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=Abstract=

Weighted committed dose equivalents(Wr H;,) per intake of unit activity of four nuclides-
1-131, I-133, Cs-134 and Cs-137-, which was based on the concepts of ICRP Pub. 30, are
calculated for adult who is 70 kg and 25 years old and, for infant who is 10 kg and 1 year old.

Metabolism of iodine taken through oral or inhalation pathway is described by using the
three-compartment model which consists of inorganic, thyroid and organic compartment.
After intake, the amount of iodine in every compartment is calculated by solving the tran-
sfer equations among the these compartments.

As soon as caesium is taken into the body, it is distributed uniformly in the body through
the transfer compartment. In this case, the amount of caesium in total body is calculated
by using the total body compartment model which is divided into two tissue compartments
because of their different biological half-lifes of caesium in body.

As a result of calculations, whether oral or inhalation pathway, the values of (W1H,,) per
intake of unit activity of I-131 for infants are about ten times as much as those of adults.

On the other hand, for Cs-134 and Cs-137, the values of WtH,, per intake of unit activity

show that, whether adults of infants, they have almost the same values.

1. Introduction

In 1959, the International Commission on
Radiological Protection (ICRP) issued ICRP
Pub. 2V which had guided for the control of
intakes of radionuclides into the body with
the critical organ concept.

Afterward, ICRP Pub. 22(1973)2 and Pub.
26(1977)® made great changes in the basic
concept of the control of internal dose. ICRP
Pub. 22 recommended that the resulting doses
are as low as reasonably achievable (ALA-
RA), economic and social considerations being
taken into account, In ICRP Pub. 26, the

total risk concept-several organs and tissues,
not only critical organ, would be irradiated
following the entry of a radionuclide into
body-was recommended.

With new informations on the uptake and
retention of radioactive materials in body and
ICRP Pub. 30
(1979)* describes how to calculate the inte-
rnal dose by means of these new concepts

on radioactive decay scheme,

and give a new quantity, committed dose
equivalent (H,).
In Korea, some radionuclides in gaseous

and liquid effluents released from many

nuclear power plants are detected in usual
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operational circumstances and around power
plants site®, Of all radioactive effluents, H,,
for 1-131, 1-133 Cs-133 and Cs-137 were
calculated in this paper. The purpose of this
paper is to obtain the H,, per intake of unit
activity for adult who is 70 kg and 25 year sold
and for infant who is 10 kg and 1 year old®”,

Johnson® calculated the amount of iodine
in a thyroid and in other tissues which are
divided into organic and inorganic compa-
rtment by using the three-compartment model,
By this model, the values of Hy, for I-131
and [-133 can be calculated. Miller and
Richmond®!®, et al.,, experimented on the
metabolism of caesium in body and got the
empirical equation which describes the meta-
bolism of caesium. But, in this paper, the
representing values, which are taken from
AECL-6540, for bioclogical half-life of caesium
in body are used in calculating H,,.

Accurate decay schemes of four radionu-
clides and data for the mass of organs are
required to calculate the Hy,. Dillman'® gives
1-131 and Cs-137,
which inform the energies of

the decay schemes of
secondary
radiations originated from 7-rays, appropriate
to the internal radiation dosimetry. But the
proper decay schemes of 1-133 and Cs-134
are not published yet and simple decay sche-
mes of them are used!®,

2. Basic Concepts for the Control of
Internal Dose

2.1. Dose Eguivalent Limits

For the purpose of radiation protection, two
broad categories of radiation induced effects
are considered.

1) Stochastic eifects: malignant and here-
ditary disease for which the probability of a

somatic effect occurring rather than its

severity is regardsd as a function of dose
without threshold.

2) Non-stochastic effects: effects such as
opacity of the lens and cosmetically unacce-
ptable changes in the skin for which a thre-
shold of dose must be exceeded before the
effect is induced.

For stochastic effects Commission’s reco-
mmended dose Limits is based on the principle
that the limit on risk should be equal whether
the whole body is irradiated uniformly or
non-uniform irradiation.

This condition will be met if

2o WeHy < Hyyo,
where Hy: annual dose equivalent in tissue
(7).

