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Tritium: Paper from Dr Harrison

1. Attached for the Committee’s consideration, is a copy of a paper from Dr Harrison which discusses Dr Day’s earlier paper on tritium, Paper 11-4.
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Dose and risk from tritiated water and tritiated thymidine

John Harrison, NRPB

Tritiated thymidine

In CERRIE paper 11-4, Phil Day set out the case for potentially high RBEs for tritiated DNA precursors, expressed in terms of average tissue dose. This is consistent with early theoretical calculations, as quoted by Lambert (1969), which suggested that tritiated thymidine (3HTdR) should be considered to be substantially more toxic than tritiated water. In discussion, I referred to the data of Ueno et al (1988), as reviewed by Straume and Carsten (1993), which showed a difference of a factor of two between RBE values for 3HTdR and HTO; values for 3H – amino acids and HTO were not significantly different. As suggested by Dudley Goodhead (and contrary to my understanding), this comparison was based on dose to the nucleus. In the study, mouse lymphocytic leukaemia L5178Y and mouse embryonic skin m5S cell lines were cultured for 50h in medium containing different concentrations of HTO or tritiated compounds and measurements made of cell killing and mutation at the Hprt locus. Doses were estimated on the basis of measurements of the 3H content of cells at 50h and the assumption of concentration of 3HTdR in the nuclei but uniform cellular distribution of HTO and 3H – amino acids (cell and nuclei diameters of 10.9 and 7.6 (m, respectively). If this simplistic dose comparison is accepted (and there are reasons against; see below), a factor of two greater effect for 3HTdR per unit dose to the nucleus converts to a factor of 6 on the basis of average cell dose. The factor of two difference in effect on the basis of nuclear dose might be attributable to transmutation effects, to regional distribution of dose within the nucleus and greater HTO concentrations in the cytoplasm than nucleus. Note that no difference was observed between (6 – 3H) and (methyl – 3H) thymidine, despite expected differences in their transmutation effects (see paper 9-1; IF). 

Lambert (1969) compared the effects of 3HTdR and HTO in vivo in respect of induction of mouse spermatogonial cell death, resulting in measured reductions in primary spermatocytes at 72h after injection. In this carefully conducted experiment, comparison was also made with the effect of 200 kVp x-rays delivered over 72h at an exponentially decreasing dose rate similar to that experienced with 3HTdR and HTO. Dose calculations for 3HTdR were based on concentrations of 3H in spermatocyte nuclei determined by autoradiography and allowance was made for dilution of 3H in DNA at each cell division; that is, it was assumed that the concentration of 3H in intermediate and type B spermatogonia were 4 times and twice that in spermatocytes, respectively. On this basis, RBE values of about two were obtained for both HTO and 3HTdR compared with x-rays (values of 2.4 and 1.6, respectively, considering dose over 72h, and 2.3 and 1.3, respectively, on the assumption that cell death was initiated in the first 19h). Lambert emphasized the potential errors involved in these estimates of RBE. 

Environmental exposures to 3H – DNA precursors can reasonably be taken to be negligible. OBT in flounders from the Cardiff area has been shown to be largely in carbohydrate and lipid fractions (Carmichael and Mitchell, 2001). The results of Lambert and Clifton (1968) comparing injection and ingestion of 3HTdR in rats suggest intestinal aborption of intact 3HTdR of less than 10%, with subsequent catabolism such that only about 2% was incorporated into DNA. 

Tritiated water

The suggestion of a factor of 15 increase in the dose coefficient for HTO has reappeared yet again in the draft example sections for the final report. To reiterate: the three factors are: a) x2.5 for RBE, b) x3 to better recognise the OBT component arising from HTO intakes, and c) x2 to recognise 3H concentration in DNA’s hydration shell. Taking these in reverse order:

c) Greater concentration of 3H in the nucleus compared to the cytoplasm would result in increased RBE measured on the basis of average cell and tissue dose. There can be no question about this - so inclusion of an additional (arbitrary) factor (c) would be double counting if this effect occurred. That observed RBEs are consistent with microdosimetric considerations argues against any such effect.

b) Incorporation of 3H into OBT after intake of HTO is, in fact, taken into account by ICRP, on the basis of human data and supported by animal data. Observations in animal studies that OBT levels in tissues can exceed HTO levels at times after the cessation of a period of chronic intake are consistent with expectations, given the longer retention times of OBT. There are no data of which I am aware that indicate that chronic intakes of HTO cannot be modelled as a series of acute intakes. 

a) The RBE of tritium beta emissions relative to gamma and x-rays is the only credible factor here. As discussed by Gentner at the workshop, measurements for cancer in animals tend to be at the low end of the range of observed RBEs; that is, close to 1. ICRP do not distinguish between low LET radiations in specifying wR values – a value of 1 is used despite differences in RBE of up to a factor of four. This is wholly consistent with other generalisations used in calculating dose coefficients, including the use of a single wR of 20 for alpha particles. ICRP encourage the use of specific information where this is appropriate – including RBEs - for example, in interpreting epidemiological data or attributable risk calculations.

In summary, no case has been made for any change in the ICRP dose coefficient, as defined, and the only legitimate factor for debate is RBE and the relationship of wR to RBE.

References

Carmichael, P. and Mitchell, S. (2001) Tritium in the environment: Report on tissue and biochemical macromolecular distribution of tritium in flounder. Imperial College, London. Report to Amersham plc.

Lambert, B.E. (1969) Cytological damage produced in the mouse testes by tritiated thymidine, tritiated water and x-rays. Health Phys. 17, 547-557.

Lambert, B.E. and Clifton, R.J. (1968) Radaition doses resulting from the ingestion of tritiated thymidine by the rat. Health Phys. 15, 3-9.

Straume, T. and Carsten, A.L. (1993) Tritium radiobiology and relative biological effectiveness. Health Phys. 65, 657-672.

Ueno, A.M., Furuno-Fukushi, I., Matsudaira, H. (1989) Cell killing and mutation to 6-thioguanine resistance after exposure to tritiated amino acids and tritiated thymidine in cultured mammalian cells. In: Tritium Radiobiology and Health Physics (Ed., S. Okada). Proc. 3rd Japanese-U.S. Workshop. Nagoya University, Japan. IPPJ-REV-3; pp.200-210.

PAGE  
3

