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Abstract

Estimates of genetic dose are needed for infants and children for realistic appraisal
of environmental exposure of the population and also for medical use of radionuclide:
Estimates of the dose rate due to a photon emitter from a source in ovaries or in teste. are
given in this paper for photons of 12 energies between 10 keV and 4 MeV in five phantoms
corresponding to the newborn and children of ages 1, 5, 10, and 15 years. These estimates
are obtained by use of the Monte Carlo technique applied to a phantom which is a trans-
formation by similitude of a modification of the adult phantom reported in MIRD Pamphlet
No. 5. Thus these estimates reflect the relative size, shapes, densities, and compositions of
the various organs, By use of the reciprocity theorem, it should be possible to infer gonad
dose from a radionuclide deposited in any source organ where the estimate is statistically
reliagble. [t would be expected that this use of the reciprocity theorem would give estimates
of gonad dose which are high but not by a large factor, perhaps by a factor of two or three
at most,

This paper provides some estimates of dose rates to gonads from sources of a photon
emitter distributed uniformly in various organs of the body. The results are obtained by
application of the reciprocity theorem to the Monte Carlo estimates of dose rate from gonads
to large organs. Although only results for photon energies of 0.02, 0.05, 0.1, 0.5, 1, and
2 MeV are reported here, it is planned to complete the series so the 12 monoenergetic
sources used in MIRD Pamphlet No. 5! will be available for interpolation of other photon
energies.

The basic phantoms used are essentially modifications of that reported in reference 1.
The modifications include specification of regions where active bone marrow is deposited in
the adult, addition of clavicles and scapulae to the skeleton, rounding of the top of the head,
separate legs for the phantom, and relocation of the testes. These modifications will be
presented in detail in a separate publication.

For these calculations, the head, trunk, and leg sections of the adult phantom were
transformed by similitudes to form the new phantoms. Although all organs and regions in
each of these sections were shrunk by the same factors, these factors were not identical for

*
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the three sections which were given over-all dimensions typical for a given age. These
factors are given in reference 3. The phantoms produced by use of these transformations
are referred to below as being those of ages 0 (newborn), 1, 5, 10, 15, and 20 (adult)
years. The corresponding masses for the total body are approximately 3.4, 10, 19.5, 31.8,
54, and 70 kg.

Since the dose rates given below are based entirely on use of the reciprocity theorem,
it is appropriate to consider the validity of this theorem in phantoms corresponding to the
various ages. The validity in the adult phantom has been studied extensively and is reported
in reference 4. The theorem has been tested by programming sources of 60,000 photons at
three widely separated regions of these phantoms and at several energies. The three regions
used were the central volumes (approximately elliptical cylinders of semi-axes 16 cm and
8 cm and height 14 cm) of the top, middle, and bottom fifths of the trunk of the phantom.
The regions contain rather different amounts of bone and lung tissue so that the inhomo-
geneity of the phantom is well represented. Three source energies were chosen--0.03, 0.1,
and 0.5 MeV--and in all cases reciprocity held within 12%, generally being within a few
percent in the corresponding cases. While far from the ideal solution of the problem, it is
believed the values obtained for genetic dose by this means are sufficiently accurate for
practical use since the actual distances of the gonads from the various source organs will
vary with the individual and will only be approximately specified.

In Table 1 are displayed the estimates of dose rate from various source organs to the
ovaries and testes of the newborn and the 1-year-old phantoms. As explained above, these
values were obtained by Monte Carlo calculation and represent the dose rate to these organs
from sources placed in the ovaries or testes, and thus the estimates given here are based on
the use of reciprocity. It is expected that more complete results will be published when the
results for the 12 monoenergetic sources of photons become available. When the indicated
value is 0, the estimate is not considered to be reliable.
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