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AGE DEPENDENCE OF UPTAKE AND RETENTION OF RADIONUCLIDES*

W. S. Snyder
Health Physics Division

Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

In this third lecture, some known differences of the retention functions of

radionuclides for various categories of individuals are indicated. This is the most esoteric

of subjects, and the few instances mentioned may only be a small fraction of the differences

that remain to be discovered. Fortunately, the whole body counter can be used to measure

many radionuclides, and when possible, it might provide a good check on the adequacy

of the adult model usually assumed for other members of the population. Figure 1 illustrates

the interaction of the whole body counter with the modeling process, the radionuclide being

Zn which has a radioactive half-time of about 245 days. This radionuclide was present

in the effluent from the Hanford plants, and so in 1963 when the city of Richland began
(Honsted and Essig, 1972)

getting its water from the Columbia River, a new pathway of exposure was available/ The

figure shows the levels in drinking water and in ths residents, and one can follow the gradual

increase in the body burden over the four-year period. Health physicists should be alert to

test the adequacy of their methods when such opportunities occur.

In Fig. 2a and 2b are shown graphically the contributions to whole body dose and to
(Honsted and Essig, 1972)

bone dose of various pathways/ Only the dose to bone from internal sources is shown. A

rather surprising aspect is the importance of eggs as a pathway, and this is believed to be
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due to the fact that many chickens are eating insects which originate in the Columbia River.

You will notice that children as a class average about 2-3 times the dose rate the adults

receive. This is offered only as one example of the detailed and continuous monitoring

and study of the results that should be the basis of your program. Only by such interpretive

studies can you identify the important pathways and be sure you reasonably understand them.

That is the basis for the recommendation by ICRP that these be identified and the doses '

delivered be estimated for such pathways.

Tritium

Tritium in the form of HTC is an example of a radionuclide where there is no apparent

difference in metabolism by children and by adults. Because the average time of triti'jm in

the body is short compared with the radioactive decay half-time, the evidence suggests that

the body water will be essentially in equilibrium with the concentration of tritium in the

total water intake, including water of oxidation. Of course, there is some exchange going

on within the body, and so atoms of tritium become bound in many organic molecules, but the

concentration in body water is not appreciably affected. The total body water expressed as

a percentage of the total body weight does decline somewhat with age, but the difference

is not marked,being only a decline from about 70% for infants to about 60% for the aged.

However, the fetus has even a greater concentration of water, the total body water decreasing

as the fetus develops. This is shown in Fig. 3 which is adapted from Hytten and Leitch (1964).

Thus, if a person is taking in HTO along with his intake of water at a given level, the fetus

might be expected to get about 50% more dose than the adult during the first few months of

pregnancy, but this excess would decline to about 15% at birth.
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The dose computed for the total body water does not differ greatly from the dose

computed assuming the total hydrogen of the body is uniformly labelled with tritium, and

this allowance for the organically bound tritium seems adequate for the available data.

Data of Evans (1969) indicate that the activity of organically bound tritium in body tissues

to organically bound hydrogen in those tissues is near 1. In fact, in six of seven tissues

sampled, the ratio lay between 0.91 and 1.03, but in fat it was equal to 0.62. This suggests

a nearly uniform state of labeling of hydrogen throughout the body. Of course, these

tissues were from deer that probably hod been chronically exposed.

In summary, if dose is computed to body water (42 kg for Reference Man) with the
assumed

same/concentration as has tritium in the total water intake, this will be reasonably accurate

for all ages. One might increase the dose by 50% for the fetus during the first six months

of life and by a lesser amount at later times. From these data i t is possible to infer a dose

per unit intake if one is needed.

Cesium

137Considerable information is available on Cs because of the ease with which i t can

be measured in a whole body counter and because it has been a principal constituent of

fallout. If one can measure the intake, I (u.Ci),of Cs per day and also establish the body

burden., Q (yiCi), at a state of near equilibrium, the ratio is a fairly good measure of the

long-term biological half-time in the body, i.e., Q/I = Tb/ln2 with Tjj in days. Experi-.

mental work has established that in normal adults, the retention following unit intake to blood

consists of two components

• • } •
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R(t) = a e ^ + be"^ 0)

etal_.
with a ~0.10, b = 0.90, a = \x\2/ly and P= ln2A2 (R'Chmona7l962; Rundo, 1964).

