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®DBiokinetic model for HTO & OBT

O The ICRP model further assumes that HTO is transferred from blood with a biological half-
time of six hours and distributed uniformly throughout the body. It is also assumed that
97% remains as HTO, while 3% is instantly converted to OBT. In adults, HTO is assumed
to be retained with a biological half-time of 10 days, and OBT with the biological half-time
of carbon, calculated as 40 days. (Figure 1)

O Itis assumed that OBT, once taken into the body, is translocated to blood completely and
instantaneously, and is transferred from blood to tissue with a biological half-time of six
hours, with 50% retained in tissue as OBT and 50% transformed into HTO. The uptake
and retention of tritium in various tissues depends on the metabolic activity of the
individual tissues and the constituent chemical forms of OBT. However, the ICRP model
assumes uniform distribution of doses from OBT to all soft tissue in the body while a
greater metabolic activity leads to greater uptake and more rapid loss. (Figure 2)

O The ICRP dose coefficients for OBT should not be directly applied to intake of tritiated DNA
precursors.

Blood Gltract
Blood

979 3% 50% 50%
'

HTO OBT HTO 0BT

T N 10 days T'-z: 40 days T,,= 10days T, =40 days

Excreta Excreta
— -

Figure 1 ICRP model for biokinetics of HTO Figure 2 ICRP model for biokinetics of OBT
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®Biokinetic model for HTO & OBT

O ICRP has developed revised models with improved physiological realism focussing on occupational intakes
of radionuclides. Intakes by members of the public will be considered by ICRP at a later stage.

O The HTO systemic model includes compartments representing blood, extravascular body water that
exchanges rapidly with blood, and two components of retention of tritium converted in vivo to OBT. The
transfer coefficient from blood to excreta is set to yield an initial removal half-time from the body of 10
days. The transfer coefficients from compartments OBT-1 and OBT-2 back to extravascular HTO
correspond to half-times of 40 days and one year, respectively; the net retention half-times in these
compartments are slightly longer than 40 days and one year due to recycling of activity. (Figure 1)

O (About OBT) In relation to occupational exposures, this model is assumed to apply to “biogenic organic
compounds” of tritium for which specific information is not available. It is assumed that 50% of tritium
initially entering blood transfers immediately to compartment OBT-1 and 50% is converted immediately
to HTO within the blood compartment. Tritium entering OBT-1 or blood subsequently follows the HTO
model defined in figure 1. (Figure 2)

0BT 0OBT-2 0% OBT-1 QBT-2
(Short T, ) (LongT, ) o (ShortT ) (LongT )

[ A

[} A A

Y Y Y Y

Extravascular HTO Extravascular HTO

A

A

Y v

HTO = 100% Blood OBT = S0% Blood

Y Y

Excreta Excreta

Figure 1 Revised ICPR systemic model for HTO Figure 2 Revised ICRP systemic model for OBT

19



7 —3 UNSCEAR 2016 Report 3/5

@ Stochastic effects

O

O

In their first study, increased incidence of mammary fibroadenomas was detected in dams
exposed at 3.3 Gy and 6.6 Gy, but not at lower doses.

The groups of animals exposed to beta and gamma radiation at a dose of 2 Gy were also
studied over two-eight months and reciprocal translocation frequency did not significantly
change during this period. The increase of reciprocal translocation frequency with
increasing dose was observed over the entire dose range up to 3-4 Gy.

In summary, the studies presented here demonstrated that internal exposure of mammal
germ cells to HTO can induce DLMs of the progeny at a wide range of radiation doses. RBE
estimation showed tritium beta radiation to be more effective than gamma rays for this
biological end point by factors of 1.6 to 2.6.

However, to date, there is no epidemiological evidence of stochastic health effects being
induced by tritium exposure in humans.

Although ICRP recognized that there was evidence for a significant variation in RBE values
for low-LET radiation (e.g. increasing RBE with decreasing photon energy), it was argued
that a more detailed distinction was not warranted for the purposes of radiological
protection. Thus, a value for wy of 1 was chosen for practical reasons to apply to all
electrons and photons, including beta particles from tritium

20
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@ Deterministic effects

O

O

Embryo-fetal effects in animal studies are observed at doses of about 0.4-0.6 Gy from
chronic intake of HTO.

In summary, experimental studies carried out in animals indicate that prolonged exposure
of animals to HTO associated with relatively high radiation doses (in the range of 1-8.7
Gy) resulted in some diminution in the immune response in animals which, depending on
the dose, could be reversed.

For humans (female), the reproductive system is radiosensitive to a dose of 2.5-6 Gy
given in a single fraction. Exposure to doses within that range will cause permanent
ovarian failure due to the killing of oocytes, and will be accompanied by features
associated with menopause.

@Transmutation(Non-radiological effects)
O Carsten discussed the possibility that such effects would be manifest in humans after

ingesting HTO or OBT as food. He suggested that the risk was small enough to pose no
significant hazard, primarily because only 2% of the hydrogen atoms in DNA were located
at the 5-position of the cytosine ring and damage would be minimal.

Feinendegen and Bond reached the same conclusion—that “the effects of intracellular
tritium are overwhelmingly due to beta irradiation of the nucleus” and “transmutation
effects do not produce a measurably increased effect under most conditions.”

If DNA damage in mammals did occur from transmutation, it is unlikely that it could be
distinguished from radiation-induced damage and thus would be already accounted for in
measured RBE values.
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®Epidemiological studies

O Owing to the limited numbers of tritium workers in particular countries, and limited
exposure of most of these workers, it is unlikely that epidemiological studies of individual
nuclear facilities, or indeed individual countries, will have sufficient statistical power to

have a reasonable prospect of detecting the risks predicted by standard models, or of risks
not far removed from those predicted.

O It is unlikely that epidemiological studies of environmental exposure to tritium will produce
meaningful tritium-specific risk estimates because such exposure is, in general, unlikely to
produce tritium-specific tissue/organ doses that are not low or very low.
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