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Abstract

In this study the nfravenous injection of To-99m which is most widely wsed in nuclear
medicine s considered and the radigtion-dose estimation due o this njection s
quantitatively analyzed The main obfective of this sudy s o analize the effects of
coardinate transformation in the lver on the committed effective dose. A phantom (Snyder
model] /s yused which has a simple geometny corresponding approximately to the size and
shape of the adult human body and moreover, the Wonte Tarlo method is used to obtain
higones of photons that origingte within the sowrce organ. Based on this notion, a
prograr, CAFRA, has been developed which can estimate absorbed fractions in the
variows argans The result which pertains to the calculabion of the committed effective
dose s similar o that of the [CRF Fublication 60, Analsis of the coordinate
transformation in the calculation of committed effective dose hias been accomplshed using
CAFRA. Concluawvely, this programmatic sqstem of analysis provides sclenfists with a

simple tool for the calcwlation of committed effective dose.

1. Introduction

Today, nuclear energy is widely utilized in wvarious areas such as power supply,



agriculture, industry and the application of radionuclides in medicine has led to nuclear
medicing which is an area of medicine that diagnoses the condition of human body and
treats diseases using radioisotopes.

According to the increase of peaceful uses of nuclear energy, the human being has
faced with much chances of exposure to radiation. But the excessive radiation is known
as one of the primary factors to induce mutation, cancer, or life shortening so that in
case of the diagnosis and therapy of diseases by radionuclides or radiation source it is
necessary to correctly predict internal radiation exposure to inhalation, ingestion, or
injection of radionuclides. Hence, the mathematical phantorn of human body should be
given and the computational method should be adopted.

In this study Tc-93m which is most widely used in nuclear medicine is distributed in
the liver by intravenous injection and the radiation dose absorbed in the human body
owing to the injection is calculated by the application of Snyder model and a program
developed using the Monte Carlo method. Then, with the developed program, CAFRA
(Calculation of Absorbed FRAction), case study was conducted to estimate the effects of
the coordinate transformation. Especially, since the publication of I[CRP B0, the domestic
radiation protection standards are based on ICRP B0's concepts. Accordingly, the effective
dose, radiation weighting factor, tissue weighting factor which are recommended in ICRF

69 have been chosen and calculated in this study.

2. Internal Dose Evaluation Program

2.1 Characteristics of Tc-99m

Te-99m, compared with other radioisotopes, is produced easily and inexpensively from
a generator, so that it takes up a considerably high percentage of the radioisotopes
which are used in Korea. Tc839m emits 014 Mev-monoenergetic photons, which are
penetrative and easy to collimate. The physical characteristics of Te-39m are shown in
Table 1. In this study, Tc-99m is injected in the form of tagged compound and it can be
assumed that all of the injected Tec-889m become uniformly distributed throughout the

source organ(liver) without metabalism.

Table 1. The Physical Characteristics of Tc99m



atomic number 43

mass number 953.9585
radiclogical half life B hour
whole body 1 day
biological half life :
liver 30 days
_ _ whole body 020 day
effective half life :
liver 025 day
arigin the daughter nuclide of ko™

_ » extraction by a physiological saline solution
manufacturing process _ _ _ _ a
in an ion exchange resin column with Mo

critical argan digestive organ

= most stahle in the form of TeOy

others = synthesis of various tagged compounds

by simple chemical process

2.2 Modelling of the Human Bedy

In this study, one source organ and eight target organs were chosen. The source
organ is liver, and the target organs are liver, stomach, small intestine(Sl), upper large
intestine(ULl), lower large intestine(LLl), lungs, thyroids, and testes. Snyder model is
adopted as a mathematical phantorm. Simple eguations are given for the major body
sections and the principal organs. The phantorm has a mass of about 70 kg and consists
of three types of tissue-lung, skeletal, and other soft tissue. The total-body phantom is
made up of three principal sections @ (i) an elliptical cylinder representing the arms,
torso, and hips; (i) two truncated circular cones representing the two legs and feet
aftached to which is a small region with a plane front surface to approximate the
testicles; and (ii) an elliptical cylinder representing the neck region and lower portion of
the head, which is topped by half an ellipsoid.

