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ON THE DOSE TO THE STOMACH WALL FROM 

IJMJECTED 9 » " ' T c PERTECHNETATE' 

M. R . Ford. S. F. DBUS^, and W. S. Snyder ' 

ABSTRACT 

I n e s t i m a t i n g dose t o t h e g a s t r o i n t e s t i n a l t r a c t ( G I T I i t has been a s s u n w d g e n e r a l l y t h a t t h e m e a s u r e d a c t i v i t y 

in t h e t r a c t , i.e., i n the viwl ls , is p r e s e n t i n t h e c o n t e n t s . T h i s a s s u m p t i o n has been necessary because a b s o r b e d f r a c t i o n s 

for p l i o t o n s w e r e ava i lab le o n l y f o r t h e s o u r c e i n t h e c o n t e n t s . D u r i n g t h e past year a n d a h a l f , h o w e v e r , a b s o r b e d 

f r a c t i o n s , o r s p e c i f i c a b s o r b e d f r a c t i o n s , have been e s t i m a t e d f o r p h o t o n e m i t t e r s i n t h e w a l l s . These c a l c u l a t i o n s w e r e 

p e r f o r m e d a t t h e I n s t i t u t o de Pesquisas E n e r g é t i c a s e Nuc leares , SSo P a u l o , B r a z i l , a n d t h e y w i l l be a n n o u n c e d a t t h e 

H e a l t h Phys ics S o c i e t y m e e t i n g a n d p r e s e n t e d s u b s e q u e n t l y f o r p u b l i c a t i o n . T h e e s t i m a t e s are f o r t t i e same t w e l v e 

p h o t o n energies used i n c o m p u t i n g a b s o r b e d f r a c t i o n s in t h e G I T c o n t e n t s as g iven i n M I R D P a m p h l e t N o . 5 . I n t h e 

w o r k p r e s e n t e d here t h e n e w values are a p p l i e d t o e s t i m a t e dose t o t h e w a l l s o f t t i e G I T f r o m . a d m i n i s t r a t i o n o f " " V e 

p e r t e c h n e t a t o u s i n g d a t a o f K u b a s s i , 1 9 7 3 . T h e dose t o t h e s t o m a c h w a l l f r o m p h o t o n s is f o u n d t o be less t h a n t h e 

dose f r o m n o n - p e n e t r a t i n g r a d i a t i o n , a s s u m i n g c o m p l e t e a b s o r p t i o n o f e n e r g y . T h u s , a c o r r e c t e s t i m a t i o n o f averege 

dose t o t h e w a l l requ i res use o f a b s o r b e d f r a c t i o n s o f e n e r g y f o r e l e c t r o n s as w e l l as f o r p h o t o n s . T h e p r o b l e m is 

d iscussed a n d values o f a b s o r b e d f r a c t i o n s f o r e l e c t r o n s are g i v e n w h i c h are based o n a u n i f o r m d i s t r i b u t i o n o f t h e 

a c t i v i t y . H o w e v e r , a f i n a l r e s o l u t i o n o f t h e p r o b l e m w i l l r e q u i r e f u r t h e r b i o l o g i c a l d a t a o n t h e f r a c t i o n o f a c t i v i t y i n the 

w a d a n d t h e f r a c t i o n i n t h e c o n t e n t s . 

T h e p u r p o s e o f t h i s p r e s e n t a t i o n is t w o f o l d ; f i r s t t o a n n o u n c e t h e a v a i l a b i l i t y o f n e w sets o f a b s o r b e d 

f r a c t i o n s - o r s p e c i f i c a b s o r b e d f r a c t i o n s - f o r t h e w a l l s o f t h e g a s t r o i n t e s t i n a l t r a c t as s o u r c e o r g a n s , a n d s e c o n d t o 

i l l u s t r a t e t h e p r o b l e m s w h i c h arise w h e n o n e a t t e m p t s t o use t h e m o n t h e basis o f t f i e s lender b i o l o g i c a l d a t a 

n o w avai lnbte . H o p e f u l l y , those i n t e r e s t e d i n m o d e l i n g m a y m a k e an e f f o r t t o p r o v i d e b i o l o g i c a l d a t a i f t h e y k n o w t h a t 

d o s i m e t r i c f a c t o r s are ava i lab le t o t r a n s l a t e t h e i r d a t a I n t o doses. 

