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Fig. | Dynamic model for retention of tritium in body water (curve Data are from Snvder et

al. (196X and Sanders and Reinig (1968,
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A portion of the release i1s often HT gas, which behaves quite differently from HTO in the body and in
environmental systems. Bush (1972) repor's that HT is absorbed only slightly through the lungs, and not at
all through the skin. When human subjects are exposed to equal concentrations of HTO and HT in air, the
uptake of HT is 1% of that of HTO. Bush (1972) estimates the dose from HT in the atmosphere as 0.01%
of the dose that would result from an equal concentration of HTO. Essentially the same conclusions were
reported earhier by Delong et al. (1953). Pinson and Langham (1957) compared the rates of appearance of
tritium in the body fluids of man during inhalation of HT and HTO and found them to be equal when the
specific actuivity of HT in air was approximately 15,000 times that of HTO. In Publication 2 of the ICRP
(1959), however, the maximum permissible concentrations in air for the 168-hour week differ only by a fac-
tor of 200 for the two chemical species, and some investigators (e.g., Jacobs et al, 1979) have based
environmental assessments on this figure. For immersion in HT gas ai a concentration of x TBg m *, we
adopt the factor 10 * Lung tissue is irradiated directly by the HT in inspired air. In ICRP Publication 30
(1979), recommendations for limiting the HT concentration are based on an estimate that is equivalent to
87 Sv yr ' 1o the lung per TBg m ' concentration of HT in the air. Including this component of dose, we
estimate the effective dose equivalent rate due to inhalation of HT as

D 13
s (10 (185X 10° + LI1X10°) + (0.12)(87) i
X
= 40 Svyr 'per TBgm™’
where 0.12 1s the risk coeflicient wy,,. from Table 1.
Ingestion. The annual effective dose equivalent rate is
D, = (23 Sv TBq "N365 d yr "Mingesrion SV yr ! (14)

where 23 Sv TBq ' 1s the effective dose equivalent from Table 6 and /,peu0n [Egs. (8) and (9)] is the
intake rate of tritium (TBq d ') as HTO and organically bound dietary components, between which we
make no distinction in uptake or metabolism.

4. SUMMARY AND DISCUSSION

We have presented _.timates of committed dose equivalent to various organs of ICRP’s Reference Man
per unit intake of tritium as HTO or organically bound in dietary materials (Table 1). The basis of these
numbers is a S-compartment model of hydrogen uptake, removal, and exchange among major reservoirs in
the body (Fig. 2). The model i< calibrated to account for slow-decay terms in the retention function as
estimated by Bennett (1973) on the basis of a review of data from several long-term studies of exposed sub-
jects. The dose conversion factors arrived at by this method are combined with weights proportional to risks
of stochastic fatal health effects to give the effective dose equivalent, as defined in ICRP Publication 26
(1977). We have also given a brief indication of the manner ir which the dose conversion factors may be
comt med with results of environmental monitoring or modeling to produce estimates of dose equivalent to
exposed individuals following releases of tritium as HTO or HT.

The effective dose equivalent estimates shown in Table 1 (22 and 23 Sv TBq ') are, respectively, 27 and
13% larger than the value assumed in arriving at the recommendations for occupational exposure limitation
in ICRP Publication 30 (1979).
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We list several limitations of the models and methods discussed in this report:

Dynamics of the metabolism of fat in human beings are poorly quantified. Our estimates are based on
the assumption of extremely rapid turnover and therefore could be high, but only by about 12% at most
for tissue that 1s 10% fat (Sect. 2.3).

Our model of the Gl tract does not attempt to account for loss of tritium by absorption of water from
the large intestine. It is assumed (somewhat arbitrarily) that 95% of the ingested tritium is absorbed
from the small intestine, and that the remaining 5% passes through the lower tract without further
absorption. This assumption is almost certainly pessimistic, but the extent of its effect on the effective
dose commitment is relatively minor (Table 1).

Isotopic fracuionation of 'H with respect to '"H in physical and chemical transformations has been
neglected in the calculations reported here. Substantial discrimination against the heavier 'H has been
reported in experiments with plants (McFarlane, 1976, Garland and Ameen, 1979), resulting in ‘H/'H
ratios in plant tissue that were significantly lower than those maintained in the controlled environment.
Results vary from one species of grain to another, however, and in any event could not be extrapolated
to man.  Any attempt to derive estimates for man by direct application of the fundamental thermo-
dynamic relations to diffusion and reaction kinetics would require a bio-physico-chemical model of man
that greatly exceeds the one discussed here.

Dose estimates presented in this report do not account for dependence of anatomical and physiological
parameters of the models on age.
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