The trunk is a solid elliptical cylinder and includes the arms as well as the pelvis. The
volume of the trunk section is 43982 cm” and the mass is 42 701 g. The liver is defined
by an elliptical cylinder cut by a plane and has a volume of 15833 cm” and a mass of
1809 g. The stormach is represented as the mass between two ellipsoids. Its volume is
1515 cm’ and its mass is 150 g The small intestine does not seem to remain in any

"standard position" except for the ends, which are relatively fixed. Thus the small intestine



is to be regarded as occupying a wolume within which it is free to move. This volume,
which lies in the pelvic region, is a section of a circular cylinder. Its volume and mass
are 1,084 cm’ and 1040 g, respectively. The upper large intestine is composed of the
ascending colon and the transverse colon. The ascending colon is given by the mass
hetween two circular cylinders and has a volume of 91.22 o’ and a mass of 90.02 g.
The transverse colon is of elliptical cross section. Its volume is 1207 com’® and the mass
is 1192 g. The lower large intestine consists of the descending colon and the sigmoid
colon. The descending colon has a volume of 3059 cm’® and a mass of 89.40 g The
sigmoid colon is made up of porions of two tori. The volume of the sigmoid colon is
7042 cm’ and the mass is 69.50g. Each lung is half an ellipsoid with an anterior section
removed. The volume of both lungs is 3,378 cm® and the mass is 999.2 g. The lobes of
the thyroid lie between two concentric cylinders and are formed by a cutting surface. Its
volurne is 1989 o’ and the mass is 1963 g The testicles are ellipsoids and have a
volurne of 3757 cm’ and a mass of 3708 g The mathematical expression specifying

each organ is shown in Table 2.

2.3 Description of Internal Exposure Calculation

The method for calculating the radiation dose to a target organ from a source argan in
which a radioisotope is uniformly distributed is based on the concept of absorbed fraction.
Absorbed fraction is defined as the fraction of the energy radiated by the source organ
which is absorbed by the target organ. When a radioisotope is deposited in a organ, it
emits radiation as the source organ and has radiological effects on its neighboring argans
as well as the source argan itself. Monpenetrating radiation, ie., o radiation or g
radiation with short range cannot influence other organs than the source argan itself,
whereas penetrating radiation, i.e., photons with long range can affect all organs.

Absorbed fractions are dependent on size, position, composition, and density of the
organs, distance between & source organ and target organs, types and energy of
radiation, absorbing or scattering material between a source organ and target organs.
Absorbed fractions are calculated by applying the Monte Carlo method to the behaviors
of photons radiated from the deposited radicisotope and by using the mathematical
phantom corresponding approximately to the human body.

The Monte Carlo method is useful in the settlement of problems where interactions of

photons with matters are governed by probabilistic rather than deterministic procedures.



Histories of photons that originate within the source organ are simulated by a computer
in the Monte Caro method. For any radioactive transformations, we know the energy of
the emitted radiation, its starting point, and its initial direction. The probability of each
interaction within the target organs and the eneryy transferred during each interaction are
also known. Energy which is dissipated in a target organ by each interaction of photons
is assumed to be absorbed in the target organ ewxcept for energy carried by photons
scattered by compton scattering or photons produced by annihilation of a positron
produced by pair-production. In this study, pairproduction process is neglected since
Te-99m is a 0.14 Mev-monoenergetic photon emitter. Thus by dividing the energy
absorbed by the target organ by the energy emitted by the source organ, absorbed
fractions can be calculated.

With these absorbed fractions the internal radiation dose for the whole body can be
obtained as follows |

(i) The eguivalent dose to a target T by radiation B, Hqg, is
Hrp = op Drnp (12

in which Drg is the average absorbed dose of a target T by radiation R and e is the
radiation weighting factor.

(ii) The average absorbed dose, Drg, is given by
Do = —1-5'f . .
™R = MT afi‘ S Ez. kS AF‘(E}—S}; (2}

in which f, is the fraction of transformations resulting in radiation of type i, E, is the
energy of radiation of type i emitted by the transformation of nuclide | in source argan 3,
AF(T+3) is absorbed fraction of the energy E, and My is the mass of target T.

(iii ) The total equivalent dase, Hy, is represented by

He = ;WR'DT,R (3
(W) The effective dose, E, is given by
E = ;‘ wp Ho (4)

in which gt is the tissue weighting factor of a target T.

(vl The committed effective dose, Ec, is given by

E = LmEﬁr}dr (5)

The value of g is 1 for the photons, and the values of pr is shown in Table 3



Tahle 3. Tissue weighting factor { 1)

wT 0.z 012 0.05 a.m
Bladder
Calon Breast
D.rgan, Gonads Lung Liver Bone Surface
Tissue Fed Marrow Esophagus =kin
stormach Thyroid
Femainder

2.4 Development and Application of a Program -CAFRA-

CAFRA is a computer program which calculates the absorbed fraction of photons using
the Mante Carlo technique. The program runs an an [BM-compatible personal computer in
compiled FORTRAN.