The gastrointestinal tract is divided into four sections or regions for purposes of dosimetry, the 
stomach, the small intestine, an upper large intestine, consisting o f the ascending and transverse colons, 
and the lower large intestine, consisting of the descending colon and sigmoid colon. The anatomical 
specifications o f the sections are given in Table I. The data on the masses o f the sections and their 
contents are reproduced f rom the ICRP Report on Reference Man ' ^ * , and the values for the thicknesses 
of the walls have been calculated on the basis of data given in that repor t 
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Table 

Dosimetric Characteristics of the Gl-Tract and Contents 

Section of Mass of Mass of Thickness 

G1-Tract Contents Walls of Walls 

(g) (g) (cm) 

Stomach 250 150 . 0.6 

Small Intestine 400 640 0.3 - 0.4 

Upper Large Intestine 220 210 0.5 - 0.7 

Lower Large Intestine 135 160 0.3 - 0.8 

These fours sections have been programmed as a part of the phantom which is essentially that 

o f M IRD Phamphlet No. 5 ' ^ ' w i th some changes of which the substitution o f a gastrointestinal tract 

w i t h separate walls is an example. The source is assumed to be uni formly distr ibuted In the walls of the 

stomach or the upper large intestine or the lower large intestine, and 60,000 photons were used for each 

Monte Carlo computer calculation. The calculation was repeated for each of the 12 monoenergetic 

sources of photons used in M IRD Pamphlet No. 5 and dose was recorded in all the body organs. 

No source was placed in the small intestine because results are already available for that section. This 

is true because in our phantom calculations for photons, the small intestine Is indistinguishable f rom 

its contents since there is no f ixed posit ion o f this por t ion o f the tract except for the ends. The movement 

of the tract thus results in an averaging of dose f rom photons over both the walls and the contents, and 

this average dose is accepted for both the walls and for the contents. However, for electrons the dose 

is computed as w i th any other section, but one does not need the configuration of the small intestine 

tq estimate dose. These data constitute the bulk of the data reported here whenever the coeff icient of 

variation is suff iciently low to warrant its use. Al l of these 36 calculations were performed at the Inst i tuto 

de Pesquisas Energéticas e Nucleares, São Paulo, Brazil, although the code was supplied f rom the Oak 

Ridge National Laboratory (ORNL) and several computer calculations were done to insure that the 

calculations were indeed comparable. 

Al though data f rom these calculations have supplied most of the data reported here, there were 

many organ pairs whose coefficient of variation indicated considerable unrel iabi l i ty. In such cases a 

calculation involving the build-up factor of Berger'^ ' was substituted. The calculations for the build-up 

factor.were also done at the Inst i tuto de Pesquisas Energéticas e Nucleares, using a computer code f rom 

Oak Ridge, and as before calculations were done at O R N L to check that the programming and running 

of the code were correctly performed. Previous s t u d i e s * h a v e indicated that values obtained by use of 

the build-up factor are almost certainly w i th in a factor o f 2, and a value obtained by a Monte Carlo 

calculation w i th a coeff icient of variation in excess of 50% can hardly claim this much. It is planned t o 

use all these values in future calculations at our laboratory and they wi l l be published soon. 

To illustrate the use o f these new specific absorbed fractions we shall consider Tc 

pertechnetate. ' " " T c has a decay scheme given in M IRD Pamphlet No. lo'"" which is, w i t h some 

grouping of the data, equivalent to that shown in Table I I . Most o f the energy is emit ted in the fo rm of 

photons, but there Is sufficient energy in the fo rm of electrons that when one assumes all this energy is 

absorbed the dose f rom electrons is the major contr ibutor to dose. Af ter some consideration we have 

adopted the metabolic model proposed by Kubassi '^*. This model is quite detailed since it lists 
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Simplif ied Decay Data for T(ichnetiurn-99rn (Half life =--6.03 hr) 

Mean Mean 

Radiations Number per Energy per 

Desintegration Particle 

(MeV) 

Gamma 0.88 0.14 

X-Ray 0.077 0.018 

Internal Conversion Electron 0.12 0.12 

Auger Electrons 0.021 0.016 

However, our principal interest is centered in the gastrointestinal tract and the model does list 
the stomach and the colon as source organs. We must interpret this as meaning that the activity is in the 
sections and not merely in the contents of these sections. The time sequence somewhat reinforces this 
view. Moreover in a review by S m i t h ' " published in 1965 he mentions that even when pertechnetate is 
injected there is considerable activity present in the gastric mucosa and he cites studies of McAfee et 
a l . ' ^ ' and Harper et a l . ' ^ ' . 