Hy,. . @ the recommended annual dose equ-
ivalent limit for uniform irradiation
of the whole body.

Wy :a weighting factor representing the

proportion of the stochastic risk resu-
Iting from tissue (7) to the total risk
(Table 2.1).

In order to meet the Commission's basic
limits for the occupational exposure, the
intake of radioactive materials in any year
must be limited to satisfy the following
conditions.

For stochastic effects

Table 2.1, Dose Equivalent (D) to a Tissue giving
same Risk as 0.05 Sv (5rem) to Whole
Body and Weighting Factor ( Wr)

D

Organ or Tissue Sv rem Wp

Gonads 0.2 20 0.25
Breast 0.33 33 0.15
Red bone marrow 0.42 42 0.12
Lung 0.42 42 0.12
Thyroid 1.67 167 0.03
Bone surface 1.67 167 0.03
Remainder 0.83 83 0.3
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For non-stochastic effects

Hyo.7 <0.5(50)
where Hy,. (in Sv) is the total committed
dose equivalent in tissue (7)) resulting from
intake of radioactive materials from all
sources during the year.

In case of non-occupational exposure the
value of annual dose equivalent is recomme-
nded as one tenth of that of occupational
exposure®,

2.2. Committed Dose Equivalent (H,,)

For purposes of planning in radiological
protection it is assumed that risk of a given
biological effect is linearly related to dose
equivalent. In this circumstances, risk of’an
effect is determinded by the total dose
equivalent averaged throughout the organ or
tissue at risk, independent of the time over
which that dose equivalent is delivered. The
total dose equivalent averaged throughout any
tissue over the 50 years after intake of a
radionuclide into the body is termed the
committed dose equivalent (H,,).

' IM Dso,; Q; N, dm
H50=; jM dm

- (2.3)

where 7 : the type of radiation.
M : the mass of the specific organ or
tissue.
Dy, ; : total absorbed dose during a
pericd of 50 years for each type
of radiation 7.
Q; : the quality factor.
N, : the product of all other modifying
factor.
The expression for H,, shown in eqt (2.3)

can be simplified to

Hso=z Q, Dﬁo-i
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where D,,.; is averaged value of Dy,.;

In this paper, estimates are made of the
committed dose equivalent (H,,) in a number
of target organ (T) from the activity in a
given source organ (S).

Therefore,

Hso( T‘_S).'=Qi m( T<S);
=UsXSEE(T<S);x1.6X
1071°(Sv)
where Us : the number of transformation in
source over the 50 years following
intake of the radionuclide.
SEE(TS),; :
the specific effective energy for
radiation type #, suitably modified
by quality factor, absorbed in
target from each transformation
in source. (MeV/g per trans.)
1.6X 107! : the conversion iactor.
The masses of target and source organs
used in this paper are taken from ICRP Pub.
23 and AECL-6540.

8. Calculations of H;, for 1-131 and I-133

8.1. Metabolism of Jodine

The metabolism of iodine in man has been
described by a three-compartment model.
These compartments are .

1) Inorganic compartment; consisting of all
extrathyroidal iodine that is not bound to
thyroid-produced organic molecules and
which may be excreted or taken by the
thyroid for conversion into organic iodine.

2) Thyroid compartment; consisting of all
iodine in the thyroid. ,

3) Organic compartment: consisting of all
extra-thyroidal iodine bound to thyroid-
produced organic moleules and capable of
being excreted or being converted back

to inorganic iodine.
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Fig. 3.1. The Compartment Model of Iodine
I(t) : The rate of entry of the radionu-
clide at time t.
q,(t) : The amount of radionuclide in the
compartment n at t after intake.
A; : Rate constant (/=1,2,3,4,5).

Metabolic diagram of iodine and clearance
rate constants are shown in Fig. 3.1 and
Table 3.1.

According to the daily intake and to the
content of iodine in the thyroid and the body
of adults, the rate constant can be obtainded.

