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Dose coefficients, the committed effective dose per unit intake, have been calculated for 149
radionuclides with half-lives > 10 min that are not listed in ICRP Publication 68 (Publ. 68).
Effective dose rates for inert gas have been calculated for 2 radionuclides.

The dose coefficients were calculated with the computer program LUDEP that calculates
internal doses using the respiratory tract model of ICRP Publ. 66 and the biokinetic models
of Publ. 30. Nuclear decay data used for the calculation were newly compiled from decay data
sets of the Evaluated Nuclear Structure Data File (ENSDF). In the calculation of the effective
dose rates, external irradiation from the surrounding cloud and irradiation of the lung from the
gas within it were considered. The calculated results are presented in tables, which are the
same forms as those in Publ. 68. The range of the differences in the dose coefficients due to the
biokinetic models and nuclear decay data employed was also discussed by comparing the dose
coefficients between LUDEP and Publ. 68. The dose coeflicients and the effective dose rates will
be used for dose calculation for radionuclides produced in high-energy proton accelerator and
fusion reactor facilities.

Keywords: Radionuclide, Internal Exposure, Dose Coefficient, Inhalation, Ingestion,
External Exposure, Effective Dose Rate, Submersion, Nuclear Decay Data.



JAERI Data/Code 99-047

et T % HEHESR OB DR R A
ICRP Publication 68 {Z{N& & N TV /W R DRE

B T A SR SR R B2 Y R
EE B0 #%5h

(1999 4F 11 A 5 H2HE)

Y0 10 UL EOBEDH T, ICRP Publication 68 (Publ. 68) iU STV y/2by 149 £4fE
It LT, BAHEEES D OFFRESRE (RERRK) 25 E L. e, NEENR 2B/
MLUT, EGRBREHREL .

HEAKOHEL, ICRP Publ. 66 DFEESGETE T )V KT Publ. 30 DENEBHREE T IVIZE T
T=NEHIE<RBIHE 70/ 5 L LUDEP Z W TiTo /. 8HEICIE, HER G —5 7 7
- )V (ENSDF) > SHi7= IR LT — Y 2 iz, ERBEROFHETIE, BEHEENSD
ANERBEH R U O H 2 Ic L BHOMRFEZERL /2, SR LHERIL, Publ 68 DREAICEE
»5Nf-, £/z, LUDEP & Publ. 68 DREMEE 2L, SHEICHWENSBRETTIVEN
BT — 7 IR < BEREAEEOZTENRICDOWVTHRIT Lz, SIEINEREFREKUESRE
BT, INEERMERR, BRSHFRERICBVWTERINIEREICHT SHI<KREFEITHAHTS
EMNTES,

SRMBHASTAT : T 319-1195 KWIRIBEIERSGEH B B4R 2-4



JAERI-Data/Code  99-047

Contents

) I 5917 o Y¢ 11 To1 7T} 1 NP
P\ 11 1T Yo ER PP P PP OPTPTTN
2.1 Nuclear Decay Data .....ccooeeeeiiiiiiiiiiiiiiiiiiiiiiee i
2.2 Calculation of Dose Coefficients for Inhalation and Ingestion of Particulates ......
2.3 Calculation of Effective Dose Rates for Inert Gas ......cccccoceeiiiiiiiiiiiiiiinn,
3. Results and DISCUSSION ...c.eeiiiriiiiiiiiiiiii et e s
4. SUIIIDIALY «oerueveueeeeeeereseteseteteseseseesesesesesesessseseseassssssssssssesseesesanensesesesesesenssesesssesensessssnes
Acknowledgements ..........coocciiiiiiiiiiiiiii e
REFETEICES ..oiiiiiiiieiiiiiiiie ettt s e e e e e e e e e sb b s s e e e s sanae e e e s bbe e e e s s e aneae

2L BB T o ettt et ettt e et et e et eneerennesenann
2.2 KT ORA RO ORI SMBHREDETHE
2.3 RIEMH 2T DEZFRERBODZIE ..o



This is a bliank page.




JAERI-Data/Code 99-047

1 Introduction

Dose coefficients e(7),* the committed effective dose per unit acute intake via inhalation and
ingestion, are used for evaluating radiation doses by intakes of radionuclides. The coefficients
are also used for calculating the annual limit of intakes (ALI) and derived air concentrations
(DAC), which are valuable operational guides for judging the significance of air monitoring data.

The International Commission on Radiological Protection (ICRP) has calculated the dose
coefficients for about 800 radionuclides for workers!) and members of the public.2) In a series
of calculations of the dose coefficients, ICRP has used the nuclear decay database of ICRP
Publication 38 (Publ. 38).”) The decay database of Publ. 38 was compiled from decay data
sets in the Evaluated Nuclear Structure Data File (ENSDF)B’Q) using the computer program
EDISTR,'® which was designed to calculate energies and intensities of nuclear and atomic
radiations associated with nuclear transformation. Publ. 38 covers mainly the decay data for
radionuclides with half-lives > 10 min and their daughters; the total number of radionuclides
listed is 820.

The nuclear decay database of Publ. 38 is adequate for calculating the dose coefficients
of radionuclides that are important in medical, environmental, and occupational exposures.
It is found, however, that significant quantities of radionuclides whose dose coefficients are

11,12) and fusion reactor

not given by ICRP are produced in high-energy proton accelerators
facilities.'®) It is therefore necessary to enhance the database of the dose coefficients for such
exotic radionuclides in order to ensure the radiation safety assessment in the development of
high-power proton accelerator and thermal fusion reactors.

