
or many years, one method used for controlling the
recurrent effusions that result from malignant disease
has been the intraperitoneal injection of radioactive
materials (1â€”3). More recently, technetium-99m-
(99mTc) labeled materials such as microspheres have
been injected intraperitoneally to evaluate the patency
of LeVeen peritoneovenous shunts (PVS) and to deter
mine the distribution of radioactive materials used for
therapy (4â€”10). Radionuclide hysterosalpingography
also may result in some activity reaching the peritoneal
cavity (11).

When radionuclides are injected or infused into a
cavity, the material may be distributed over the walls
of the cavity or in a volume of fluid within the cavity.
This requires that dose components from the emissions
usually classed as nonpenetrating (electrons, betas, etc.)
be calculated at various distances from the source ma
terial. The doses from the photons also present special
problems because the peritoneal cavity surrounds, but
does not include, a number of abdominal organs. Be
cause the Fisher-Snyder phantom (12) does not contain
a source region which is an appropriate representation
of this body space, attempts to calculate the radiation
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dose must be based on existing source regions which
will not model the activity distribution very accurately
(e.g., small intestine).

We have developed a mathematic model of the per
itoneal cavity that permits standard Monte Carlo tech
niques to be used to derive specific absorbed fractions
for photons to the major target organs of a modified
version of the Fisher-Snyder phantom (13), which in
cludes improved models for some organs and several
organ regions not considered in the Fisher-Snyder phan
tom. We have used these specific absorbed fractions to
calculate S-values for some radionuclides that have been
administered intraperitoneally. In addition, we have
calculated the doses in soft tissue near the cavity from
betas and monoenergetic electrons emitted by these
radionuclides. These values may represent absorbed
dose in the peritoneal cavity wall or in portions of
nearby organs or tissues.

METhODS

Peritoneal Cavity Model
The peritoneab cavity is a space defined by the mesotheial

lining with surrounds various organs in the abdominal cavity
(14). This lining, called the peritoneum, defines a kind of sac
which lines the body cavity from the diaphragm to the pelvic
floor. In males, it is a closed sac; in females, the sac commu
nicates with the fallopian tubes. It consists of two parts, the
general pentoneal cavity and the omental bursa, which are
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Several therapeutic and diagnostic techniques involveinjectionof radioactive material into the
pentoneal cavity. Estimation of the radiation dose to the surface of the pertioneum or to
surrounding organs is hampered by the lack of a suitable source region in the phantom
commonly used for such calculations. We have modified the Fisher-Snyder phantom to
include a region representing the peritoneal cavity which may be employed to estimate such
radiation doses. A geometric model is described which is coordinated with the existing organ
regions in the phantom. Specific absorbed fractions (derived by Monte Carlo techniques) for
photon emissions originatingwithinthe cavity are listed. Photon S-values for several
radionuclides which have been administered intraperitoneally are shown. Dose conversion
factors for electrons irradiating the pentoneal cavity wall, from either a thin plane or volume
source of activity within the cavity, are also given for several nuclides.
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TargetorganEnergy

(MeV)0.0100.0150.020

0.0300.0500.100Adrenals009.5

x 10@ 2.9 x iO@3.9 x iO@3.2 xiO@Brain000
02.5 x 1O@1 .2 x 10_8Breasts003.1

x iO@ 2.7 x iO@1 .1 x 10@1 .8 x10_6GI
tract:LLI

wall002.7 x iO@ 5.0 x 10@1 .1 x iO@8.8 x10_6Small
nt.7.9 x 10@2.5 x iO@4.4 x iO@ 5.8 x iO@5.0 x iO@3.5 x1O@Stomach

wall002.0 x 10_6 1.8 x 102.8 x 102.2 x 10@ULI
wall5.1 x 10@'9.7 x 10_62.8 x 10@ 5.0 x 104.4 x 10@3.2 x 10@Heart
wall07.4 x iO@6.0 x 10@ 1.8 x i0@1 .8 x 10@1 .3 x 10@Kidneys001

.7 x 10@ 1.7 x 10@2.8 x 10@2.3 x 10@Liver3.2
x 10@9.2 x 10_61 .6 x 1O@ 2.4 x 10@2.5 x 10@2.0 x 10@Lungs08.7

x 10@8.7 x 10@ 4.3 x 10@6.7 x 10_65.4 x 10@Ovaries001

.2 x 10@ 3.2 x 10@2.8 x 10@2.0 x 10@Pancreas7.2
x 10@1 .7 x 10@2.2 x 10@ 1.9 x 10@1 .3 x 10@7.9 x 10@Muscle1

.9 x 10@1 .8 x iO@1 .6 x 1O@ 1.4 x 10@9.9 x 10_67.3 x10-6Skeleton06.0
x 10_89.5 x 10@ 5.6 x 101 .0 x 10@6.9 x10-6Bone

surfaces08.2 x I 0_81 .4 x 10_6 8.6 x 10_61 .7 x 10@1 .1 x 10@Red
marrow04.4 x 10_87.0 x iO@ 4.1 x 10@8.8 x 10@9.4 x10_6Skin007.0

x 1O@ 3.1 x 10@1 .1 x 10@1 .4 x 10_6Spleen001
.9 x 10@ 5.3 x 10_61 .2 x 10@1 .3 x 10@Testes000