The differential equations for this model are

2D (44 20,0 + gD
F(F)eenrerniiig, 3.1)

LD g =24, e (3.2)

8D g, (1) (et 2 a8 (3.9)

The physical decay of radioiodine dose not
include in the eqt. 3.1 to eqt. 3.3. It can be
included simply by multiplying all solutions

Table 3,1. Rate Constant

Constant 4;
of Adult
(days™)

Route

0.93
1.92
0. 0087
0.053
0. 005

N A

[&)]

by exp(—art).

These equations can be solved by using
boundary conditions appropriate to a single
instaneous input of radioactive iodine into
the inorganic compartment (..[(f)=0).

The analytical solutions to these equations
using the constant from Table 3.1 are ’

qi(t) =Io[1. 0002—2.85:__9‘ 9% 10—4 0. 06092

+8,5X107¢ ¢ 00058 s (3.4)
q., @) =1,[—0.327 e %% +0. 0175 e 06
40,310 @009 hoiiiiiiiiiiis (3.5)

Judging from Fig. 3.2, the retention in other
compartments excepts the thyroid can be
neglected because of their extremely small
iodine deposition in body.
the half-life

removal of iodine from the infant inorganic

In the case of infants, for

q, (1)

dolt)
Io

q;(t)

Io

20

45 (days)

Days since Exposure

Fig.

3-2,

Relative Amount of I-131 and T -133 Deposition in Case of Adult Body.



compartment and the ratio of thyroid uptake
to whole body intake are assumed to the same
as that for the adults. This assumption fixes
the values of 4, and A, at the adult values.

The mass of iodine in the infant’s thyroid
was calculated to be 3.0x1077 kg from data
in ICRP Pub. 23. The daily iodine output of
the thyroid (as organically bound iodine) is
6x10~%kg for a 70 kg man and is assumed to
be 8.57x107° kg for a 10 kg infant. Assuming
that all the iodine in an infant’s thyroid has
equal opportunity of leaving the thyroid as
organically bound iodine, then 4, for infant
is 8.57X107°/3.0%1077=0.0286 d-!. If the
concentration of organically bound iodine in
infant's soft tissue is to be equal to that used
for adults and the production of thyroid
hormones is assumed to be directly propo-
rtional to body weight, it seems reasonable
to assume that 2, and 2; are equal for infants
and adults?. '

The factors derived here result from an
assumed daily iodine intake of 0.2 mg for
adults and 29 ug for infants. Using 2, for
infants, ¢,/ () can be calculated as follows:

g,/ (8) =1, —0. 3317 e 25 10, 1813

eO, 0211!_*_0' 1522 e—0.1217!] ______ (3' 7)

3.2. Calculations of Us and SEE

(1) Us

The value of Us means the total number
of transformation in source over the 50 years
following intake of radionuclide. This is
given as follows:

Us(T)= fzye(—u) g, (B)dt--(3.8)

where 2, : radioactive decay constant of the
radionuclide.

g;(¢) : the amount of radionuclide in the

compartment j. Here, two routes of

entry of radioactive materials into
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body namely the gastrointestinal
(GI) tract (Oral) and the respira-
tory system (Inhalation) are con-
sidered.

In, the case of oral intake for adults, subs-
tituting eqt. 3.5 into 3.8, the values of [~
131 and I-133 can be calculated.
then, Us**!(oral)

=1, jzoxseﬁe-o.osst(_o. 397 g~2-85¢

+0. 0175 e~ 0899¢ 1. (), 3100 00586) ¢
=9,91X10° L,(trans.) --oeeeeveneeees (3.9)
and Us'*®(oral)

=1, J'zoxsfise_o_st(_o. 3972850
0. 01758—0.0509f+0. 3108—0.005851)dt
=92, 60X 104, (trans.) -ceerereeneeees (3.10)
In the same way, from eqt. (3.7) and eqt.
(3.8) the values of Us for infants can be
obtained as follows:

Us'3!(oral)

=2,95X10° p(trans.) ----eeeeeeee (3.11)
Us'33(oral)

=2.65%x10* I,(trans.) «--eeeeeeens (3.12)

The quantities of Us in the inorganic and
organic compartment are so small and are
not so important compared to that of the
thyroid that they can be negligible.