From that point of view, the authors compiled a nuclear decay database'®) for radionu-
clides that are not listed in Publ. 38. This report presents the dose coeflicients for intakes of
these radionuclides by workers using the compiled nuclear decay database. The calculated dose

coefficients are presented in tables, which are the same forms as those in Publ. 68.

2 Method

2.1 Nuclear Decay Data

Figure 1 shows the flow of the calculations of dose coefficients and effective dose rates. The
nuclear decay database used is those compiled in the preceding report.'¥) The database contains
the decay data for 204 radionuclides, consisting of 162 nuclides with half-lives > 10 min, 28
daughters and 14 nuclides that may be important in fusion reactor facilities.

The database consists of the radiation data, 3 particle spectra, and bremsstrahlung spectra.
The radiation data are the listings of the types, energies, and absolute intensities of radiations
emitted by the nuclear transformation of radionuclides. Two types of formats for the radiation
data, Publ. 38 and NUCDECAY formats, are included in the database. The difference between
the Publ. 38 and NUCDECAY formats is that the former omits radiations below a specified
cutoff value of energy while the latter does not. The details of the cutoff rule are described
elsewhere.”)

3 particle spectra and external bremsstrahlung spectra are used for calculating the effective

*7 is the time period in years over which the dose is calculated. The integration time is 50 y for adults.

_1_
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dose rates for inert gas, as described in subsection 2.3.

2.2 Calculation of Dose Coefficients for Inhalation and Ingestion of Particu-
lates

Dose coefficients for inhalation and ingestion of particulates were calculated with the com-
puter program LUDEP!® (LUng Dose Evaluation Program), developed by the National Radio-
logical Protection Board (NRPB). LUDEP calculates internal doses using the human respiratory
tract model of Publ. 66,16) the biokinetic models of Publ. 30,17 and the tissue and radiation
weighting factors recommended in Publ. 60.1%)

LUDEP has two built-in nuclear decay databases, the Publ. 38 and ORNL databases.!?)
The number of radionuclides involved in the Publ. 38 database is more than that of the ORNL
database. In addition, the former can treat the ingrowth of radioactive decay products in the
body, while the latter does not.

For calculating dose coefficients, the radiation data of the Publ. 38 format were employed
to maintain consistency with the built-in database of LUDEP. A preprocessor program was
developed to prepare input files of radiation data for LUDEP from the radiation data of the
Publ. 38 format (Figure 1). If a radionuclide forms radioactive decay products, the decay chain
data file was also prepared to specify the relation of nuclides in the decay chain and their
branching fractions. If the decay products are included in Publ. 38, the decay data of the
Publ. 38 database of LUDEP were used for the nuclides.

The biokinetic models used in LUDEP are those of Publ. 30, but the f; values, the frac-
tional uptake of elements from the gastrointestinal tract, given in Publ. 68 were employed. If a
radionuclide forms radioactive decay products, the contribution to the dose from their build-up
in the body was evaluated by assuming that the decay products behave metabolically like the
parent radionuclide.

Dose coefficients for radon isotopes and spontaneously fissioning nuclides were not calcu-
lated, because LUDEP does not deal with radon and the radiations concomitant with sponta-
neous fission.

2.3 Calculation of Effective Dose Rates for Inert Gas

Effective dose rates of Ar and **Ar, were calculated by considering external irradiation
from submersion in the cloud and irradiation of the lung from the gas within it. Irradiation
from the deposited activity in the lung was not considered, since Ar belongs to SR-0 class and
therefore doses from absorbed gas are considered to be negligible.!)

Effective dose rates from submersion in the cloud were calculated by the method described
in Publ. 30!7) and Federal Guidance Report (FGR) No. 12.29) In a semi-infinite source region
with a uniform concentration C(t) (Bq m~3) of a radionuclide at time ¢, the effective dose rate,
e (Sv d~!/Bq m~3), is given by

e =ZwThT/C(t)dt, (1)
T
where wr is the tissue weighting factor recommended in Publ. 60,18) and hg is the equivalent

._2_
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dose rate in tissue T (Sv d~!/Bq m~3).
The equivalent dose rate in tissue T for exposure mode S, h:?:, can be expressed as

00

W= X | wE) (B + [ wi(E) W (E)E |, 2
j=ety L j 0

where y;(E;) is the yield of discrete radiations of type j and energy E;, and y;(E) denotes the

yield of continuous radiations per nuclear transformation with energy between E and E + dFE.

The notation e* in the j denotes all electrons including 3% particles, internal conversion electrons

and Auger electrons, and the -y denotes all photons including v rays, X rays and bremsstrahlung.

The values of e based on h% for an isotropic exposure mode were calculated for twelve
monoenergetic photon sources ranging 0.01 to 5 MeV and presented in Table II.4 of FGR No. 12,
as shown in Figure 2. The values of hr for skin (hgkin), which should be considered in 3 particle
and electron exposures, were also calculated for monoenergetic electron sources and presented
in Figure I1.25 of FGR No. 12, as shown in Figure 3. By using the data of Figure 2, the e due
to v rays and X rays from a radionuclide and external bremsstrahlung was calculated from their
energies and intensities. In addition, the hgn by 3 particles, internal conversion electrons and
Auger electrons was calculated from the data of Figure 3 and added using the wr for skin, 0.01,
to the e.

