' 3.51 0.0S0 0.025 0.031 0.018 1.4
Fibulae 5.07 0.050 0.028- 0.021 0.022 1.3
Hands and feet 35.28 0.134 0.415 0.035 0.22 1.9 |

. Ilumerl 40.17. 0.187 0.000 0.070 0.50 1.3
..'

Itadil 18.85 0.054 .0.089 0.01G 0.052 1.7
Ulnae 19.34 0 081 0.130 0.027 g038 1.5

Total appendicular 190.44 2.372 1.052 1.4-

Total skeleton" 477.15- 8.524 0.178 1.4 i

%t including tuth. +

t

___ .i

L
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Uranium

Table 4.5 Gantrointestinal absorpt!on of uranium in fasted
baboon 11704: dual isotope method

Unanium content"
2(10 x fraction
of dose) 10 *

calculated
saag 23nu fractional G'

b(lample (li,,.,) (Ita) absorption

111ood,8 h 0.017' 2.1c 0.8

Urine, days 15 22 0.84 81 1.0

Urine, days 15 40 1.1 *> 84 1.4

1,iver 0.0000 0.45 1.5

Total skeleton 0.089 6.17 1.4

Caudal vertebrae 0,0010 0.11 1.1

Skull 0.014 1.07 1.3

l' elvis + sacral vertebrae 0.016 1.07 1.5

llib 5 0.000*,0 0.050 1.1

Mean i SE (n) 1.310.119)

avaluca are the fraction of adnunistoed uranium reta% J ly the $nngle FU
adeninistered orally,2 "U admitosta red intreenousip Santles other than blmid
stal urine wire obtained at sacnfhr 32 d aner admine.tration nf"'U (1.90 kil$
and "U (9 f, ILp (day 46 of esperiment it

I Tor a sun 4 o < alm' ation, ut Table 3 7, hotnote h.t

Talue in for total bh+d in the animal at M h tanunang 1.h od (qun:. M of body
weight), indienting that, for ( xumple,2.1'1. of the i v. dow m an prewnt in 11ood t.t
H h after adminii.tration.

o With the dual isotope method, G1 absorptionc4 i i i r r- i T 3

values were obtained for four 24 h fasted and two

2
- fed adult bsboons. Values for uranium isotope

9 ! retention (If,o and it,,) for the various samples

f"
~

';
~ " { that were used to determine Gl abwrption values

are presented in Table 4.0, with calculated G1*
t i

mug aluvti.ws absorption values presented in Table 4.7 Mean
fractional Gl absorption values for the 24-h-fasted

b or - 5 --

4e:$i j baboon, consid. ring all samples, ranged from 1.2 x

$ j M UL'"o e 102 for baboon Il704 to 4.7 x 10 2 for 111018, a

( j ( smaller range than was observed for the GI
< et - j - to 1 absorption of plutonium administered at the same

j N | time to these same fasted animals (Table 3.9).
N -- - . The calculated GI absorption value based on the**

t, N]_ _ _,: r:{ === |''---j'---o 8 h blood sample was uniformly low compared
|--j ; j with the mean value for each of the four baboons.o

n

Les uite unamv ev*stuim In contrast, the vrlue based on the caudal verte-
"" " "" "# """ """

Figure 4.1 Uranium content of urine during
days 1-8 after oral or intravenous uranium

administration to haboon 11'104

I
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Table 4.6 Uranium content of samples used to determina GI absorption by the dual isotope mettuxi!

|

Uranium content (fraction of dote)

1170 $ illO 43 111050 1110 56 ILY,8 11xx0

SU "U *'' U #U "U #U U "U U U U# #

"U 2

(10 x (10 m (10 m (10 x (13 m (102, 4go , (3o , ggo , (102- (10'x (10 x
4 2 4 2 8 4 2 a

Sa m ple" R_) Rg) R_) Rg) R) Rg) R_) RJ R_) Rg) R_) Rg)

Fasted animals

Bhed, 8 li 13 M M U L6 1.8 23 M - - - -

h
-.

Urine.1-8 d' 8. 81 280 83 270 BG 230 82 .

- -

Caudal vertebrae 0.17 0.13 1.3 0.26 0.44 0.10 0.10 0.028 - - - -

d

Liver, binpsy' - - *).025 0.0030 0.039 0.004'3 0.058 0.J063 - - -- -

Total liver 0.66 0.45 - - - - -

Fed animals
|

- - 0.13 0.024 0.40 0373
' to d

~2 Caudal ver'.ebrae - - - - - -

" Fasted animals. rewired uranium dows on day 14 afW m 244: is31 and were wacnfiwd 32 d later texp. IL Fed ammah r-eived urenmm d ~s 2 h afar the
morning f + ding on day EA and emudal wrtebrae biaries were removed <m day 20.14 d later texp 2i.

h'shrs are for whole Wwi bewd on bbA = M of body wc4ht.

Trine mllected during tha first 8 d r fler iwtope admini*trutsm; i e , days 1L22 of cupmwnt I + Fie 2 2 L

ier fmted animals values are for the caudal vetebrae s}Een in Table 3 8. Dmitrite e. F.>r fel animak valu -s are for caudal vertitrw *1-16.#

%'alues are uranium emicuts of hmp,7 $ ample. See Table 3.8. f. tnote h. for bioryliver wEghts.

Z
C O=

.
,

[ $
a .

:c -

i,
CV)
h
FC

. _ _ _ _
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Uranium

Table 4,7 Gastrointestinal absorption of uranium in fed and fasted adult baboou:
dual isotope method"

8 b10 x calculated fractional GI absorption

Sample 11701 111018 .11050 111010 11358 11880

Fasted anirnata

111ood,8 h 0.8 2.0 0.9 1.5 -

Urine,18 d 1.0 3.4 3.1 2.8
Ilone, caudal vert. 1.3 5.0 4.4 36 - -

Liver, biopsy 1. 's 8.3 8.0 9.2 - -

Mean i SE (4) 1.220.2 4.7 x 1.4 4.1 2 1.5 4.3 1.7

Fed animals"

Caudal vertebrae -- - - - 0.4 D 0.58
+

) "On day 14 of experiment 1,24.h-fwted Lab.one were administered F U (IM 7 kD 1 by I g, intuhation ut 0900 nnd1
"U (1019 k Dq) by i v. injection immediately afterw ards. Done and hvt r sampics wtre obtnitwd en day 44,32 d
Inter. On day f.H of experitnent ~.t. fed anirnah were adminia.tered "if (1214 kRp by i g intubution at 09no. ;' b
after the rnorning feeding. and M U (16 lH by it mjettion irnmediately ancruurdo Caudal torn brne were
removed on day 70.14 d later.

'Wluen ralculnted by dual hotot - method frorn s alues of R,o end R,,- prewnted in Table 4 6 See Tubic 3 7. fi.ot.
nnte b. for warnple eukulation.

