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Abstract

The dose rate from photon emitters distributed uniformly in the total body has been esti-
mated for phantoms corresponding to ages O (newborn), |, 5, 10, 15, and 20 (adult) years.
Estimation is by the Monte Carle technique, and the computer code uses phantoms obtained
by transformations from the anthropomorphic phantom essentially as described in MIRD
Pamphlet No. 5. Interest here is centered on the distribution of dose in the various organs
which include active bone marrow and gonads. The dose rates near the surface and near the
central axis are found to differ by approximately a factor of 2 for most energies. The calcu-
lation is for 6 monoenergetic sources of photons ranging from 20 keV /o 2 MeV. The
absorbed fraction of energy is found to vary approximately as (mass)'/ © power for photon
energies above 100 keV.

In this paper we give specific absorbed fractions for photon emitters distributed uniformly
in the total body, i.e., the distribution is directly proportional to the density of the parts of
the body. The total body becomes the source S, and any organ, including the total body, is
a target organ T. The dose rate in the target organ is proportional to the specific absorbed
fraction (SAF) or ®, which is defined as that fraction of the energy emitted which is absorb-
ed per gram of the target organ. Thus

BT - 5) = Energy absorbed in T
(Energy released in S) (Mass of T in g)

Estimates of the specific absorbed fractions were obtained by the Monte Carlo technique
for a modified pl?cmfom basically similar to the anthropomorphic phantom descrlbed in MIRD
Pamphlet No. 5." These modifications are mentioned in the report ORNL-4903.2 The cal-
culation was for six monoenergetic sources of photons ranging from 20 keV to 2 MeV with a
sample of 60,000 photons used for each monoenergetic source. The SAF and the dose rate
were estimated for phantoms corresponding to ages 0 (newborn), I, 5, 10, 15, and 20 (adult)
years. The phantoms representing the various ages were obtained by transformation from the
adult anthropomorphic phantom as described by Snyder and Cook.3  The adult phantom was
reduced by scale factors selected separately for the head, trunk, and leg sections of the
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phantom (Fig. ). All organs and tissues within these sections were reduced by the scale fac-
tors for that particular section. Thus the loci of the organs which are nonintersecting in one
phantom are nonintersecting in the other phantom.

When the source is the total body, the same general relationship for the SAF of the tar-
get organs seems to hold as when the source organ and the farget organ are the same.? That
is,

(I) The SAF decreases as age increases. The newborn has the highest SAF,
apparently due to the effect of the inverse square law.

(2) The ratios of the SAF at a specific age to SAF for the adult decrease as
the age increases. For instance, the SAF ratio for red bone marrow of
the newborn to the adult for 0.020 MeV differed by a factor of 20, while
the same factor for the 5-year-old to the adult was 4.

(3) The SAF decreases as energy increases.

For a photon source distributed uniformly over the total body, the SAF (and hence the
dose rate) to a target organ near the surface of the phantom is found to differ by approxi-
mately a factor of 2 from the SAF to a target organ near the central axis of the phantom,
The trunk skin was selected as the surface organ, and the five subregions located along the
central axis of the five tiers in the trunk of the appropriate age phantom were selected to
simulate a central axis organ and the results are shown in Fig. 2. The ratio of & averaged
over the central axis subregions to the surface organ (trunk skin) is approximately 2 : 1.

This ratio of a central axis organ SAF to the SAF of other organs will vary with the position
of the organ relative to the central axis. In Fig. 2 this correlation is shown for the ovaries
and testes for the 10-year-old phantom. The ovaries, which are positioned near the central
axis, show a nearly | : | ratio with the central axis subregions of the trunk; while the testes,
a more nearly surface organ, show a | : 1.5 ratio. Moreover, for larger organs, such as the
liver, which extend from the center out toward the periphery of the body, the dose to that
portion of the organ which is nearest the central axis will be somewhat higher than that part
which lies near the surface.

Only data with a coefficient of variation <30% were used in the statistical evaluations.
In some instances, such as the ovaries and testes, the coefficient of variation for the calcu-
lated SAF estimates was >30%. In the case of the testes, for more reliable data, the SAF
estimates for the genitalia were used in Fig. 2. For the ovaries, a technique described by
Poston and Snyder,5 in which the SAF estimates to the appropriate subregion or subregions
of the phantom in which the organs lie were used; and it is believed these give a more reli-
able estimate of the SAF for these organs than do the Monte Carlo results.

The specific absorbed fraction (SAF) and coefficient of variation for some of the organs
within the heterogeneous phantoms for ages O (newbom) and 5 years are shown in Tables |
and 2 of this report. The data for the phantoms corresponding to other ages.are given in
ORNL-4903 but are omitted here because of limitations on space. In cases where the coef-
ficients of variation were consistently > 30%, the corresponding data from the appropriate
geometrical subregion or subregions in the phantoms in which the organ was located were
substituted. The values are distinguished by an asterisk in the table.

As previously repor’red,7 when the source is distributed uniformly within an organ, the
absorbed fraction (AF) for the organ might be expected to vary with the cube root of the
mass, i.e,, (AF)x <y is proportional to ucbsﬂv\. In Figs. 3 and 4 the ratios of the AF to
Uab MI/3 are plotted for various photon energies and organs. For energies of 0./100 MeV and
higher, the ratio is found to be approximately a constant for all ages in the case of the liver
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as well as for the total body. This behavior appears to hold also for other organs for which
the Monte Carlo results are statistically significant, and thus the principle seems to be sup-
ported fairly well regardless of age. For lower energies, the rule does not appear to hold as
might be expected from its derivation.
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ORNL-DWG 73-5726

Ao Mass  H o H Ny H A L] ) LY
L) (g) fem) _(em) {cm}  {em) (cm) fom) _ (cm) (em)

o 3.4 23 3 15 0 5.5 5 4.5 5
1 10.171 kx) 16 7 k1] 8 7 6.5 7
5 19.654 45 20 46 57.5 n 7.5 8.5 7.5
10 31,902 54 22 o4 80 14 8 6.5 8
15 54.041 o5 2 7 97.5 18 9 7 9
20 70.037 70 24 80 100 2 0 7 10

/ Fig.1. Masses and Dimensions for Phantoms Corres-

ponding to Various Ages.

¢
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