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There is no direct epidemiological evidence available to provide quantification of 
radiation cancer risks at very low radiation doses and rates. Human cohorts who were 
either exposed to higher radiation levels from the atom bombing of Japan or to radiation 
therapy for medical conditions constitute most of the human data base. Lifetime studies of 
radiation effects in rodents and dogs, suggest that when there is little error concerning the 
dose, that as the dose rate and total dose become smaller, the risk for cancer per unit of 
absorbed dose also becomes smaller. Some in vitro studies on cells also suggest a lesser 
effectiveness for cell killing at low doses. This has led to the convention of adjusting the 
risks estimated form high doses by a low dose and dose rate effectiveness factor, 
(DDREF), generally accepted to be 2 to 3, Thus, the cancer risk per rad from a low dose 
would he estimated to be one-half to one-third of the risk predicted on the basis of the 
Japanese A-bomb data base. 

A careful review of the experimental radiobiology literature shows that the general 
pattern of response dose not follow a simple step function, but that there appears to be a 
continuum of "dose rate amelioration factors", the lower the rate, the larger the factor. 
These factors seem to range from 2 to 20 in most animal studies. Modem cellular 
radiobiology also accepts a concept of low dose rate repair of initial radiation-induced 
molecular sub-lesions. To the extent that the carcinogenic endpoint is the results of an 
initiating event or sub-lesion, plus two or more "promoting" steps, it is reasonable to 
suggest that when clusters of absorbed ionizations, ( i. e. absorbed dose), are separated 
in space and time, their collective impact in terms of cancer risk may not always be equal. 

The human data on radiation induced leukemia now suggests that there may be a 
comparable range of reduction factors related to peak dose rate and that it covers a 2-
20 fold range. Preliminary data from previously exposed Russian occupational and general 
populations, plus evaluations of medically exposed cohorts as well as of US nuclear 
workers were compared and appear to fit best with a relationship of risk coefficients 
ranked in an exponential relation with peak dose rate . The DDREF at peak dose rate of 
about 1 rad/day is about 2; it is about 3 at a peak of 0.1 rad/day and has a value greater 
than 10 at 1 millirad/day. 

Using the limited human data plus the relationships derived from the laboratory, a 
leukemia risk model has been developed as well as a suggested model for other cancers in 
people exposed to low levels of radiation. Theoretical experimental and epidemiological 
evidence will be presented in an integrated stochastic model for projection of radiation-
induced cancer risks. 
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