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Effective dose coefficients, the committed effective dose per unit intake, by inhalation and

_ingestion have been calculated for 304 nuclides, including (1) 230 nuclides with half-lives >

10 min and their daughters that are not listed in ICRP Publications and (2) 74 nuclides with half-
lives < 10 min that are produced in a spallation target. Effective dose coefficients for inhalation
of soluble or reactive gases have been calculated for 21 nuclides, and effective dose rates for
inert gases have been calculated for 9 nuclides.

Dose calculation was carried out using a general-purpose nuclear decay database DECDC
developed at JAERI and a decay data library newly compiled from the ENSDF for the nuclides
abundantly produced in a spallation target. The dose coefficients were calculated with the com-
puter code DOCAP based on the respiratory tract model and biokinetic model of ICRP. The
effective dose rates were calculated by considering both external irradiation from the surround-
ing cloud and irradiation of the lungs from the gas within them. The calculated results are
presented as tables, which are the same forms as those in ICRP Publs. 68 and 72. The complete
listings of the dose coefficients are arranged on a CD-ROM, DoseCD, as indexed tables for
inhalation of 10 particle sizes, ingestion and injection into blood for workers and members of
the public.

The dose coefficients calculated in the present study as well as those published in a series
of ICRP Publications will be sufficient to calculate internal doses for a variety of radionuclides
produced in high energy proton accelerator facilities.

Keywords: Radionuclide, High Energy Proton Accelerator, Internal Exposure,
Dose Coefficient, Inhalation, Ingestion, Injection, Submersion,
Effective Dose Rate
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1 Introduction

High intensity proton accelerators have been developed for the production of intense and
pulsed neutron beams for basic scientific research and the development of transmutation tech-
nology of long-lived transuranic nuclides.!~® At these facilities, accelerator components, tar-
gets, shielding materials, air and cooling water are exposed to primary and secondary high en-
ergy particles during the accelerator operation, and various kinds of radionuclides are produced
by a variety of nuclear reactions. These radionuclides become potential sources of internal
and external exposures for workers and members of the public. Therefore, radiation protection
against the induced radionuclides is one of the key issues for radiation safety in the development
of high intensity proton accelerator facilities.

Effective dose coefficients e(7)*, the committed effective dose per unit acute intake, are used
for evaluating radiation doses by intake of radionuclides. The coefficients are also used for cal-
culating the derived air concentrations, which are useful guides for judging the significance of
air monitoring data and for the design of the ventilation system of the facility. The International
Commission on Radiological Protection (ICRP) has calculated the dose coefficients for about
800 radionuclides for workers® and members of the public.>® These dose coefficients have
been adequate for the dose assessment of radionuclides that are important in medical, environ-
mental, and occupational exposures. It has been found, however, that significant quantities of
radionuclides whose dose coefficients are not given by ICRP Publications are produced in high
energy proton accelerators.!%!D 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
high intensity proton accelerator facilities.

This report presents the dose coefficients for intake of the radionuclides by workers and
members of the public, which are not covered by a series of ICRP Publications. The dose
coefficients are calculated using the latest dosimetry model of ICRP and nuclear decay data for
inhalation of 10 particle sizes, ingestion and injection into blood. The calculated results are
presented as tables, which are the same forms as those in ICRP Publs. 68 and 72. The complete
listings of the dose coefficients are also arranged on a CD-ROM as indexed tables.

*T is the time period in years over which the dose is célculated. The integration time is 50 years for adults, and
(70 — to) years for children, where y is age.
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2 Methods

2.1 Selection of Nuclides

Figure 1 shows the flow of the calculations of dose coefficients and effective dose rates in the

present study. The dose coefficients were calculated for the following two categories:

(1) the radionuclides with half-lives > 10 min and their daughter nuclides that are not listed

in a series of ICRP Publications,*® and

(2) the radionuclides with half-lives < 10 min that are abundantly produced in spallation

neutron targets.

The nuclides in category (1) are selected for correspondence with the half-life criteria of ICRP
Publications.** Although their half-lives are short, the dose coefficients for category (2) are im-
portant for safety assessment in the design of spallation target systems, because large quantities
of the nuclides are produced by the irradiation with intense proton beams. The radionuclides of
category (2) were then chosen from the analysis of the spallation products in the target system.

Takada et al. developed the NMTC/JAERI97'?—DCHAIN-SP' code system that can ana-
lyze spallation products generated under various irradiation conditions by high energy protons.
The spallation products induced in a cylindrical mercury target, 20 cm in diameter and 90 cm
in length, irradiated by 1.5 GeV protons with 1 mA for 30 days were analyzed using the code
system.!D Of the induced radionuclides at the end of the irradiation, the nuclides with activ-
ity over 0.01 % of the total activity (2.5 x 10'® Bq) and half-lives between 10 min and 1 min
were chosen. The nuclides with short half-lives of less than 1 min would not be significant in
dose assessment, because the target system is placed in a containment building to ensure safety
from potential hazards due to the release of the spallation products into the workplace and the
environment. '

Tables 1 and 2 list the nuclides selected for the present calculation. The numbers of sources
of the nuclear decay data, (1) and (2), correspond to categories (1) and (2), respectively. Table 1
presents the nuclides, of which the dose coefficients for inhalation and ingestion of particulates
were calculated, and the number of nuclides is 304. Of the nuclides in Table 1, the dose coeffi-
cients for soluble or reactive gases were calculated for 21 nuclides of the following 5 elements:
sulphur, ruthenium, tellurium, iodine and mercury. The effective dose rates were calculated for
inert gases of 9 nuclides given in Table 2. |

About 700 radionuclides, which are corresponding to 70 % of the induced nuclides in the
mercury target, are covered by the nuclides in Tables 1 and 2 as well as those presented in ICRP
Publications.* The remaining 300 nuclides are of short-lived (half-lives < 1 min) and/or

limited activity, so that these will be insignificant in dose assessment.
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2.2 Compilation of Nuclear Decay Data Library

Two nuclear decay data libraries compiled at Japan Atomic Energy Research Institute (JAERI)
were used for the dose calculations. One is DECDC!>!? developed and released in 20017, and
the other is a decay data library'¥ newly compiled for the selected nuclides of category (2) in
subsection 2.1. Both decay data libraries were compiled using decay data sets from the Evalu-
ated Nuclear Structure Data File (ENSDF).!®

DECDC is a general-purpose nuclear decay database for dosimetry calculation. DECDC
contains the decay data for (a) 817 radionuclides that are listed in ICRP Publ. 382? and 6
additional isomers and (b) 162 radionuclides with half-lives > 10 min that are not listed in
Publ. 38 and their 28 daughters. The decay data from DECDC were used for calculation of the
dose coefficients that are not listed in a series of ICRP Publications as well as calculation of the
dose contribution due to the build-up of decay products.

The decay data library for category (2) were compiled by the following procedures. The
decay data sets from the ENSDEF, the latest version in September, 2001, were obtained from the
National Nuclear Data Center (NNDC) of Brookhaven National Laboratory (BNL) and were
used for the data compilation. To provide uniform and concise presentation, the half-lives,
decay modes and branching fractions, spin and parity values, excitation energies of the isomers,
and total decay energies (Q values) were examined and updated by referring to NUBASE, ! the
database for the nuclear and decay properties of nuclides. The half-lives, branching fractions,
excitation energies, and Q values were updated when these values differed by more than 1%
from those of NUBASE, and the spin and parity values were revised if any differences were
found. For the revised decay data sets, the values of log ft for the 8 decay were recalculated
using the ENSDF utility program LOGFT.2® The log ft values are used to determine the most
probable forbiddenness of the transition, if spin or parity information is lacking for parent or
daughter nuclear level.