07.8 x 10@1 .5 x 10_6Thymus000
1.4 x 10@2.3 x 10_61 .8 x 10@Thyroid000

01 .7 x 10@5.8 x 10_8Urinarybladderwall01.8x1079.4x10@
1.9x1051.8x1051.4x105Uterus1

.1 x iO@3.2 x iO@4.1 x iO@ 3.1 x iO@1 .5 x 1O@8.7 xiO@Total
body1 .4 x iO@1 .4 x lO@1 .4 x iO@ 1.3 x iO@1 .1 x iO@8.1 x10_6Energy

(MeV)0.2000.5001.000

1.5002.0004.000Adrenals2.6

x 102.4 x 10@2.2 x 10@ 1.6 x 10@1 .3 x 10@1 .7 x 10@Brain1.7
x i0@2.0 x 10_81.0 x 1O@ 1.1 x i0@1.3 x iO@1.9 xiO@Breasts1

.9 x 10@1 .8 x 10_61 .8 x 10@ 2.3 x 10_62.1 x 10@1 .9 x 10_6GI
tract:LLI

wall8.0 x 10@7.0 x 1066.0 x 10@ 6.4 x 10@6.4 x 10@4.6 x10_6Small
mt.3.2 x 1O@2.9 x iO@2.6 x i0@ 2.4 x iO@2.3 x iO@1.8 x1O@Stomach

wall1 .9 x 10@1 .8 x 10@1 .6 x 10@ 1.6 x 10@1 .4 x 10@1 .2 x10ULI
wall2.7 x 10@2.5 x 10@2.3 x 10@ 2.0 x 10@2.1 x 10@1 .6 x10-sHeart
wall1 .2 x iO@1 .1 x iO@1 .1 x iO@ 9.6 x 10_69.6 x 10_67.5 x10_6Kidneys2.1

x 10@1 .9 x 10@1 .8 x 10@ 1.6 x 10@1 .6 x 101 .2 x 10@Liver1
.7 x 10@1 .6 x 10@1 .5 x 10@ 1.4 x iO@1 .3 x 10@1 .1 x 10@Lungs5.0

x 10_65.0 x 10@4.5 x 10@ 4.3 x 10_64.1 x 10_63.3 x106Ovaries2.0
x iO@2.1 x iO@1 .8 x iO@ 1.8 x iO@1 .6 x iO@1 .5 xiO@Pancreas7.3
x iO@7.1 x iO@6.0 x iO@ 5.8 x iO@5.2 x iO@4.1 xiO@Muscle6.8
x 10-66.7 x 10-66.3 x 10-6 5.9 x 10-Â°5.5 x 10-64.5 x10-6Skeleton4.4
x 10@3.3 x 10_62.9 x 10@ 2.9 x 10@2.7 x 10@2.3 x10@Bone

surf.6.1 x 1064.1 x 10@3.5 x 10@ 3.4 x 10@3.2 x 10_62.7 x10@Red
marrow8.9 x 10@8.4 x 10@7.9 x 10@ 7.6 x 10@7.2 x 10@5.9 x 10@Skin1

.5 x 10@1 .7 x 10@1 .8 x 10@ 1.6 x 10@1 .6 x 10@1 .4 x10@Spleen1

.1 x 101 .0 x 1O@9.2 x 10@ 8.7 x 10@7.7 x 10@7.0 x 10@Testes1

.3 x 10@1 .1 x 10@1 .1 x 10@ 1.2 x 10@1 .5 X 10@9.0 x 10@Thymus1

.7 x 10_62.0 x 10@2.5 x 10@ 6.2 x iO@1 .6 x 1O@2.5 x 10@Thyroid2.4
x 10_84.4 x iO@6.2 x iO@ 4.8 x iO@4.5 x iO@5.5 xi0@Urinarybladderwall1.1
x1051.4x1059.8x10@9.7x10@9.2x10@9.2x10@Uterus8.0
x iO@8.6 x iO@7.2 x iO@ 7.0 x iO@6.5 x iO@4.8 xiO@Total

body7.2 x 10@6.9 x 10@6.4 x 10@ 6.0 x 10@5.6 x 10@4.6 x 10_6

TABLE 1
Specific Absorbed Fractions of Energy (g1) Source in Peritoneal Cavity Volume
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TABLE2Photon
S-Values for Technetium-99m in PentonealCavityVolumeS-ValueTarget

organ (mGy/MBq-sec)(rad/@Ci-hr)Redmarrow

1.8x1072.4x106Bone
surfaces 1.8 x 10@ 2.4 x10-6Adrenals

5.9 x iO@ 7.8 x10-6Brain
2.8 x 10b0 3.7 xi0@Breasts
3.7 x 108 4.9 x 1o7Lower

largeintestinewall 1.7 x 10@ 2.2 x 10@Small
intestine 6.8 x iO@ 9.1 x10@Stomach

wall 4.2 x 10@ 5.5 x 10@Upper
large intestine wall 6.0 x 10@ 8.0 x10-6Heart
wall 2.6 x iO@ 3.4 x 10@Kidneys