Equivalent dose rates to the lung from the gas within it were calculated by assuming that
the activity in the volume of gas within the airway is replaced by the same activity, uniformly
deposited on the surface.?)) The calculation was carried out using LUDEP according to the
procedures described in Appendix B of the reference 21.

3 Results and Discussion

Tables 1 and 2 present the dose coefficients for inhalation and ingestion of particulates and
the effective dose rates for inert gas, respectively. The tables are the same forms as those in
Publ. 68.

In the following part of this section, we discuss the effects on the dose coefficients of the
biokinetic models and nuclear decay data employed. The consideration is important to see the
validity of the dose coefficients presented in this report.

The biokinetic models of Publ. 30 were used in the present calculation, while the revised
models were applied to selected elements in Publ. 68. To clarify the range of the differences in
the dose coefficients due to the update of the biokinetic models, comparisons were made for the
dose coefficients between LUDEP and Publ. 68 for 17 elements listed in Table 3. These elements
are those included in Table 1 and that the new biokinetic models are adopted in Publ. 68. For
all isotopes of the 17 elements listed in Publ. 68, the dose coefficients were calculated using
LUDEP both for inhalation of 1 um and 5 pum AMAD aerosols with absorption types F, M and
S and for ingestion and compared with those of Publ. 68. An index D (%) was used to examine
the differences of the dose coefficients:

D— e(50)Lupep — €(50)publ. 68

e(50)publ. 68
where e(50)Lypgp and e(50)pyubl. 68 are the dose coefficients calculated by LUDEP and that
given in Publ. 68, respectively. Figure 4 shows the distribution of D; the total number of cases

x 100, (3)

_3_
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compared was 836 for 172 radionuclides. It is shown that the e(50)Luprp values are generally
in good agreement with €(50)pyb). 63, and the values of D are within +25% for 686 cases. There
are 25 cases in which the values of D exceed 100%. These were found in 1331, 1351, 226Ra, 229Th,
2327, 232Np, 236mNp, 26Np, 23"Np and 238Np. The greatest discrepancy was found in the
case of ingestion of 232Th with f; = 5 x 107%; e(50)Lupep and e(50)pyp1. 68 are 9.2 x 1077 and
2.2 x 1077 (Sv Bq™!), respectively.

The results of the above analysis suggest that the use of the Publ. 30’s biokinetic models
causes no significant difference in the dose coefficients compared with those calculated using the
revised biokinetic models. The dose coefficients might slightly differ in the several radionuclides
of the elements, such as I, Ra, Th and Np, as a result of change in the biokinetic models, but
the discrepancies are within a factor of 4.2. ‘

The radiation data of the Publ. 38 format were used to calculate the dose coefficients in the
present calculation. The Publ. 38 format omits radiations below a specified cutoff value of energy
to limit the number of radiations listed at maximum 175. In most radionuclides studied in this
report, the energy of radiations omitted are less than 10%, and therefore, significant radiations
are included in the calculation of the dose coefficients. However, the cutoff percentages exceed
10% in the following nuclides: 298At (cutoff percentage 11.1%), '%3Tm (13.2%), 2*Bi (13.4%),
152Th (15.9%), 133™Ce (16.0%), 92Au (17.3%), 831r (20.6%), 57Lu (33.1%), and '*3Dy (34.7%).
The dose coefficients for these radionuclides would be underestimated corresponding to the cutoft

percentages.

4 Summary

Dose coefficients for intakes of radionuclides have been calculated for 149 radionuclides with
half-lives > 10 min that are not listed in ICRP Publication 68 (Publ. 68). Effective dose rates
for inert gas have been calculated for 2 radionuclides. The calculated results are presented as
tables of the same forms as those in Publ. 68. The dose coefficients and the effective dose rates
will be used for dose calculation for the radionuclides produced in high-energy proton accelerator
and fusion reactor facilities.
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Table 1. Effective dose coefficients for inhalation and ingestion of particulates.

Effective dose coefficient (Sv Bq~!)

Inhalation, ej,n(50) Ingestion

Nuclide t1/2 Type fi 1pm AMAD 5um AMAD fi eing(50)

Sulphur

S-38 170.3 m F 0.800 1.1E-10 1.9E-10 0.800 3.6E~10

(inorganic) M 0.800 2.3E-10 3.3E-10 0.100 6.0E-10

Chlorine

Cl-34m 32.00 m F 1.000 2.8E—-11 4.9E-11 1.000 1.0E-10
M 1.000 45E-11 7.2E-11

Vanadium

V-50 1.5E+17 y F 0.010 5.5E-08 6.5E-08 0.010 3.0E-09
M 0.010 24E-08 1.7E—08

Selenium

Se-72 8.40d F 0.800 1.4E-09 1.9E-09 0.800 3.8E-09
M 0.800 3.3E-09 3.0E—09 0.050 2.5E—-09

Rubidium

Rb-78 17.66 m F 1.000 2.0E-11 3.6E-11 1.000 6.9E-11

Rb-84m 20.26 m F 1.000 49E-12 8.7E-12 1.000 6.9E—12

Yttrium

Y-84 40 m M 1.0E-04 5.9E-11 9.9E-11 1.0E-04 1.2E-10
S 1.0E-04 6.1E-11 1.0E-10

Y-85m 4.86 h M 1.0E-04 16E-10 25E-10 1.0E-04 3.6E-10
S 1.0E-04 1.7E-10 2.6E-10

Y-85 2.68 h M 1.0E-04 9.2E-11 14E-10 1.0E-04 1.8E-10
S 1.0E-04 9.6E-11 1.5E-10

Y-87m 13.37h M 1.0E-04 1.3E-10 1.9E-10 1.0E-04 2.2E-10
S 1.0E-04 14E-10 19E-10




JAERI-Data/Code 99-047

Table 1. continued.