After the review of the basic nuclear properties, the decay data sets were processed by the
computer code EDISTR?? to calculate the energies and intensities of the nuclear and atomic
radiations associated with the nuclear transformation. The energy spectra of 3 particles and
bremsstrahlung in air were also computed by EDISTR for calculating the effective dose rates
for inert gases in subsection 2.4. The decay data were assembled using two formats, ICRP
Publ. 38?2 and NUCDECAY?® formats, which are widely used in d031metry calculation. Fur-
ther details of the procedures and compiled data are described elsewhere. !4

tElectronic copies of the data files (70 MB in total) are available by requesting NEA-1644 from the Nuclear
Energy Agency Data Bank of Organization for Economic Co-operation and Development, and DLC-213 from the
Radiation Safety Information Computational Center of Oak Ridge National Laboratory.

_3_
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2.3 Calculation of Dose Coefficients for Inhalation, Ingestion and Injec-
tion ' |

Dose coefficients for inhalation and ingestion of particulates and for injection into blood were
calculated with the computer code DOCAP (DOse Coefficient Assessment Program).?? DO-
CAP calculates dose coefficients using the tissue and radiation weighting factors recommended
in ICRP Publ. 60,25 the human respiratory tract model of Publ. 66,2® and the biokinetic models
of Publs. 56, 67,9 697 and 71.» Age-dependent specific effective energies (SEE) are calcu-
lated using SEECAL,?” developed at Oak Ridge National Laboratory. The dose coefficients
for injection were calculated assuming the activity is injected directly into blood. The dose
coefficients will be useful to estimate doses for intake from a wound.

The decay data in DOCAP are stored in 3 files, IDX, RAD and BET files, which have the
same data formats as NUCDECAY.? The IDX file contains nuclide names, decay modes,
branching fractions, and addresses of the data in the RAD and BET files. The RAD file lists
data on the intensity and energy of each radiation emitted from the nuclide, and the BET file
contains the 3 particle spectra data for the 3 emitters. A preprocessor program was developed
to prepare the IDX, RAD and BET files for DOCAP from the decay data libraries described in
subsection 2.2.

The calculations were carried out for inhalation dose coefficients for 10 particle sizes (0.001,
0.003,0.01,0.03,0.1,0.3, 1, 3, 5 and 10 um AMAD (Activity Median Aerodynamic Diameter))
as well as ingestion and injection coefficients for both workers and members of the public. Par-
ticle parameters, such as the geometric standard deviation of particle size distribution, density

and shape factor, were standard ones used in ICRP Publications.* &%

2.4 Calculation of Effective Dose Rates for Inert Gases

Effective dose rates of inert gases were calculated by considering external irradiation from
submersion in the cloud and irradiation of the lungs from the gas within them. Since absorption
of gases in the lungs is, by definition, negligible,” doses from absorbed gas in the lungs were
not considered. The radionuclides of nitrogen and oxygen in Table 2 were assumed to be inert
gases.

Effective dose rates from submersion in the cloud were calculated by the method described
in Publ. 30?® and Federal Guidance Report (FGR) No. 12.* In a semi-infinite source region
with a uniform concentration C(t) (Bq m~?) of a radionuclide at time ¢, the effective dose rate,

esub (Sv d~1/Bq m™3), is given by
e = 3 wrhr [C(t) dt, (1)
T
where wr is the tissue weighting factor recommended in Publ. 60, and hr is the equivalent

_4_
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dose rate in tissue T’ (Sv d~1/Bq m~3).
The equivalent dose rate in tissue T', hy, can be expressed as

he = 5|5 (B hry(B) + [ i(B) hry(B)IE | @
j=etyy ?

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' +

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

electrons and Auger electrons, and the v denotes all photons including ~ rays, X rays and

bremsstrahlung.

The values of eg,, based on hr for an isotropic exposure mode were calculated for 12 mo-
noenergetic photon sources ranging from 0.01 to 5 MeV and presented in Table I1.4 of FGR
No. 12, as shown in Figure 2. The values of hr for skin (hsin), 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 from
Figure 2, the e, due to -y rays and X rays from a radionuclide and external bremsstrahlung
was calculated from their energies and intensities. In addition, the hg, by 3 particles, internal
conversion electrons and Auger electrons was calculated using the data from Figure 3 and added
using the wr for skin, 0.01, to the egyy,.

Equivalent dose rates to the lungs from the gas within them were calculated by assuming
that the airways are uniformly filled with gas at the ambient concentration.’” The calculation
was carried out using the computer program LUDEP3! according to the procedures described
in Appendix B of reference 30. The decay data of the ICRP Publ.38’s format were used in the
calculation by LUDEP.

3 Results

The calculated effective dose coefficients are presented in Tables 3 — 8, which are the same
forms as those in ICRP Publs.68% and 72.9 Table 3 gives the dose coefficients for intakes of
radionuclides by workers. The dose coefficients for inhalation of 1 ym and 5 um particulates
and ingestion are presented along with the f; values and absorption types. Tables 4 and 5
give age-dependent dose coefficients of ingestion and inhalation for members of the public,
respectively. Tables 6 and 7 list the dose coefficients for inhalation of soluble or reactive gases
by workers and members of the public, respectively. Table 8 gives the effective dose rates for

insoluble and non-reactive gases.
Particle size dependent dose coefficients for workers and members of the public are compiled
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in DoseCD.pdf* in the attached CD-ROM, DoseCD. The first part of DoseCD.pdf is a list of nu-
clides contained in the CD-ROM. Following the nuclide list, the dose coefficients are arranged
as indexed tables in order of the list for inhalation and ingestion of particulates, and injection
into blood. It is possible to access the tables of the respective nuclides by clicking on the nu-
clide name in the nuclide table. Within a given nuclide, the table of dose coefficients are stored
in order of workers and members of the public. The dose coefficients for 10 particle sizes are
given in each age class. The tables present committed equivalent and effective doses per unit
intake, which are similar forms with those in the ICRP CD-ROM of dose coefficients.>?

4 Summary
Effective dose coefficients by inhalation and ingestion have been calculated for 304 nuclides,
including (1) 230 nuclides with half-lives > 10 min and their daughters that are not listed in
ICRP Publications and (2) 74 nuclides with half-lives < 10 min that are produced in a spallation
target. Effective dose coefficients for inhalation of soluble or reactive gases have-been calculated
for 21 nuclides, and effective dose rates for inert gases have been calculated for 9 nuclides. The
calculated results are presented as tables, which are the same forms as those in ICRP Publs. 68
and 72. The complete listings of the dose coefficients are arranged on a CD-ROM, DoseCD, as
indexed tables.
The dose coefficients calculated in the present study as well as those published in a series
of ICRP Publications will be sufficient to calculate internal doses for a variety of radionuclides

produced in high energy proton accelerator facilities.
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 Adobe Acrobat Reader™ will be needed to view and print DoseCD.pdf.
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Table 1 Radionuclides included in dose coefficient database
Ingestion and inhalation of particulates

