
• Inhaled Transuranics in Rodents 

Principal Investigator: C. L. Sanders 

Other Investigators: J. Mahaffey, J. M. Morris, and K. Rhoads 

This project examines the interactions of external and internal radiation from mixtures of radionuclides 
present within the nuclear fuel inventory. The objective of the project is to evaluate the effects of 
mixed radiation insults, using "key" radiation sources as indicative of overall processes that may occur 
following release of nuclear fuel into the air. Previously initiated studies of immunological effects of 
plutonium inhalation are also being completed as part of this project. 

The literature was reviewed, and considera
tion was given to technical aspects of ad
ministering mixed radiation insults in 
order to develop the experimental design. 
Animals will be exposed to three inhaled 
beta/gamma emitters of differing energies, 
or to two inhaled alpha emitters (one that 
is insoluble in the lung and one that is 
soluble), in a regimen that will result in 
approximately uniform, whole-body exposure. 
The regimens are: 

External whole-body exposure to 60CO 
gamma rays 

Internal, nearly whole-body exposure 
to a low-energy beta ray gi ven as 
tritiated water 

8S,90Sr as a high-fired oxide, by 
inhalation 

144Ce as a high-fired oxide, by inha
lation 

239pU as a high-fired oxide by inha
lation 

244Cm as a high-fired oxide by inha
lation. 

This mixture of radionuclides will provide 
differing radiation doses in space and time 
and differing energies and LETs. Emphasis 
is on tumor formation in the lung, liver, 
bone and bone marrow following mixed radia
tion insults. 

The first phase of the study determined the 
LD so (30) dose following acute, whole-body 
expoSure to gamma rays from 60CO (Fig
ure 1). The dose was found to be 800 rad. 
In future studies, Wistar rats will be ex
posed to external gamma irradiation so as 
to receive one-half the LD so (30) dose. 

In the second phase of the study we ex
amined the influence of mixed radiation 
exposures on the metabolic fate of individ
ual radionuclides. In the first experi
ment, two groups of 35 female Wistar rats 
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FIGURE 1. LDSOUOJ Curve for Wistar Rats Exposed to 60Co 
Gamma Radiation. 

that were previously unexposed or had re
ceived a whole-body gamma dose of 400 radl 
day previously were exposed by inhalation 
to a high-fired aerosol of 239PU02 
(tagged with 169Yb to facilitate external 
counting). A second study was identical to 
the first except rats were exposed to an 
aerosol of high-fired 244Cm02 . 

In a third study of this phase, two groups 
of 35 rats each were given a single inhala
tion exposure to a mixture of 239PU02 and 
244Cm02 , calcined together in a ratio of 
1:1 by activity, with no 169Yb-tagged 
239PU. For each study group, five rats 



were whole-body-counted and killed at 0, 
3, 7, 14, 35, 70 and 120 days after inhala
tion. Animals were also killed for tissue 
analysis of radionuclide content. 

Body burdens at 7 days after i nha 1 at ion 
were 37 nCi for plutonium only, 39 nCi for 
plutonium + external gamma, 68 nCi for cur
ium only, 71 nCi for curium + external gam
ma and 43 nCi for plutonium + curium. By 
120 days after exposure, the body burdens 
had decreased to 18, 26, 43, 45 and 43%, 
respectively, of the 7-day body burdens. 
Based only on whole-body-counting data, it 
appeared that external who 1 e-body gamma 
irradiation resulted in a higher retention 
of plutonium (Figure 2). However, whole
body gamma irradiation did not appear to 
significantly alter the whole-body clear
ance of the much more soluble transuranic, 
curium (Figure 3). The clearance of curium 
from the lung following inhalation of 
curium-plutonium particles was similar to 
the clearance of curium inhaled alone (Fig
ure 4), indicating that the curium sepa
rated from plutonium, behaving in the lung 
as if the p 1 utoni um were not present. 
Scintillation counts of curium and pluton
ium levels in tissues are not yet avail
able. 
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FIGURE 2. Plutonium Body Burden vs. Time as Percent of 
7-Day Values. Experiments 1 (Plutonium Only) and Experi
ments 2 (Plutonium + Gamma). 
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FIGURE 3. Curium Body Burden vs. Time as Percent of 7-Day 
Values. Experiments 3 (Curium Only) and 4 (Curium + 
Gamma). 
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FIGURE 4. Tolal Alpha Body Burden vs. Time as Percent of 
7-Day Values. [xperiments 3 (Curium Only) and 5 (Plutonium 
+ Curium). 