Effective dose coefficient (Sv Bq™!)

Inhalation, ejn,(50) Ingestion

Nuclide ti/2 Type f 1pm AMAD 5um AMAD f eing(50)

Zirconium

Zr-87 1.68 h F 0.002 46E-11 8.0E-11 0.002 1.9E-10
M 0.002 8.8E-11 1.3E-10
S 0.002 9.2E-11 1.4E-10

Niobium

Nb-91m 60.86 d M 0.010 3.2E-09 2.8E-09 0.010 4.1E-10
S  0.010 3.9E-09 3.4E—09

Nb-91 6.8E+2 y M 0.010 2.5E-10 1.8E-10 0.010 4.2E-11
S 0.010 1.7E-09 1.1E-09

Nb-92m 10.15d M 0.010 4.1E-10 5.2E-10 0.010 50E-10
S  0.010 44E-10 5.3E-10 ‘

Nb-92 347E+7 y M 0.010 42E-09 3.0E-09 0.010 9.7E-10
S 0.010 2.5E-08 1.5E-08

Molybdenum

Mo-91 15.49 m F 0.800 14E-11 2.3E-11 0.800 6.0E-11
S 0.050 2.1E-11 3.4E-11 0.050 6.0E—11

Mo-102 11.3 m F 0.800 1.7E-11 2.7E-11 0.800 6.9E—11
S 0.050 2.6E-11 4.2E-11 0.050 6.9E—11

Ruthenium

Ru-95 1.643 h F 0.050 2.6E-11 4.9E-11 0.050 6.0E—11
M 0.050 3.6E—-11 6.2E-11
S 0.050 3.7E-11 6.4E-11

Rhodium

Rh-97m 46.2 m F 0.050 1.9E-11 3.53E-11 0.050 4.7E-11
M 0.050 2.7TE-11 4.6E-11
S 0.050 2.8E-11 4.8E-11




JAERI-Data/Code 99-047

Table 1. continued.

Effective dose coefficient (Sv Bq™!)

Inhalation, e;,n(50) Ingestion
Nuclide t1/2 Type f1 1pm AMAD 5um AMAD f €ing(50)
Rh-97 30.7m F 0.050 1.5E-11 2.7E-11 0.050 4.7E-11
M  0.050 2.3E-11 3.9E-11
S 0.050 24E-11 4.0E-11
Palladium
Pd-98 17.7m F 0.005 1.6E-11 2.9E-11 0.005 6.2E—11
M  0.005 2.7E—-11 4.4E-11
S 0.005 29E-11 4.6E-11
Pd-99 21.4 m F 0.005 1.3E-11 2.2E-11 0.005 3.5E-11
M  0.005 1.9E-11 3.2E-11
S 0.005 2.0E-11 3.3E-11
Pd-111 234 m F 0.005 1.3E-11 2.1E-11 0.005 49E-11
M  0.005 2.5E-11 3.7E-11
S 0.005 2.7E-11 3.9E-11
Pd-112 21.03 h F 0.005 44E-10 6.4E-10 0.005 2.6E—09
M 0.005 1.0E-09 1.4E-09
S 0.005 1.1IE-09 1.5E-09
Silver
Ag-101 11.1m F 0.050 9.8E-12 1.7E-11 0.050 3.2E-11
M  0.050 1.4E~-11 2.3E-11
S 0.050 1.4E-11 2.3E-11
Ag-113 537h F 0.050 71E-11 1.2E-10 0.050 3.9E-10
M  0.050 1.7E-10 2.4E-10
S 0.050 1.6E-10 2.5E-10
Cadmium
Cd-105 55.5 m F 0.050 1.5E-11 2.8E-11 0.050 4.1E~11
M 0.050 2.3E-11 3.8E-11
S 0.050 2.3E-11 3.9E-11
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Table 1. continued.

Effective dose coefficient (Sv Bq™!)

Inhalation, ej,,(50) Ingestion

Nuclide t1/2 Type fi 1pm AMAD 5pum AMAD N €ing(50)

Cd-111m 48.54 m F 0.050 1.1IE-11 1.9E-11 0.050 1.4E-11
M  0.050 2.2E-11 3.6E-11
S 0.050 24E-11 3.7E-11

Cd-118 50.3 m F 0.050 3.8E-11 6.3E-11 0.050 1.8E-10
M 0.050 79E-11 1.2E-10
S 0.050 8.3E—-11 1.2E-10

Indium

In-107 32.4m F 0.020 14E-11 2.5E-11 0.020 3.9E-11
M  0.020 24E-11 3.8E-11

In-108m 39.6 m F 0.020 2.5E—11 4.5E-11 0.020 8.2E-11
M 0.020 3.8E-11 6.3E-11

In-108 58.0m F 0.020 3.8E—-11 T7.2E-11 0.020 7.9E—11
M 0.020 5.0E—-11 8.9E-11

In-112m  20.56 m F 0.020 1.1IE-11 2.0E-11 0.020 1.7E-11
M  0.020 2.2E—11 3.6E-11

Tin

Sn-108 10.30 m F 0.020 76E-12 14E-11 0.020 2.2E-11
M  0.020 1.2E-11 1.9E-11

Sn-109 18.0 m F 0.020 9.0E-12 1.7E-11 0.020 1.9E-11
M 0.020 1.2E-11 2.1E-11

Sn-113m 214 m F 0.020 2.0E-12 3.0E-12 0.020 3.3E-12
M 0.020 4.1E-12 54E-12

Tellurium

Te-117 62 m F 0.300 2.1E-11 3.9E-11 0.300 5.2E-11
M 0.300 3.2E-11 5.3E-11
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Table 1. continued.