"Uraniurn wn, administered to Gree fed bah *ons, but only two prended G1 abwrption data. becauw 11230
reguretated shortly after administration.

anhnal. For fed animals, uranium GI absorption 4.5 IEffects of Feeding Regimen'

values were about 10 fold lower tTable 4.7). and Ann.ual Species on the
4.4 Comparison of Sacrifice vs. Gastrointestinal Absorption

Dual Isotope Methods of Uranium

Uranlun G1 absorption values obtained by the For adult baboons and mice, fasting resulted in a
dual isotope method agreed well with those 7- to 11-fold increase in the G1 absorption of ura-
obtained by the sacrifice method (Table 4.8) On niuni (Tabh 43). A substantial increase due to
the average, sacrifice method values were 79'4 of fasting in humans also appeared to occur. Ilow.
the dualisotope method values. The sacrince ever, the G1 absorption of uranium in both fed and
method values may have been low er because they fasted adult baboons was signincantly creater
included uranium excretion in days 1-8 urines than in fed and fasted adult mice, and uranium G1
only, while results show that about 20'?< of the absorption vah.es for baboons arcreed closely with
absorbed oral isotope was excreted in urine after values reported for fed and fasted humans,
day 8 (see " Urine, Days 23-40," Table 4.3). Results of this interspecies comparison of the GI

absorption of uranium differ significantly from
those for plutonium (Table 3.13), which indicated
that the GI absorption of plutonium in fed and
fasted animals were similar for the three species.

|

|
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Uranium

Table 4,8 Uranium GI absorption lei fetl anti fasteel
attult habootis: comparison of sacrifice anti

tiunl luotope methotts"

810 x fractional U1 absorption

I?cetting Haerlflee Dual isotopo
llegimen [A] [Ill A/Il

Pastett

11704 1.0 1.2 0.83
!!1048 3.5 4.7 0.74
111050 3.3 4.1 0.80
111040 4.3-- --

Mean 2 dB (n) 2.020.8(3) 3.6 0.8 (4)
3.321.1(3/'

l'ett

11358 0.40-- -

B880 0.58- --

Mean 2 SE (n) 0.5220.00(2)

" Values fier suctiflee rnethod are froin Table 4 2 valuce for dual 1.otope
method are from Table 4.7.

'Wan for dualiv tope rnethod excluding 11104H, which was not suenficed.
This inean in therefi.re directly enniparable to the anctifice inethod incan.

-

_ . _ _ _ .
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Uranioin

Table 4.9 GI absorption of uranium.
an interspecies comparison

l'ercentage absorbed
,

regimen Mice" Ilahoons annann

Fett

Mean 0.009 0 52 OM'
SE 0.009 0.00 0.I
n 5 2 2

Fastede
dMean 0.80 3.0 > 1.9

SE 0.19 0.Y --

n 5 4 4

* Data from IJhattat horyya et al f 19M#1

'' Data from Larwn and Orlandml f1984t

' Animals were fasted for 24 h.

dData from llur$h et al (Itra Persona were admints-
tered uranium befe,re breakfast, after an overnight
fait . Itange of values wan 0.5-5.

NUltEG' Cit-5842 30
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r> Results: Neptuniuni

ri.1 Gastrointestinal Alisorption retained in ti-ues wa* Present in tiu skeleton,
15'1 in liver, and much smaller percentages in

of NeIitunium: kidnep and lungs (tul,').
Sacrifice Metilod

G1 absorption values obtained at sacrifice aner
237Sumining the amountr of Np in tissues with two additional neptunium administrations are

tinit acreted in urine for baboon 11701 yields a shown in Table 5.2. For the 21-h fasted animals,
2fractional Gl absorption for the 24-h fasted anir"al the mean fractional Gl absorption value of "Np

of 0.33 x 10 . or 0.33'1 (Table 5.1). of the nep- by the sacrifice nu thod was 0.0093 2 0.0003 (tnean2

237tunium absorbed through the GI tract,33% was 2 Sli n = 2 h or 0.934. For Np administration
excreted in urine in the first 8 d. At sacrifice 32 d on day 14 to 21.h. fasted baboon 11701, the value
after administration,85'i of the neutunium w as ab,ut 3-fold lower, 0.0033 (0.33'i).

Table 5,1 Gas,trointestinal absorption of neptunium in insted haboon 11701:
sacrifice method"

237Np content"
210 x l'ercentage

Sample wt!' fraction of retained
Sample (g) dpm of dose neptunium

Skeleton 476 49.422.2 0.148 81.0

fiver 264 11.1 2 07 0.020 14.9

Left kidney 18.4 0.18 o 0.0005 0.3t
liight kidney 18.8 0.13 2 u.01

dMuscle 3990 nd ud --

nd nd -Spleen --"
2

Lungs 68.3 0.28 0.02 0 00M 0.3

Total retained 237Np 0.18 100

fDays 15 22 urine 0.11 33.3
fDays 23-40 urine 0 01 12.l

237Total absorbed Np 0.33

N
"llaimon L'?nt was udnunistered 53,$40 d m Np to2 Rp by i g intubation ut m'ou on day 14 of exp2i en.

2ment 1 of ter a 24 h f ast. Samples other than u.ine v (re obtained at sacrifice ou de j 46. 32 d after Np
adminhttation. Days 16-22 urine samph s were dody 24 h mllections obtained on experimord days 1r.-22,
1-en <l after #Np ndministration,j

b Ash weight for skeleton; wet weight for other whole organs

W" Values are mean e SE. Fraction of dme = fraction nf mtragastrically administered Np retained per
Nsa m ple. SE values show the uncertainty associated with u. counting Np in sarnple. Total ret ained

WWNp = sum of samples; the total abwebed Np = *nmplen + urine,

a d = not d( termined.n

"Not weighed

fpercentage of abwrbed (not retained * #Np

31 NUllE'3/Clb5842
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Neptunium

Table 5.2 Gastrointestinal absorption of
neptunium in fasted adult baboons:

sacrifice method"

Neptunium content
2(10 x fraction of dos.e)

237 No 239g9

Sample 11701 11701 111050
-

Skeleton 0.15 0.45 0.51
Liver 0,03 0.07 0.01
Kidneys 0.001 - 0.01
Other tissues 0 01

Total retained Np 0.18 0.52 0.57

Urine 0.15 0:N O 40

Total absorbed Np 0.33 0.90 0.97

"llalw ons were administered ne ptuniutn by i g_ intubution at
0900 on day 14 (#Np to 11704) or oti day 4r> f*Np to 11704
and 111060) nRet n 24 h fust. Unl*>otis arte $a,- rificed ou day
40, one day nRet V"Np adtninistratiota and 32 d cRet 2"Np
uritninhttathn Unne kutnples were tither i-d rollections
(2wNp) or 32 d cumulative ?"Npt Datu hte frotn kahtot
(lwo, Table 4.9L

5.2 Neptunium Metabolism 5.3 Gastrointestinal Absorption
after Oral vs. Intrevenous of Neptunium: Dual Isotope
Administration Method

237Ily 32 d after oral Np or 30 d aner i.v. 237N p, G1 absorption values for neptunium calculated
30-44'/r of the absorbed neptunium was excreted from R /R ratios were close to one another for ay g
in urine ('lable 5.3). In addition, by both modes, number of different sample types for baboon 11701,
the ratio of neptunium in liver to skeleton was 1:0 independent of whether the sample contained a
at sacrifice 30-32 d after administratior. These large fraction of the absorbed neptunium (days
results indicate that, as for plutonium and 15-22 cumulative urine) or a small fraction (liver, '

uranium, the major neptunium metabolic path- caudal vertebrae)(Table 5.5L Calculated GI
ways were the same, independent of whether the absorption values for difTerent samples varied
neptunium entered the bloodstream by i.v. injee- more for neptunium than for tranium (Table 4.5)
tion or via the G1 tract, and plutonium (Table 3.7), most likely because for

neptunium, the R,,, values were from 11704 where.
Ilesults of the detailed dist. ihution of oral 237 Np as the Rg values were from 11880. For uranium
(B704) and i.v. 237Np (11880) m the skeleton and plutonium, the i.v. and oral isotopes were
(Table 5.4) showed a fairly consistent oral /i.v. ratio simultanenusly administered to the c.ame animal,
for the 24 skeletal parts, taking into consideration 11704 (Fig. 2.2).
the fact that the comparison involves two separate
baboons. These results again demonstrate the GI absorption values were out of range when
equivalent handling ofi.v. and oral neptunium by R,,, / R ratios from 8-h blood or day-15 urineg
the body. (collected 1 d aner 2a7Np administration on
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Neptunium

Table 5.3 Comparison of metabolism of neptunium in adult bn.
boons: oral vn, Intravenous administration"

Neptunlum content
(fraction of

a lministered dose)

No. of Oral ga7Np
8samples (10 x

Sample analywd fraction) 1.v.237gp

Urine (cumulative)

Days 15 22 8 0.108 (31%) 0.35 (35%)
' Days 23 40 0 0.012 (12'7r) 1,0,1 (4% )

.

