
• Low-Level mpu02 Lifespan Studies 

Principal Investigator: C. L. Sanders 

Other Investigators: J. A. Mahaffey, K. E. McDonald, and S. L. Newton 

This project will produce data to generate a dose-response curve (and to evaluate other statistical 
methods that also incorporate survival time) for lung-tumor incidence in Wistar rats following inhala
tion of 239Pu02 at levels producing lifetime radiation doses to the lung of <5 to >2,000 rad. The lung 
clearance of 239Pu is best representated by a two-exponential equation, with 78% of the initial alveolar 
depositions (lAD) cleared with a half-time of 19 days and 22% cleared with a half-time of 180 days. A 
total of 593 of 2134 exposed and 242 of 1058 sham-exposed rats have died. Among the dead rats, the 
percent with primary lung tumors was 71% for the 150-nCi group, 70% for the 82-nCi group, and 23<}, 
for the 32-nCi group. No lung tumors have been found in controls, and only three have been found at 
an lAD of <7.5 nCi. 

This project was designed to provide data 
for estimating the time/dose-response re
lationships of lung-tumor incidence in 
rats exposed by i nha 1 at ion to 239puo
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The lAD are determined by whole-body
counting for 169Yb calcined with the 
239Pu02 particles (Annual Report, 1983). 
The numbers of rats assigned to each ex
posure group were based on statistical 
analysis of previous higher-dose studies 
and on the historical frequency of primary 
lung tumors in untreated female, Fischer 
rats. 

A group of 70 rats was exposed to an aero
sol of 169Yb, 239Pu02 , and the clearance 
of 239Pu from the lung was determined from 
an imals killed at 1, 3, 7, 14, 21, 28, 42, 
63, 84, 126, 231, 336, 441 and 546 days 
after exposure. The group lAD for all 
rats was estimated to be 9.4 ± 0.4 nCi 
239Pu. Analysis of all data indicates 
that 78% of the inhaled 23 9Pu was cleared 
from the 1 ungs with a ha lf-1 ife of 19 ± 
4.5 days, and the remaining 22% was 
cleared with a half-life of 180 ± 110 days 
(Figure 1}. Analysis of lung weights from 
all rats indicates that a weight of 1.6 g 
is as useful in calculating radiation dose 
to the lung as the previous equation used 
for determining changes in lung weight 
with age (Annual Report, 1983). 

The cumulative rad iation dose to the lung 
from inhaled 239Pu02 , at time after expo
sure t, can be estimated by the equation: 

Rt (51.23)(5.15)(1.11 WBC14) Jt Y(t)dt 
1000 Lt 0 ' 

where Rt is the radiation dose in rad at 
time t; 51.23 is a constant; 5.15 is MeV 
per alpha di sintegration ; 1.11 WBC14 is 
the estimated lAD (in nCi ), based on 
whole-body counts for 169Yb at 14 days 
after exposure and corrected for alveolar 
clearance from 0 to 14 days by the factor 
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1.11. Lt is the lung weight, taken to be 
1.6 g, and Y{t) is the proportion of IAO 
in the lung at time t, given as: 

Y(t) = o. 78e -0.037t + O.ZZe -0.0039t 

The status of the 1 i fespan study as of 
October 1984 is shown in Table 1. A total 
of 598 of 2194 exposed rats and 242 of the 
1058 sham-exposed rats have died; histo
pathological evaluations have been com
pleted on 286 of the exposed and 101 of 
the sham-exposed rats. 

The degree of pulmonary fibrosis is sig
nificantly greater than in controls only 
at the 82- and 150-nCi levels. Nonsignif
icant increases in pulmonary fibrosis were 
also seen at the 17- and 32-nCi levels. 
The incidence was no different from that 
in controls at all lower exposure levels. 

The incidences of squamous cell and aden
omatous metaplasias were also related to 
exposure levels: 33 and 72% at the 82- and 
150-nCi levels, respectively, and no dif
ferent from those of controls at exposure 
levels of <17-nCi. Adenomatous meta
plasias were seen at about the same fre
quency as squamous ce 11 me tap 1 as i as (Ta
ble 2). 