Effective dose coefficient (Sv Bq™!)

Inhalation, ej,(50) Ingestion

Nuclide ti/e Type fi 1xm AMAD 5um AMAD fi €ing(50)

Te-118 6.00 d F 0.300 6.9E-10 1.1E-09 0.300 2.8E—09
M 0.300 2.1E-09 2.3E-09

Te-119m 4.70d F 0.300 3.0E-10 5.2E-10 0.300 6.7E—-10
M 0.300 50E-10 6.8E-10

Te-119 16.03 h F 0.300 74E-11 1.4E-10 0.300 1.7E-10
M 0.300 1.0E-10 1.7E-10

Iodine

I-118 13.7m F 1.000 8.1E-11 1.2E-10 1.000 2.0E-10

1-119 19.1m F 1.000 1.8E-11 29E-11 1.000 4.4E-11

Barium

Ba-124 11.9m F 0.100 1.5E-11 25E-11 0.100 6.8E—11

Ba-127 12.7 m F 0.100 74E-12 1.3E-11 0.100 2.5E~-11

Ba-129m 2.16 h F 0.100 3.3E-11 6.1E-11 0.100 7.0E-11

Ba-129 223 h F 0.100 1.6E-11 29E-11 0.100 4.8E-11

Lanthanum

La-129 11.6 m F 50E-04 8.1E-12 14E-11 5.0E-04 2.6E-11
M 50E-04 12E-11 2.0E-11

La-132m 243 m F 50E-04 1.2E-11 2.2E-11 50E-04 3.5E-11
M 50E-04 2.0E-11 3.2E-11

La-133 3912 h F 50E-04 1.5E-11 2.6E-11 50E-04 4.4E-11
M 50E-04 23E-11 3.6E-11

Cerium

Ce-130 22.9 m M 5.0E-04 3.4E-11 5.6E-11 5.0E-04 6.9E-11
S 50E-04 3.6E—11 5.8E-11
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Table 1. continued.

Effective dose coefficient (Sv Bq™!)

Inhalation, e;,n(50) Ingestion

Nuclide ty/2 Type fi 1pm AMAD 5um AMAD f eing(50)

Ce-131 10.2 m M 50E-04 14E-11 22E-11 5.0E-04 2.7E-11
S 50E-04 14E-11 23E-11

Ce-132 3.51 h M 5.0E-04 13E-10 2.1E-10 5.0E-04 3.1E-10
S 50E-04 14E-10 2.2E-10

Ce-133m 49h M 5.0E-04 1.1E-10 1.8E-10 5.0E-04 1.9E-10
S 50E-04 1.1E-10 1.9E-10"

Ce-133 97 m M 5.0E-04 5.0E-11 74E-11 5.0E-04 8.6E—11
S 50E-04 5.2E-11 7.7E-11

Ce-146 13.52 m M 5.0E-04 26E-11 4.1E-11 5.0E-04 4.5E-11
S 50E-04 2.7TE-11 43E-11

Praseodymium

Pr-134 11m M 5.0E-04 20E-11 3.2E-11 5.0E-04 4.6E-11
S 5.0E-04 20E-11 3.3E-11

Pr-134 17 m M 5.0E-04 3.0E-11 4.7E-11 5.0E-04 8.0E-11
S 50E-04 3.1E-11 4.9E-11

Pr-135 24 m M  50E-04 28E-11 44E-11 5.0E-04 5.7TE-11
S 5.0E-04 29E-11 4.6E-11

Pr-146 24.15 m M 50E-04 29E-11 4.6E-11 5.0E-04 7.6E—-11
S 5.0E-04 3.1E-11 4.8E-11

Neodymium

Nd-135 124 m M  5.0E-04 3.0E-11 4.7E-11 5.0E-04 6.4E-11
S 5.0E-04 3.1E-11 4.9E-11

Nd-137 38.5 m M 50E-04 29E-11 4.7E-11 5.0E-04 5.7E-11
S 5.0E-04 3.0E-11 49E-11
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Table 1. continued.

Effective dose coefficient (Sv Bq™!)