For inhalation intake, it is recognized that
after the inhalation of radioactive aerosols
the doses receives by various regions in the
respiratory system will differ widely, depen-
ding on the size distribution of the inhaled
material.

In this study,
dose equivalents are for aerosol with an
AMAD (Activity Median Aerodynamic Dia-
meter) of 1 ym, The fraction of deposition

calculations of committed

in respiratory system is given as (.63 from
Fig. 3.3 (a).
For adults,
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Fig. 3.3. Mathematical Model used to describe
Clearance from the Respiratory System
with an AMAD of 1 pm,

T : removal half-times.

F: the fraction leaving the region.

N-P : nasopharynx region.

T-B : trachea and bronchial tree region.

P : pulmonary region.

L : lymphatic system.

Dy-p, Dy, Dp: the fraction of inhaled
meterial initially deposited in the
N-P, T-B, and P regions.

z+q : not applicable in this calculation.

Us*! (inhalation) =0. 63 Us' (oral)
=1.83x10° I,(trans.)

The radioactive half-life of 1-133 (20.8h)
is not long compared with the removal half-
time at pulmonary in respiratory system.
Therefore, the radiocactive decay of 1-133
in pulmonary should ke considered.

The removal half-time at region ¢ and %
in pulmonary is given as 12 hours from Fig.
3.3 (a) and after that time, the rest of the
initially deposited activity can Le obtained by
the following formula:

Dp e(—arTp)=Dp e(—0.693x12/20. 8)
=0.67 Dp
where
Dp : the deposition fraction in pulmonary
(=0.25)
4, : the physical decay constant of T -133.

WA gh5iele] g — — 81 —

Tp : the removal half-time at region e
and % in pulmonary (0.5dy=12hr).
So total deposition fraction for 1-133 in
respiratory system becomes
Dy p+ Dy 5+0.67 Dpx(0.840.2) =0.55
Therefore, for adults,
Us'*3(inhalation) = 0. 55 Us'* (oral)

=1.43%10* I,(trans.) --eoeveeeees (3.14)
and the values for infants are
Us*® (inha.} =0. 63 Us**! (oral)
=1.86x10° [ (trans.) ---eeeeeeens (3.19)
Us'* (inha.) =0. 55 Us***(oral)
=1.46X10% [y(trans.) «--occoveees (3.16)

(2) SEE
SEE(TS); can ke definded as follows:

SEE(Tc 5),=y, Vifs AF(T5)Q,

(MeV g! per trans.) ............ (3_ 17)
where the summaticn means overall radia-
tions produced per transformation of radionu-
clide 7 in source organ S and

Y, : the yield of radiations of type 7 per
transformation of rarionuclide j.

E; : the average or unique energy of radia-
tion 7 (MeV)

AF(T<S); : the fraction of energy abso-
rked in target organ 7 per emission
of radiation 7 in S.

Q, : the quality
radiation of type 4.

factor appropriate for

M, : the mass of the target organ.
For a,f particles, fission fragments and
recoil atoms, value of AF (T<S); will usually
Le either zero, when the target is beyond the
range of radiations from the source, or unit
when target and source organs are the same
tissue,

The values of AF for photons can be esti-
mated by the use of data on Specific Abso-
rked Fraction (SAF) (absorted fraction per

target mass).
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1-131 and 1-133 emit - particles and
7-rays. B~ particles are directly absorbed in
source organs because of its short penetration
range. But 7-rays make complicated reactions
with target tissues. When 7-rays are emitted
into targets, significant 7-ray internal conve-
rsions or electron capture processes which
give rise to X-rays and Auger eletrons occur.
These radiations should be included in the
calculation of SEE.
Therefore,

SEE(T—S) =SEE(S<S)+SEE (S-8) s/ +
SEE(S<S),+SEE (S-S),+
SEE(T—S),+SEE(T<-S),

where

B : -like particles caused by 7 or X-rays.
X : x-rays. “

Here the values of SEE for photons can be
neglected because SAF, is extremely insign-
ificant compared with the values SAF; or
SAF,-.