Thus the equilibrium level corresponding to unit intake per day is o/ct + b/|3 = (aT. +

bT_)/ln2, and the contribution of the short-term exponential is rather small since

T, ~ 1 day and 1- ~ TOO days. /

The paper of Lloyd et al . (1966) exploits this method of studying the biological

half-time !n man with various refinemenfs. In Fig. 4 is shown this biological half-time

as a function of age, and while there is considerable scatter of the data, it sects rather

clear that it is smaller for infants and children than for adults. This is a result of con-

siderable importance, since dose is almost directly proportional to this half-time. This

trend has been reported by others, but this study offers more documentation than do most

of the others.

Lloyd et a l . (1966) also studied individuals suffering from muscular dystrophy and

found a shorter half-time for these subjects than for normal ones. These results are shown

graphically in Fig. 5, and the shaded area and curve represent the mean ± one standard

deviation for the normal subjects. Similarly, they have studied the biological elimination

half-time for pregnant women and find it is significantly smaller than in the normals.

Clearly, this is a first step toward exploring the range of individual values that will be

present in a population. While we may not always be able to assign a "reason" for the

differences seen, we need to be aware of their existence, and we should explore our own

population and be guided by what we find.
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Strontiuro

Papworth and Vennart (1973) have published a paper recently in which they propose

a meVabolic model for infants and children, and this shall be my excuse for going over this

topic lightly. Briefly, they set up a model comparable to that of Marshall £t^oL (1973) in

that it provides estimates of the activity in cancellous bone and in cortical bone following

intake. They assume that the turnover rates of these two bone types have a constant ratio

and that uptake to the fwo bone types is equal. The total calcium in the body as a function

of age is taken from Mitchell et aL (1945). The rate of turnover of trabecular bone, >f,

and the fraction of dietary strontium added to bone, Uj , are shown as functions of age in

Fig. 6.

When the model is tested against the fallout data, it appears to'predsct" adequately

the course of the concentration over the years (Fig. 7). However, this is not a very severe

test, since these data are the basis for some of the assumptions made. It also compares

rather favorably with the models developed by the late Joseph Rivera and his successor

Burton Bennett (1972). The Rivera-Bennett model only attempts to predict the total activity

in the skeleton but does attempt to take account of the variation of the uptake and of

turnover time with age.

The dosimetry in these papers is implicit in the work of Spiers (1968). Spiers indicates

that children may receive a higher dose than adults by about a factor of 2 due to the closer

spacing of bone and marrow, but his later estimates (1973) indicate only about a 20% increase.
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As important (is this is the changing characteristics of the active marrow itself. At birth,

essentially all the bone marrow is active, but this changes gradually until in the adult the

active marrow and the yellow marrow have nearly equal masses. It is apparent that while

some models are now available for strontium, the problem is by no means completely solved.

Doubtless the next few years will produce other models or refinements of those now available.

Iodine

Isotopes of iodine have been much studied because of their extensive use in medicine

and also because of their importance for reactor safety. Yet many questions remain which are

perplexing. A survey paper by F. O. Hoffman ((973) offers guidance on many of the problems/-

and the fairly extensive bibliography will serve as an initial guide for further reading.

Iodine concentrates in the thyroid, and there is a very definite trend of the mass of

the thyroid with age. Milk is the most common pathway of exposure, and since the intake

of milk does not show a similar variation with age but is fairly constant, the infant is generally

the critical individual.

There is considerable evidence that the biological elimination half-time of iodine in

131

the thyroid increases as age increases. However, for I this will be damped by the radio-

active half-life, and this is not of great importance. For isotopes of iodine of longer decay

times, it is of much greater importance.

There is very scanty evidence concerning variation with age of the fraction reaching

the thyroid, although thousands of administrations of iodine have been given medically.

There is some evidence that uptake is high at birth, but after the individual reaches a state
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of equilibrium with his diet, the uptake will vary depending on the amount of iodine in his

food in previous days. Generally, uptake by the thyroid is higher in most European countries

than is found in the United Status, although wide variations occur in both populations,

presumably due to their choice of foods or to the individual's state as a hypo thyroid or euthyroid

individual. You must study your local population to determine the mean as well as the

extremes, and you should adjust the model used by ICRP if you find a significantly different

value for uptake.

After uptake by the thyroid, the retention is well represented by a single exponential

function. This implies that all these parameters are interrelated. If an individual takes in

I units of iodine per day and if the biological excretion has a half-time of T^, then the

thyroid mass (M) and concentration (C) are related to the fractional uptake (F) by

MCTb / ln2 = IF (2)

if 17 is in days and MC in the same unit as for the intake. However, better biological data

are needed, especially concerning the uptake and the effect on mass. The report of Hoffman

and its bibliography will lead to much further discussion of these questions.