Inhalation, e;,,(50) Ingestion
Nuclide t1/2 Type fi 1pym AMAD 5um AMAD fi €ing(50)
Nd-140 3.37d M 5.0E-04 1.0E-09 1.2E-09 5.0E-04 2.0E-09
S 50E-04 1.1E-09 1.3E-09
Nd-144 229E+15 y M 5.0E-04 7.5E-06 5.1E—06 5.0E-04 4.2E-08
S 50E-04 3.1E-06 1.6E-06
Nd-152 114 m M 5.0E-04 23E-11 3.8E-11 5.0E-04 4.8E-11
S 50E-04 24E-11 3.9E-11
Samarium
Sm-140 14.82 m M 5.0E-04 3.3E-11 5.0E-11 5.0E-04 9.7TE-11
Sm-148 TE+15 y M 5.0E-04 7.8E-06 5.3E—06 5.0E-04 4.3E-08
Europium
Eu-152m 96 m M 5.0E-04 8.6E-12 1.1E-11 5.0E-04 1.3E-11
Eu-154m 46.3 m M  50E-04 43E-12 6.0E-12 5.0E-04 8.7E-12
Eu-159 181 m M 5.0E-04 23E-11 3.5E-11 5.0E-04 4.8E-11
Gadolinium
Gd-150 1.79E+6 y F 5.0E-04 2.5E-05 2.9E-05 5.0E-04 5.3E-08
M 5.0E-04 1.0E-05 6.7E-06
Terbium
Th-148 60 m M 5.0E-04 6.8E-11 9.8E-11 5.0E-04 1.2E-10
Tb-152 175 h M 50E-04 28E-10 4.3E-10 5.0E-04 6.4E-10
Tbh-163 19.5 m M 5.0E-04 1.7E-11 28E-11 5.0E-04 2.1E-11
Dysprosium
Dy-151 179 m M 50E-04 1.1E-10 9.1E-11 5.0E-04 1.8E-11
Dy-152 238 h M 5.0E-04 56E-11 79E-11 50E-04 1.0E-10
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Table 1. continued.

Effective dose coefficient (Sv Bq™!)

Inhalation, ejnh(50) Ingestion
Nuclide t1/2 Type f 1pm AMAD 5um AMAD fi €ing (50)
Dy-153 6.4h M 50E-04 9.7E-11 13E-10 50E-04 1.4E-10
Dy-154 3.0E+6 y M 50E-04 1.1E-05 7.3E-06 5.0E-04 5.7E-08
Holmium
Ho-154 11.76 m M 50E-04 1.6E-11 25E-11 5.0E-04 4.1E-11
Ho-156 56 m M 50E-04 5.3E—-11 84E-11 5.0E-04 9.8E-11
Ho-160 25.6 m M 5.0E-04 14E-11 23E-11 5.0E-04 1.7E-11
Ho-163 4570 y M 50E—-04 24E-10 1.7E-10 5.0E-04 6.8E-12
Erbium
Er-156 19.5 m M 50E-04 1.8E-11 28E-11 5.0E-04 3.4E-11
Er-159 36 m M 5.0E-04 1.6E-11 2.7E-11 5.0E-04 2.2E-11
Er-163 75.0 m M 50E-04 14E-12 2.5E-12 5.0E-04 2.6E—12
Thulinum
Tm-163 1.810 h M 50E-04 3.3E-11 54E-11 5.0E-04 4.8E-11
Tm-165 30.06 h M 50E-04 2.1E-10 3.0E-10 5.0E-04 3.4E-10
Tm-168 93.1d M 5.0E-04 3.9E-09 3.1E-09 50E-04 1.0E-09
Ytterbium
Yb-163 11.05 m M 50E-04 7.5E-12 1.2E-11 5.0E-04 1.4E-11
S 50E-04 7.8E-12 1.3E-11
Yb-164 75.8 m M 5.0E-04 4.1E-11 6.2E-11 5.0E-04 8.5E-11
S 5.0E-04 4.3E-11 6.5E-11
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Table 1. continued.

Effective dose coefficient (Sv Bq™!)

Inhalation, ej,n(50) Ingestion

Nuclide ti/2 Type fi 1pm AMAD 5pum AMAD f1 €ing(50)

Lutetium

Lu-165 10.74 m M 5.0E-04 13E-11 2.0E-11 5.0E-04 2.1E-11
S 50E-04 13E-11 2.0E-11

Lu-167 51.5 m M 50E-04 29E-11 4.3E-11 5.0E-04 3.8E-11
S 5.0E-04 3.1E-11 4.5E-11

Hafnium

Hf-174 2.0E+15y F 0.002 3.1E-05 3.6E-05 0.002 2.6E—-07
M 0.002 1.2E-05 8.4E-06

Tungsten

W-190 300 m F 0.300 3.1E-11 6.3E-11 0.300 8.3E-11

0.010 8.3E-11

Rhenium

Re-179 19.5 m F 0.800 8.1E-12 14E-11 0.800 1.5E-11
M 0.800 1.2E-11 1.9E-11

Re-183 70.0d F 0.800 1.3E-10 2.0E-10 0.800 3.2E-10
M 0.800 24E-09 1.9E-09

Osmium

Os-183m 99h F 0.010 7.7E-11 14E-10 0.010 2.0E-10
M 0.010 14E-10 2.1E-10
S 0.010 1.5E-10 2.1E-10

0s-183 130 h F 0.010 7.5E-11 1.3E-10 0.010 2.2E-10
M 0.010 1.7E-10 2.3E-10
S 0.010 1.8E—-10 24E-10

0s-186 20E+15y F 0.010 7.1E-07 8.4E-07 0.010 3.2E-08
M 0.010 1.1E-06 6.3E-07
S 0.010 3.8E-06 2.4E-06
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Table 1. continued.

Effective dose coefficient (Sv Bq™!)

