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SPECIFIC ABSORBED FRACTIONS FOR PHOTONS EMITTED
IN THE WALLS OF THE GI TRACT'

S. F. Deusz, V. vaenznno:' and W. S. Sny\'ler4

ABSTRACT

Although the sections of the gastrointestinal tract (GIT) are represented as source organs in MIRD Pamphlet
No. 5. the wall and contents were not separated in the madel. Thus, the absorbed fractions given in that publication
ore perhaps more representative of the contents than of the wall. A new modet i3 given in ORNL-S000 where the
contents and the wall defined separately but only absorbed fractions (or specific absorbed fractions} are given for the
source in the contents. Ia-this paper, vwe give &aecnfic absorbed fractions for the source uniformly distributed in the
wall of each of the three sections of the tract, namety, stomach, upper large intestine and lower large intestine® The
«zme . 2nergies are used for the sources as in the other publications and data are given for all target organs included
previousty. Each computar run uses a sample of 60,000 photons and all calculations were done at the IEA at Sao
Paulo, Brazil. When the statistics of the estimate are poor, a value obrained by use of Berger’s build-up factor is
substituted. Thus, a somplete 1able of values is obtained. Activity in the walls of the tract has been reported for
gallium and a check on the dose values reported by Cloutier et al. (MIRD 73) reveals that the comulated activity
{uCi-days) in the contents overwhelms those from the tract and the total dose values are not greatly affected. However,
differences of a factor of 2 or 3 are present when considering the contribution from activity in the wails alone

1 — INTRODUCT!ON

The PHANTON used to estimate absorbed fractions of photon energy in MIRD Pamphlet No. &
(Sn69) has been improved by defining a gastrointestinal tract (GIT) where the contents and walls of the
tract are separated. This makes it possible to estimate dose to the walls of the GIT from a photon
emitter passing through the contents. For a fairly recent description of the modified phantom and for
specific absorbed fractions (SAF = absorbed frac’ion per gram of the target organ) of the various organs,
see ORNL.5000 {Sn74) or the tables of SAFs in the Report on Reference Man {Sn75). Until now,
however, there have been no SAFs for a photon source in the walls of the GIT, and it is the purpose of
this paper to supply these.

Examples are known of the need for an SAF (X + Y) where Y is a section of the GIT and X is
some cther orgen of the body. For inutance, in treatments by Ga, activity has been found in the wall of
the GIT and was even estimated to give a larger dose to the wall than that received by other organs,
although the dosimetry was not precise (MIRD73). Similarly, it is well known that iodine and
technicium injected into the body will be present in the gastric mucoss (Sm65; Mc64; HaB2).
Undoubtedly, one reason for the relative paucity of dats has been the makeshift cheracter of the
dosimetry generally used when activity was recognized in the walls of the GIT.

(1) Pessarch sporsored Dy the U, S. Energy R and Developr Admini; lon under contract with Union Car-
bids Corporstion and by the Instituto de Energie Atomics, Seo Peulc, Brezll.

(2! Employee, Instituto de Energie Atomice, Seo Paulo, Brezll. Presently assigned es @ ressarch smociete, Heslth Physice
Division, ORNL.

(3) Formerly with the Inttituto de Energia Atomica, Seo Peulo, Brazil.

{4) Consuitant.
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2 — THE MODEL FOR THE GIT

The phantom used is a revision of that presented in MIRD Pamphlet No.5 (Sn69) and
represents an individual of about 70 kg mass in the érect position. Among the changes are the separation
of the legs with an improved position for the gonads, the rounding of the top of the head, the addition
of clavicles and scapulae, the separation of red .narrow and yellow marrow, and the definitions of the
walls of the bladder and the GIT. For a detailed description, the reader is referred ta. ORNL-5000
{Sn74) or to Snyder et al. {Sn76) to be published. The data on the ticknesses of the walls of the tract
are given in Table| and have been selected on the basis of the few values given in the Report on
Reference Man (Sn75) as well as in reasonable agreement with data on the length of the section and the
mass. While a value of tickness is given in Table | for the small intestine (Sl}, it is not used in computing
the SAF for photons. This is because the small intestine does not have a fixed configuration and, except
for the two ends which are relatively fixed, is free to move. This means that dose from photons is
sveraged over the wall and the contents due to this movement, and thus a value based on sume
supposed configuration could be misieading. The SAF (SIW + SIW) as well as the SAF (SIW Sl
contents) are both taken as equal to the SAF (SIW pius SI contents + SIW plus SI contents). This
applies only to photon irradiation in the S), but for electrons the thickness of the wall should be taken
into acco' ..