Total 0.150 (44%) 0.39 (39%)

Tissues on day 40
,

Liver 4 0.02(1 (7.0%) 0.081 (8.1%) '

Skeleton 24 - 0.148 (43%) 0.40 (40%)
Other' 0.020 (5.8%) 0.069 (0.99)--- *

Total 0.194 0.010

Total absorbed 0.34 (100%) 1.00 (100're) !

(urine + tissues)
<

*Dalmon 13704 wa6 administered "'Np (s9211 ) by I g. intubution ut 0900 on dey 14 of4
caperiment I and was sacrbd on day 4e. 32 d later,11alen 118h0 was separately
administered "'Np (4fi kUq) by i v. Injection an d before o.atrifice. Values for I.v. 07Np
were obtained from Ralstor (1990; Tablen 3.14 and 3.22t

I
Talues for *other" were eniculated. For the i-g. "7Np. *other" was enkulated by anahgy '

to the 11 "'Np. For the i.v. "1Np. "other'in the ammmt of the i v. dose not apunted
for by "7Np in urine. liver, and skeleton. '

<

day 14) were tised for calculation. This is because - than for uranium (1.3 x 10 2, or 1.3%; Table 4.5)
of dif1'erences in the early kinetics of the oral vs. and 17-fold higher than for plutonium (2.0 x 10-4,
i.v. neptunium, with the 8-h blood relativelv den- or 0.02%; Table 3.7), both of which were adminis-

. Y cient in the i.v. neptunium and tht! 1-d urine rela- tered at the same time as neptunium to the same l

lively enriched in the 1,v. neptunium. When a baboon (Fig. 2.2).
cumulative urine sample was used for the calcula-
tion (urine, days 15-22), an accurate GI absorp- With the dual isotope method,01 absorption
tion value was obtained (Table 5.5). Note that 1.v. values were obtained for two additional nep-

,

neptunium cleared the blood very quickly, with tunium administrations. Values for neptunium
only 1|4% of the imected neptunium remaining in isotope retention (R4 and Ry for the samples that

1 blood'd h after injection (Table 5.5). For compari- were used to determme GI absorption values are
,

- son,8 h thod samples contained 2.1% ofintra- = presented in Tablo 5.0, with calculated G1 absorp-
venov:,iy injected uranium (Table 4.5) and 25% of tion values presented in Table 5.7. The first two

- int:7.venously injected plutonium (Table 3.7). administrations were for 23"Np to 24 h fasted
: animals and showed Pl absorpi n values of about

:With the dual isotope method, the fractional GI 1% The third administration ('JNp to B704 after
absorption of neptunium in B701 after a 24 h a similar fast, which was suspect) was absorbed to
" fast" was 0.34 x 10 2 (0.34%), about 4 fold lower a somewhat lesser extent,0.31

,
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Neptunium

Table 5.4 Comparison of distribution of r eptunium in bones after
oral vs. Intravenous adininistration"

.

Neptunium content

237ggb (oral) 23igpc g g,y,3

210 x ' ' < Oral!
2Ash Wet % dose / 10 x dose / i.v.

wt.' w t ." Ash hone q dose /g bone ratio
lione (g) (g) (d p nt'g) [A] wet hone Ill) [A/lli

Skull + tt th 100.03 353.3 0.155 3.05 2.22 7.95 0.38

Ctrvical vertebrae 9.50 43.9 0.171 0.30 3.81 1.07 0.18
s Thoracic vertebrae 21.61 121.4 0 319 1.29 5.72 6.91 0.19

Lumbar vertebrae 30 1 137.4 0.352 1.98 b.;' 5 8.73 0.23
Secrad vertebrae ' 44.8 ' 2.5. 1
Pelvis 149.5 , 2.87 I 5.42 0.3833 O.200 2.05

'

Caudal verteorae 13.33 -- 0.113 0.28 -- 1.10 0.24
Itibs 27.41 84.0 0.233 1.26 3.07 3.07 0.41
Seapulav 21.20 75.3 0.191 0.75 2.07 1.89 0.40
Clavieles 2.27 8.25 0.259 0.11 3.81 0.32 0.34
St ernum 2 26 15A 0.577 0 24 5.56 ,, 03 0.28

Total axial 180.78 680.1 8.26 30.00 0.27

Femura 46.21 155.5 0.152 1.31 1.38 2.14 0.01
Patellae 1.84 11.0 0.094 0.034 2.50 0.28 0.12
Tibiae 30.08 118.2 0.080 0.15 0.03 0.74 0.61
Fibulae 5.07 16.8 0.073 0.078 0.70 0.12 0.65
llands } 35.28

*

0.067 0.44
'

1.64 0.27
Feet 1 127.3 , 0.52 ,

ilumeri 40.17 107.6 0.129 0.97 1.85 1.99 0.49
Itadii 18.85 61.1 0.0 18 0.17 0.74 0.47 0.30
Ulnae 1R 34 59.1 0.055 0.19 1,18 0.09 0.28

Total
appe .h m ae 196.44 741.2 3.64 8.07 0.45

Tota,

skeleton 483.85 1774.0 14.95 43.08 0.32

" Oral "Np data are for 11704 knenfhrd on duy 46,32 d after i g ndministration of "Np (892 Dq) on day 14 of2 2

experiment 1. '1b i.v, data are for bah 4 suenfiwd 30 days after i.v. injection of ""Np (45 kBqt Data 6.r BMAO nre frorn
Ralston (1990; Tublem 3.27 and 3.28L

IValuem are for B704.

S'alues are for BA80.
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Neptunium

Table 5,5 Gastrointestinal aba.orption of neptunium in
fasted baboon 11701: dual isotope method

.

Neptunium
content" (fraction .

IU *of dose)
calculated

Np anNp fractional UI237

Sample 60 x it ,,) (It,,) a bsorpt io n''2

111ood,8 h 0.013' O 014' O.93
dUrine, day 15 0.029 0.30 0.10

'

dUrine, days 15 22 (cumulativel 0 los 0.35 0.31

Liver 0.026 0.081 0.32
Total skeleton 0.14 K 0.46 0.32

Caudal vertebrae 0.0028 0.012 0.23 ,

Skull + teeth 0.031 0.0S0 0.39

l' elvis + sacral vertebrae 0.021 O_054 0.39

liibs 0.013 0031 0.42

Mean 2 SE (n) 0.31 10.0217 f

" Values sie fruction of adminii,tt red beptuniutu retuined 15 the > ample pnp adniini 'ereJ
orally to D704 on dny 14 of experin.ent 1,32 d bef'.re sacrifice, rnNp het urately edinini'.tered
initsvenously to 113030 d in fore kortince) Vuluen for R,, are from Ralston iIWo. Toblo 3 M,
3.14, and 3 221

I For a umphs calculation, see Table . Iatnote b.

'Yulue in for total bluud in the antinal at a h (a*svning blood emud 79 of body * right L
indiculing that, for tsarnple, j 4'4 ofl'.. neptuniun. u n$ piet.ent in the laood at M h after
adminiat t alion.

d Urine days refer to esperunent dap for 11704 (Fig. 2.21 For etumple, day in urin , was
collected from the time of '"Np adnuni tration to 1 d later. Urine valuta for R,, were

I
correspondingly sehtnined frotn urinn odletted I d und 14 d (nun"latiw) aller i v "Np
administrnlion to D%O.