Inhalation, ej,n(50) Ingestion
Nuclide t1/2 Type f1 1um AMAD 5um AMAD f €ing(50)
0s-196 34.9 m F 0.010 2.8E—-11 4.8E-11 0.010 1.1E-10
M  0.010 56E—-11 8.6E-11
S 0.010 59E-11 9.1E-11
Iridium
Ir-183 58 m F 0.010 1.8E—-11 3.3E-11 0.010 4.6E—11
M  0.010 3.2E-11 5.0E-11
S 0.010 34E-11 5.2E-11"
Ir-193m 10.53 d F 0.010 9.1E-11 14E-10 0.010 2.9E-10
M  0.010 1.0E-09 8.9E-10
S 0.010 1.2E-09 1.0E-09
Ir-196m 1.40 h F 0.010 52E—-11 9.5E-11 0.010 1.2E-10
M  0.010 94E-11 1.5E-10
S 0.010 9.8E—11 1.6E-10
Platinum
Pt-184 17.3 m F 0.010 1.3E-11 2.3E-11 0.010 2.6E—-11
Pt-187 2.35h F 0.010 3.1E-11 5.8E-11 0.010 8.4E—-11
Pt-190 6.5E+11y F 0.010 1.1IE-07 1.2E-07 0.010 6.9E—09
Pt-202 44 h F 0.010 6.3E-10 1.1E—-09 0.010 4.4E-09
Gold
Au-186 10.7 m F 0.100 1.4E-11 24E-11 0.100 4.4E-11
M  0.100 2.0E-11 3.2E-11
S 0.100 2.0E-11 3.3E-11
Au-190 42.8 m F 0.100 1.7E-11 3.1E-11 0.100 44E-11
M  0.100 24E-11 4.0E-11
S 0.100 24E-11 4.1E-11
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Table 1. continued.

Effective dose coefficient (Sv Bq~!)

Inhalation, ej,n(50) Ingestion
Nuclide ti/2 Type f1 1pm AMAD 5um AMAD f €ing (50)
Au-191 3.18h F 0.100 29E-11 5.2E-11 0.100 6.8E—11
M 0.100 5.7TE—-11 8.3E-11
S 0.100 6.0E—11 8.6E-11
Au-192 494 h F 0.100 6.1E—11 1.1E-10 0.100 1.5E-10
M 0.100 82E-11 1.4E-10
S 0.100 84E-11 14E-10
Au-196m 9.6 h F 0.100 14E-10 2.4E-10 0.100 4.0E-10
M 0.100 4.6E-10 5.8E-10
S 0.100 4.3E-10 6.2E-10
Au-196 6.183 d F 0.100 1.8E-10 2.9E-10 0.100 5.4E-10
M 0.100 59.0E—-10 6.8E-10
S 0.100 6.2E—-10 7.4E-10
Mercury
Hg-191m 50.8 m F 0.400 23E-11 4.2E-11 1.000 3.2E-11
(organic) 0.400 4.7E-11
Hg-191m 50.8 m F 0.020 23E-11 4.3E-11 0.020 5.1E-11
(inorganic) M  0.020 4.0E-11 6.4E-11
Thallium
TI1-196 1.84 h F 1.000 3.0E—-11 5.5E-11 1.000 5.1E-11
Lead
Pb-194 12.0 m F 0.200 6.1E-12 1.1E-11 0.200 9.5E—-12
Pb-196 37 m F 0.200 1.7E-11 3.2E-11 0.200 3.8E-11
Pb-197m 43 m F 0.200 2.5E-11 4.5E-11 0.200 4.8E-11
Pb-20dm 67.2m F 0.200 23E-11 4.2E-11 0.200 4.8E-11
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Table 1. continued.

Effective dose coefficient (Sv Bq™!)

Inhalation, e;,p (50) Ingestion

Nuclide t1/2 Type fi 1yum AMAD 5um AMAD f €ing(50)

Bismuth

Bi-204 11.22 h F  0.050 1.9E-10 3.6E-10 0.050 5.3E-10
M  0.050 29E-10 4.8E-10

Bi-208 3.68E+5 y F  0.050 41E-10 74E-10 0.050 1.1E-09
M 0.050 4.1E-09 2.8E-09

Polonium

Po-204 3.53 h F 0.100 1.3E-10 2.1E-10 0.100 2.8E—10
M  0.100 3.9E-10 4.6E-10

Po-206 8.8d ' F 0.100 7.2E-09 8.7E—-09 0.100 4.2E-09
M 0.100 5.1E—-08 3.8E—08

Po-208 2.898 y F 0.100 6.6E—07 7.9E-07 0.100 2.7TE-07
M  0.100 3.3E-06 2.3E—06

Po-209 102 y F 0.100 6.6E—07 T7.9E-07 0.100 2.6E—-07
M 0.100 3.2E-06 2.2E-06

Astatine

At-205 26.2 m F 1.000 2.0E-10 2.7E-10 1.000 5.9E-11
M 1.000 6.1IE-10 6.1E-10

At-208 1.63 h F 1.000 6.3E—11 1.0E-10 1.000 8.5E-11
M  1.000 3.4E-10 3.6E-10

At-209 541 h F 1.000 2.9E—-10 4.2E-10 1.000 3.7TE-10
M 1.000 2.3E-09 2.0E-09

At-210 81h F 1.000 3.8E—10 5.9E-10 1.000 8.4E-10
M  1.000 7.1E-09 5.3E-09

Francium

Fr-212 20.0 m F 1.000 2.0E-09 2.8E-09 1.000 7.1E-10
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Table 1. continued.

