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Carcinogenic Properties of Radioactive 
Fission Products and of Plutonium' 

IIRWANN LISCO, M.D., MIRIAM P. FlNKR, R.D.,  and AUSTLN M. BRUES, MD. 
ChiCAVO, 

SERIES OF STUDIES dealing with the A late eflects of internal and external 
irradiation upon experimental animals were 
undertaken by the Biology Division of the 
CIinton Laboratories at  Oak Ridge and by 
the Biology Division of the Metallurgical 
Laboratory, t'niversity of Chicago. The 
results of the studies concerned with ex- 
ternal gamma and beta rays and neutrons 
have been discussed by D?. P. S. Henshaw 
and Dr. J. R. Raper. In the experiments 
at Chicago a number of representative 
radioactive isotopes were chosen for study, 
isotopes which are released in the fission of 
uranium. One of the end products of the 
fission process is plutonium (Pu"), and 
particular attention was paid to this sub- 
stance. At  the time thcx chronic experi- 
ments were undertaken, a limited amount 
of information was available concerning 
acutely toxic IeveIs and distribution of 
plutonium. 

An intelligent appreciation and evalua- 
tion of health hazards, whether by inges- 
tion or inhalation or by way of wound 
contamination with minirnal amovnts of 
radioactive substances while working in 
potentially contaminated laboratories, is, 
of course, difficult without expuimento- 
tion. It was with this in mind that the 
following experiments rcn undutdcen, 
even though it was realized that it is no- 
toriously difficult to design animal experi- 
ments which preasely duplicate the human 
hazards. 

The late effects of various modes of 
treatment with Se, (I, VI, CeL4', Ra, 
and Pu" were studied in mice, rats, and 
rabbits. SF, Y", and Ce"' are pure beta 
Unitten with energies of 1.5, 1.5, and 0.35 - 

MeV., respectively, and half lives of 33, 57, 
and 275 days, respectively. Plutonium is 
an alpha emitter with a half life of about 

Radiostrontium, like radium, was largely 
concentrated in bone, and the average 
total retention a t  fourteen days was 45 per 
cent for the rnouy, 50 per cent for the rat, 
and 21 per cent for the rabbit; these figures 
are corrected for decay. Almost all of the 
retained SP was found in the skeleton, and 
consequently bone tumors were readily 
produced. The incidence of bone tumors 
was approximately proportional to the 
dose administered, and the latent period- 
in no case less than about 200 days-in- 
creased gradually with decreasing dose. 
In the animal species studied, single and 
multiple bone tumors were observed, and in 
many individuals widespread metastases 
cxmmed, especially in rats and rabbits. 
Bone tumors were produced in considerable 
numbers by doses ranging from 5.0 to 0.05 
microcuries per gram, both with single and 
with monthly repeated injections. Osteo- 
genic sarcoma induced by SF involved the 
long bona in preference to the spine, a fact 
which will be discussed briefly later. 

It is not clear as yet whether SP had 
any deet on the incidence of spontaneous 
lymphoma in mice. 

Radio-yttrium and &urn, after either 
iritravenour or subcutaneous administra- 
tion, also produced sarcomas in the skeletaI 
system. These tumors localized primarily 
in the long bones. 

When plutonium and yttrium (YPOJ 
were given subcutaneously or intramuscu- 
larly to mice, various manifestations of 
radiation damage were observed IocaIly. 
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Both plutonium and wriuin showed a 
consisttntly high ConcesItration in the liver. 
Wencc, liver damage was frequently noted 
in animals at the higher dose lcvcls, but no 
true liver tumors have been seen to date. 
Small adcnomnta have, however, occurred 
in the liver in the process of rcgcneration 

It would not IILIVC lrccn possiblc tv cam)‘ out tlicse 
csperimcnts withutit rlic help of m y  pqde,  too 
numerous to imnliun bcrc. Tlicir enthusiastic co- 
operation in these studies is gratefully acknowlcdgcd. 

Argonnc Satiorial Labratory 
Chicago. Ill.  
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