4.4 x iO@ 5.9 x10_6Liver
3.7 x 10@ 5.0 x 10@Lungs
1.0x iO@ 1.4x10_6Ovaries
4.0 x 10-@ 5.4 x10@Pancreas
1.6 x 10@ 2.1 xiO@Remaining

tissue(mus- 1.5 x 10@' 1.9 x 10@de)Skeleton

1.2 x 10@ 1.6 x 10.6Skin
2.8 x 10@ 3.7 x 1Ã˜_6Spleen
2.4 x iO-@ 3.2 x10@Testes
2.8 x 10_8 3.7 x 10@Thymus
3.5 x 10@ 4.6 x10@Thyroid
8.9 x 1@ 1.2 x 10_8Urinary

bladderwall 2.6 x 10@ 3.5 x 10@Uterus
1.8 x 10@ 2.4 x 10-@Total

body 1.6 x iO-@ 2.1 x 10@

larger than the small intestine, and extends downward to the
top of the urinary bladder. This cylinder is restricted to cause
its outer surface to conform in shape to that of the small
intestine. The following equations describe this mathemati
calby.The x, y, and z conventions in the Fisher-Snyder phan
tom (12) are used, namely that x is positive to the phantom's
left, y is positive to the rear of the phantom and z is positive
upward, with the origin at the juncture of the trunk and the
begsin the center of the trunk ellipse.

bl.5@z@27:(j_@)+(7f@)sb â€”7@y@3

27@z<38(â€”\ +(@@ <1
â€” â€” . \l6.5J \9.3/

y<_3.0*[b_(@)]+5.5 â€”A@x@A

â€˜zâ€”32.5\2T'
A=4.5*[b_(@ 5.5 )] +6.0

I â€˜2 2

38@zs43:(-j-@j) +(@) @l

y<â€”2.5*[i @2]Â½5.5 @4.5@ x@4.5

The variable diameter between z = 27 and z = 38 allows the
kidneys to fit outside of the cavity. Figure 1 shows some
computer-generated drawings of cross sections of the body
which illustrate the placement ofthe peritoneal cavity bound

TABLE 3
Photon S-Values for Indium-i i i in Pentoneal Cavity

Volume

S-Value

(mGy/MBq-sec (rad/,@Ci-hr)

5.5x107 7.4xi0@
4.1 x iO-@ 5.5 x 10@
1.7x10@ 2.2x105
1.0 x iO-@ 1.4 x 10_8
1.2x iO@ 1.5x i0@
5.OxlO7 6.7x10@
1.8x10@ 2.4x105
7.7 x iO-@ 1.0x iO@
1.8 x 10_6 2.4 x iO-@
7.7 x iO-@ 1.0 x 10@
1.3x10@ 1.8x105
1.lxlO-6 i.5x105
3.2x107 4.2xi0@
1.3x10@ 1.8x105
5.2x10@ 6.9x105
4.7 x iO-@ 6.3 x 10-6

connected. The cavity lining has a highly variable thickness.
Measuredvaluesin adults range from 0.5 to 2 mm, with an
average of 1â€”1.5 mm (personal communication: Carol Mar
cus, MD, Harbor UCLA Medical Center). These values are
highly variable both among individuals and in different loca
tions within an individual, and are subject to further variability
caused by stretching.

Thecavityis structurallycomplexand isextremelydifficult
to model accurately because of its many complex folds and
invaginations. All organs are actually outside of the cavity;
however,organswhichhavea major portion of their surfaces
covered by the visceral peritoneum appear to be inside the
cavity. Normally, the cavity contains a very sight amount of
watery fluid which tends to lubricate its inner surfaces. In
pathologic conditions, however, the cavity may become
greatly distended with fluid.

For dosimetry purposes, organs surrounded by the cavity
may be modeled as being within a large cylinder whose
boundaries correspond to the outer boundaries of the perito
neum. For Monte Carlo simulation of photon transport, ac
ceptable results will be obtained if the geometry ofthe source
region is a reasonable representation of the actual organ or
system. We chose to model the cavity as two connected
elliptical cylinders. The upper cylinder has a section removed
on the posterior side to account for the fact that the cavity
does not surround the spine, adrenals, or kidneys. This cylin
der runs along the inner surface of the ribs, thus surrounding
the liver and all other major organs in the abdomen above the
pelvisto the top ofthe liver.The lowercylinderisonlyslightly

Target organ

Redmarrow
Bonesurfaces
Adrenals
Brain
Breasts
Lower large intestine wall
Smallintestine
Stomach
Upper large intestine wall
Heart wall
Kidneys
Uver
Lungs
Ovaries
Pancreas
Remainingtissue (mus

de)
Skeleton
Skin
Spleen
Testes
Thymus
Thyroid
Urinarybladderwall
Uterus
Totalbody