. ' . Source of the . . Source of the
Noorie | Nuclide :;‘f'f;;:'. Nucl;::)becay florie | Nuclide :::ﬁ:.::l Nucl;:rtlabecay
12 Mg-27 9462 m ) 41 Nb-92m 10.15d @
13 Al-28 22414 m @ 41 Nb-94m 6.26 m ©)
13 Al-29 6.56 m ) 42 Mo-91 1549 m @
15 P-30 2498 m ) 42 Mo-102 113 m ®
16 $-37 505 m @ 43 Tc-102m 435m @
16 S-38 1703 m O] 44 Ru-95 1.643 h Q)
17 Cl-34m 32.00 m O) 45 Rh-97 307 m @
17 Cl-40 135m @ 45 Rh-97m 462 m Q)
19 K-38 7.636 m Q) 45 Rh-98 87m @
20 Ca-49 8718 m ) 45 Rh-100m 46 m @
22 Ti-51 576 m @ 46 Pd-98 177 m @
23 | Vv-50 | 1.5EH1T7y ) 46 | Pd-99 | 214m @
23 V-52 3743 m @ 46 Pd-109m 469 m @
23 V-53 161 m @ 46 Pd-111 234 m Q)
24 Cr-55 3497 m @ 46 Pd-112 2103 h ®
24 Cr-56 594 m @ 47 Ag-101 MMim @
25 Mn-57 142333 m @ 47 Ag-105m 723 m @
25 Mn-58m 1.08666 m @ 47 Ag-108 23T m O)
26 Fe-53 851 m Q) 47 Ag-111m 108 m )
27 Co-62 1.50 m Q) 47 Ag-113 537h Q)
29 Cu-62 974 m @ 47 Ag-113m 1.145 m ®
29 Cu-66 5.088 m @ 48 Cd-105 555m @
33 As—68 2.52666 m @ 48 Cd-111m 4854 m )
33 As-79 9.01 m @ 48 Cd-113m 141y @
34 Se-71 474 m @ 48 Ccd-118 50.3 m O)
34 Se-72 8.40d @ 49 In-107 324 m @
34 Se-79m 392m @ 49 In-108 580 m @
35 Br-77m 428 m @ 49 In-108m 396 m Q)
35 Br-78 . 646 m )] 49 In-109m 134 m ®
35 Br-82m 613 m @ 49 In~111m 77 m O)
35 Br-84m 60m ) 49 In-112m 20.56 m )
37 Rb-77 377 m ) 49 In-114 1.19833 m @
37 Rb-78 17.66 m Q) 49 In-118m 4364 m @
37 Rb-82 1273 m O) 49 In-119 24m )
37 Rb-84m 20.26 m Q) 50 Sn~108 10.30 m O)
37 Rb-86m 1017 m @ 50 Sn-109 180 m ©)
37 Rb-90 2.63333 m @ 50 Sn-113m 214m )]
37 Rb-90m 43 m @ 50 Sn-125m 9.52 m Q)
39 Y-83 7.08 m @ 51 Sb-114 349 m @
39 Y-83m 285m @ 51 Sb-118 36m )
39 Y-84m 40 m @ 51 Sb-122m 4191 m @
39 | Y-85 268 h ©) 51 Sb-124m 155 m @
39 Y~-85m 486 h @ 52 Te-117 62m @
39 Y-87m- 1337 h @ 52 Te-118 6.00d @
40 Zr-85 786 m )] 52 Te-119 1603 h ©)
40 2r-87 168 h @ 52 Te-119m 470d @
40 Z2r-89m 418 m @ 53 I-118 13.7m @
41 Nb-88m 78m @ 53 -119 19.1 m )
41 Nb-91 6.8E+2 y ©) 53 1-122 363 m O)
4 Nb-91m 60.86 d ) 55 Cs-126 164 m O)
41 Nb-92 3.47E+7 y @ 55 | Cs-128 362 m ®
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Table 1 - (continued)

Atomic ' Physical Source of the Atomic ‘ Physical Source of the
Number Nuclide Half—life® Nuclear Dbecay Number Nuclide Half-life" Nuclear Iiecay
Data Data
55 Cs-130m 346 m ) 65 Tb-152 175h @
55 Cs-139 927 m @ 65 Tb-152m 42 m @
56 Ba-124 11.0m @ 65 Tb-162 7.60 m )
56 Ba-127 127 m . Q) 65 Tb-163 195 m ©)
56 Ba-129 223 h @ 65 Tb-164 30m ®
56 Ba-129m 216 h @ 65 Tb-165 211 m @
56 Ba-137m 2552 m @ 66 Dy-149 420 m ®
57 La-129 116 m @ 66 Dy-150 717 m @
57 La-130 87m Q) 66 Dy-151 179 m @
57 La-132m 243 m @ 66 Dy-152 238 h ®
57 La-133 3912 h Q) 66 Dy-153 64 h Q)
57 La-134 645 m Q) 66 Dy-154 3.0E+6 y O]
57 La-136 987 m @ 66 Dy-165m 1257 m @
58 Ce-130 229 m Q) 66 Dy-167 6.20 m ®
58 Ce-131 102 m @ 66 Dy-168 87m )
58 Ce-131m 50 m @ 67 Ho-152 2.69666 m )
58 Ce-132 351 h Q) 67 Ho-153 202 m ®
58 Ce-133 97 m @ 67 Ho-153m 9.3 m )
58 Ce-133m 49 h Q) 67 Ho-154 11.76 m Q)
58 Ce-146 1352 m Q) 67 Ho-154m 310 m ®
59 Pr-134 17m ©) 67 Ho-156 56 m Q)
59 Pr-134m 1m ©) 67 Ho-158 113 m O)
59 Pr-135 24 m ) 67 Ho-160 256 m @
59 Pr-138 145 m O) 67 Ho-163 4570y Q)
59 Pr-140 339 m @ 67 Ho-168 299 m )
59 Pr-144m 72 m @ 67 Ho—168m 22m ®
59 Pr-146 2415 m @ 67 Ho-170 276 m @
60 Nd-135 124 m @ 68 Er155 53 m @
60 Nd-137 385m @ 68 Er-156 195 m Q)
60 Nd-140 337d ) 68 Er-159 36m )
60 Nd-141m 1.03333 m @ 68 Er-163 750 m Q)
60 Nd-144 2.29E+15 y Q) 69 Tm-159 913 m ®
60 Nd-152 114 m @ 69 Tm-163 1810 h @
61 Pm-138 324 m ® 69 Tm-164 20m Q)
61 Pm-139 415 m @ 69 Tm-165 30.06 h @
61 Pm-140m 5.95 m ®@ 69 Tm-168 93.1d @
61 Pm~-152 412 m 70 Yb-163 11.05 m @
62 Sm-140 1482 m 70 Yb-164 758 m )]
62 Sm-143 883 m ) 70 Yb-165 99 m Q)
62 Sm-143m 1.1m ® 71 Lu-164 314 m @
62 Sm-148 7JE+15y @ ra| Lu-165 10.74 m Q)
63 Eu-143 259 m ) n Lu-166 2.65m ®
63 Eu-152n 96 m ) VAl Lu-166m 141 m @
63 Eu-154m 460 m @D 71 Lu—167 515m O)
63 Eu-159 181 m O] 71 Lu~168m 67m @
64 Gd-145m 1.41666 m @ T Lu-169m 2.66666 m ®
64 Gd-150 1.79E+6 y @ ral Lu-171m 1.31666 m @
65 Tb-147m 187 m @ 1A Lu-172m 37m @
65 Tb-148 60 m Q) 72 Hf-167 205m ®
65 Tb-148m 220 m @ 72 Hf-169 324 m Q)
65 Tb-149m 416 m ) 72 Hf-174 20E+15y @
65 Tb-150m 5.8 m ) 73 Ta-170 6.76 m @
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Table 1 - (continued)