' l

steen sniue due. not include vaiun for x/n la"..d or day.ln urine, bunaw the lauer valun
were clearly out of range.

5A Comparison of Sacrifice vs. 5,5 Effects of Feeding Itegimen
DualIsotope Methods and Animal Species on the

Gastrointestinal Absorption
Neptunium G1 absorption values obtained by the of eptunium
dual isotope method agreed very well with those
obtained by the sacrifice method (Table 5.8). On
the average, sacrince method values were 102'1 of fi,5.1 Feeding Regimen
the dual isotope method values.

A summary of the efTects of various feeding regi-
mens on the GI absorption of neptunium in adult
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Neptunium

Table 5.6 Neptuulum content of samples used to determine
Gl ab6.orption by the dual isotope method:

Neptunium content (fraction of dose)"

h bIl7Di lil050 gg7nge

239Np *Np/ Np 33"N p 8"Np/23"Np 83"Np 2"Np239

Sample (II,,,) (Ital (It,,,) (Ita) ( R,,, ) (Ita)
Urine,1 d 0.38 0.35 0.40 0.35
Urine,1-7 d . - - - 0.11 6.35

Skeleton, whole 0.45 0.59 0 $1 0.59 0.15 0 40

Liver, whole 0.005 0.003 0,037 0.003 0.020 0.081
-

avoluen nre fracunn of aannnstered d+e p. r san,ple. Ve6u I", It, were atained aner i r adrninntran"n of "'Np or2

WNp Value. for II,, were obtained after i v in.htion et *Np or ,'"Np to biens as inda nu d in f*tnotn 1. and c.

O
Ua's.ons 11704 and U105o teceived "Np (214 A Minp by i e it tubetton on Jay 4r. after n 24 h fu t ated 9.tre
war.rificed on day 46. I d later. fl , aluen were obtained froin these babmnt /t,, vahan were incans 4tattsd frotny

l> boons UlD4s and 11h30, which received M ..'p R1104% r.1 kibp or #Np 0100, la kikp by i v. h,jreti"n and were
4attt0ced I d later (Rahton.1990; Tul.le 3 22t For both oral and .i v. neptunium. unne surnpin w< rc 24.h o,llectionn
inade 1 d mt ndininistration.i

*/t,e vnlues. scre of tained from haboon U704, who recelied WNp W82 ILp by i r intubation on day 14 after a 24 h fust
and wa, sacrifued on day 46 32 d later, li,, volun were of toined frotu bnboon imo. who receised Np (4?> kihe byW
i v. adtninistration 30 d before sacrince (Ralston n+m, Table 3.22t For both oral and i v neptunium, urire samples
we re etunulative mllediore made 1.7 d po-t nJnunstration.

,

baboons is shown in Teble 5.9.1)ata are from and 5.10L in contrast, in fed animals, GI ab.sorp-
1(alston (1990; table f*.2). In the 14 h. to 24 h- tion values for low masses of neptunium (0 03'1
fasted animal, the GI absorption of neptunium for "Np, Table 5.10) were simificantly lowt r
was 1.2%1.59. As was the fase for plutonium, than for higher masses (0.12-0.8% for "Np,2
237No GI absorphan decreased significantly upon Table 5.9L
6 eding, by 5 t<> 10-fold, ar.d did not rise signin.
cadv even 8 h after a marning meal. In the 5.5.2 Anlinal Species
absente of that morning meal, however, the GI
absorption a neptunium was at the level of the The G1 absorption of 23"Np in fed animals was
24 h fasted animal by 2 h aner the usual meal- similar for mice, baboons, and humans
thne (Table 5.0, codition 2). (Tablo 5.10L in fasted animals, value for

humans were not available, but in both mice and
We showed that, when ti anin al was fasted. baboons substantial increases in the GI absorp.2bsimilar high G1 absorption u lues (ca.1%) were tion of Np occurred due to fasting. The
observed after both high man i"7Np) and low

increase was somewhat creater la baboons than inmass (23*Np) neptunium exposure ;Tubles 5 9 mice.

|
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Neptunium

Table 5.7 Gastrointestinal absorption of neptunium in
fasted adult baboons: dual isotope method

_

10' x calculatesi fractional
GI absorption"

Sample 11708' 181050'' 11701'I

Urine,1 d 1.1 1.1 -

Urine,17 d,7umulative - 0.31
Skeleton, whole 0.70 0.80 0.33
Liver, whole 1.0 0.59 0.32

Mean 2 SE (3) 0.9510.1 0.85 0.2 0.32 2 0.1,

a

"\'adues. calnilated liy dual lwtope trwthod frotn values of /l,,, urulII,, presenti d in
Table fi 6. See Table 8 7, f+tnote h, for suent e enicubitionl

I'llata.ons 11704 utid lilot.o rect ived *Hp (2 c.r A Mil <p liy i g intubutiori on dn>2

4It afler R 24 d1 [ust (bijl 2 21 knt| % efe buetifh'd on duy 46. Oline hhmple % hh a
24.h rollerttw ottnined one day after administration (on day 40)

#"llatneon ll7D4 reseived Np 9(9211 p Iy i g intubatiu . on dny 14 alte r n 24-h In*t
(blR 2 2} find %~hB f6Derkfleed on dHy 4b,32 d Inter. bline DGn pb. S GM h Y d
nimulattre sofnple collected on de)s ifr21 of the espetir wnt (l 7 d efter niininin-
t r ntloto

Table 5.H Neptuntum GI absorption in fasted adult bnhoons:
comparison of sacrifice and dual isotope methods"

-_

Fractional GI absorption

of fast Sacrifice Dual isotope
Animal (h) (Al lill A/II

11704 24 0.90 0.95 0.95
111050 21 0.97 0.85 1.1

11704 24 0.33 0.32 1.0

Mean SE (n) 0.7320.20(3) 0.7120.20(3)

"Volues fer amenfice method are from Table fi.2, taiues for dual b.otope method are from Table fi.7.
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Nettunium

| Table 5.9 GI absorption of "Np in n<lutt2

baboonn before anti at variouw times
after a " breakfast" meal

l'ercentage
Condition at I)uration absorbed"

administration of fast (h) (mean 2 SE)
___

l. ! ' b fatted 21 1.5 3 0.2(3)
b2. No breakfast 4 2 h 11 1.210.6(1)

3. lireakfast + 2 h 2 0.30 1 0.10 (31
' 4. lirrakfast + 4 h 4 0.1210.05 GI)

5. lireakfast + 6 h 6 0.13 0.05 (3)
6. lireakfast + 8 h 8 0.33 0,29 (21

"Voluen are frotn Ral ton t 19o, Table !. O Thi y wi re obtn".cd le
the dual isotope niethod hoin n,tialpe* of nnth i. of I la d ut me,
liser, and enudal u rtel r ae ' ' Np;VD bientionnte w ns he form

s a dminii.tered intrnga,1ricall,5

I The nulue for h I.phoon with no breakin't w e a t ht nmt d } y hdmmis
ti rmg nettuniutn at 1000 after a 14-h ourn e5t fu*t P ul* .nm
with I rehkfust wrie fed as desordwd in the b 11 un.1 we to tulmitiis
tered tu ptunmin 2,4. n. < r A h later Me 2 35

Table 5.10 GI absorption of 23"Np:
an interspecies comparison

-

l'ercentage absorbedy
regimen Mies llahoons ilumans

Fed
bMenn 0.027" 0.03 0 020"

SE 0.003 0.02 0,002

n 10 3 5

Fasted
hMean 0.35" 1.5 -

SE 0.01 0.3
n 10 8 ..