Unfortunately these references do not make i t clear how extensively the stomach wall was 
sampled. The reference for Kubassi does not mention the gastric mucosa but only the stomach. Thus, 
our first di lemma Is that of whether we should use the source as un i fo rm in the wall or only in the 
gastric mucosa. We would not expect a great difference in dose due to the photon irradiation but the 
beta radiation wi l l differ more. In fact, taking the activity in the stomach as being un i fo rm in the. 
contents we obtain the data shown in the top line of Table I I I , but if we suppose i t is un i fo rm in the 
stomach wall we get the data in the second line. I t makes a difference o f about 50% in the photon dose 
but there is a difference of abcut a factor of 3 in the electron dose. These values are only for the 
activity in the stomach contents, or in the stomach wal l , and these doses are shown in the first two lines 
of the table. Of course, dose f rom other organs outside the stomach w i l l be the same for either model 
and when these are included the last two lines of the table are obtained. Here the difference in the total 
dose received is only a factor of 2. 

If the activi ty is assumed to be all in the gastric mucosa, the difference in dose is much greater 
than if i t is assumed to be in the stomach wal l or in the stomach contents. The stomach wal l is 
programmed as having a total thickness of about 0.6 cm. The f irst mil l imeter contains the gastric pits, a 
second strip of about 1 m m thickness is the gastric mucosa, and the th i rd 1 m m th ick division contains 
the prol i ferating cells which produce the cells that move upward to the surface and are los t Of course, 
none of this detail is really present in the phantom except for the total thickness. As a separate 
calculation, we have programmed a slab model of total thickness 0.6 cm, and this Is subdivided as 
suggested above, i.e., an outer strip or layer, a second layer, as the gastric mucosa, etc., each layer being 
1 m m in w id th w i th the gastric mucosa containing the source. Perhaps this wou ld be the place to 
acknowledge that our discussions w i th Dr. Lushbaugh and the references he has supplied have been very 
helpful, although the crudeness of the model is our own responsibility. 

15 source organs. Unfortunately it is the result of a thesis and so has not been available to the authors 
in its ofiginat fo rm. 

i B b l e Ji 



Table I I I 

Dose to Stomach Wall by Two Models From Injection of ' ' " ' T c Pertechnetate 

Source location 

Dose (rads/rnCi) 

Source location 

Photons Electrons Total 

Stomach contents 9.78 X 10"^ 1.43 X 10" * 2.41 x 10"* 

Stomach wall 1.45 x 10"^ 4.97 X 1 0 ' * 6.45 X 1 0 " ' 

All source tissues 

Including stomach 

contents 1.93 X 10"^ 1.73 X 10 " * 3.66 X 1 0 ' * 

Al l source tissues 

including stomach 

wall 2.43 x 1 0 * 5 . 2 6 x 1 0 " * 7.69 X 1 0 ' * 

Using this slab model, we have computed absorbed fractions for 20 monoenergetic electrons 
wi th energies f rom 0.01 to 3 MeV, and these are shown in Table IV. The electron energies are listed in 
the first column, and the next column contains absorbed fractions in the gastric mucosa, which is the 
second division of the slab and which contains all the activity. The values in the third column are 
absorbed fractions for the adjacent strips, that is, the values in this column could apply to either strip 
bordering the source region. The four th column contains absorbed fractions for the entire wall as 
represented by the six strips or divisions, and the range In tissue including straggling which Be rge r ' " 
estimates to be 1.2 times the continuous slowing down approximation (CSDA) range is shown in the last 
column. The values In this table were computed using the new point kernel of Berger for a point source 
of electrons. 

Of course, these data can be applied t o any radionuclide, but for beta particles they wi l l need 
considerable averaging. Here we are interested in ' " " T c , and this gives a total absorbed fraction for 
electrons of 95.6%, that is, if the activity is uni formly distributed in the gastric mucosa, over 95% of the 
electron energy wou ld be absorbed there. This means that if the activity is entirely in the gastric mucosa 
and no activity is present elsewhere in the stomach wal l , the electron dose to the gastric mucosa would 
be mult ip l ied by essentially a factor of 5 (the ratio of the concentrations) above what was shown in 
Table I I I for electrons assumed to be distributed un i formly in the stomach wall . We offer this example 
(OTiy to stress that if the nuclear clinician demands realistic dose levels, he must be prepared to supply 
data on the distr ibut ion of act ivi ty which is equally realistic. Thus, the new absorbed fractions for 
activity distr ibuted un i formly in the walls of the tract w i l l require rather detailed informat ion on the 
distr ibut ion of the activi ty if they are used to produce doses, and any departure f rom uni formi ty 
may produce doses which vary considerably f rom the doses computed. But this is true generally for 
other organs as well as for the gastrointestinal tract. 