Other than lung tumors in high exposure 
levels, the most prevalent tumor types 
observed in al l groups were pituitary ad
enomas and uterine tumors. Many of the 
pituitary tumors were large and were the 
probable cause of death. The uterine tu
mors were about two-thirds carcinomas ana 
one-third sarcomas (mostly adenocarcinoma 
and le iomysarcoma, respectively). Irre
spective of type, they were highly in
vasive, metastatic to the lung, and were 
the probable cause of death. Overall in
cidences of pituitary adenoma and uterine 
tumors were , respectively, 36 and 24%, 
irrespective of exposure group or age. 
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FIGURE 1. Amount oi 239pu Present in Rat Lung as a Function of Time After Exposure Each point represents the pluton1um 
content in the lung of one animal as determined by liquid scintillation counting. Tht> equat1on represents the best estimate of the 
clearance of r>luton1um irom the lung. 

TABLE 1. Status of the Inhaled 23YPuO~ Rat Lliespan Study as 
oi October 1984 

TABLE 2. Incidence of Pulmonary F1brosis and Metaplasicls in 
Rats Exposed to dn Aerosol oi JWpuo1• l&'lyb <N = Number 
of Animals} 

Number oi Rats 

Exposed Control 
Percentage oi Animdb 

Grc~de ot 
Metaplasia lAD nCt Alive Dead Alive Dead Pulmonary - --

lAD. nCi N Fibros1~1a1 Squamous Adenomatou~ 0.60 87& 123 4)1\ &0 --- ------
0 98 44& 92 245 24 0 101 0 17 ± 0.18 0 0 

2.4 IJ2 113 53 50 0.& 35 0 09 ± 0.28 2.9 (I 

5.7 54 42 21 21 0 ~~~ h 0.10±030 0 0 

7.5 211 32 20 9 
2.4 59 0 .1 '; ± 0.40 1.7 1.7 

17 18 4t 8 2 1 57 12 0.;!7 ±0.47 0 0 

32 18 42 10 111 75 19 O.lb ±0.37 0 0 

82 9 50 l) 1& 17 lO 0.&3 ± 0.76 3.3 10 

150 0 58 6 23 
.32 ll 0.84 ± 0.90 &.5 19 

Totob 82 27 2.33 ± 0.83 33 63 1541 593 816 242 
150 58 281±1.00 60 72 

(alo"' normal. I = very slight. 2 =slight. J "' modt>rate. 
4 = Sl:'vere. 5 "'exlrE'm(' 
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One interesting observation was the devel
opment of five embryonic kidney tumors, 
nephroblastoMas, in young rats, unrelated 
to treatment. 

The incidence of primary lung tumors at 
the higher exposure levels was similar to 
that previously reported for inhal ed high
fired 239Pu02 in rats (Sanders et al., 
1976, Radiat. Res. 68:349-360; Sanders and 
Mahaffey, 1981, Health Phys . 41:629-644), 
with the exception of fewer than expected 
adenocarcinomas at noderate to lower expo
sure levels. The total incidence of lung 
tumors was 71% at the 150-~Ci level, 70% 
at the 82-nCi level, 23% at 32 nCi, 5.3 to 
8.2% at 5.7 to 17 nCi, and only one l ung 
tumor at lower exposure levels; no primary 
lung tumors have been seen in the 101 con
trols. Lung tunors were primarily squa
mous cell carcino~s at the higher expo· 
sure l eve 1 s fo 11 owed in preva 1 ence by 
adenocari noma, hemangiosarcoma and other 
sarcomas (Table 3) . Most of the pulmonary 
carcinomas were highly invasive in the 
thoracic cavity; many had metastasized to 
thoraci c lymph nodes, and several to the 
kidneys. Pri~nary lung tumors were the 
probab 1 e cause of death in most of the 
high- level-exposure animals. 
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TABLE J. Incidence of Primary l ung Tumors in Rats Expo5~d 
to an Aerosol of 239Pu02, l69yb (N : Number of Ammals). 

Percentase of Animals 

Squamous 
Cell Adeno· Hemc~ngio· 

lAO. nC1 N Carcinoma carcinoma sarco ma To1al 

0 101 0 0 0 0 

0 .60 35 0 0 0 0 

0.98 15 0 6.7 0 67 

2.4 59 0 0 0 0 

5.7 12 0 0 0 8.! 

7.5 19 5.3 0 0 5 l 

17 30 3 3 3.3 0 6.7 

32 31 3.2 16 0 23 
82 27 -18 15 3.7 70 

150 58 43 12 10 71 