" Values frorn 1. arm ta a t al. (J %2i Mice wett fasted for 24 h.

1% lues from Halston 11Wol. For #Np. G1 ab orption m fasted
baboona w as the anme as for "Np, but in fed bni .ons, t "Np
chsorption (Table f 9i was ca. lo-fold greater than the vahie, f"r
"*Np i.how n here.

' Values frotn l'opplew ell et al. f Iwel). Ilumats were fed T"'N p
citrate with their mid-day inval Values enladuted with i dral
method bawd on 1 to 7 d cumulative unnnry excrotion !
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0 Discussion

0.1 Gastrointesfinal Absoriition for human $ by lluut et al tfrom Lancham et al.

YHillOS b}' Sacrifice vs. Dual "9"'' "' ""i""ted by nurbin n9721, and Hung
et al.119901). For neptunium,1. to 8 d cumulative i

IsotO])O hIO(ilO(is t.ritary excretion in adult baboons (41.0'1) was i
'

idemical to that for two of Ove adult humans
"I'*" WP "''""'" "^I ' P P P "" ".II "' "I ' 199 3 ) II f I6.1.1 Metabolisin of Intrnvenously
and was smular to the snean for all hve peopleanti Ornity Atlininisterett (33.313.5, n - 5L For uranium, the fraction

Plutonluin, ~Uranlurn, anti escreted m urine early aner i.v. injection to adult
Nepttarilutn baboona (82.7% in 8 d) was also similar to that

reported for humans (72'1 in 1 d; llursh and Spoor
Te apply the dual isotope method of determining (19731).
Gl absorption values, an isotope must be injected
intravenously. With knowledge of the metabolic For all thece elements, a nudor fraction of the dose
pattern of the i.v. Isotope, we can determine a GI retained in th 6 4dy of the baboon aHer i.v. hdec.
absorption value for a number of elements from tion resided in the skeleton (Table 0.1L Gl
analysis of samples of urine or blood aRer oral absorption values in fasted baboons were in the
administration of an isotopo. This n,ethod has order uranium > neptunium > plutonium. Siml-
been used to determine the GI absorption of cal. larly, the fractions of the retnined dose present in
cium (DeGrazia et al.,1965), iron (inamoto,1970), skeleton were in the same (rder, with 939 of the
and neptunium (Popplewell et al.,1991) in body's uranium present in the skeleton 32 d after
humans, uranium injection.

With regard to the metabo; .. pattern aRer i.v. Next to the skeleton, the liver was the organ with
administration, the percentage of dose excreted in the highest fraction of dose after i.v. in.iection of
urine during G e Orst 8 d was in the order plutonium, neptunium, and uranium (Table 6.1).
uranium > neptunium > plutonium (Table 6.1). For uranium, the percentage ofinjected dose in
The value shown here for plutonium in adult liver (0.32'1) was similar to that in kidneys (0.24%
baboons (8.3%)is higher than the 1.1% reported for ll704 L

Table 0.1 Tissue distribution and urinary excretion of plutonium,
neptunium, and uranium in the adult baboon

after tatravenous administration"

l'ercentage of injected dose, mean 2 SE (n)

Sample I'lutonium Neptunium Uranium

A. Day 1 urine 7.220.7(4) 34.712.2(14) 71.3 2.3 (4)
11. Day 1-8 urine 8.320.7(4) 41.0 2.2 (14) 82.7 s 1.4 (4)
C. Liver 20.325.0(3) 8.1(1) 0.3220.07(3)
D. Skeleton 37.525.5(3) 40.3(1) 9.621,8(3)

- E. Other tissues 1.7 i 0.5 (2) 2.2 (1) 0.4520.05(2)

Total (lines Il to D) - 73.8 92.6 93.1

'For plutoruum and uranium. *po@ bkarbonate and "U(V11 bienthonate were injected
i v. inta balvons tl704, D1048,111050, and Dlo46 on day 14 of experinwnt 1, and the first

three bubnons were sacrificed on day *46,32 d later, Data for neptunium are fo>m !!alston
Umson ttoues were taken 30 d after Np administration to haboon tbso,
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For rhitonium, the liver and skeleton contained 0,1.2 Coinpitrison of VititteN hy
401 and 579, respeedvely, of the plutonium Sincril' ice VN. Dttill isotopti
retained in the w hole body (C + D + E, Table 0.1), gg ghog{s
similar to the value of 45% cach in liver and skele-
ton recommended by the 10111' for humans (IClll',
1979; 1980). Surprisingly, summation of the g.M G1 aborption Wues for plutonium.
amounts of plutoniutn in day 1-8 urine, liver, aml uranium, and neptunium were calculated by the

skeleton accounted for only a mean of 73m of the dual isotope method from the relative amounts of

i.v. injected *1'u (Table 0.1), imply ing that a the oral and i.v. isotopes in various ti%ue samples,

significant fraction of the plutonium absorbed rem.onable agreement was obtained between the

through the G1 tract was also missing. In fact G1 individuM salues calculated based on R ,lR ,
rams fu blood, urine, caudal vertebrae, ami lis er

y

absorption values for plutonium determined by the
(Tables 3.9, 4.7, and 5.7).sacrince method on the average were lower by

301 than those obtained by the dual isotope
method nable 3.10). For baboons 11701 and For plutonium, the amount of the oral isotope

111050, samples 01 all son tissues except the pelt nereed in urine was low emiugh that contamina-

were analped, and the balance of the intravenous tion of urine by reces was a problem for cage-

isotope could not be accounted for in these tissues' mimed umples (Table 3.0). Consequently, urine

The possibility exists that ca. 25% of both the was obudned by catheterization 4 d after isotope

Intravenously injected plutonium and the absorbed adininistration. The kinetics of plutonium appear.

plutonium was excreted in feces. It is interesting nee ud diuppearance from blood and urine after

that, for both neptunium and uranium, the same simultaneous oral and tv. injecdon was similar

tissues frem the same baboons accounted for
mough for the two modes of administration that

93-97% of the intrm enously injected isotopes. lyn rados for 8.h blood or 4 d catheterited
Similarly, there was closer agreement between Gl urine samples gave good measures of plutonium

absorption values dttermined by the sacrince vs' G1 aborption (Table 3.9). For hunums, ntreme

dual isotope methods for these elements care w'>uhl have to be taken to prevent contaminn-

(Tables 4.8 and 5.8). non of urine ampirs by fem to apply this
method, especially in the fed individual. Evidence
that this can be done is provided by the work ofFor uranium, retention in the skeleton at sacrib.ee

32 d aner administration was 9.0% of the total llunt et al., in which he estimated the G1 absorp-

injected uranium,in the range af the SG and 100 tion of plutonium in humans fed a meal of

values reported for two humans at samlar times plutonium containing winkles to be 0.008% based

after i.v. injections (llursh and Spoor,1973). on urinary plutonium neietion Glunt et al.,1980,
1990),

For all three elements, metabolic pathways for
exetehon and tissue deposition were the same, For uranium and neptunium, the amount of oral

i ty mrded in urine was much higher thanmdependent of whether the element entered the g g g g g gp g ,g
bloodstream by i.v. injection or by absorption from

oMi in k mta dh for Owthe GI tract (Tables 3.4,4.3, and 5.3). This was
true ecen for the many parts of the bat oon skele- cage collected urine samples (Table 3.0). Con-

ton as indiented by i.vloral notopic rat os that
, y*" j p* pg. g g g,,

cumu au.n neredons in urjne gun wry gomgwere reasonably smiilar for all of these parts
nwasu m f e a wrptmns o me ements(Tablas 3.5,4.4, and 5,4), Interestingly, the
(Tables 4.7 and 5.7). Popplewell reports usingrelative distributm.us m the latter skeletal parts

. .