As a result,

SEE(T—S) = YpEpAF(S(—S) ﬁQﬁ

Yp'E,e’AF(SHS) ,e’Qﬁ

(9% 2% 19844 —

where @, AF=1 for g or g-like particles.
M, : the mass of thyroid.

From the decay scheme, (YsEs+YsEs’)
for I-131 is 0.2 (MeV/trans) and the values
of M, for adults and infants are 20 g and
2 g, respectively.

So
0.2

SEE( T‘—S) adult= W =0, 01
(MeV g1 trans=2)---eemeemeereanee. (3.20)

SEB(T:S) infant=-"58-=0.1
(MeV gt transt) -eeeeessreneees (3.21)

The value of (YﬁEﬁ+Yﬁ/Epl) for I-133 is
given as 0.41 (Mev/trans)

S0,
SEE(T8)"=-2551-=0.021
(MeV g-! trans 1) eeeeereeeeennes (3.22)
SEE(Te-5)'=-24L 0. 205
(MeV g~ tranS S JRTTTTIPIPPRIRIS (3.23)

3.3. The Values of H;, for I-131 and
1-133

Combii;ing eqt. 3.9. to eqt. 3.16 and eqt.
3.920 to eqt. 3.23 with eqt. 2.4, the results
can be obtained as Table 3.1.

Table 3.1. The Values of Us, SEE and Hy, for 1-131 and I-133 in Thyroid

Radionuclide I-131 I-133
Ase Adul Infant
Pathway Adult Infant ult nfan
Us per intake of unit .
activity(trans. Bq~') Oral 2.91x10° 2.95X10° 2.10X 10* 2.65%X10
Inhalation 1.83X10° 1.86%108 1.43%X10* 1.46%10*
SEE(MeV g trans.™!) 0.01 0.1 0.021 0.025
H;, per intake of unit ’ .
activity(Sv Bg™?) Oral 4,7%x1077 4.7X1078 8.7x1078 8.9X%10
Inhalation 2.9%10°7 3.0x1078 4.8X10°® 4.9x1077
Weighted H;, per intake ~ s
of unit activity(Sv Oral 1.4x10°8 1.4%x1077 2.6X107° 2.7%10
1\ —
Ba)(=0.03%Hs0) 110 tion  88x10- 8.9 1078 1.4X10 1.5%107




—BG - BE - T REMGRBEA A L RAS ghRietel HEHE—

4. Calculation of H,, for Cs-134 and Cs-137

4.1. Metabolism of caesium

From the experimental data, whether adults
or infants, of caesium entering the transfer
compartment (blood), the retention fraction
0.1 is translocated to one tissue compartment
and the remainder to another compartment.
For adult, caesium is retained each compa-
rtment with the removal half-life 2 days and
110 days, respectively. Therefore, the retention
of caesium for adults is shown as follows:

R(t)y=q()/L,=0.1e(—0.693¢/2) +
0.9 €(0. 693 £/110) +rroevevenvvee 4.1)

In the case of infants, it is important to
note that infant’s removal half-lifes of caesium
which are 1 day and 20 days respectively is
short compared with adult’s. So

R(#)=0.1 e(~0.693¢/1) +0.9
e(—0.693¢/20)

Metabolic diagram of caesium is shown as
follows:

Inhalation

U

Ingestion
(Oral}

complete
absorption

Transfer Compartment (Blood)}

@E}——-E§éﬂ

Fi Fs
Tissue Tissue
Compartment Compartment
! 2

%

Excretion

4.2. Calculation of Us and SEE
(1) Us

Before caesium enters the transfer compa-
rtment (Fig. 4.1),

tract or lung for the short time.

it decays along the G-I
Using the
factors in the Fig. 3.3 and the formula in
Appendix of ICRP Pub. 30, the value of Us
in lung can be calculated as next formula.

Us(in lung)

=T { DNpFa DNpr DTRFc DTBFd
e Za—i—RR I?[,'}'ZR Zc+ZR rd+R
(Do, DiFu  DeFdF )
e T A a, T et d) @it A)
where
A= 0.693 (7, : removal half-time

T,
in »# compartment, #=a,b,---2.).

Az : radioactive decay const.

