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The purpose of this research is to obtain biological data to supplement earlier evaluations of the 
hazards of 85Kr exposure. The studies include both short-term and chronic exposure of rats, dogs and 
sheep to determine tissue distribution and retention kinetics for metabolic modeling purposes. We 
have included dose-effect studies in rats exposed acutely as newborns or chronically for most of their 
life span to identify tissues at risk and determine tumorigenic potency. 

Thi s report presents progress in two on
going dose-effect studies employing male 
and female Wistar rats exposed to graded 
dose levels of 85Kr. The first study in
volves adult rats exposed continuously (24 
hr/day, 7 days/wk) for 808 days to 85Kr 
atmospheres equivalent to 102 , 103 or 104 

times the maximum permissible concen
tration in air. (MPC = 3 x 10- 7 fJCi 
85Kr/ml for areas of flncontrolled access 
or residential areas.) In the second 
study, newborn rats were exposed to 85Kr 
<48 hr after birth to investigate the 
tumorigenic effect of ski n-surface doses 
of approximately 958, 2328 or 4738 rad. 
Effects on life span, weight gain and 
other pre 1 i mi nary observations of toxi c
ity, including tumorigenesis, were pre
sented for both studies in Annual Reports 
for 1975 through 1980. 

In the chronic study, 85Kr exposures were 
discontinued after 808 days (for budgetary 
reasons). Approximately 90% of the orig
inal 400 rats (100 rats per group, includ
ing a group of room-air controls) were 
dead when exposures were termi nated. The 
surv i vi ng rats were trans ferred from the 
exposure chambers to standard animal quar
ters, where they were weighed each month, 
radiographed, necropsied, and otherwise 
processed in the same manner as during the 
exposure period. Malignant lesions ob
served when tissues from necropsied rats 
were examined for histopathologic changes 
are summarized in Table 1. 

The incidence of malignant lesions was not 
treatment-related in tissues receiving the 
greatest radiation dose (skin> lung> 
adrenal), nor in the other organ systems 
where they were found. The chi - square 
test for homogeneity, which compared tumor 
incidence in 85Kr-exposed groups and 
controls, was not significant at P > 0.1. 
Nor were di fferences in tumor i nci dence 
among 85Kr-exposed groups significant at P 
> 0.1. The results demonstrate that con-
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TABLE 1. Summary of Tumorigenic Response in Rats 
Chronically Exposed to 8sKr. 

Exposure Concentration, ,t.tCi/ml:(a} 3)( 10-3 3)( 10-4 3 x 10-') Control 

Cumulative RadiatIon Dos€', rad/yr(b) 

Skin Surface 1465 141 18 1.7 
lung 28 3 0.3 0 

Tumor Site r-.(), Mali~nant Tumors/Dose Group 

Skin 0 0 
Suhcutant'ous Tis~ue 10 
lung ]1, I 1 
Adrenal 3 
Skeleton 0 0 1 0 
Mammary Tissue 2 3 0 
Urogenital Tissue 4 2 0 3 
Other Visceral Organs 10 14 
leukemra1dl 2 

Number of Rats/Dose Group 100 100 99 100 

Average Survival Time. day~ 747 721 781 794 

(a) Krypton-8S chamber concentration was monItored continuously with an in· 
linE" Triton gas counter couplE"d to a chart recorder. The gas counter was 
calibrated by comparison with aliquots of the chdmber atmosphere, analyzed 
by liqUId scintillation counting 

(b) Skin surface dose was estimated with thermoluminescent dosImeters suspend. 
ed between cages dunng exposure. Previously reported skin doses were 
2-fold greater due to an error in evaluating the dosimeter reading. Lung dose 
(beta) was calculated assuming a lung weight of ],5 g and lung volume of 
5 mL The dose contributed by tissue"bound 8:;Kr (estimated to be rv30J0 of 
total lung dose) was not included. 

(c) Diagnosis of one lung tumor remains tentative. 
(d) No specific site. Listed because of possible association of leukemia with 85Kr 

exposure (see text). 

t i nuous exposure of rats to 85Kr con
centrations equivalent to 100 to 10,000 
times the MPC for the general population 
did not signiticantly affect life span or 
malignant tumor incidence. These findings 
attest to the conservatism of the estab
lished limits for occupational and popu
lation exposure to 85Kr. 

Newborn rats were exposed to 85Kr in two 
replicate studies, 1 yr apart. The second 



study was initiated to supplement the data 
obtained from the limited number of rats 
("'10 per group) used in the preliminary 
study. Since the dose groups for the two 
studies were quite similar (853 vs. 1064; 
2342 vs. 2315; 4685 vs. 4790 rad, respec
tively), the results are combined in Ta
b 1 e 2. Although the study is not com
plete, preliminary results suggest a clear 
association between 85Kr exposure and skin 
cancer. Mal ignant lesions of the epi
dermis appear to be a specific result of 
85Kr radiation, as would be expected from 
the range of the O. 67-MeV beta emi ss i on 
and the proximity of the target cells, 
presumably located in the basal-cell 
1 ayer. I n our study, a dose of about 100 
rad produced two basal cell carcinomas, a 
lesion which is extremely rare in the 
Wistar rat. (None were found in the 399 
rats exami ned in the chroni c exposure 
study.) 

The two 1 eukemi as found in the newborn 
irradiated rats are withi n the range of 
spontaneous tumor i nci dence observed in 
our previous studies. There was no indi
cation of a dose-related increase in 
incidence of leukemias in either the 
chronic or acute study. The induction of 
leukemia, as observed by Kirk (1976) 
(cited by Harley and Pasternack, Health 
~ 33: 567-575, 1977) in adult guinea 
pigs exposed to near-lethal doses of 85Kr, 
was not borne out in the preliminary re
sults from our studies. However, the re
sults of the two studies may not be di
rectly comparable because of experimental 
differences, e.g., difference in species, 
age when irradiated, magnitude (and other 
characteristics) of the radiation insult. 

TABLE 2. Malignant Skin Tumors in Rats Exposed as Newborns for 6 hr to 85Kr Atmospheres. 

Mean Mean 
Skin Exposure Number Number of Rats with Skin Carcinoma 

Dose, Concentration, of Rats 
rad ± SD(a) jACilml ± SD Examined(b) Basal Cell Squamous Sebaceous Anaplastic Leukemia (c) 

958 ± 100 5.2 ± 0.5 12 (32) 2 0 0 0 

2328 ± 240 12.7 ± 1.3 20 (33) 9 3 0 

4738 ± 490 25.9 ± 2.7 23 (25) 13 6 2 2 

Control 13 (33) 0 0 0 0 

(a) Dose was estimated from thermoluminescent dosimeter measurements on rat "phantom" placed in exposure 
chamber. 

(b) Total number of rats per dose group shown in parentheses. Pathologic examination is not yet complete. 
(c) Leukemias are listed because of possible association with 65Kr exposure (see text). 
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