,ana su o mnm ad u nary neret.mntywere also similar for plutonium, neptunium, and
uranium, with the sternum, lumbar vertebrae, and measure the Gl absorption of neptum.um m

thoracic vertebrae showing the highest concentra- g,ggg g g g g y g ,g g
g, g g 4 ggggtions f or each element, and the humen, radn, and

ulnae showing the lowest.
hides sbig rendle agreement between Gl
absorption values calculated from R,y/Ra ratios

i
<
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for various tissues, results of our studies also For Np G1 absorption salues for the fed condi-
showed that Gl absorption values for plutonium, tion were the same for mice, baboons, and humans
uranium, and neptunium calculated by the dual h0T4 n.031; Table 6.10). In fasted animals,
isotope method agreed well with those obtained by s alues for hunums were not available, but value.s
summation of amounts of the oralisotope in in baboons were 4 fohl higher than in fasted mice.
escreta and tissues at sacrifice (Tables 310,4.8, on the basis of the data f.:,r uranium, fasted
and 5.88 from our data, a Gl absorption value humans wouhl be espected to absorb neptunium to
obtained by analpis of a single biopsy sample of an estent similar to that ofinboons.
caudal vertebrae, for example, was essentially the
same as the value obtained by analpis of urine for all three elements where G1 absorption values
and all tiwues at sacrifice, in the Mudies for humans were availabh, GI absorption values
reported, use of the dual tantope method in com- for baboons agreed well with he human values.
bination with a hninistration of multiple elements
(plutonium, uranimn, and neptunium) to the same GJI ICffects of Timitig niid
animal enabled us to determine 29 Gl absorption Ihr don of DSlvalues m, seven adult baboons, only three of which
were sacr liced. The savings in analysis time and
animal life afforded by the dualisotope method Our Mudks with both plutonium and neptunium

show that,in the absence of a morning meal, the
are clear.

extent of Gl absorption in baboons is the same as
in the 21 h-fa(ted animal by 2 h aller breakfast0.2 IrlterSpecies comparisons ,im, gnaa,, 3y ,,a 3 p,. oo,, ,se ,,im,i s,,

of GI Alisorptioni caten breakfast, G1 absorption is at the level or
the fed animal for at least 8 h. These results

Pathways for the GI absorption of plutonium were provide a rational basis for evaluating the rele-
the same for both mice and baboons with respect vance to humans of the signilhant increase in Gl
to the percentages of udministered Pu(VI) absorption reported by many investigators for
absorbed in fed (0.01-0.02'#) and fasted (0.29) 24 h. fasted animals.
anhnals. The Gl absorption values for fed ammah
also agreed well with values estimated for humans With respect to the occupational setting, the
who consumed plutontun in wi: Ales (0.00%) resuhs in Tables 3.12 and 5.9 support thei

(Mussal wilr.uhaman et al.,1981; llent et al., hypothesis that persons who arrive at work having
1986, 1950). 'Ibeso results support the view that had no breakfast and who are orally exposed to o

G1 absorption values in both mire and baboons plutonium (or neptunium and most likely ura-
provide a good basis for estimatin2 the G1 nium) prior to their f.rst meal will absorb consider-
absorption of plutonhim in humans, ably more of these elements than their

counterprts who had consumed a morning meal.
in the case of uranium, G1 absorption values in itesults ofIllake et al. (1983) and James et al.
mice difTered substantiady from those in baboons. (1985)in humans showing high G! absorption
in both fed and fa ,ted animals, Gl absorption values for lead in overnight fasted individuals
values in baboons were 0-7 times higher than in (70'4) also support this interpretation. One
mice. The higher values in baboons agreed well remiting approach would be to give separate
with values obtained in humans for both fed consideration to these two groups in setting Alls.

4(0.5%; Larsen and Orlandini,1984) and fasted For the fed worker, fractional f, values of 1 x 10"

(ca. 2'X,0.5-5% range; llursh et al.,1909) con- for plutonium (Table 3.13),5 x 10~3 for uranium
ditions. These results support the view that (Table 4.9), and 2 x 10 for sa"Np (3 x 10 a for4

237biochemical path ways for the GI absorption of Np)(Tables 6.9 and 5.10) would be applicable.
uranium difTer substantially between mice and For fasted workers, fractional /, values of 2 x 10.a

2baboons, and that the pathway in baboons is more for plutonium,4 x 10 2 for uranium, and 1.5 x 10
237similar to that in humans than is the one in mice. for neptunium (both *Np and Np) w ould

A similar finding applies to the GI absorption of apply. Selecting two values of f , one for fedf
cadmium and lead, where G1 absorption values in individuals and another for fasted individuals, is
mice are substantially lower than those in nonhu- an approach comparable to that currently used bya

the ICRP in recommending an /;d higher than
value for solubleman primates and humans (Bhattacharyya,1983;

forms of plutonium that is 10 folSuzuki and Taguchi,1980; Flanagan et al.,1978;
Rabinowitz et al.,1970; Yamagata et al.,1975). that for the insoluble forms.

41 NUREG/CR-5842



___ ___-- . _ - _ - -

Discussion

Currently, the AI.I for oral * xposure to plutoniu and food during that first y ear was greater than
in the workplace (IClll',1979)is has d on a frac- during any other year. Three factors that apply to
tional Gl alsorption value for solub'e forms of the first year of human life contribute to this

4plutonium of I x 10 ,10-00 times lower than result: (1) high Gl alo.orption values; (2) low body
values reported for fasted aniinals (Table 310). weights, making organ concentrations high; and
llecently, aner an extensive review of data on the (3)long tinn s for retention of plutonium in the
metabolism of plutonium and related elements body because of accumulation early in life.
llCitP,1980), the ICitl' recommended that a GI Approach 2 requires that special attention be

4absorption value of 1 x 10 be applied to setting given to identifying Gl absorption values that are
Abla for soluble forms of plutonium (identified as relevant to the Orst year of human life,
forms other than oxides or nitrates). Use of the
1 x 10# value, arrived at partly through an lliscuuion of the two approaches can be found in
accounting for effects of fasting on Gl obsorption, llhattacharrya et al. (1985). Consideration should
is consistent with the results reported here, be given to applying one of these approaches to

setting star dards for environmental exposures to
To apply the results of our research to persons elements ot,er than plutonium.
environmentally exposed to plutonium, the two
approaches developed in our last NUltEO report GA ConcluSiOHN
(llhattachary> a et al.,1985, pp. 39-42), based on
results in mice, should be considered, because G1 G1 absorption values for plutonium,.

absorption values for soluble forms of pluton um uranium, and neptunium in adult haboons
were found to be the same in mice, baboons, and provide good estimates of Gl absorption
hurnans (Table 3.13, this report). valm in huwe

Approach I was based on the concept oflimiting The dualisotopo method provides an excel-.

the lifetime dose from deposited plutonium. lent means of th termining Gl absorption
Single f values were derived that would yield the values without eqmring sacrifice of the
same cakculated lifetime dose from deposited animal (study stddtxt). The method was
plutonium an would be obtained by considering recently applied to detennining the GI
etTects of animal age and fasting on the Gl absorption of *Np in fed hunums2

absorption of plutonium. (The faning efTect would (Popplewell et el.,1991).,

apply to plutonium in drinking waterJ These
derived f; values were (a) 3 x 104 (0.039 ) for an Plutonium, neptunium, and probably.

exposed population of all ages that ingests plu- uranium consumed bef<>re the Orst meal of
tonium only in the fed condition (i.e., does not the day (in liquids sah as corree, or at vork
ingest plutonium containing water before their for someone who has skipped breakfast) will
first meal of the day) and (b) 0 x 104 (0.009 ) for

be absorbed nt the level of the 24 h fastedan expoced population in which both age and fast- ctate - 0.2% for plutonium,19 foring are taken into considerati:m in a reasonable neptunium, and 49 for uranium,
way. These fj values were derived assuming
empirical plutonium GI absorption values of 2 x4 These elements unsumed either in food,,

.