Table |

Masses of Sections of the GIT and Contents with Estimates
of Average Wall Thicknesses

Mass of wall Mass of contents Average thickness
{g} {g) of wall (mm}
Stomach 150 250 6
St 640 400 35
uLl
Ascending colon 90 95 71
Transverse colon 19 125 53
L
Descending colon 90 100 3-79
Sigmoid colon 70 35 6.6

3 -~ THE MONTE CARLO METHOD

The estimation of SAF for photons emitted in the walls of the GIT follows the method
described in MIRD Pamphiet No. 5 {Sn69) or in ORNL-5000 (Sn74). The source is sssumed to be
distributed uniformly in the wall of the section and the starting point of a photon history is therefore
chosen randomly in tile wall. As the caiculation proceeds, the energy 10ss to esch organ of the phantom
is computed as well as 8 coefficient of varistion (CV = 100 o/E) wheve o is the standerd deviation of the

mean energy shsorbed There is no aliowsnce for the spread of energy due to the drifting of the
secondary electrons,

Even for a sample of 80,000 photons, the SAF for many organs is only poorly estimsted. The
policy used in earlier such calculatiung has been followsd and il estimates for which the CV is sn excess
of 50% were rejected. This seems to amount to uncertainty by @ factor of 2 or 3 in the astimate.
Severai alternatives may be tried in such cases, but the one of peneral spplication is to compute the SAF
by use of Bergar's pnint kernel for photuns (Be68). Tnis method, which ignores the inhnmnaeneiting and



Table I

Specific sbsorbed fractions for walls of the gastro-intestinal tract and costicients

of vatistion (% rounded up) source in stomach wall
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Tabte i\

Specific absorbed fractions for walls of the gastro-intestinal tract and coefficients
of variation (% rounded up} source in lower large intestine wall
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boundaries of the body, is almost never in error by more than a factor of 2 and is usually accurate to
within 30-50% (Sn74,. It has been used, where necessary, to produce the values of SAF tabulated
below. Unfortunately, Berger has not given a point kernei for photons of energy 10 keV and, thus, such
values have to be obtained by extrapolation from a higher energy. Here, only 3 linear extrapolation is
used, although this is believed to be conservative.

4 - TABLES OF SAF

The values of SAF are tabulated in Tables I1-1V together with an indication of its CV. The CV
is given as estimated by the Monte Carlo calculation. However, for values obtained by the build-up
factor ur by extrapolation, no value of the CV is given since the procedure used involves systematic
errors as well as statistical errors and, in these cases, the CV would not indicate a measure of the
uncertainty.

The SAF is tabulated ‘s: the stomach wall, upper large intestinal wail and the lower large
miestinal wall as source organs and with all the usual target organs. The above source organs are
abbreviated as STOMW, ULIW, LLIW in Table t§ and similar abbreviations have been used for other
organs. As mentioned above, the small intestine has not been used as a source, but the SAF for the
contents, given in ORNL-5000, Part 1, may be used as an average for the walls due to the movement of
the small intestine. The foot-notes indicate whether a value is obtained by the Monte Carlo calculation,
by use of the build-up factor, or by extrapolation. in these latter two cases, no coefticient of variation
is given as is mentiored above.
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Figure 1 — Ratio of absorbed fractions (target: G| tract)

Figure 1 shows a comparison of the new values of SAF as computed from a wall of the GIT to
itself, SAF (wall + wall), and the similar values of the SAF for the contents plus the walls. This gives 8
comparison of the new values with the old, that is, with the values given in MIRD Pamphlet No. 5.

The ratio of the SAF (X + wall) to SAF (X + wall plus content) where X is an outside organ,
that is, not 8 part of the GI tract, is shown. Figure 2 contains this ratio for X = liver and Figure 3 for
X =lungs by way of example. There seems t0 be no evident systematic difference in the absorbed
fraction from the wall to an outside organ such as liver or lungs and the absorbed fraction from the wall
plus contents 10 the similar organs. The values of the ratio are approximately equal to 1 throughout
most of the range, say for energies above 30 keV. At lower energias there is increasing divergence but
this we attribute to minor changes in the phanton which were made in the yesrs bstween the two
caicuistions and to the affect of the CV which is generally high. Thus one could continue to use the
okder absorbed fractions from sections of the GI tract to sn outside organ for most of these energies

instead of the newer values. However, we believe the new velues are somewhst mora accurate than ths
old.
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Figure3 — Ratio of sbsorbed fractions (target: lungs)

The estimation of all these values was performed using the IBM-370/155 computer at the
lnstitute de Energia Atomica at Sao Paulo, Brazil. Althwiigh the basic code originated ot Oak Ridge
National Laboratory and olthough several check runs were made to insure that it was norrectly used, all
the calculations were done at Sao Paulo. It is hoped that the availability ¢~ these values will encourage
radiobiologists to compile data on the presence of a radionuclide in the walls of the GIT.
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