2.9 x iO-@
9.1 x 10_8
7.0 x iO-@
7.8 x 10-8
1.1x iO-@
4.0 x iO-@
7.6 x
6.2 x 10â€”i
4.9 x iO-@

3.9x10
1.2x i0
9.4 x 10-6
1.0)( 10
1.4x 10
5.3 x 10-8
1.0 x i0-@
8.3x105
6.6x10
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TargetorganS-Value(mGy/MBq-sec)(rad/@Ci-hr)Red

marrow4.2 x 10_85.6 xiO@Bone
surfaces4.6 x 10-86.1 xiO-@Adrenals1

.8 x jÃ˜_72.4 x I0Brain5.8
x 10h17.8 x10_bBreasts7.0
x 109.4 x10_8Lower

largeintestinewall4.1 x 10_85.4 xlO@Small
intestine2.9 x 10@3.8 x10Stomach1

.2 x iO@1 .5 x10-6Upper
large intestine wall2.4 x i0@3.2 x10Heart
wall9.2 x 101 .2 x10-6Kidneys1

.2 x 10@'1 .6 x10-6Liver1

.3 x i0@1 .7 x10Lungs3.0
x 10_83.9 xi0@Ovaries1

.6 x l0@2.2 x10-6Pancreas8.9
x iO@1 .2 xi0Remaining

tissue (mus 6.9 x 109.2 x 10@de)Skeleton3.1

x 104.1 xiO@Skin6.0
x 108.0 x10-8Spleen5.2
x 10_87.0 x 10@Testes4.1
x 105.5 x10_8Thymus6.6
x 108.7 x10_8Thyroid4.4
x 1 @5.9x10-sUrinary

bladderwall9.7 x 101 .3 x10Uterus1
.3 x 101 .8 xi0Total

body6.8 x 10_89.1 x 10@

TABLE 4
Photon S-Values for Iodine-i 25 in Peritoneal Cavity

Volume

the wall is dominated by the nonpenetrating emission contri
butions.

Calculation of Photon S-Values
The mathematic model of the peritoneal cavity was used

to generate specific absorbed fractions for 0.010, 0.015, 0.020,
0.030, 0.050, 0.100, 0.200, 0.500, 1.0, 1.5, 2.0, and 4.0 MeV
photons. Random positions within the cavity for generation
of a photon were chosen by randomly sampling within the
entire cavity and rejecting any points which fell within defined
organ regions of the phantom. All of the major abdominal
organs plus the active marrow, bone surfaces, brain, and
breasts were included as target organs. Photon S-values were
calculated for gold-b98 (â€˜98Au),iodine-b25 (125J),iodine-l3 1
(â€˜@â€˜I),and 99mTc

Phosphorus-32 and yttrium-90 (@Â°Y)do not emit photons
in their decay schemes and, therefore, do not irradiate the
abdominal organs to the same extent as â€˜98Au,â€˜@â€˜i,and 99mTc.
Some contribution from bremsstrahlung radiation will result,
as shown by Williams et al. (17) and Stabin et ab. (18). This
contribution was not treated in this work, but may be esti
mated by folding the bremsstrahbung spectrum for these flu
clides over the specific absorbed fractions given in Table 1.

Calculation of Dose to the Peritoneal Cavity Lining
The absorbed dose to the peritoneum is primarily a result

of the emissions that are usually considered to be â€œnonpene
tratingâ€•:beta particles (negative or positive), internal conver
sion electrons, and Auger electrons. The usual approach to

TABLE 5
Photon S-Values for Iodine-i31 in Peritoneal Cavity

Volume

aries. For comparison, see figures XI-37 and XI-38 from
Morris' Human Anatomy (14) which illustrate some of the
relationships between the peritoneab cavity and the abdominal
organs.

In this model,the cavityenclosesthe liver,spleen,galbblad
der, ovaries, uterus, stomach, pancreas, small intestine, and
upper and lower large intestine while excluding the kidneys,
adrenals, urinary bladder, and all bone structures. The volume
of the model is certainlylargerthan the volumeof the cavity
because it includes many spaces in the body which are actually
filled with soft tissue. For purposes of simulating photon
transport,however,thegeometryisrepresentativeofthe cavity
structure. Calculating the volume of the model is difficult
because of the irregular geometry in the upper cylinder, but
numerical techniques using Gauss quadrature integration
techniques (15) yield a satisfactory answer. In the bowercyb
inder, the volume was calculated analytically, but corrections
were made for volumes of abdominal organs included in the
cavity which are within the small intestine boundaries or
which continue outside of the peritoneal cavity boundaries.
The approximate volume of the cavity in the model is 5650
cm3.The largest value found in the iterature for cavity volume
is 4000 cm3 (16). This approximation is adequate for Monte
Carlo simulation of photon transport, for the reasonsstated
above.