Atomic Nuclide Physical ::;:: c[,)fef:ha‘; Atomic Nuclide phVSi_“'. ::;;?r Bfe:::ey
Number Half-life* b Number Half-life b
- Data . Data
73 Ta-178 931 m @ 81 TI-209 2161 m )
74 W-179m 6.40 m Q) 81 TI-210 130 m )
74 W-185m 1597 m ©) 82 Pb-194 120 m O]
74 | W-190 300 m ©) 82 Pb-196 3Tm O]
75 Re-179 195 m @ 82 Pb-197 8m @
75 Re-180 244 m @ 82 Pb-197m 43 m @
75 Re-183 700 d Q) 82 Pb-204m 672 m @
75 Re-190 3im @ 83 Bi-197 9.33 m @
76 Os-177 28m @ 83 Bi-204 1122 h @
76 0s-179 65m @ 83 Bi-208 368E+5y Q)
76 0s-183 130 h @ 83 Bi-211 214 m @
76 0Os-183m 99 h Q) 83 Bi-215 76 m Q)
76 Os-186 2.0E+15 y Q) 84 Po—204 353h @
76 Os-190m 99 m @ 84 Po-206 88d @
76 Os-196 349 m @ 84 Po-208 2.898 y @
77 I-179 1.31666 m @ 84 Po-209 102y @
77 Ir-180 15m ® 84 Po-218 3.10m O]
77 Ir-181 490 m @ 85 At-205 262 m @
77 I~183 58 m Q) 85 At-208 163 h @
77 Ir-196m 140 h Q) 85 At-209 541 h - @
78 Pt-183 65m @ 85 At-210 8.1h ©)
78 Pt-184 173 m @ 87 Fr-212 200 m @
78 Pt-187 235h @ 87 Fr—221 49 m @
78 Pt-190 6.5E+11 y @ 88 Ra-230 93 m @
78 Pt-202 4 h @ 89 Ac-223 210 m @
79 Au-186 107 m @ 89 Ac-229 627 m @
79 Au-187 84 m @ 89 Ac-230 203333 m @
79 Au-188 884 m @ 90 Th-233 223 m @
79 Au-189m 459 m @ 91 Pa-229 150d @
79 Au-190 428 m Q)] 91 Pa-234m 117 m Q)
79 Au-191 3.18h Q) 91 Pa-236 9.1m @
79 Au-192 494 h @ 92 U-228 91 m Q)
79 Au-196 6.183 d @ 93 Np-231 488 m @
79 Au-196m 96 h @ 93 Np—240m 722 m Q)
80 Hg-187 22m @ 93 Np-241 139 m Q)
80 Hg-187m 24 m @ 94 Pu-232 341 m @
80 Hg-188 325 m @ 95 Am-247 230 m Q)
80 Hg-190 200 m @ 96 Cm-239 29h Q)
80 He-191m 50.8 m Q) 97 Bk-244 435h @
80 Hg-192 4.85h @ 97 Bk-248m 237h O]
80 Hg-205 52m @ 97 Bk-251 556 m @
80 Hg-206 8.15m @ 98 Cf-247 311h Q)
81 TI-190 26m @ 98 Cf-255 85m Q)
81 Ti~190m 37m @ 98 Cf-256 123 m Q)
81 TI-196 184 h Q) 99 Es-249 1022 m @
81 TI-206 4.199 m Q) 99 Es~-255 3984d O]
81 Ti-206m 374 m @ 99 Es-256 254 m @
81 TI-207 477 m @ 100 | Fm-251 5.30 h @
81 Ti-208 3.053 m ©) 100 | Fm—-256 157.6 m @

* m:minute, h:hour, d:day, y:year-
® D:DECDC (J. Nucl. Sci. Technol. 38, 689-696 (2001).), ®: JAERI-Data/Code, in preparation
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Table 2 Radionuclides included in dose coefficient database

Inert gases
Atomic Number Nuclide Physical Half-life" Source of the Nuclear Decay Data®
7 N-13 9.965 m @®
8 0-14 117677 m )
8 0-15 203733 m @
18 Ar-42 329y @
18 Ar-44 1187 m O]
36 Kr-75 429 m @
36 Kr-89 315 m @
54 Xe-127m 115333 m O]
54 Xe-137 3818 m O]

® m:minute, y:year

® ®:DECDC (J. Nucl. Sci. Technol. 38, 689-696 (2001).)
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Table 3 Effective dose coefficients for workers

Ingestion and inhalation of particulates

Effective dose coefficients (Sv Bq“)

Inhalation, e ;,, (50) Ingestion
Nuclide tpn Type i 1lumAMAD 5pumAMAD fi € ing (50)
Magnesium
Mg-27 9.462 m F 05 7.7E-12 1.3E-11 0.5 2.1E-11
M 0.5 1.1E-11 1.8E-11
Aluminium
Al-28 22414 m F 0.01 3.2E-12 5.3E-12 0.01 9.9E-12
M 0.01 3.6E-12 6.0E-12
Al-29 6.56 m F 0.01 6.9E-12 1.2E-11 0.01 2.1E-11
M 0.01 9.1E-12 1.5E-11
Phosphorus
P-30 2498 m F 0.8 3.4E-12 5.5E-12 0.8 1.2E-11
M 08 3.9E-12 6.3E-12
S 08 3.9E-12 6.4E-12
Sulphur
S-37 505 m F 08 6.4E-12 1.1E-11 0.8 1.6E-11
(inorganic) M 0.8 7.9E-12 1.4E-11 0.1 1.6E-11
§-37 505 m See Table 6 for inhalation doses 1 1.5E-11
(organic)
S-38 1703 m F 0.8 1.4E-10 2.4E-10 0.8 4.3E-10
(inorganic) M 08 2.56-10 3.6E-10 0.1 6.4E-10
S-38 1703 m See Table 6 for inhalation doses 1 2.7E-10
(organic)
Chilorine
Cl-34m 3200 m F 1 2.9E-11 5.1E-11 1 1.0E-10
M 1 4.6E-11 7.5E-11
CI-40 1.35m F 1 2.6E-12 4.4E-12 1 8.5E-12
M 1 2.8E-12 48E-12
Potassium
K-38 7.636 m F 1 1.0E-11 1.8E-11 1 3.3E-11
Calcium
Ca-49 8718 m M 0.3 1.8E-11 3.0E-11 0.3 3.9E-11
Titanium
Ti-51 576 m F 0.01 5.1E-12 8.5E-12 0.01 1.5E-11
M 0.01 6.8E-12 1.1E-11
S 0.01 6.9E-12 1.1E-11
Vanadium
V-50 1.5E+17 y F 0.01 8.4E-08 9.9E-08 0.01 4.2E-09
M 0.0t 3.5E-08 2.5E-08
v-52 3.743 m F 0.01 4.6E-12 7.7E-12 0.01 1.4E-11
M 0.01 5.6E-12 9.3E-12




JAERI-Data/Code 2002-013

Table 3~(continued)

Effective dose coefficients (Sv Bq™)

Inhalation, e ;;, (50) Ingestion
Nuclide tin Type  fi 1umAMAD S5pmAMAD h € ing (50)
V-53 1.61 m F 0.01 2.1E-12 3.5E-12 0.01 5.7E-12
M 0.01 2.3E-12 3.9E-12
Chromium :
Cr-55 3497 m F 0.1 34E-12 5.6E-12 0.1 1.2E-11
M 0.1 4.2E-12 6.8E-12 0.01 1.2E-11
S 0.1 4.3E-12 6.9E-12
Cr-56 594 m F 0.1 7.3E-12 1.3E~11 0.1 2.1E-11
M 0.1 1.1E-11 1.8E-11 0.01 2.1E-11
S 0.1 1.1E-11 1.8E-11
Manganese
Mn-57 1.42333 m F 0.1 1.6E-12 2.7E-12 0.1 5.1E-12
M 0.1 1.8E-12 3.0E-12
Mn-58m 1.08666 m F 0.1 1.9E-12 3.2E-12 0.1 7.0E-12
M 0.1 2.1E-12 3.4E-12
Iron
Fe-53 851 m F 0.1 8.6E-12 1.4E-11 0.1 3.0E-11
M 0.1 1.2E-11 1.9E-11
Cobalt
Co-62 1.50 m M 0.1 2.5E-12 41E-12 0.1 8.6E-12
S 0.05 2.5E-12 4.2E-12 0.05 8.6E-12
Copper
Cu-62 9.74 m F 0.5 9.5E-12 1.6E-11 0.5 3.7E-11
M 0.5 1.3E-11 2.2E-11
S 0.5 1.4E-11 2.3E-11
Cu-66 5.088 m F 05 4.6E-12 7.5E-12 0.5 1.6E-11
M 0.5 6.0E-12 9.8E-12
S 0.5 6.2E-12 1.0E-11
Arsenic
As~68 - 2.52666 m 0.5 5.9E-12 9.6E-12 0.5 1.9E-11
As-79 901 m M 0.5 1.3E-11 2.1E-11 0.5 2.4E-11
Selenium
Se-71 474 m F 0.8 6.4E-12 1.1E-11 0.8 2.3E-11
M 0.8 8.2E-12 1.3E-11 0.05 2.3E-11
Se-72 840d F 0.8 2.0E-09 2.8E-09 08 5.1E-09
M 0.8 3.6E-09 3.9E-09 0.05 2.6E-09
Se-79m 392 m F 0.8 1.9E-12 3.2E-12 0.8 1.0E-12
: M 0.8 24E-12 4.0E-12 0.05 1.0E-12
Bromine
Br-77m 428 m F 1 2.6E-12 4.3E-12 1 1.3E-12
M 1 3.3E-12 5.5E-12
Br-78 6.46 m F 1 6.4E-12 1.1E-11 1 2.1E-11
M 1 8.4E-12 1.4E-11
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Table 3—(continued)