In the immunology studies, cell-mediated 
immunity and distribution of T-lymphocytes 
were measured in rats after exposure to 
high-fired 239PUO Z' Cellular immunity 
was measured with mitogen-induced lympho
cyte activation assays, using cells from 
peripheral blood and spleen stimulated with 
T- or B-cell-specific mitogens. The mito
gens used were concanavalin-A (Con-A) and 
phytohemagglutinin (PHA), T-cell-specific 
plant lectins; pokeweed mitogen (PWM) , 
mainly B-cell-specific; and bacterial lipo
polysaccharide (LPS), a B-cell-specific 
agent. The distribution of T-lymphocytes 
in spleen-cell preparations of control and 
exposed animals was based on the uptake of 
3H-uridine. 

Rats were divided into three groups: 1) un
exposed controls; 2) low-dose 239pU inhala
tion; and 3) high-dose 239pU inhalation 
groups (Table 1). Measurements were made 
at 28 days, 105 days and 253 days after 
exposure. The initial alveolar deposition 
and the calculated rad dose to lungs (based 
on 169Yb whole-body counts) and 239pu lung 
counts for each group of animals are shown 
in Table 1. At 30 days, no significant 
changes in exposed rats, when compared to 
controls, were seen in: body or spleen 

TABLE 1. Immunological Effects of Inhaled 2l9Pu02 in Rats. 

Initial 
Alveolar Ti me of Sacrifice Rad Dose to Lung 

Deposition, Aiter Exposure, 
N nCi days 

10 28 

11 11.0 ± 6.8 28 

8 126.5 ± 36.6 28 

10 105 

11 9.9 ± 5.8 105 

8 125.6 ± 33.5 105 

10 253 

10 5.8 ± 3.7 233 

9 145.6 ± 30.6 253 

(a) Percent change from control 
(b) P<0.05 
(c) Arrows indicate direction of change 

on Day of 
Sacrifice 

26.2 ± 15.7 

287.3 ± 79.8 

48.7 ± 28.7 

609.9 ± 163.7 

42.7 ± 27.4 

833.0 ± 125.1 
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we i ghts, mi togen responses of sp 1 een or 
peripheral-blood lymphocytes, or in uptake 
of 3H-uridine by spleen-cell preparations. 
At 105 days, a statistically significant 
reduction in responses of spleen cells to 
PWM and LPS were observed in both exposed 
groups. Also, the uptake of 3H-uridine by 
spleen-cell preparations from the high-dose 
group was significantly reduced when com
pared to control s. The peripheral-blood 
lymphocyte responses of both exposure 
groups to PHA and PWM was significantly 
increased when compared to control values. 
At 253 days after exposure, we continue to 
observe a statistically significant reduc
tion in the response of spleen cells to PWM 
and LPS. However, the response of 
peripheral-blood lymphocytes from exposed 
animal s was not signi ficantly different 
from values observed for controls. 

These observations are consistent with a 
direct effect on the humoral immunity of 
plutonium-exposed animals that would lead 
to a reduced capacity for antibody respon
siveness to new antigenic challenges. At 
none of the exposure periods was lympho
penia observed in exposed rats, nor were 
there any significant differences in body 
or spleen weights for the exposed groups 
when compared to controls. 

Statistically Significant Immunological Changes 
in Lymphocytes 

Spleen Cell Peripheral Blood 
Mitogen Response, Mitogen Response, T-Lymphocyte 

%(a,b) %(a,b) Levels 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

PWM .. (c) 21 PHA t (c) 44 0 
LPS .. 26 PWM t 111 0 

PWM .. 23 PHA t 16 0 
LPS .. 27 PWM t 74 0 

0 0 0 

PWM .. 26 0 0 
LPS .. 15 0 0 

PWM .. 26 0 0 
LPS 
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