Effective dose coefficient (Sv Bq~1)

Inhalation, ej,,(50) Ingestion
Nuclide t1/2 Type fi lpm AMAD 5um AMAD fi €ing(50)
Radium
Ra-230 93 m M 0.200 1.1IE-10 1.6E-10 0.200 1.7E-10
Actinium
Ac-229 62.7 m F 5.0E-04 2.4E-11 3.0E-11 5.0E-04 3.8E-11
M 5.0E-04 3.8E—-11 5.2E-11
S 5.0E-04 3.5E-11 5.2E-11
Thorium .
Th-233 22.3 m M 50E-04 1.7E-11 2.7E-11 50E-04 2.1E-11
S 20E-04 18E-11 2.8E-11 2.0E-04 2.1E-11
Th-236 37.5m M 50E-04 5.5E-11 8.5E-11 5.0E-04 8.3E-11
S 2.0E-04 5.8E-11 8.9E-11 2.0E-04 8.3E-11
Protactinium
Pa-229 1.50d M 5.0E-04 5.8E-09 4.8E-09 5.0E-04 7.8E-11
S 5.0E-04 6.6E-09 5.4E-09
Uranium
U-235m 25 m F 0.020 4.5E—-16 8.0E-16 0.020 4.2E-15
M 0.020 6.2E-16 1.2E-15 0.002 4.2E-15
S 0.002 6.4E—-16 1.2E-15
Neptunium
Np-231 48.8 m M 50E-04 15E-09 1.9E-09 5.0E-04 1.9E-11
Np-241 139 m M 50E-04 1.4E-11 2.1E-11 5.0E-04 1.5E-11
Americium
Am-247 23.0 m M 50E-04 2.7E-11 4.3E-11 5.0E-04 3.0E-11
Curium
Cm-239 29 h M 50E-04 6.2E—-11 8.4E-11 5.0E-04 7.8E—-11
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Table 1. continued.

Effective dose coefficient (Sv Bq™!)

Inhalation, €j,n(50) Ingestion
Nuclide t1/2 Type f1 1pm AMAD 5pum AMAD h €ing (50)
Cm-251 16.8 m M 50E-04 25E-11 3.7E-11 5.0E-04 2.8E-11
Berkelium
Bk-248m 23.7h M 50E-04 24E-08 1.8E-08 5.0E-04 5.2E-10
Bk-251 55.6 m M 5.0E-04 4.5E-11 6.2E-11 50E-04 3.7E-11
Californium
Cf-247 311h M 5.0E-04 3.8E-11 4.7E-11 50E-04 2.0E-11
Cf-255 85 m M 5.0E-04 5.3E-09 4.4E-09 50E-04 3.8E-11
Einsteinium
Es-249 102.2 m M 5.0E-04 24E-10 2.7E-10 50E-04 2.1E-11
Es-255 39.8d M 5.0E-04 3.6E-06 2.9E-06 5.0E-04 5.9E-09
Fermium
Fm-251 530 h M 50E-04 1.7E-09 1.9E-09 5.0E-04 7.0E-11
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Table 2. Effective dose rates for inert gases.

Effective dose rate per unit
air concentration

Nuclide t1/2 (SV d_l/Bq m*3)
Argon

Ar-42 329y 1.56E-11
Ar-44 11.87 m 8.2E-09

Table 3. Elements selected for the comparison of the dose coefficients
between Publ. 68 and LUDEP.

Element*! Publication*? Element Publication

Se 69 Pb 67
Zr 67 Po 67
Nb 56 Ra 67
Mo 67 Th 69
Ag 67 U 69
Te 67 Np 67
I 56 Pu 67
Ba 67 Am 67
Ce 67

*1 In addition to these 17 elements, new biokinetic models were adopted for tritiated
water, 3H as organically bound tritium, Fe, Zn, Sr and Sb in Publ. 68.

*2 The number of ICRP Publication in which the new biokinetic models were proposed.
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Figure 1. Flow of the calculation. The dose coefficients (*) and effective dose rates (**) are
presented in Tables 1 and 2, respectively.
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x| J(=107 erg) kgfm KW-h cal(ilhtik) Btu ft-1bi Y% 1 cal- 4.186051 (iFutik)
3
p I 0001972 | 27777810 7| 0.238889 | 94781310 1| 0.737562 | 6.24150 < 10" ~ 41840 (L)
] 9.80665 | 2407 %10 234270 9.29487 <10 7.23301 6.12082 < 10" = 4.18551 (15C)
{J|; 265107 | 3670085107 1 859999107 | 341213 | 265522107 | 2.24694 % 102 — 418681 (BG4
J;l: 418605 0.426858 LIG279 =10 " ] 396759 <10 7 308747 2.61272x10" % 1 PSULIG J)
(i 1055.06 1075386 | 20307210 '] 252,042 1 778172 6.58515 %107 =75 kaf-m/s
30082 38255 7661610 7 3238¢ 28506 %10 7 A6233 <10 .
13558 (L138255 7661610 0.323890 1.28506 = I( | 8.46233x10 — 735 4900
LGO2IS x 10 ™ | 63377 <10 [ 145050 %10 | 3.82743 <10 | L31857 <10 = | LISI7I=10 " |
i Bq Ci U4 Gy rad 1 C/kg R e Sv rem
i P il i Wi
1 2.70270 <10 bn) | 100 £ 1 3876 M | 100
fig b Wt it
3.7 x10" 1 0.01 ] 2.58%10 ! 1 0.01 1

(8GAE12)1 26 118LH1)
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