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1. At the 6th meeting, comments on CERRIE Paper 5/4 on RBE uncertainties from Dr Cox were circulated (INFO paper 6F).

2. Further comments on CERRIE Paper 5/4 on the RBEs of alpha emitters from Professor Simmons are now attached.
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On the Subject of Relative Biological Effectiveness

and Other Matters Relating To Alpha Emitters
by Professor Jack Simmons

1. At its 5th Meeting in August, which I was unfortunately unable to attend, the Committee considered the problem of uncertainties in wR and RBE. Dr Fairlie’s full and fair paper covered most of the relevant material concerned with these topics with one notable exception. This was the paper by Simmons et al. (1) in which the authors studied (amongst other things) the rates of survival of human lung cells following plutonium α-irradiation and 250 kVp X-irradiation. For these cells, which gave a straight line on the exponential survival plot even for low-LET irradiation, an RBE of 2.7 was deduced.

2. It is noted that, in opening the discussion, Dr Busby stated that the RBE uncertainties showed that the concept of absorbed dose was a shaky one. It is also noted that he had made a similar point in relation to the study on particulates (Minute 31). His views (up to this point in the argument) are similar to those of Simmons and Watt who based their arguments on, amongst other things, the microdosimetric distributions of energy depositions arising from plutonium dioxide particulates trapped in the parenchymal region of the lung (2). These arguments were, in turn, linked to concepts previously propounded by Bond et al. (3) who, in considering the risks associated with small quantities of radiation, emphasized the fact that, in such circumstances, not all the cells were hit and those that were suffered a wide range of energy depositions. Thus every value of “absorbed dose” is the average of this very wide range and the RBEs derived from them are of limited significance. In this context, it should finally be appreciated that the ICRP had, many years previously, made the comment that “an estimate of the dose equivalent to the critical tissue determined merely by the product of the quality factor and the mean dose might well be greatly in error” (4).

3. It appears, then, that all parties concerned (Bond, Bramhall, Busby, ICRP, Simmons and Watt) are in agreement up to this point. However beyond this, serious divergences occur. Bramhall and Busby argue that, because of these errors and failures of relevant concepts, there is a serious under-estimation of the risks associated with internally deposited particulates. Bond et al. and ICRP remain neutral while Simmons believes that the risks have been over-estimated. The question of the carcinogenic risk of “hot particle” exposures was well answered by Dr Charles in his paper to the previous CERRIE Meeting (5) in which he concluded that there was no reliable evidence to support a “hot particle enhancement” hypothesis. His data were generally accepted by those present at the Meeting and will therefore not be reconsidered here. Instead, epidemiological evidence will be presented to support Simmons’ contention that, because there is a threshold for the induction of cancer by internally deposited α-emitters, the risks have been significantly over-estimated.

4. The α-emitter which, until fairly recently, has received the most attention is radium. A report on some 2400 subjects was published by Rowland (6). Because of its unequivocal evidence contradicting the “no-threshold” hypothesis, it is worth quoting from one his conclusions:  

“These results indicate that intake levels as large as 50μCi of either isotope of radium produce changes which cannot be distinguished from changes sometimes appearing in unexposed individuals. Only when intakes are significantly larger do bone changes appear that indicate the presence of radium within the body.”

In another part of his report, Rowland notes 

“No symptoms from internal radium have been recognized at levels lower than those associated with radium-induced malignancy. Radium levels 1000 times the natural 226Ra found in all individuals do little or no recognizable damage.” 

5. These statements may suggest that a threshold exists for radium-induced malignancies; at least, they recognize that the available data demonstrate a steep dose response, with the risk dropping very rapidly for lower radium doses. A linked study (7) on workers who were occupationally exposed to radium showed that the incidence of malignant neoplasms could be fitted by a lognormal distribution as a function of dose (46 sarcomas, 19 carcinomas). Most significantly, none of the 1400 subjects with an average skeletal dose of less than 10Gy had developed any malignancy. 

6. The possible hazards from plutonium have been investigated by Voelz and his co-workers over a long period of time (8). Their studies covered some 5000 workers whose systemic burden ranged from 7μCi to 250μCi. The 452 observed deaths were significantly fewer than the 832 expected from all causes. The 107 deaths due to malignant neoplasms were also significantly fewer than the 167 expected from these diseases. Further detailed analysis revealed that a threshold value of at least 230μCi must exist for the induction of disease by plutonium. In a more recent but more restricted review of the 26 white male workers who did the original plutonium research and development at Los Alamos (9), Voelz et al. found that, after fifty years, 7 individuals have died compared with an expected 16 deaths based on mortality rates of white males in the general population. The standardized mortality ratio (SMR) is 0.43. When compared with 876 unexposed Los Alamos workers of the same period, the plutonium workers’ mortality rate was also not elevated (SMR= 0.77).

7. This last sentence, taken directly from the paper, appears to be a masterly understatement. Looked at another way, the data clearly indicate that, even up to the highest effective dose of 7.2Sv, significantly fewer men have died after intakes of plutonium than might otherwise have been expected. The so-called “healthy worker effect”, so often called upon to explain similar results elsewhere, cannot be invoked here. These data, taken together with the data from individuals with radium in their body, show unequivocally that a threshold must exist for the induction of disease by α-emitting radionuclides.
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