Thu i , it seems clear that no amount of purely dosimetric data wi l l resolve the question o f the 
dosa being received by the tissues of the body, i t does emphasize the importance o f good metabolic 
models. Is the activity only In the gastric mucosa or Is it fair ly un i form throughout the stomach wal l , or 
is i t largely In the contents of the stomach? The dose to the stomach wall w i l l depend largely on the 



Table I V 

Ranges and Absorbed Fractions of Electron Energy in the 

Gastric Mucosa and Adjacent Tissue 

Electron 

Energy 

(MeV) 

Absorbed Fractions in the Target Regions 

Range in 

Tissue 

(cm) 

Electron 

Energy 

(MeV) 

Source Region 

1 mm layer 

(Gastric Mucosa) 

1 mm Layer 

Adjacent to 

Source 

Total 

Wall 

Range in 

Tissue 

(cm) 

0.01 ~ 1 3.25 X 10"" ~ 1 3.05 X 10"* 

0.015 ~ 1 6.66 X 10"* ~ 1 6 .21 X 10 ' " 

0.02 9.98 X 1 0 ' ' 1.11 X 10" ' ~ 1 1 . 0 3 x 1 0 " ' 

0,Q3 9 .95 X 10" ' 2 .28 X 1 0 " ' ~ 1 2 . 1 1 x 1 0 " ' 

0.04 9.92 X 10" ' 3.78 X 1 0 " ' 3.51 X 1 0 " ' 

0.05 9.89 X 10" ' 5.59 X 10" ' ~ 1 5.20 X 1 0 " ' 

0.06 9.85 X 10" ' 7.68 X 1 0 " ' ~ 1 7 . 1 5 x 1 0 ' ' 

0.08 9 .75 X 1 0 " ' 1.26 X 10"* ~ 1 1 . 1 8 x 1 0 " ' 

0.10 9.63 X 10" ' 1 . 8 4 x 1 0 " ' 1.72 X 1 0 ' ' 

0.15 9.28 X 1 0 " ' 3 .61 X 1 0 ' * ~ 1 3.48 X 10" ' 

0.2 8.85 X 10" ' 5.73 X 10"* ~ 1 5.42 X 10" ' 

0.3 7.87 X 10" ' 1.07 X 1 0 ' ' ~ 1 I . p 2 x 10" ' 

0.4 6.76 X 1 0 " ' 1 . 6 2 x 1 0 ' ' ~ 1 1 . 5 6 x 1 0 ' ' 

0.5 5 .73 X 10" ' 2.05 X 10" ' 9.92 X 1 0 ' 2.14 X 10" ' 

0.6 4.93 X 10" ' 2.24 X 1 0 ' ' 9.70 X 10" ' 2.74 X 10" ' 

0.8 3.85 X 1 0 " ' 2.14 X 10" ' 9.07 X 10" ' 4.00 X 1 0 ' ' 

1.0 3 .18 X 1 0 " ' 1.92 X 10" ' 8.50 X 10" ' 5.29 X 1 0 ' ' 

1.5 2.28 X 1 0 " ' 1.48 X 1 0 ' ' 7.34 X 10" ' 8.56 X 1 0 ' ' 

2 1.78 X 10" ' 1.23 X 1 0 ' ' 6.27 X 1 0 ' ' 1.18 

3 1.27 X 1 0 " ' 9.34 X 10" ' 4 . 8 5 x 1 0 ' 1.80 



answer t o this question. It would make a difference o f about a factor of 10 in the answer If the activity 

were largely in the gastric mucosa rather than in the contents of the stomach. , 

DISCUSSION 

LATHROP; We d id a study on a dog that had a Heidinhein pouch, which is a small port ion o f 

the stomach that has been isolated f rom the rest o f the stomach and has an opening to the outside. I 'm 

the f irst to admit that dogs aren't people bu t maybe it's a l i tt le helpful in this situation. We found that 

essentially all of the radioactivity was in the washings f rom the pouch and that very l i t t le was in the 

walls of the pouch. 