Effective dose coefficients (Sv Bq")

Inhalation, e, (50) Ingestion
Nuclide tp Type fi 1umAMAD 5umAMAD fi e ing (50)
Br-82m 613 m F 1 1.5E-12 24E-12 1 2.8E-12
M 1 2.3E-12 3.3E-12
Br-84m 60m F 1 7.9E-12 1.4E-11 1 2.1E-11
M 1 1.0E-11 1.7E-11
Rubidium
Rb-77 377 m F 1 6.9E-12 1.1E-11 1 2.6E-11
Rb-78 17.66 m F 1 2.1E-11 3.7e-11 1 7.0E-11
Rb-82 1273 m F 1 1.8E-12 29E-12 1 6.3E-12
Rb—84m 20.26 m F 1 5.1E-12 8.9E-12 1 71E-12
Rb—86m 1017 m F 1 1.9E-13 3.3E-13 1 3.3E-13
Rb—-90 263333 m F 1 4.2E-12 6.8E-12 1 1.8E-11
Rb-90m 43 m F 1 6.9E-12 6.9E-12 1 2.3E-11
Yttrium ‘
Y-83 7.08 m M 0.0001 1.2E-11 1.9E-11 0.0001 3.2E-11
S 0.0001 1.2E-11 2.0E-11
Y-83m 285 m M 0.0001 5.2E-12 8.4E-12 0.0001 1.4E-11
S 0.0001 5.3E-12 8.6E-12
Y-84m 40 m M 0.0001 6.0E-11 1.0E-10 0.0001 1.2E-10
S 0.0001 6.2E-11 1.0E-10
Y-85 268 h M 0.0001 9.5E-11 1.5E-10 0.0001 1.9E-10
S 0.0001 9.9e-11 1.6E-10
Y-85m 486 h M 0.0001 1.7E-10 2.6E-10 0.0001 3.8E-10
S 0.0001 1.8E-10 2.7E-10 '
Y-87m 1337 h M 0.0001 1.4E-10 1.9E-10 0.0001 2.2E-10
S 0.0001 1.4E-10 2.0E-10
Zirconium
Zr-85 7.86 m F 0.002 1.1E-11 1.9E-11 0.002 4.3E-11
M 0.002 1.6E-11 2.6E-11
S 0.002 1.7E-11 2.7E-11
Zr-87 1.68 h F 0.002 4.7E-11 8.3E-11 0.002 2.0E-10
M 0.002 9.0E-11 1.4E-10
S 0.002 9.5E-11 1.4E-10
Zr-89m 418 m F 0.002 1.0E-12 1.8E-12 0.002 1.9E-12
M 0.002 1.3E-12 2.2E-12
S 0.002 1.3E-12 2.2E-12
Niobium
Nb-88m 78 m M 0.01 1.7E-11 2.8E-11 0.01 4.2E-11
S 0.01 1.7E-11 2.8E-11




JAERI-Data/Code  2002-013

Table 3—(continued)

Effective dose coefficients (Sv Bq'l)

Inhalation, e ;,;, (50) Ingestion
Nuclide i Type  fi IumAMAD 5umAMAD fi € ing (50)
Nb-91 6.8E+2 y M 0.01 2.8E-10 1.9E-10 0.01 4.6E-11
S 0.01 1.7E-09 1.0E-09
Nb—91m 60.86 d M 0.01 3.2E-09 2.8E-09 0.01 4.1E-10
S 0.01 3.9E-09 3.4E-09
Nb-92 347E+7 y M 0.01 5.0E-09 3.4E-09 0.01 1.0E-09
S 0.01 2.5E-08 1.5E-08
Nb-92m 10.15d M 0.01 4.3E-10 5.4E-10 0.01 5.0E-10
S 0.01 4.4E-10 5.4E-10
Nb-94m 6.26 m M 0.01 3.3E-13 4.7E-13 0.01 71E-13
S 0.01 3.4E-13 48E-13
Molybdenum
Mo-91 1549 m F 0.8 1.4E-11 2.3E-11 0.8 6.0E-11
S 0.05 2.2E-11 3.5E-11 0.05 6.1E-11
Mo-102 113 m F 0.8 1.6E-11 2.7E-11 0.8 6.9E-11
S 0.05 2.6E~11 4.2E-11 0.05 6.9E-11
Technetium .
Tc-102m 435m F 0.8 5.9E-12 - 1.0E-11 0.8 1.4E-11
M 0.8 71E-12 1.2E-11
Ruthenium
Ru-95 1.643 h F 0.05 2.8E-11 5.3E-11 0.05 6.3E-11
M 0.05 3.8E-11 6.6E-11
S 0.05 3.9E-11 6.7E-11
Rhodium
Rh-97 30.7 m F 0.05 1.6E-11 2.8E-11 0.05 4.9E-11
M 0.05 2.4E-11 4.0E-11
S 0.05 2.5E-11 4.2E-11
Rh-97m 46.2 m F 0.05 2.0E-11 3.7E-11 0.05 4.8E-11
M 0.05 2.8E-11 4.9E-11
S 0.05 2.9E-11 5.0E-11
Rh-98 87m F 0.05 9.9E-12 1.7E-11 0.05 3.7E-11
M 0.05 1.3E-11 2.2E-11
S 0.05 1.4E-11 2.3E-11
Rh-100m 46 m F 0.05 2.0E-12 3.3E-12 0.05 3.7E-12
M 0.05 2.5E-12 4.0E-12
S 0.05 2.6E-12 4.1E-12
Palladium
Pd-98 17.7m F 0.005 1.7E-11 3.0E-11 0.005 6.3E-11
M 0.005 2.8E-11 4.6E-11
S 0.005 2.9E-11 4.7E-11
Pd-99 214 m F 0.005 1.3E-11 2.3E-11 0.005 3.6E-11
M 0.005 2.0E-11 3.3E-11
S 0.005 2.0E-11 3.4E-11
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Table 3—(continued)

Effective dose coefficients (Sv Bq'l)

Inhalation, e, (50) Ingestion
Nuclide tin Type N lumAMAD 5umAMAD N € ing (50)
Pd-109m 4.69m F 0.005 28E-12 49E-12 0.005 45E-12
M 0.005 48E-12 7.4E-12
S 0005 50E-12  7.7E-12
Pd-111 234 m F 0.005 1.3E-11 21E-11 0.005 5.0E-11
M 0.005 2.5E-11 3.7E-11
S 0.005 2.7E-11 3.9E-11
Pd-112 2103 h F 0.005 5.2E-10 8.2E-10 0.005 2.6E-09
M 0.005 1.1E-09 1.4E-09
S 0005  1.1E-09 1.5E-09
Silver
Ag-101 1.1 m F 0.05 1.0E-11 1.8E-11 0.05 3.2E-11
M 0.05 1.4E-11 2.4E-11
S 0.05 1.5E-11 2.4E-11
Ag-105m 723 m F 0.05 1.2E-13 1.7E-13 0.05 5.8E-13
M 0.05 1.6E-13 1.8E-13
S 0.05 1.7E-13 1.9E-13
Ag-108 237 m F 0.05 2.2E-12 3.7E-12 0.05 4.6E-12
M 0.05 2.6E-12 44E-12
S 0.05 2.6E-12 44E-12 ,
Ag-11ilm 108 m F 0.05 1.5E-13 1.9E-13 0.05 3.3E-13
M 0.05 2.7E-13 2.9E-13
S 0.05 2.8E-13 3.1E-13
Ag-113 537 h F 0.05 6.8E-11 1.2E-10 0.05 4.1E-10
M - 0.05 1.6E-10 2.3E-10
S 0.05 1.7E-10 2.5E-10
Ag-113m 1145 m F 0.05 1.2E-10 1.2E-12 0.05 4.1E-10
M 0.05 2.3E-10 1.5E-12
S 0.05 2.5E-10 1.6E-12
Cadmium ‘
Cd-105 55.5 m F 0.05 1.7E-11 3.0E-11, 0.05 4.4E-11
M 0.05 2.4E-11 41E-11
S 0.05 2.5E-11 4.2E-11
Cd-111m 4854 m F 0.05 1.1E-11 1.9e-11 0.05 1.4E-11
M 0.05 2.2E-11 3.6E-11
S 0.05 2.4E-11 3.8E-11
Cd-113m 141y F 0.05 1.1E-07 1.3E-07 0.05 2.3E-08
M 0.05 5.0E-08 4.1E-08
S 0.05 2.9-08 2.3E-08
Cd-118 50.3 m F 0.05 3.7E-11 6.2E-11 0.05 1.9E~-10
M 0.05 7.6E-11 1.2E-10
S 0.05 8.1E-11 1.2E-10
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Table 3—(continued)