Knowledge of the exact wall thickness is not critical to the
calculations.The wallis too thin to representa scoringregion
in the Monte Carlo analysis because too few photon â€œhitsâ€•
would occur to permit the extraction of statistically valid
results. As will be seen in the dose calculations, the dose to

Targetorgan

S-Value

(mGy-MBq-sec (rad/@Ci-hr)

5.2x101 7.0x10
3.0x101 4.0x10
1.5x10 2.0x105
1.4 x 10-9 1.8 x 10_8
1.1x101 1.5x10
4.5x107 6.0x10
1.8x10 2.4x105
1.1x10 1.5x105
1.6x10 2.1x105
7.0x101 9.3x10
1.2x10 1.6x105
9.9 x i0-@ 1.3 x 10
3.0 x iO-@ 4.1 x 10
1.2x10 1.7x105
4.4x10 5.8x105
4.1x107 5.5x10

Red marrow
Bonesurfaces
Adrenals
Brain
Breasts
Lowerlarge intestine wall
Smallintestine
Stomach
Upper large intestine wall
Heart wall
Kidneys
Liver
Lungs
Ovaries
Pancreas
Remainingtissue(mus

de)
Skeleton
Skin
Spleen
Testes
Thymus
Thyroid
Urinarybladder wall
Uterus
Totalbody

2.3 x i0-@
9.8 x 10-8
6.5 x
7.1 x 10_8
1.2 x i0@
1.7 x 10
7.7 x
5.1 x 10-6
4.3 x iO-@

3.0x10
1.3x 10
8.7 x 10-6
9.4 x i0-@
1.5 x 10
2.3 x i0-@
1.0x105
6.8x105
5.7 x 10-i
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TABLE6Photon
S-Values for Au-i 98 in Peritoneal CavityVolumeS-ValueTarget

organ (mGy/MBq-sec)(rad/@Ci-hr)Red

marrow 5.5 x 10-@ 7.4 x10-6Bone
surfaces 3.1 x iO@ 4.1 x10_6Adrenals

1.6 x 10_6 2.1 x10Brain
1.3 x 10-@ 1.7 x 10@Breasts
1.2 x 10@ 1.6 x10_6Lower

largeintestinewall 4.7 x iO@ 6.3 x10-6Small
intestine 1.9 x 10 2.6 x 10Stomach

1.2 x 10 1.6 x1O@Upper
large intestine wall 1.7 x 10_6 2.2 x 10Heart
wall 7.4 x 10@ 9.8 x10-6Kidneys

1.3 x 10_6 1.7 x 10Liver
1.0 x 10_6 1.4 x 10Lungs
3.3 x 1O@ 4.3 x10Ovaries
1.3 x 10 1.8 x 1oPancreas
4.6 x 10 6.2 xi0-@Remaining

tissue(mus- 4.3 x 10@ 5.8 x 10_6cle)Skeleton

2.3 x 10@ 3.1 x10-6Skin
1.1 x iO-@ 1.4x10_6Spleen
6.9 x 10@ 9.2 x 10_6Testes
7.4 x 10_8 9.9 x 10-@Thymus
1.2 x 10@ 1.6 x10-6Thyroid
2.1 x 10_8 2.8 xi0@Urinary

bladder wall 8.3 x iO@ 1 .1 x10Uterus
5.5 x 10_6 7.3 xio-@Totalbody
4.5x107 6.0x10

The basic equation used is (20):

D(x) = 2@@ ftm y J(Y) dy,

where
D(x) = absorbed dose or dose rate at distance x for a

thin plane source as described above;
Rm = the maximum particle range;
a = the activity concentration per unit area;

J(y) = the point source dose function;

J( ) = nkE4=nkE F(x,xc@o)
4irp x x90

n = the abundance of emissions with energy E;
k = the proportionality constant to convert energy

per gram to the desired absorbed dose units;
F(x,x@o) Berger's point source scaled absorbed dose dis

tribution [from (22)];
x90 = the 90th percentile distance for emissions with

energy E, i.e., the distance within which 90% of
the emitted energy is absorbed, and

p = the medium density.
Several researchers have shown that the radioactivity may

not be uniformly distributed in all cases (6,9,16,24). The
estimates presented in this report will be valid for the areas
where the activity is uniformly distributed at a given area
concentration; other areas may receive little or no absorbed
dose.

Another problem associated with calculating the dose to
the cavity lining from activity on the surface is making a
reliable estimate of the surface area of the lining. Estimates
have ranged from â€”5,000cm2 to 30,000 cm2 (25). The radia
tion dose along a line perpendicular to a plane source is
directly proportional to the activity area concentration (e.g.,
Bq/cm2). If the activity is assumed to be distributed in a
uniformly thin layer on the surface, the doses would be
inversely proportional to the surface area; that is, the doses
for a 5,000 cm2 surface area would be six times greater than
the doses for a 30,000 cm2 surface area. Our results are
expressedas absorbeddose rate per unit area concentration
to facilitate scaling based on the surface area assumed to be
involved. These resubts will be valid only for areas where the
model assumptions are met; because ofthe considerable fold
ing ofthe peritoneum, overlap ofsource regions may result in
dose distributions not predicted by this model. Also, the
assumption that the doses shown may be directly related to
surface area is limited strictly to lines running perpendicular
to the surface near the center of a barge surface distributed
source. Some loss of accuracy is necessarily anticipated near
the edges of distributed sources.