129 125
There are indications that if I or I become important, an average dose to the

thyroid may not be sufficient. These nuclides emit beta rays of low energy, and already there

are attempts to calculate a dose to follicles of the thyroid where the iodine is stored (Gavron

and Feige, 1972).
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Rodium

The studies by Spiess and Mays (1970) provide some guidance on the dosimetry of

224

Ra for children. They use a genera! factor based on body mass to correct for bone mass

as is recommended in the first of these lectures. Unfortunately, they have little evidence

on differences in retention for individuals of different ages. They do discuss the increased

dose to endosteal cells for this short-lived radium and use a factor of 9 for endosteal dose

as compared with the average skeletal dose. Although this is a beginning, it will not answer

ail the questions you will be impelled to ask if a radium isotope of longer half-time is of

concern in your environment.

There remain a host of radionuclides for which we cun say very little regarding what-

ever differences may exist in the metabolism of the child and the adult. Plutonium is one

of the more difficult radionuclides to monitor in the body because a total body counter will

be of little use at the low levels of exposure usually encountered. Of course, one can (and

shoi.'d) adjust the weight of bone over which one averages dose, but there is little guidance

available on other aspects of metabolism. Probably one should try to get what autopsy

specimens may be available if this radionuclide is significantly present in the environment.

Although this is monitoring retrospectively, it may be the best option available.

All of the above applies to estimating the dose received by individuals. However, a

newer concept has been introduced and that is the concept of man-rem. This concept is

subject to many interpretations, depending on who is using it. In impact statements now

being produced in the United States, it is generally being taken to include only the doses
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received by the population living within 50 miles of the reactor installation. However, this

restriction appears arbitrary provided the doses at greater distances can be unambiguously

identified with the site in question.

But suppose we fix on a definition—and It does not greatly matter for the present

discussion which one it happens to be. How does one estimate the man-rem produced in

a given year of operation? The answer would be that the man-rem is simply the sum of the

individual dose commitments due to the year of operation as far in space and in time as one

con identify them with the operation. Clearly, the man-rem concept represents on attempt

to assess fhe total impact of a given year of operation, and its interpretation is closely related

to the linear theory of effects vs. dose.

Although doubtful cases will certainly arise here as in all definitions, one would

expect that at great distances from the source or far into trie future the levels found will

not be identifiable as to their point of origin in space or time, and at this point, the exercise

might as well cease. Or, if not, then a new term should be found to distinguish real cases

from purely hypothetical ones. For example, one can reasonably foresee the population

that may be living at a given place ten years from now and, perhaps, even a hundred years

from now, but to estimate the dose commitment to a hypothetical population that might be

living at a site a thousand years from now and which is used now as a waste disposal site for

239

Pu is an exercise which borders on futility. Such hypothetical doses should be distinguished

from the real doses people'may be expected to receive, and yet, admittedly, there is no sharp

dividing line.



- 1 0 -

Moreover, there will be situations where those reaping the berefits may not be the

same as those Incurring the hazard. When these two populations are situated on opposite

sides of an international boundary, it will be necessary to invoke some supranational authority-

which might be a World Court or an ICRP—if chaos is to be avoided. Clearly, in such cases

the golden rule should prevail, and those reaping the benefits wil l not fare well in fhe court

of public opinion if they use one set of standards in their own country and do nor use a

similarly restrictive standard when their waste crosses a border. Clearly, these problems

are difficult, and the solution lies partly in the realm of politics. One may hope that

international standards will be arrived at which may not satisfy everyone, to be sure, but

which the vast majority of people will be wilting to accept in order to avoid a solution by

force or the alternative of doing without the good things nuclear power has to offer.
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Figure 1. Average Zinc-65 Body Burdens and Drinking Water
Concentrations in Richland, Washington Residents.
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Figure 2a, Sources of Environmental Whole-Body
Dose froa Hanford Rural Population - 1969.
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Figure 2 b. Sources of Environmental Bone Dose
from Hanford Rural Population - 1969.
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FIG. 4. 137CS HALF-TIMES IN NORMAL HUMANS. THE HALF-TIME
INCREASES WITH AGE FROM 19 ± 8 DAYS (MEAN ± STANDARD DEVIATION)
IN 5 INFANTS TO 97 ± 28 DAYS IN 40 ADULTS. ONE STANDARD
DEVIATION ON EACH SIDE OF THE MEAN FOR ALL SUBJECTS IS SHADED.
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