F,=the fraction leaving the region .

and
Us(in G-I tract) Ny S
* Asrt Az
T~Age | Adult Infant
A '] 0.3a7  0.693
A2(d™")] 6.3x10°]0.035
Fy (O] 0.1
Fo 0.9 0.9
Ai . Removal constant (i =1,2)
F; : Refention fraction (i =1,2)

Fig, 4.1. Compartment Model of Caesium.
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Table 4,1. The Values of Us/I, of Cs-134 and Cs-137(trans, Bq™!)
N Pathway

Age —— © Oral(x10%)

Inhalation( X 10°)

Radionuclide

Organ Adult Infant Adult Infant

Cs-134 — — 0.0189 0.0189
Lung

Cs-137 — — 0. 0189 0.0189
Total Cs-134 10.7 2.22 6.75 1.4
Body Cs-137 12.4 2.26 7.79 1.42

where E E
=M M, +Z Y.E, lSAF(L<—L),+

Asr : the biological clearance rate in
stomach (=24d"1)
From the data in Fig. 3.3,
Us in lung or G-I tract are calculated. So
Us(lung) =1.89x 10* I, (trans.) ----- (4.3)
Us(G-1 tract)
=3, 60X 10% L, (trans.) - -reeeeerene (4. 4)

Passing through the transfer compartment,

the values of

caesium is rapidly and completly absorbed in
the total body. The value of Us in the total
body is obtained by putting eqt. 4,2 into eqt.
3.8. In the same manner as iodine, the fra-
ction of deposition in respiratory system is
also given as (.63,

So

Us(inhal.}=0. 63 Us(oral)

The values of Us/I, for Cs-134 and Cs-137
are summarized in Talle 4.1,

Compared with values of Us in lung or
total body, Us in G-I tract is small and
negligible.

(2) SEE

Cs-134 and Cs-137 also emit B~ particles
and 7-rays which give rise to X-rays and
p-like particles when they interact with
target organs.

In the case of a lung source for adults,

*SEE(Tlung)*=SEE(L—L);+SEE (L«L)

# +SEE(T<-L)7+SEE(TL); ---(4.5)

SAF (0. T<—L),} +XV.E, [SAF (Le-L) +

SAF (0 T(—-L) z} ........................ (4. 6)

*Lung and Other tissues will ke abbreviated
to L and 0.7, respectively.
where
M, =the mass of lung(1, 000 g)

SAF =Specific Absorted Fract10n< A/IF >
T

The summations ¥ and 3 mean the sum of
r z

SEE for photons which have various energies
and different fractions.

For the total body source,

SEE(T(-——TB)”
_ B B Y.ESAF(T—T.B
=M, MT"‘AT_: rLoy (T<T.B),+
S V.E, SAP(T-T.B), -wreee @

Because of the differences between adults
and infants in weight and height, the value
of AF for adults should be corrected by using
factor R, f,.

Therefore, in case of a lung source for infants,

SEE(TL)i=SEE(L—L);+SEE

(L—L)j+ {SEE( T« L)$+SEE( T<—L):}
R f,=—f fz Y,E, SAF

(TL),+% Y.E, SAF(TL), |
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where For the total body source,
R SEE(7:-T5)
. E; Fy a
. =the mass of infant lung(=150g) = MM { + ZT Y, E,SAF(T—T.B)r
f,=correction factors for the absorbed \
fraction of energy in the infant organs +; V.ESAF (T T'B):}
compared to the adult organs for R f, -rooreerereomar (4.9)
photons. where
Table 4.2. The Value of SEE for Cs-137(MeV g™! trans™!)
Radiation B(Xx10-) T+ 8 +x(X1078)

S ojzrg cee Adult Infant Adult Infant
Target Lung T.B Lung T.B Lung T.B Lung T.B
Gonads — — - — 5.7X107% 4.7 0.4 33
Breast — — — — 2.7 3.9 9.5 19
Red Marrow — — - — 2.5 4.2 9.4 19
Lung L9 2.7X107% 13 0.19 95 4.0 5.4%10% 17
Thyroid — — — — 2.6 3.9 7.8 16
Bone Surface — — — — 2.0 3.9 7.0 17
SI Wall* — — e — 0. 59 4.9 1.9 19
ULI wall — — — — 0.8 4.8 2.8 20
LLI Wall — — — - 0.17 4.9 0.54 19
Uterus — — — — 0.21 4.9 0. 84 22
Adrenals — — — — 4.9 5.2 9.8 17
* T.B: Total Body SI; Small Intestine