Effective dose coefficients (Sv Bq™)

Inhalation, e, (50) Ingestion
Nuclide tn Type h 1lumAMAD 5umAMAD S € ing (50)
Indium
In-107 324 m F 0.02 1.5E-11 2.7E-11 0.02 4.1E-11
- M 0.02 2.5E-11 41E-11
In-108 580 m F 0.02 4.0E-11 7.5E-11 0.02 8.3E-11
M 0.02 5.2E-11 9.2E-11
In-108m 39.6 m F 0.02 2.6E-11 47E-11 0.02 8.5E-11
M 0.02 3.9E-11 6.5E-11
In-109m 1.34 m F 0.02 44E-13 8.0E-13 0.02 7.8E-13
M 0.02 5.2E-13 9.0E-13
In-111m 77 m F 0.02 1.6E-12 2.9E-12 0.02 3.2E-12
M 0.02 2.2E-12 3.7E-12
In-112m 20.56 m F 0.02 1.1E-11 2.0E-11 0.02 1.7E-11
M 0.02 2.2E-11 3.6E-11
In-114 1.19833 m F 0.02 1.3E-12 2.2E-12 0.02 3.0E-12
M 0.02 1.4E-12 24E-12
In-118m 4.364 m F 0.02 6.0E-12 1.0E-11 0.02 1.3E-11
M 0.02 7.2E-12 1.3E-11
In-119 24 m F 0.02 2.7E-12 45E-12 0.02 5.5E-12
M 0.02 3.1E-12 5.2E-12
Tin
Sn-108 10.30 m F 0.02 8.2E-12 1.5E-11 0.02 2.3E-11
M 0.02 1.2E-11 2.0E-11
Sn—-109 180 m F 0.02 9.8E-12 1.8E-11 0.02 1.9E-11
M 0.02 1.2E-11 2.2E-11
Sn-113m 214 m F 0.02 2.0E-12 3.0E-12 0.02 3.3E-12
M 0.02 4.0E-12 5.3E-12
Sn-125m 952 m F 0.02 7.2E-12 1.2E-11 0.02 2.2E-11
M 0.02 1.0E-11 1.7E-11
Antimony
Sb-114 349 m F 0.1 48E-12 8.2E-12 0.1 1.5E-11
M 0.01 5.7E-12 9.5E-12
Sbh-118 3.6 m F 0.1 3.3E-12 5.4E-12 0.1 1.1E-11
M 0.01 3.9E-12 6.5E-12
Sb-122m 4191 m F 0.1 1.1E-12 1.6E-12 0.1 3.2E-12
M 0.01 2.0E-12 2.5E-12
Sb-12dm 155 m F 0.1 5.7E-13 9.9E-13 0.1 8.5E-13
M 0.01 6.8E-13 1.1E-12
Tellurium
Te-117 62 m F 0.3 2.2E-11 4.0E-11 03 5.4E-11
M 0.3 3.3E-11 5.5E-11
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Table 3-(continued)

Effective dose coefficients (Sv Bq'l)

Inhalation, e, (50) Ingestion
Nuclide tin Type fi 1lumAMAD 5umAMAD fi € ing (50)
Te-118 6.00d F 0.3 8.9E-10 1.4E-09 0.3 3.0E-09
M 03 2.2E-09 2.3E-09
Te-119 16.03 h F 0.3 8.2E-11 1.5E-10 0.3 1.8E-10
M 03 1.0E-10 1.8E-10
Te-119m 4.70d F 03 3.6E-10 6.0E-10 0.3 7.3E-10
M 03 5.3E-10 7.3E-10
lodine
I-118 13.7m 1 6.0E-11 8.9E-11 1 2.0E-10
119 191 m 1 1.6E-11 2.6E-11 1 4.6E-11
I-122 363 m 1 3.7E-12 6.2E-12 1 1.4E-11
Caesium
Cs—126 1.64 m F 1 2.0E-12 3.3E-12 1 7.6E-12
Cs-128 3.62m F 1 3.2E-12 5.4E-12 1 1.1E-11
Cs-130m 346 m F 1 1.7E-12 2.8E-12 1 41E-12
Cs—-139 927 m F 1 1.1E-11 1.8E-11 1 5.2E-11
Barium
Ba-124 110m F 0.1 1.7E-11 2.8E-11 0.1 6.9E-11
Ba-127 127 m F 0.1 8.4E-12 1.4E-11 -0.1 2.5E-11
Ba-129 223 h F 0.1 2.1E-11 3.6E-11 0.1 5.2E-11
Ba-129m 216 h F 0.1 4.2E-11 7.6E-11 0.1 7.8E-11
Ba-137m 2552 m F 0.1 5.8E-13 1.0E-12 0.1 1.0E-12
Lanthanum
La-129 11.6 m F 0.0005 8.6E-12 1.5E-11 0.0005 2.7E-11
M 0.0005 1.3E-11 21E-11
La-130 87m F 0.0005 9.3E-12 1.6E-11 0.0005 3.3E-11
M 0.0005 1.2E-11 21E-11
La-132m 243 m F 0.0005 1.3E-11 2.3E-11 0.0005 3.8E-11
M 0.0005 21E-11 3.4E-11
La-133 3912 h F 0.0005 1.5E-11 2.7E-11 0.0005 4.6E-11
M 0.0005 2.4E-11 3.7E-11
La-134 645 m F 0.0005 4 5E-12 76E-12 0.0005 1.6E-11
M 0.0005 5.9E-12 9.8E-12
La-136 987 m F 0.0005 3.2E-12 5.6E-12 0.0005 9.6E-12
M 0.0005 4.6E-12 7.6E-12
Cerium
Ce~130 229 m M 0.0005 3.6E-11 5.8E-11 0.0005 7.2E-11
S 0.0005 3.7E-11 6.1E-11
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Table 3~(continued)

Effective dose coefficients (Sv Bq'l)