For the situations in which the cavity contains large
amounts of fluid, Loevinger et al. (21) presents a model for a
semi-infinite plane source of finite thickness which may be
applied to this situation. In this case, the radionuclide volume
concentration will be the critical quantity, and some of the
energy from nonpenetrating emissions will be attenuated in
the source itself. In this case, the basic equation is (21):

D1(x)= f@@@ D(y) dy

dose estimation for the surface of an organ or region which is
assumed to contain a volume source of radioactive material
is to estimate the surface dose as one half of the dose to the
volume (19), which is good for most convex geometries.
Another approach is to estimate the dose in the lining at
various distances from the surface by consideration of point
kernels (20). An average dose to the peritoneum for these
radiations is not useful for evaluating dose effects, and a point
kernel approach will be needed.

Loevinger et al. (21) gave models which can be used for
calculating the dose from â€œinfiniteâ€•plane sources at different
perpendicular distances from the source. Because the extent
of the source is large compared to the range of the electrons,
this is an acceptable model of the lining of a large cavity.
Berger (20,22) extended this work and presented information
about the attenuation of electrons and betas in tissue. Cross
et al. (23) have calculated the dose rate in water for many
different beta-emitting radionuclides; however, they did not
present information about radionuclides such as @mTcthat
do not emit betas. We have developed a computer program
based on Berger's work in MIRD Pamphlet No. 7 (22) that
allows us to calculate the dose in tissue at various depths
beyond the surface of the cavity if we assume that the source
is uniformly distributed over the surface in a layer so thin that
the source material itself does not attenuate the radiations.
This distribution might be encountered if activity is adminis
tered in a small volume into a normal cavity. We further
assume that the plane source is of infinite width relative to
the range of the electrons or betas emitted.
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.
Distance

(cm)â€¢Surface

sourceVolumesource(mGy-g/MBq-sec)(rad-g/@Ci-hr)(mGy-cm2/MBq-sec)(rad-cm2/@Ci-hr)0.0â€”â€”0.0560.740.0060.75100.0500.660.0180.537.00.0420.560.0300.425.60.0370.490.120.152.00.0140.190.210.0640.850.00500.0670.300.0230.310.00140.0180.400.00470.0620.000130.0017.

Distance from pentoneal cavityintocavitywall.

Z=15
Descending

z@ 30Peritoneal Cavity
Boundary Ascending

Colon

Peritoneal Cavity
Boundary

z =37 Peritoneal Cavity

Pancreas Spine Adrenals

FIGURE 1
Computer generated drawings of cross sections of the Fisher-Snyder phantom at Z = 15, 30, 37, and 40 cm, showing
the placement of the peritoneal cavity model.

where
D,(x) = the dose from a thick plane source;
h = the thickness of the plane source;
T = the activity per unit volume;

D(y) = the expressionshown above for the thin plane
source; and

@ = the activity per unit area, from the expression

RESULTS

Specific absorbed fractions derived from the Monte
Carlo calculations are presented in Table 1. Values are
given for the discrete energies listed in the previous
section; interpolation between the values is necessary
for use with actual gamma ray and x-ray energies.above.

TABLE 7
ElectronDosesin the PeritonealCavityWallfromSurfaceandVolumeDistributedSourcesof @P
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.Distance
(cm)Surface

sourceVolumesource(mGy-cm2/MBq-sec)(rad-cm2/@Ci-hr)(mGy-g/MBq-sec)(rad-g/@Ci-hr)0.0â€”â€”0.0751.00.0060.83110.0690.920.0180.567.40.0620.820.0300.456.00.0560.740.120.202.70.0290.390.210.111.50.0150.200.300.0650.860.00750.100.400.0320.420.00300.040.

Distance from pentoneal cavityintocavitywall.

.Distance
(cm)Surface

sourceVolumesource(mGy-cnt@/MBq-sec)(rad-cm2/@Ci-hr)(mGy-g/MBq-sec)(rad-g/@Ci-hr)0.0â€”â€”0.00130.0170.0010.152.00.000900.0120.0020.121.60.000750.0100.0040.0961.30.000560.00750.0080.0620.820.000250.00330.0120.0290.380.0000670.000890.0160.00440.0590.00000740.0000990.0200.000340.00450.000000410.0000055.

Distance from pentoneal cavity into cavity wall.

TABLE 8
Electron Doses in the Peritoneal CavityWallfrom Surface and Volume Distributed Sources of @Â°Y

S-values for photon emissions from @mTc,@ Iâ€˜In,1251
â€˜@â€˜i,and â€˜98Auare presented in Tables 2 through 6.
Electron doses to the cavity wall in absorbed dose per
disintegration are listed for 32P, @Â°Y,@mTc,IIlj@
â€˜@â€˜i,and â€˜98Auin Tables 7 through 13 for both plane
and volume distributed sources. For the volume distrib
uted sources, the predicted surface dose (one half of the
dose to the volume) is also given. The values are ex
pressed as absorbed dose rate (mGy/sec) per unit area
or volume concentration (MBq/cm2 or MBq/g), result
ing in units of mGy-cm2/MBq-sec or mGy-g/MBq-sec.