10~ for the fed and 2 x 10 for the fasted states- liquids, or other media aner the morning
meal will be absorbed at the level of the fedApproach 2 was based on the concept of limiting state - 0.01% for plutonium,0.03% for

commitment oflifetime dose on an annual basis small ainounts of neptunium (e.g.,10* mg
and is analogous to the approach used by the
ICitP for recommending ALis for the workplace. 23"Np/kg) and 0.3"r for larg7e amounts of

2neptunium (e.g.,101 mg Np/kg), and
With this approach, the single f; value that was 0.5% for uranium.
identified to limit plutonium exposure in the
general population, considering all ages and feed- The above results should be applied to.

ing regimens, was 4 x 10* [0.49). This f; value is incorporate G1 absorption values of fasted
the time-weighted aserage value that was applied animals into standards set for oral exposureto the first year oflife in humans, because the

of humans to plutonium, uranium, and nep-annual commitment oflifetime dose from plu-4

tunium in both environmental and work-tonium absorption aQer consumption of formula place settings.

NUltEG/ Cit-5842 42

_ _ _ _ _ _ _ _ _ _ _ _



. .. -- _ _ _ _ _ _ _ - __

7 IteferenceS

lthattacharyya, M.ll.,"llioavailability of Orally Flanuran,1.it., Mel ellan, J.S., liaist, J., Cherian,
Administered Cadmium and 1,ead to the Mother, M.G., Chamberlain M J., aml Valberg, I, S.,
retus, and Neonate during Pregnancy and 1, acta- " Increased liietary Cadmium Absorption in Mico
tion: an Overview," Science of the Total Enriron- and llannn Subjects with iron Denciency/
ment,28:327 312, 1983. Gu it r oe n tcrology, 74 : k i l . 816, 1978.

lihattacharyya, M.ll.,1,arsen, it.P., Oldham, It.D., llunt, G.J.,1,conard. D.It.P., ami 1,ovett, M 11.,
Moretti, C.S., and Spaletto, M.I., " Gastrointestinal " Transfer of Environmental l'lutonium and .''meri-
Absorption of Plutonium in Mice, Hats, and Dog $: cium across the ilumrm Gut," Lanect, i,139140,

Appliention to Establishing Values of f for Suluble 1980.
3

Plutonium," NitC NUllEG' Cit-4208: Argonne
National Laboratory Heport ANL 85 21,1985. Ilunt, G.J., Leonard D.It.P., and Lovett, M D.,

" Transfer of Environtnental Plutonium and Ameri-
lihattacharyyn, M.ll., Larsen, It.P., Okiham, it.D., cium across the iluman Gut: a Secomi Study,'
Morett.i,118., and Spaletto, M.I., "Etreets of Neicnce of the Total Eneironment, 90.273 282,
Duration of Fast and Animal Age on the Gastroin- 1990.

testinal Absorption of Plutonium," Radiation
Resea rch, 107:73 82, 1980, llursh, J.ll., Neumann, W.it., Toribara, T., and

Wilson, ll.," Oral ingestion of Uranium by Man /
Bhattacharyya, M.ll., Larsen, it.P., Cohen, N., 1/colth Phpics, 17:619 021, 1969.
Italston, L.G., Moretti, E.S., Oldham, It.D., and
Ayres, L," Gastrointestinal Absorption of Plutoni- llursh, J.ll., and Spoor, N.L, " Data on Man," In:

um and Uranium in Fed and Pasted Adult lla. Uranium, Plutonium, Transplutonic E/cments,
boons and Mice: Application to lluman..," Radia. II.C. llodge, J.N. Stannard, and J.D. Ilursh, eds.,
tion Protection and Iksimetry,26:159165,1089. SpringerNerlag, lleidelberg, pp. 109 208, 1973,

i

Blake, K.C.ll., Barbezat,0,0., and Mann, M., ICitP, " Limits for Intakes of Itadionuclides by
"Elfect of Dietary Constituents on the Gastrointes- Workers " Intecnntional Conunission on Itadiologi.
tinal Absorption of "3Pb in Man," Entironmental cal l'rotection Publication 30, Part 1: Annals of the2

Research, 30:182-187, 1983. ICRP 213/4):1 110,1979.

Cohen, D.L," Effects of ICitP Publiention 30 and ICitP,"The Metabolism of Plutonium and Itelated
the 1980 Delit Report on llazard Assessments of Elements," International Conunission on Itadiolog-
liigh-Leve1 Waste," Health Physics, 42:133 143, ical Protection Publication 48; Annals of the ICRP
1982, 16(2/3):1 98, 1986.

Cohen, N. and Ralston, LG., Radioactivity inamoto, Y., " Gastric Juice and Iron Absorption:
Studics, NYU Medical Center Final Annual Clinical Study ofInfluences of Two Major Compo.
Iteport COO 3382-23, DOE Contract DE ACO2- nents of Gastric Juice, llydrochloric Acid and Iron
76EV 03382, November 1987. Chelating Ability on Iron Absorption. Japancscb

Archives ofinternal 3fedicine, 17:3513G5,1970.
DeGrazia, J.A., Ivanovich, P., fellows, II., and
Rich, C.,"A Double isotope Method for Measure. James, ll.M., Ililburn, M.E., and Blair, J.A.,
ment ofIntestinal Absorption of Calcium in Man," "EITects of Meals and Meal Times on Uptake of
Laboratory and Clinical Afethods,00:822 829, Lead from the Gastrointestinal Tract of Ilumans,"

1965. Human Toxicolog.n 4:401-407, 1985.y

Durbin, P.W., " Plutonium in Man: a New I ook at Langham, W.11., Hasrett, S.ll., Harris, P.S., and'

the Old Data," In: Radiohiology of Plutonium, B.J. Carter, it.E., " Distribution and Lxeretion of Pluto-
Stover and W.S.S. Jee, eds., J.W. Press, Salt Lake nium Administered intravenously to Man," Los
City, Utah, pp. 469 530, 1972. Alamos Iteport LA1151 (1950), reprinted in Health

Physics, 38:1031-1000, 1980.

43 NUltEG/ Cit-5812



. _ - - - _ _ _ _ _ _ - _ _ _ _ _ _ _ -

Iteferencer.

larson, It.I'., Ilhnttat hary> a, M ll., Oldham, ilD., Curium in llurnans "1/colth Phpics,00:7974 05,
and Moretti,1:.S., " Gastrointestinal Absorption 1991.
and itetention of Neptunium by l'asted and l'ed
Mice," In: !!adiological and Environinental Ibbinowitz, M ll., Wetherill, G.W., aml Kopple,
llesearch Division Annual lleport, Center for J.D , " Kinetic Analysis of Lead Metabolism in
lluman lladiobiology, July 1981-June 1982, llealthy llumans,",lournal of Clinical fin r$tica.
Argonne National Laboratory Iteport ANL-82 65, tion , 58:200-270,1970.
l' art II,1982.