Inhalation, e, (50) Ingestion
Nuclide Ly Type i 1lumAMAD S5pmAMAD fi € ing (50)
Ce—-131 102 m M 0.0005 1.4E-11 2.4E-11 0.0005 2.8E-11
S 0.0005 1.5E-11 2.4E-11
Ce-13Im 50m M 0.0005 7.7E-12 1.3E-11 0.0005 1.8E-11
S 0.0005 7.9E-12 1.3E-11
Ce—-132 351h M 0.0005 1.4E-10 2.3E-10 0.0005 3.4E-10
S 0.0005 1.5E-10 2.3E-10
Ce-133 97 m M 0.0005 5.1E-11 7.6E~-11 0.0005 9.1E-11
S 0.0005 5.3E~11 7.9-11
Ce-133m 49 h M 0.0005 1.3E-10 2.1E-10 0.0005 2.3E-10
S 0.0005 1.3E-10 2.2E-10
Ce—146 1352 m M 0.0005 2.6E-11 4.2E-11 0.0005 4.7E-11
S 0.0005 2.7E-11 4.4E-11
Praseodymium
Pr-134 17 m M 0.0005 3.1E-11 4.8E-11 0.0005 8.1E-11
S 0.0005 3.2E-11 5.0E-11
Pr—-134m 11m M 0.0005 21E-11 3.3E-11 0.0005 4.6E-11
S 0.0005 2.1E-11 3.4E-11
Pr-135 24 m M 0.0005 2.1E-11 3.5E-11 0.0005 4.6E-11
S 0.0005 2.2E-11 3.6E-11
Pr-138 145 m M 0.0005 1.7E-12 2.8E-12 0.0005 5.8E-12
) 0.0005 1.8E-12 29E-12
Pr-140 339m M 0.0005 25E-12 4.2E-12 0.0005 6.4E-12
S 0.0005 2.6E-12 43E-12
Pr-144m 72 m M 0.0005 7.5E-12 1.1E-11 0.0005 2.0E-11
S 0.0005 7.9E-12 1.2E-11
Pr-146 2415 m M 0.0005 3.0E-11 4.8E-11 0.0005 7.8E-11
S 0.0005 31E-11 4.9E-11
Neodymium
Nd-135 124 m M 0.0005 2.7E-11 4.4E-11 0.0005 6.0E-11
S 0.0005 2.8E-11 45E-11
Nd-137 385 m M 0.0005 3.0E-11 4.8E-11 0.0005 5.9E-11
S 0.0005 3.1E-11 5.0E-11
Nd-140 337d M 0.0005 1.1E-09 1.3E-09 0.0005 2.0E-09
S 0.0005 1.1E-09 1.3E-09
Nd-141m  1.03333 m M 0.0005 3.1E-13 5.5E-13 0.0005 5.1E-13
S 0.0005 3.1E-13 5.6E-13
Nd-144 229E+15 y M 0.0005 71.4E-06 5.0E-06 0.0005 4.1E-08
S 0.0005 3.2E-06 1.6E-06 '
Nd-152 114 m M 0.0005 2.4E-11 3.9E-11 0.0005 4.9E-11
S 0.0005 2.5E-11 4.0E-11
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Table 3—(continued)

Effective dose coefficients (Sv Bq")

Inhalation, e ;;, (50) Ingestion
Nuclide tn Type N IumAMAD 5umAMAD fi € ing (50)
Promethium
Pm-138 324 m M 0.0005 7.9E-12 1.3E-11 0.0005 2.3E-11
S 0.0005 8.1E-12 1.3E-11
Pm-139 415 m M 0.0005 6.2E-12 1.0E-11 0.0005 1.8E-11
S 0.0005 6.4E-12 1.0E-11
Pm-140m 595 m M 0.0005 1.1E-11 1.8E-11 0.0005 2.6E-11
S 0.0005 1.1E-11 1.8E-11 _
Pm-152 412 m M 0.0005 5.9E-12 9.7E-12 0.0005 1.7E-11
S 0.0005 6.1E-12 9.9E-12
Samarium :
Sm-140 14.82 m M 0.0005 3.3E-11 5.2E-11 0.0005 9.8E-11
Sm-143 8.83 m M 0.0005 5.6E-12 9.2E-12 0.0005 1.4E-11
Sm-143m 1.1m M 0.0005 9.9E-13 1.7E-12 0.0005 2.2E-12
Sm-148 TE+15 y M 0.0005 7.7E-06 5.2E-06 0.0005 4.3E-08
Europium
Eu-143 259 m M 0.0005 5.0E-12 8.1E-12 0.0005 1.6E-11
Eu-152n 96 m M  0.0005 8.4E-12 1.1E-11 0.0005 1.4E-11
Eu-154m 460 m M 0.0005 4.3E-12 5.8E-12 0.0005 9.1E-12
Eu-159 181 m M 0.0005 24E-11 3.6E-11 0.0005 4.9E-11
Gadolinium
Gd-145m 1.41666 m F 0.0005 1.3E-12 2.2E-12 0.0005 3.2E-12
M 0.0005 1.6E-12 2.7E-12
Gd-150 1.79E+6 y F 0.0005 2.4E-05 2.8E-05 0.0005 5.2E-08
M 0.0005 9.8E-06 6.6E-06
Terbium
Tb-147m 187 m M 0.0005 1.8E-12 3.1E-12 0.0005 3.5E-12
Tb—-148 60 m M 0.0005 71E-11 1.0E-10 0.0005 1.3E-10
Tb-148m 220 m M 0.0005 3.1E-12 4.8E-12 0.0005 45E-12
Tb-149m 416 m M 0.0005 3.1E-12 5.2E-12 0.0005 4.9E-12
Tb-150m 58 m M 0.0005 4.7E-12 8.5E;-1 2 0.0005 7.1E-12
Tb-152 175h M 0.0005 3.1E-10 5.0E-10 0.0005 7.1E-10
Tb-152m 42 m M 0.0005 5.9E-12 1.0E-11 0.0005 5.3E-12
Th—-162 7.60 m M 0.0005 1.0E-11 1.7E-11 0.0005 1.4E-11
Tb—163 195 m M 0.0005 1.8E-11 2.9E-11 0.0005 2.2E-11
Tb—-164 30m M 0.0005 6.1E-12 1.0E-11 0.0005 9.3E-12
Tb-165 211 m M 0.0005 5.4E-12 8.9E-12 0.0005 8.7E-12
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Table 3~(continued)

Effective dose coefficients (Sv Bq'l)

Inhalation, e, (50) Ingestion
Nuclide tin Type  fi 1umAMAD 5umAMAD fi € ing (50)
Dysprosium
Dy-149 420 m M 0.0005 6.3E-11 4.8E-11 0.0005 6.9E-12
Dy-150 717 m M 0.0005 3.2E-10 2.5E-10 0.0005 1.2E-11
Dy-151 179 m M 0.0005 1.2E-10 9.3E-11 0.0005 2.0E-11
Dy-152 238 h M 0.0005 6.0E-11 8.8E-11 0.0005 1.1E-10
Dy-153 64 h M 0.0005 1.3E-10 1.8E-10 0.0005 1.9E-10
Dy-154 3.0E+6 y M 0.0005 1.1E-05 7.1E-06 0.0005 5.6E-08
Dy-165m 1.257m M 0.0005 1.8E-12 29E-12 0.0005 1.3E-12
Dy-167 620 m M 0.0005 1.1E-11 1.8E-11 0.0005 1.7E-11
Dy-168 87m M 0.0005 2.3E-11 3.8E-11 0.0005 3.3E-11
Holmium
Ho-152 2.69666 m M 0.0005 4 5E-11 3.7E-11 0.0005 9.6E-12
Ho-153 202 m M 0.0005 2.8E-12 44E-12 0.0005 5.3E-12
Ho-153m 93 m M 0.0005 1.6E-11 2.4E-11 0.0005 2.5E-11
Ho—-154 11.76 m M 0.0005 1.6E-11 2.7E-11 0.0005 4.1E-11
Ho-154m 3.10m M 0.0005 4 8E-12 8.3E-12 0.0005 9.0E-12
Ho-156 56 m M 0.0005 8.3E-12 9.1E-11 0.0005 9.0E-12
Ho-158 11'.3 m M 0.0005 8.2E-12 1.4E-11 0.0005 8.9E-12
Ho-160 256 m M 0.0005 1.4E-11 24E-1 0.0005 1.7E-11
Ho-163 4570 y M 0.0005 2.4E-10 1.7E-10 0.0005 6.8E-12
Ho-168 299 m M 0.0005 45E-12 71.6E-12 0.0005 8.4E-12
Ho-168m 22 m M 0.0005 3.3E-12 5.4E-12 0.0005 6.2E-12
Ho-170 276 m M 0.0005 5.4E-12 9.2E-12 0.0005 8.7E-12
Erbium
Er-155 53m M 0.0005 7.4E-12 1.2E-11 0.0005 1.4E-11
Er-156 195 m M 0.0005 2.0E-11 3.0E-11 0.0005 3.8E-11
Er-159 36 m M 0.0005 1.8E-11 3.0E-11 0.0005 2.4E-11
Er-163 750 m M 0.0005 1.3E-12 2.2E-12 0.0005 2.7E-12
Thulium :
Tm-159 9.13m M 0.0005 L1E-11 1.8E-11 0.0005 2.1E-11
Tm-163 1.810 h M 0.0005 3.8E-11 6.3E-11 0.0005 5.6E-11
Tm-164 20m M 0.0005 1.7E-12 2.8E-12 0.0005 41E-12
Tm-165 30.06 h M 0.0005 2.2E-10 3.1E-10 0.0005 3.6E-10
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Table 3—(continued)