DISCUSSION

The photon specific absorbed fractions are of the
same order of magnitude as values for the whole body
for moderate energies, but do show significant variation
among organs near the abdominal cavity and those
farther away. As is usual, values at bow energy become
vanishingly small for organs far from the cavity (values
less than b0'@ g' were set equal to zero in Table 1). In
general, the adrenals, pancreas, uterus, ovaries, and
gastrointestinal organs tend to have the highest specific
absorbed fractions. Although the adrenals are consid
ered to be outside ofthe cavity, they are adjacent to the

invaginations of the cavity near the spine (Fig. 1). The
fact that the uterus and ovaries also absorb considerable
fractions ofthe energy emitted from the cavity is signif
icant in situations involving women of childbearing
years [although the peritoneal cavity will not be a major

contributor of absorbed dose to these organs in hys
terosalpingography studies (26)].

The absorbed dose rate functions for nonpenetrating
emissions are sensitive to the range of the radiations
(Tables 7 through 13). Emissions of â€˜25Iare rapidly
absorbed in the first few micrometers of tissue, while
the emissions of 32P and @Â°Ymay penetrate to several
millimeters, which may be beyond the bounds of the
cavity wall. This raises the possibility that some organs
outside of the cavity may receive a dose from the
â€œnonpenetratingâ€•emissions originating within the cay
ity. The variability in the activity distribution in differ
ent studies and patients makes it difficult to identify
which organs may be irradiated in this way and what
the absorbed doses might be. It is clear that only a small
portion of the organ's exterior will receive a dose be
cause the values are falling offrapidly at these distances
from the cavity. Because of spatial variation, the bio
logic significance of these values is difficult to evaluate
given the current understanding of radiation dose and

TABLE 9
Electron Doses in the Peritoneal Cavity Wall from Surface and Volume Distributed Sources of @â€œTc
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Surfacesource Volumesource
Distance

(cm) (mGy-cm2/MBq-sec) (rad-cm2/@Ci-hr) (mGy-g/MBq-sec)(rad-g/@Ci-hr)0.0

â€” â€” 0.00280.0370.002
0.22 2.9 0.00190.0250.004
0.16 2.1 0.00160.0210.007
0.11 1.5 0.00120.0160.018
0.034 0.45 0.000360.00480.040
0.0024 0.032 0.0000980.000130.050
0.00011 0.0015 0.000000290.0000039.

Distance from peritoneal cavity into cavity wall.TABLE

11Electron
Doses in the Peritoneal Cavity Wall from Surface and Volume Distributed Sources of1251.

Surface source Volume source

Distance
(cm) (mGy-cm2/MBq-sec) (rad-cm2/MCi-hr) (mGy-g/MBq-sec)(rad-g/@Ci-hr)0.0

â€” â€” 0.00160.0210.0001
2.2 29 0.000830.0110.0005
0.74 9.9 0.000360.00480.001
0.17 2.3 0.0000960.00130.002
0.0024 0.032 0.000000320.0000043.

Distance from peritoneal cavity into cavity wall.TABLE

12Electron
Doses in the Peritoneal Cavity Wall from Surface and Volume Distributed Sources of1311.

Surface source Volume source

Distance
(cm)@ (mGy-cm2/MBq-sec) (rad-cm2/@zCi-hr) (mGy-g/MBq-sec)(rad-g/@tCi-hr)0.0

â€” â€” 0.0150.200.001
1.3 17 0.0140.180.003
0.75 10 0.0110.150.006
0.53 7.0 0.00900.120.01

8 0.24 3.2 0.00500.0660.030
0.14 1.8 0.00280.0370.050
0.057 0.76 0.001050.0140.080
0.012 0.16 0.000150.0020.

Distance from peritoneal cavity into cavity wall.TABLE

13Electron
Doses in the Peritoneal Cavity Wall from Surface and Volume Distributed Sources of198Au.

Surface source Volume source

Distance
(cm) (mGy-cm2/MBq-sec) (rad-cm2/,@Ci-hr) (mGy-g/MBq-sec)(rad-g/@zCi-hr)0.0

â€” â€” 0.0260.350.001
1.2 16 0.0240.320.003
0.83 11 0.0220.290.006
0.65 8.6 0.0200.260.018
0.37 4.9 0.0140.180.030
0.26 3.4 0.0100.140.080
0.075 1.0 0.00300.0400.12
0.030 0.40 0.000980.013.

Distance from pentoneal cavity into cavity.

TABLE 10
Electron Doses in the Peritoneal Cavity Wall from Surface and Volume Distributed Sources of 111ln
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uation of LeVeen peritoneo-venous shunt patency
using intraperitoneal Tc-99m-MAA. C/in Nuci Med
1979; 4:451â€”454.

