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Results of statistical analyses of data from experiments in which rats were exposed to 
transuranics by inhalation imply that tumor incidence extrapolated to lower doses is not 

dependent on the chemical form of the transuranic. Using many questionable assumptions and 
several alternative models, most of the analyses predicted that irradiation at the current 
occupational exposure limit of 15 rem/year would increase the tumor incidence in rats to 
about three times the spontaneous incidence--the spontaneous incidence being defined by a 
single observed tumor. 

The goal of this investigation is to use 
lung tumor data from the inhalation of 
alpha-emitting radionuclides by rats to 
project what effects might occur in human 
lungs at low, experimentally unapproachable 
radiation doses. In order to make this 
projection, data from several experiments 
were pooled. Problems associated with 
analyzing these data include ignoring 
sources of potential differences among 
experiments: differences in aerosol and 
exposure technology; in animal source, 
species, strain, age at exposure, and sex; 
in analytical techniques; in pathological 
criteria; and in methodology of estimation 
of initial quantity and dose of radionu
clide. Differences among animals in res
piratory characteristics at exposure, in 
clearance mechanisms, and in life spans 
must also be overlooked. To project the 
results to the exposure of humans at doses 
comparable to the occupational exposure, it 
must be assumed that risk is additive with 
respect to dose; that it is independent of 
time or distribution of exposure; and that 
it is the same for humans as for rats. 
Since there are no human data on the effects 
of inhaled transuranics, these estimates 
may serve as useful input to the evaluation 
of human risks. 

Data from 19 experiments using Wistar or 
Sprague-Dawley rats are listed in Table 3.15 
for 93 exposure groups (over 5,000 animals). 
The three parameters for each group were: 
number of animals, group mean dose to lung 
at death (the authors' estimates were used), 
and percent of tumors (obtained by dividing 
number of tumors by number of rats). In 
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the nine control groups (712 animals), one 
Pu citrate control rat developed a malignant 
lung tumor--a spontaneous incidence of 
0.14%, assuming that the controls can be 
grouped. Similar levels of spontaneous, 
maligant lung tumors have been reported 
elsewhere. 

The literature reporting dose-response 
modeling suggested groupings of data. An 
analysis of covariance with dose as a 
covariate detected no differences between 
tumor incidence for 238pu or 239pu oxides 
and nitrates; that is, tumor formation was 
not a function of solubility, particle 
energy, or specific activity when data were 
transformed to meet the statistical assump
tions of the method. Thus, the data were 
separated into three groups: Pu oxide and 
nitrates; other Pu compounds; and Cm, Am, 
and Es oxides and nitrates. In all analyses 
discussed here, each data point was weighted 
by the number of animals in that exposure 
group. 

Methods used to extrapolate to 15 rem 
(1.5 rad alpha dose) were chosen on both a 
theoretical and empirical basis. Models 
and predicted tumor incidence are given in 
Table 3.16 for each data grouping. Most of 
the estimates are between 0.3 and 0.6, 
approximately two to four times our esti
mate of spontaneous lung tumor incidence. 
For most methods, the prediction was not a 
function of the data grouping, suggesting 
that at low doses the particular radio
nuclide is not a factor in determining 
tumor incidence. In addition to the above, 
Mantel-Bryan estimates of the virtually 



TABLE 3.15. Data Source Summary. 

Number of Number of 
Data Sou rces Exposure Groups Animals 

Russian(a) 

Pu Citrate 9 1120 
Ammonium Pu Penta- 8 666 

carbonate 

French(b,c) 

238PU02 3 59 
23BPU(N03)4 3 46 
239PU02 (400°C) 7 108 
mPu02 (twice 1000°C) 8 159 
mpU(N03)4 4 62 
241Am02 5 114 
241Am(N03)4 6 204 
244Cm02 2 31 

PNL(d) 

238PU Nitrate 6 341 
239PU Nitrate 5 338 
253Es(N03h 3 177 

PNL(e,f,g,h,i) 

238PU0 2 5 344 
238PU02+ 2 49 
238PU (crushed micro- 4 184 

spheres in saline) 
mPU02 (high fired) 5 343 
239PU02 (air oxidized) 2 61 
244Cm0 2 6 358 
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TABLE 3.16. Models Used to Predict Percent Incidence (I) as a Function of Dose 
(D) at 1.5 rad. 

Pu Oxides Cm,Am 
Model(a) and Nitrates Pu Other and Es Median 

I = a,D, D $ 100 rad 0.57 0.099 0.51 0.51 

1= a2D, D $ 500 0.13 0.055 0.094 0.094 

I =a)D, D $ 1000 0.12 0.055 0.093 0.093 

1= 0.14 e ll,D(D+l)1l2 0.32 0.32 0.33 0.32 

Qn(l+l) = Ilo + 1l,D + 112 Qn(D+l) 0.53 0.47 0.63 0.53 

Qn(l+l) = 1l,D + 112 Qn(D+l) 0.67 0.55 0.82 0.67 

Qn(l+l) = ')' 0 + ')' ,D2 + ')' 2 Qn(D+l) 0.31 0.14 0.45 0.31 

Arcsin Vl/l00 = 0 0 + 0, Qn(D+l) 0.46 0.62 1.7 0.62 

Arcsin vlll00 = 0, Qn(D+l) 0.59 0.30 0.46 0.46 

(a) a, Il, ')', and 0 are estimated constants. 

safe dose were calculated. However, this 
method assumes that a unit slope is conserv
ative, which is not the case in radiation 
experiments at observable dose levels. 
Although these results are not reported, 
they confirmed the conclusions as stated. 

If we assume the mean of the median 
extrapolated values in Table 3.16 to be 
0.38%, and the spontaneous incidence to be 
0.14%, then the difference (0.24%) can be 
attributed to exposure to inhaled trans
uranics: a risk of 0.0016 per alpha rad for 
rats. A person receiving a radiation dose 
from alpha emitters in the lung of 1.5 rad/yr 
from age 20 to 65 (45 yr) would get a total 
dose of 67.5 rad. Using the same risk 
estimate for humans as for rats, assuming 
that each additional rad is additive and 
carries an identical risk (regardless of 

3.39 

temporal or spatial distribution of expo
sure), then in 45 yr the probability of a 
tumor is about 0.11, a risk of one in nine. 
However, because of competing risks, only 
75% of those alive at age 20 survive to 
age 65. Assuming that only the expected 
number had lung tumors up to age 65, then 
the probability from inhaled transuranics 
is reduced to about 0.08: the risk becomes 
1 in 12. If one employs the ICRP assump
tion that actual exposures are more likely 
to average about 1/10 of the limit, the 
risk would be 1 in 120. In evaluating these 
conclusions one must recall that the spon
taneous incidence is based on a single 
observed tumor, and conclusions would be 
greatly altered if the "true" spontaneous 
incidence in the controls were zero, or two, 
or three tumors. 