The histories of Y0000 padicles were simulated, and only compton scattering and
photoelectric process were considered. The behaviar of each particle is followed until the
particle escapes from the phantom, its energy drops below a preset minimum, or the
particle weight is less than 0.1, In any case, a new particle is sampled and its history is
followed in the same way. The description of each subroutine is given in Table 4. The

calculated results are shown Table B,
3. Calculation of Effective Dose by Coordinate Transformation

For the purpose of analyzing the changes of committed effective dose due to the
coordinate transformation, the coordinates of the organ was wvaried Owing to its
complexity, only the location changes of the source organ were tried without formal
modification. In the coordinates of #, y-, zaxis, the coordinate transformation of an organ

can be generally expressed as follows;

[Source organ : Liver]

a a
x— 1y =¥y
(15.5)+( 7 )gl'

x— 4 PoPg AT <1,

oL I o) Iz —z =43



Boundary Condition © -35=xm =35, -Z2sw=<2, 27 =@m=<27

In this study, to determine (o, yo, Zo), Latin Hypercube Sampling(LHS) was used since
LHS can represent successfully the various probabilistic distribution with the small number
of sampling. 10 cases have been chosen and analyzed. The coordinates of sampled (xa,

yo, Zn) are shown in Table 5 The results are presented in Table B

Table 5. Coordinate Transformation by LHS

CASE (xo. yo. zo) CASE (. o Zo)
1 (-335, -0.41, 25.80) B (0.08, 091, 14.91)
2 (-225, 1.62, -16.68) 7 (078, 0.77, -7.78)
3 (-1.85, -0.05, -1.08) 8 (182, -1.29, B.78)
4 (072, 1.34, -14.26) 5 (2.66, 0.28, 0.78)
5 (-035, 0.85, -22.21) 10 (3.47, -1.99, 20.59)

4. Results and Conclusions

The results of calculation by CAFRA are given in Table G, in which are tabulated the
committed effectve dose in case of dose assessment by Snyder model and dose
changes by coordinate transformation, respectively. |t shows that the results calculated by
the program lie within 80% ~100% of reference wvalue. CAFRA can, therefore, be a
simple tool to calculate absorbed fractions and effectve dose when liver is chosen as a
source organ. In the case of selecting other organs as a source organ, the program can
be also applied with some modifications of input data and program. However, the
bio-kinetic model was not considered in this study. By adding bio-kinetic model which can
make it possible to evaluate the metabolism of radionuclides in the human body, the
more sophisticated tool for internal dose assessment can be established.

Another calculation was performed to investigate the effects of coordinate transformation

of a source organ on effective dose. With all the changes of coordinates for liver, the



result in each case doesn't make a great difference. It means that the coordination
changes of only the source organ don't have much influence on variation of commited
effective dose. It, however, doesn't mean that the changes of organ location need not be
considered in the calculation of internal dose. It is necessary to study the coordinate
transformation of target organs as well as a source organ for the detailed evaluation of
effective dose by coordinate changes.

It ray be given as & conclusion that this study is of use as the basis for
establishment of the Korean reference phantomn that is suitable to Korean and in further
study, the Snyder model may be used as an approximate phantom untl the research on

Korean reference man is adequately established..
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Tahle 2. Mathematical Description of Each Organ

Crgan M athermatical Description
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Table 4. Description of Subroutines

Subroutine Function

= start and end of the calculation
PAAIN . . L

= monitoring of the main sequence of the schematization

» reading of the basic data and control parameters required
INPUT

by CAFRA,

= preparatory calculatin in CAFRA
BEFOR = construction of the cosine-sine table and the energy mesh

table
BEHAN = tmain contral of particles
DERPAR = selection of the initial source parameters
MNECO = determination of next collision point
EXTR = exponential transformation

determination of the new wavelength after a compton
MEYWA scattering

modification of the particle weight

» Russian Roulette play for the particle with a wery low

ROPLA _
weight
= selection of the photon's new direction after a compton
DIREC .
scattering
CONT = recording the particle's contribution to absorbed fraction

QUTFUT = printing of results

= performing the first stage of the cubic spline interpolation
SPLCO
procedure

» performing the second stage of the cubic spline interpolation
SPLCO2
procedure

GERAML » generation of random numbers




Tahle 6. Comparison of Committed Effective Dose Case by Case

Committed Effective

CASE Dose (Sv/Ba) CaselSnyder model Case/CHP-B0
ICRP-BED 3 70E-11 1.02 1.00
shyder model 3.63E-11 1.00 0.98
Caze 1 J.03E-11 083 0.8z
Casze 2 3. 19E-11 054 0.56
Case 3 J.56E-11 0a4 0.57
Caze 4 3.28E-11 020 0.89
Casze 5 J10E-11 0ga 0.54
Casze B J10E-11 084 0.54
Casze 7 3.55E-11 0928 0.96
Case § 3.29E-11 091 0.89
Casze 9 J.BEE-11 1.01 0.93
Casze 10 J.06E-11 084 0.83
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