7. Crawford K, McDougall I. Prediction of satisfactory
response to pleural sclerosis using radiopharmaceuti
calsâ€”study in a patient with cirrhotic hydrothorax
and LeVeen shunt. Arch Intern Med 1982; 142:194â€”
196.

8. Abdel-Dayhem H. False ascites in a patient with
LeVeen shunt detected by intraperitoneal injection of
Tc-99m-sulfur colboid. C/in Nuc/ Med 1979; 4:1â€”2.

9. Bolitho L, Andrews J, Lichtenstein M. The intraperi
toneal use of technetium sulfur colloid. Aust Radiol
l98b;25:159â€”161.

10. Madeddu G, Ovidio N, Casu R, et al. Evaluation of
peritoneovenous shunt patency with Tc-99m labeled
microspheres. J Nuc/ Med 1983; 24:302â€”307.

11. McCalley M, Braunstein P, Stone 5, et al. Radio
nuclide hysterosalpingography for evaluation of falbo
piantubepatency.JNuclMed 1985;26:868â€”874.

12. Snyder WS, Ford M, Warner G, Fisher, Jr, H. Esti
mates ofabsorbed fractions for monoenergetic photon
sources uniformly distributed in various organs of a
heterogeneous phantom. MIRD Pamphlet No. 5. J
Nuci Med (suppb 3): 1969.

13. Cristy M, Eckerman K. Specific absorbed fractions of
energy at various ages from internal photon sources.
ORNL/TM-838b, Oak Ridge National Laboratory,
OakRidge,TN, 1987.

14. Anson B, ed. Morris' human anatomy. New York:
McGraw-Hill Book Company, 1966.

15. Stark P. Introduction to numerical techniques. New
York: Macmillan, 1970.

16. Walton R, Sinclair W. Intracavitary irradiation with
radioactive colloidal gold in the palliative treatment
of malignant pleural and pentoneal effusions. Br Med
Bull1952;8:165â€”171.

17. Williams L, Wong J, Findley D, Forell B. Brake radia
tion dose due to Y-90 measured in an anthromorphic
phantom [Abstract]. JNuclMed 1987;28:684.

18. Stabin M, Eckerman K, Ryman J, Williams L.
Bremsstrahlungdosimetry component in Y-90 mono
cbonal antibody therapy [Abstract]. J Nuc/Med 1988;
29:859.

19. Synder WS, Ford M, Warner G, Watson S. â€œ5,â€•ab
sorbed dose per unit cumulated activity for selected
radionuclides and organs. MIRD Pamphlet No. 11.
Society of Nuclear Medicine, 1975.

20. Berger M. Beta-ray dosimetry calculations with the
use ofpoint kernels. In: CboutierR, EdwardsC, Snyder
W, eds. In Medical radionuclides: radiation dose and
effects.CONF-6912l2, U.S. Atomic Energy Commis
sion Division ofTechnical Information, 1970.

21. Loevinger R, Japha E, Brownell G. Discrete radioiso
tope sources. In: Hine G, Brownell G, eds. In: Radia
tion dosimetry. Chap. 16. New York: Academic Press,
1958:694â€”753.

22. Berger M. Distribution ofabsorbed dose around point
sources of electrons and beta particles in water and
other media. MIRD Pamphlet No. 7. J Nuc/ Med
(suppb 5):l971.

23. Cross W, Ing H, Freedman N, Mainvilbe J. Tables of
beta-ray dose distributions in water, air, and other
media. Ontario, Atomic Energy of Canada Limited
AECL-7617, 1982.

24. Andrews G, Root 5, Kniseley R. Metabolism and
distribution of colloidal Au-198 injected into serous

effects. Approximate thresholds for nonstochastic ef
fects in several whole organs are fairly well known (27);
models for stochastic effects, while involving consider
able uncertainties, may be represented mathematically
for average organ or whole-body doses (28). No defin
itive work has been done, however, which relates risk
to spatially distributed absorbed doses.

When the dose conversion factors for the particulate
radiations (mGy-cm2/MBq-sec or mGy-g/MBq-sec) are
expressed as absorbed dose per unit cumulated activity
(mGy/MBc@-sec)by dividing by 5000 cm2 or 4000 g,
they tend to be a few orders of magnitude higher than
the photon S-values, especially at short distances.
Therefore, the principal dose to the cavity wall is from
the beta and electron components.

SUMMARY

We have developed a mathematical model of the
peritoneum and the pentoneal cavity to be used for
calculating radiation dose to the major organs in the
abdomen. This model should provide useful dosimetric
information in situations in which a significant amount
of activity may enter the peritoneal cavity. The ab
sorbed dose to the cavity wall is mostly defined by the
nonpenetrating emissions. These values are sensitive to
the range of the emissions from a particular radio
nuclide. The photon absorbed doses to major organs of
the body are of the same order of magnitude as those
from activity in the total body, but the variations are
significant. The adrenals, pancreas, ovaries, uterus, and
gastrointestinal organs receive higher absorbed doses
per disintegration than other organs and organ systems.
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