IListon, L G., " Neptunium Metabolism in l'ri.
Larson, it.l'., and Oldham, It.D., "I'lutonium in mates: Determination of l'arameter Values for
Drinking V/ater: EfTects of Chlorination on its lladiation l'rotectirn," Doctoral thesis, l'rogram in
Masimum l'et ndnible Concentration," Netence, Enviromnental litalth Sciences. Graduate School
201:1008 1009,1978. of Arts and Science, New York University, May

1990.
Larsen, Ill',, and Orlandini, K.A., "Gastrointesti.
nal Absorption of Uranium in Man," Enviromnen. Stather, J.W., llarrison, J.D., Smith,11., Itodu ell,
tal llescarch Division Annual 1(eport, Argonne ,nd David, A.J., "The lufluence of l'asting and
National Laboratory lleport, ANlr83100, l' art 11, e on the Gastrointestinal Absorption of
pp. 4G.50,1984. 4ium in llamsters and Itabbits," //calth

. . ,.siirs,39:334 338,1980.
Lindenbaum, A., and Westfall, W., " Colloidal l' rop-
erties of l'lutonium in Dilute Aqueous Solution," Sullivan, M.I' , Ilyan, J.L. Gorham, L.S., and
International, Journal of Applied Radiation arul McYadden, K.M., "The infiuence of Osidation
Isotopes, 16:545 553, 1965. State on the Absorption ofI'lutonium from the

Gastrointestinal Tract," Radiation Research,
Mussalo-Itauhamaa,11., Jaakola, T., Miettinen, 80:116 121, 1979.
J.K., and Lniko, K., "I'lutonium in finnish
Lapps - an Estimate of the Gastrointestinal Suruki, S., and Taguchi, T., "Itetention Organ
Absorption of I'lutomum by Man based on a Distribution, and Escretory I'attern of Cadmium
Comparison of the I'lutonium Content of Lappa Orally Administered in a Single Dose to Two Mon-
and Southern Yinns," Health Physics,4G:549 559, keye," Toxicology and Encironmental Health,
1984, 6:783 790, 1980,

l'entreath, P.J., and liarvey,11.11., "The l'resence
Np in the Irish Sea," Alarine Ecology Prog- Yamagata, N., Iwashima, K., and Nag"i, T., " Gas-ofW trointestinal Absorption ofingested 1 'Cd by

ress Series, 6:243 247, 1981, Man," Bulletin of the institute of Public Health,

l'opplewell, D.S., liarrison, J.D., and llam, G.J.,
" Gastrointestinal Absorption of Neptunium and

\,

|

!

NUllEG/ cit-5842 44
'



Nac ere v m u t Nucts AH ptoutatomy covM4uoN i ateuM t NA et am
,it u n c

%... ,,.,.,,,.,u..s. .m s. m
. A.. .,mn'e= DlBLIOGRAPHIC DATA SHEET $

a,n .,umnon on es ,.. w e N UltEG' Cit.68 t2e

t titte mu wannt AN!1C8

Gastrointestinal Absorption of I'lutonium, Uranium, and Neptunium
in Fed and Fasted Adult 11aboons: Appbcation to llumans 3 DAtt atcoat nwse

.,w e ,-
|

qu

Much 1992
4 flN OP Gi AN T Nuygt E ~

A22151
6 Av1Hunm

o t m o,pirun,
M.ll, llhottachniyya, It.P. Larsen, it<D. Oldharn. E.S. Moretti, Technical
N Cohen,' L.G. Italston,' and L. Ayres'

r et nou uuv i u u u..a.: ca...

e 9 t M Ql0Ss NG. .U.n 6 AN U A1 aQN - N AM t Ate D ADU h t V, u, %nc reno va men. u,me e, ney.on. v s n n oor ne,ve.,w, umam, e, meau.r ems on a u ne as ,w sume- . . o..o

Argonne National Lahorntory .New York University Medaal Center, Tuxedo, New York
9700 South Cass Avenue
Argonne, Illinois 604?D

9 gGNSO Ry O R G AN G A Y ION - rM t A N D A DD R ( 55 m m ac ,,n %, , ,, ,,..., n am.,,,, ,<,, ,,,,,,, g a c p.,n,,,, p,,,, ,, e,,,p
*

p g % ,, n ,,g,,,, o m ,,,,,

Division ofl{egulatoty Applications
Office of Nuclear Itegulatory Iteccatch
U.S. Nuclear lle gulatory Commission
Washington, D.C. 20S5$

io cuertMiamy Notts

n.Aestnactim - ,.., w castrointestinal Kil) absorption valuem ut piutomum, uramum, anu nepumum wue
determined in fed and fasted adult baboons. A dual isotope method of determining GI absorption, which does not
require animal sacrifice, was validated and shown to compare well with the sacrifice method (summation of oralisotope
in urine with that in tissues at sacrifice). For plutonium, GI absorption values in baboons were almost identical to
those in mice (ca. 0.200 in fasted animals,0.019. in fed animals), and the values for fed animals agreed with estimates(

for humans. For uranium, G1 absorption values in fed (0.5%) and fasted (49) haboons agreed well with those in fed
and fasted humans a .d were 6-7 times higher than those in mice. For neptunium, Gi absorption values in fed baboons
were lower for small amounts of83*Np (0.039) than for much larger amounts cf Np (0.3%). Neptunium GI837

obsorption values in fasted baboon. (1.69) were independent of amounts ingested and were considerably higher than
those in fed animals. The G1 absorption of 3*Np in fed animals was essentially the same in mice, baboons, and8

humans. In fasted animals, mice abambed 4 times less "Np than did baboons (values for humcns are not available).
For one baboon that was not given its morning meal, both plutonium and neptunium GI absorption values at 0900
hours,2 h after the usual menitime (14.h os ernight fast, baboon "w'thout breakfast"), were the same as those in.

baboons fasted for 24 h. In contrast, for baboons that received a morning meal, plutonium and neptunium absorptions
did not rise to the value found in 24-h fasted baboons even 8 h after the meal. The authors conclude that GI absorption
values for plutonium, uranium, and neptumum in adult baboons are good estirantes of the values in humans (and
better than those in mice) and that the values for the fated condition need to be taken into account when standards

'

are set for oral exposures in environmental and workplace settings. A ratic,nal way of domg this for plutonium is
discussed.

u n e v wa s o wo t sc. n e t on u .o . ,,,, ,,,. .. ,,... .a, .. ,,,,.m,, . . ,~ ,.,, , o. s.,s,ne.u %

Unlimited
Plutonium "**""'M".*"''
Uranium u ~, *-

Neptunium Unclassified
Intestinal absorption

n . . ,o

Unclassified

Ib. NUMbt H 06 FAGt 5

16 HnCt
>

hMC FORM bi Q493

______ - ---



T1118 DOCUMENT WA8 PRINTED USING RECYCLED PAPER I

(

- - - _ _______ _ _ __ _ __ ____ _ _ ___ ,



. .. . . - - _ _ _ _ _ _ _ _ _ _ _ - _ _ . . _ _ _ _ _ _ _ _ - _ - _ . - . _ - _ -

V
'!. UNITED STATES . sric .i room nass un C

NIJCLEAR REGULATORY COMMISSION ""U'!.''"* $#

- WASHINGTON. D.C. 20555 On .,um, c, o
o
N

Of flCIAL BU$1 NESS e

f
- PENALTY FOR PRlVATE USC, $300

-

- h h 5] 3 =g t ,

-('[k, N rc-);AJ' I 1- . ; :. s
i 7

S . prg; .; , g .'ljH L T r t T 1 c o. n
=

>.,

; II'

,. -. p ., , .. . z ,

. . W :' : >. t n , , , ,
_;y, - .

-k 4 m.

>
4

2 .o
,

r

< ., e
s i a. ,

b 9. b
Cfr

n m e
) h>s

|es' H@
)- hc

>3
e :ie-
c' O
H2
t: O>y-
CD

O '" .C
Mh
WC
>3mc
h.
5E'

->
*EO --i
'e C
HN
o>

t . -7
C
.7
$*

2
cn

-

C
3

,

4

'

t

e ;. x
G
-
Dum

e

\

!

. - _ - _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ - _ _ _ - _ - _ _ _ _ _ (: -