ULI; Upper Large Intestine LLI; Lower Large Intestine

Table 4.3. The Value of SEE for Cs-134(MeV g~! trans. %)
Age | Adult(x107) Infant( X 10-)
Source
Target $ Lung Total Body Lung Total Body
Gonads 0. 014 1.1 0.098 7.9
Breast 0.62 0.9 2.2 4.1
Red Marrow 0.59 1.0 2.2 4.6
Lung 23 0.9 120 4,0
Thyroid 0.61 0.9 1. 3.8
Bone Surface 0. 46 0.9 1.6 4.1
SI wall 0.14 1.2 0.45 4.6
LLI wall 0. 04 1.2 0.13 4.6
Uterus 0.05 1.2 0.2 5.5
Adrenal 1.3 1.1 2.6 3.9
Bladder Wall 0.039 1.1 0. 094 3.9




~=the mass of infant total body
(10,000 g).

Like Cs-137, two sources, lung and total
body, should be also considered for Cs-134.
The way to calculate the SEE of Cs-134 is
just same as that of Cs-137 which was shown
in eqt. 4.6 to eqt. 4.9. The difference betw-
een them is only energy of emitted radiations.
Table 4.2 and Table 4.3 represent the values
of SEE for Cs-137 and Cs-134, respectively.

4.3. The valuesk of H,, for Cs-137 and
CS-134

Eqt. 2.4 should be transformed properly
for the calculation of Hg,(oral) and H;,(inha.)
In the case of Cs-137, for a target T,
H (oral)
=1.6X10""Us(oral) (SEE(T—T.B)s+
{SEE(T'—T.B)s'+SEE(T-T.B),+
SEE(T«T.B),} X0.94] - (4.10)
‘Where
0.94 is 7 decay fraction of Cs-137.
and
H (inhal.) =1. 6 X 10~°(Us (lung) X
{SEE (LL)s+ (SEE(T<«L)p'+
SEE(T<L),+SEE(T<L),) X0. 94} +
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Us(inha.) X {SEE(T<—T.B)s+
SEE(T«L)s+SEE(TL) +
SEE(T«L),X0. 94} ] -eeeeereieress (4.11)
Inserting the values in Table 4.1. and
Table 4.2. into eqt. 4.10 and eqt. 4.11, the
calculated results are listed in Table 4. 4.
For lack of accurate decay scheme for Cs—
134, the SEE of g’ particles and X-rays which
are occured by 7-ray can not be calculated.
So the simple formula of H,, for Cs-134 are
given as follows:
HJ(oral)
=1.6x10-1°% Us(oral) (SEE(T«
T.B);+SEE(T«T.B),} - (4.12)
HJ (inha.)
=1.6x10"*°[Us(lung) {SEE(T«L),+
SEE(L«L)g} + Us(inha.) x {SEE( T+
T.B)s+SEE(T—T.B),} ]+ (4.13)
The results obtained by eqt. 4.12. and eqt.
4.13. are shown in Table 4.5. »
Total weighted H,, for Cs-134 and Cs-137
are expressed as follows:
weighted HSO.T:; Wr Hygogeoeee (4.14)

where
W, : weighting factor of organ
T. (Table 2.1)

Table 4.4. The Value of Hyy/I, for Cs-137 for Adult and Infant (Sv/Bg)

. hAge Adult( x10°%) Infant( x107%)
Targeit i Oral ‘ Inhalation Ouaal Inhalatien
Gonads 1.4 0.88 1.8 1.1
Breast 1.2 0.78 1.3 0.83