FORD: That's very interesting. We suspect that there is activity in the contents, walls and 

mucosa. 

R E S U M O 

N a e s t i m a t i v a d a dose n o t r a t o g a s t r o - i n t e s t i n a l ( T G I ) f o i s u p o s t o q u e a a t i v i d a d e m e d i d a n o t r a t o , i s t o ë , nas 

paredes d o s is tema g a s t r o - i n t e s t i n a l , está presente n o c o n t e ú d o d o T G I . Esta s u p o s i ç ã o f o i necessária p o r q u e as f rações 

absorv idas p a r a f ó t o n s só sâb d i s p o n í v e i s q u a n d o a f o n t e está n o c o n t e ú d o d o T G I . C o n t u d o , h á u m a n o e m e i o a t rás , 

f raçf ies absorv idas o u f rações a b s o r v i d a s e s p e c ^ i c a s , f o r a m e s t i m a d a s p a r a emissores g a m a c o n t i d o s nas paredes d o T G I . 

Estes cá lcu los f o r a m f e i t o s n o I n s t i t u t o d e Pesquisas Energé t icas e N u c l e a r e s , S5o P a u l o , B r a s i l , e serSo a p r e s e n t a d o s n a 

reun iSo a n u a l d a H e a l t h Phys ics S o c i e t y e s u b s e q u e n t e m e r t t e p u b l i c a d o s . A s e s t i m a t i v a s séTo para as mesmas d o z e 

energias gamas usadas n o s c á l c u l o s das f rações absorv idas n o c o n t e ú d o d o T G I c o m o m o s t r a d o s n o M I R D P a m p h l e t 

N ? 5. N o t r a b a l h o a q u i a p r e s e n t a d o os n o v o s va lo res das f r a ç õ e s absorv idas especf f îcas f o r a m usados p a r a e s t i m a r a 

dose nas paredes d o T G I e m c o n s e q u ê n c i a d a a d m i n i s t r a ç S o de p e r t e c n e t a t o - ' " " T c , u s a n d o d a d o s d e K u b a s s i , 1 9 7 3 . A 

dpse nas paredes d o e s t ô m a g o , d e v i d o aos f ó t o n s sSo m e n o r e s q u e a dose d e v i d o d red iaç f fo nSo p e n e t r a n t e , s u p o n d o 

absorção c o m p l e t a d a sua e n e r g i a . Dessa m a n e i r a , u m a e s t i m a t i v a c o r r e t a d a dose m é d i a nas paredes r e q u e r o u s o d a 

fraçáTo a b s o r v i d a de e n e r g i a t a n t o para os e l é t r o n s c o m o p a r a os f ó t o n s . O p r o b l e m a ó d i s c u t i d o 8 os va lo res das f rações 

absorv idas para e l é t r o n s sâo apresen tados e se b a s e i a m n u m a d i s t r i b u i ç ã o u n i f o r m a d a a t i v i d a d e . C o n t u d o , u m a s o l u ç S o 

f i n a l d o p r o b l e m a r e q u e r ma is d a d o s b i o l ó g i c o s s o b r e a f r a ç ã o de a t i v i d a d e nas paredes e a f raçSo h o c o n t e ú d o . 

Os o b j e t i v o s d e s t a a p r e s e n t a ç ã o sáò d o i s : p r i m e i r o , a n u n c i a r a d i s p o r i í b i l í d a d e d o n o v o c o n j u n t o d e f r a ç õ e s 

absorv idas - o u f r a ç õ e s a b s o r v i d a s espec f f i cas - para as paredes d o T G I c o m o órgáfos f o n t e s , • , s e g u n d o , p a r a i l u s t r a r 

os p r o b l e m a s q u e se e p r e s e n t a m q u a n d o te t e n t a usá- los c o m base nos d a d o s b i o l ó g i c o s escassos, d i s p o n í v e i s n o 

m o m e n t o , 

E s p e r » 4 a q u e aque les in teressados e m d e s e n v o l v e r m o d e l o s p o s s a m p r o v e r d e d o * b t o l ó g k X M ass im q u e s o u b e r e m 

q u e f a t o r e s d o s i m é t r i c o s sfio d i s p o n í v e i s para c o n v e r t e r os «eus d a d o s e m d o s e . 
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