‘ Red Marrow 1.3 0.83 1.3 0.83
Lung 1.3 0.88 1.2 1.3
Thyroid 1.3 0.79 1.2 0.77
Bone Surface 1.3 0.79 1.2 0.79
SI Wall 1.4 0.91 1.3 - 0.83
LLI wall 1.4 0.91 1.3 0. 85
ULI Wall 1.4 0.90 1.3 0.83
Remainder( Wr : 0. 12) 1.5 0.95 1.4 0.89
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Table 4.5. The Value of Hj/I, for Cs-134 for Adult and Infant(Sv By™)
A
ge Adult( x107%) Infant( x10°*)
Pathway

Target Oral Inhalation Oral Inhalation
Gonads 1.9 1.2 27 1.6
Breast 1.6 1.0 1.4 0. 86
Red Marrow 1.8 1.1 1.5 0.96
Lung 1.6 1.0 1.3 1.2
Thyroid 1.6 1.0 1.3 0.79
Bone Surface 1.6 1.0 1.4 0.85
SI Wall 2.0 1.3 1.5 0. 96
LLI Wall 2.0 1.3 1.5 0.96
Remainder(Wt : 0. 18) 2.1 1.3 1.3 0.81

Table 4.6, Total Weighted H,,/I, for Cs-134 and Cs-137 for Adult and Infant(Sv Bq™)

TYE -
adionuclide Cs-134( X 10-%) Cs-137(x107%)

Age
Pathway Adult Infant Adult Infant
Oral 1.9 1.7 1.4 1.4
Inhalation 1.2 1.1 0.87 0.96

From Table 4.4, 4.5 and Table 2.1, the
total weighted H;, per intake of unit activity
(Sv/Bq) for Cs-134 and Cs-137 are listed in
Table 4.6.

5. Discussion and Conclusion

By using the three-compartment model (Fig.
3.1), the values of Us for [-131 and I-133
were calculated. Many organs or tissues
scarcely retain iodine (Fig. 3.2) but, only a
thyroid is affected by the intake of iodine.

The values of SEE for infants, which is
dependent on the mass of target organ
(thyroid), are about ten times as much as
those of adults. As a result, the values of
H;, for infants are also greater than adults
by the factor of 10.

The Us for Cs-134 and Cs-137 were obta-
ined by using empirical equations. The values

of Us for adults are about five times as much
as those of infants because biological half-life
of infant (20 days) in total body is shorter
than that of adult (110 days).

But the values of SEE for adults are by
far smaller than those for infants on account
of weighting the factor R, f, to SEE of adults
and the difference of mass between adult's
organ and infant's. Consequently, Hg for
infants are nearly same as those for adults.

Varjous metabolic parameters used in this
paper quoted directly those of Westerners.
They can be changed by the differences in
diet, weight of organs and chemical compo-
sition of organs and tissues between Weste-
rners and Korean. Therefore, the proper
metabolic data for Korean should be esta-
blished in order that the accurate estimation
of internal dose effects for Korean can be

done.
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THRLIR EAEA A & AL ghiieke] e

SRR
Ko M- OE A
e A BT

2 X

FA wbAA kel 14993 (ICRP)e A sl 2o A3 A HBHE HEEOCRP Pub. 30)% o &
ske] 1-131, 1-183, Cs-13¢ @ Cs-137 ul7bA AF) =4 HA5AAF WE RERE(WHs)
4 FA 70ke, be] 25419 BAS 10kg, 148 LR wstd AAbstdch

e =y BA ARE 23 A9 2050 FHRAHE BRE, PFRE ABRETI.=: 744
ZHH EEH 2d-g o] 83td AT o] THAE Aol AL Fo ARF A THE
ol gelAl 229 k& AAbstgiTh.

Caestum & AAF T, AFT4L 53 A4l AR} o] AS Al & caesium &} AFE
B R gekd AL F ARTI R i 2 ERETD S o] g5t AAld A Y caesium
o ek& A4kstgh

AdAst, 80 EE RA, | AERNEA ] ATAHAAE A 1-131- 1-133¢ WE R
Pt BE(WH )L R A7 AR 1A= 28 gd Jebdeh

s, Cs-1343 Cs-137¢l disiAl = b8l WA A3 Wilsgh-e HAS g7t Az @5
zk% veb ¢l et