Effective dose coefficients (Sv Bq'l)

Inhalation, e, (50) Ingestion
Nuclide tin Type S lumAMAD SpmAMAD i) € ing (50)
Tm-168 93.1d M 0.0005 4.3E-09 3.5E-09 0.0005 1.0E-09
Ytterbium
Yb-163 11.05 m M 0.0005 8.5E-12 1.4E-11 0.0005 1.6E-11
S 0.0005 8.8E-12 1.5E-11
Yb-164 758 m M 0.0005 4.2E-11 6.5E-11 0.0005 9.1E-11
S 0.0005 4.4E-11 6.7E-11
Yb-165 99 m M 0.0005 49E-12 7.3E-12 0.0005 7.5E-12
S 0.0005 5.1E-12 7.6E-12
Lutetium
Lu-164 314 m M 0.0005 7.3E-12 1.2E-11 0.0005 2.1E-11
S 0.0005 7.5E-12 1.2E-11
Lu-165 10.74 m M 0.0005 1.4E-11 2.2E-11 0.0005 2.3E-11
S 0.0005 1.5E-11 2.3E-11
Lu-166 265m M 0.0005 5.1E-12 8.6E-12 0.0005 6.8E-12
S 0.0005 5.2E-12 8.8E-12 .
Lu-166m 141 m M 0.0005 2.6E-12 4.3E-12 0.0005 45E-12
S 0.0005 2.7E-12 4.4E-12
Lu-167 515 m M 0.0005 3.8E-11 5.7E-11 0.0005 5.0E-11
S 0.0005 4.0E-11 6.0E-11
Lu~-168m 6.7 m M 0.0005 7.3E-12 7.3E-12 0.0005 9.1E-12
S 0.0005 7.5E-12 7.5E-12
Lu-169m  2.66666 m M 0.0005 5.7E-13 7.6E-13 0.0005 9.6E-13
S 0.0005 6.1E-13 7.9E-13
Lu-171m 131666 m M 0.0005 3.7E-13 45E-13 0.0005 3.8E-13
S 0.0005 3.8E-13 46E-13
Lu-172m 37 m M 0.0005 7.1E-13 7.8E-13 0.0005 9.8E-13
S 0.0005 7.6E-13 8.2E-13
Hafnium
Hf-167 205 m F 0.002 2.0E-12 3.4E-12 0.002 5.5E-12
M 0.002 2.8E-12 45E-12
Hf-169 324 m F 0.002 1.4E-12 2.3E-12 0.002 2.9E-12
M 0.002 1.8E-12 2.8E-12
Hf-174 20E+15y F 0.002 3.0E-05 3.6E-05 - 0.002 2.5E-07
M 0.002 1.2E-05 8.2E-06
Tantalum
Ta-170 6.76 m M 0.001 1.4E-11 2.2E-11 0.001 3.6E-11
S 0.001 1.5E-11 2.3E-11
Ta—-178 931 m M 0.001 1.7E-12 2.7E-12 0.001 1.5E-12
S 0.001 1.7E-12 2.8E-12
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Table 3-(continued)

Effective dose coefficients (Sv Bq'l)

Inhalation, e ;,;, (50) Ingestion
Nuclide tin Type fi lumAMAD 5umAMAD 1 € ing (50)
Tungsten .
W-179m 6.40 m F 03 5.1E-12 9.0E-12 0.3 3.9E-12
0.01 3.9E-12
W-185m 1.597 m F 0.3 1.9E-12 3.1E-12 0.3 9.3E-13
0.01 9.3E-13
W-190 300m F 03 3.8E-11 6.6E-11 0.3 8.5E-11
' 0.01 8.6E-11
Rhenium
Re-179 195 m F 08 8.8E-12 1.5E-11 0.8 1.6E-11
M 08 1.3E-11 2.1E-11 :
Re-180 244 m F 08 2.1E-12 3.6E-12 0.8 24E-12
M 0.8 2.4E-12 4.1E-12
Re-183 700 d F 0.8 3.8E-10 5.4E-10 0.8 9.5E-10
M 08 2.6E-09 2.3E-09
Re-190 31m F 0.8 4.6E-12 7.9E-12 0.8 8.0E-12
M 08 5.4E-12 9.3E-12
Osmium
Os-177 28m F 0.01 3.5E-12 59E-12 0.01 1.0E-11
M 0.01 49E-12 7.96-12
S 0.01 5.1E-12 8.1E-12
0s-179 65m F 0.01 1.4E-11 2.2E-11 0.01 6.4E-11
M 0.01 1.96-11 2.9E-11
S 0.01 1.9E-11 3.0E~-11
0s-183 130h F 0.01 8.2E-11 1.4E-10 0.01 2.3E-10
M 0.01 1.7E-10 2.4E-10
S 0.01 1.9E-10 2.5E-10
Os-183m 99 h F 0.01 8.6E-11 1.5E-10 0.01 2.1E-10
M 0.01 1.4E-10 2.2E-10
S 0.01 1.5E-10 2.2E-10
Os-186 20E+15y F 0.01 1.2E-07 8.5E-07 0.01 3.2E-08
M 0.01 1.1E-06 6.8E-07
S 0.01 3.8E-06 2.3E-06
Os-190m 99 m F 0.01 5.6E-12 1.0E-11 0.01 8.4E-12
M 0.01 7.3E-12 1.3E-11
S 0.01 7.5E-12 1.3E-11
0s-196 349 m F 0.01 2.9E-11 4.9E-11 0.01 1.2E-10
M 0.01 5.5E-11 8.7E-11
S 0.01 5.8E-11 9.1E-11
Iridium
Ir-179 1.31666 m F 10.01 4.1E-12 6.7E-12 0.01 1.7E-11
' M 0.01 5.3E-12 8.4E-12
S 0.01 5.4E-12 8.6E-12
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Table 3-(continued)

Effective dose coefficients (Sv Bq'l)

Inhalation, e ;,, (50) Ingestion
Nuclide tin Type V2 1lumAMAD 5umAMAD fi € ing (50)
Ir-180 15m F 0.01 2.0E-12 3.5E-12 0.01 2.5E-12
M 0.01 2.6E-12 4.4E-12
S 0.01 2.6E-12 45E-12
Ir-181 490 m F 0.01 47E-12 8.0E-12 0.01 1.2E-11
M 0.01 6.7E-12 1.1E-11
S 0.01 6.9E-12 1.1E-11
Ir-183 58 m F 0.01 2.3E-11 4.2E-11 0.01 5.5E-11
M 0.01 3.9E-11 6.2E-11
S 0.01 41E-11 6.4E-11
Ir-196m 140 h F 0.01 5.4E-11 9.7E-11 0.01 1.3E-10
M 0.01 9.5E-11 1.5E-10
S 0.01 9.9E-11 1.6E-10
Platinum
Pt-183 6.5 m F 0.01 7.6E-12 1.3E-11 0.01 1.8E-11
Pt-184 173 m F 0.01 1.5E-11 2.6E-11 0.01 3.0E-11
Pt-187 235h F 0.01 3.3E-11 6.0E-11 0.01 8.8E-11
Pt-190 6.5E+11y F 0.01 1.1E-07 1.3E-07 0.01 6.8E-09
Pt-202 44 h F 0.01 8.6E-10 1.4E-09 0.01 4 5E-09
Gold
Au-186 10.7 m F 0.1 1.4E-11 2.5e-11 0.1 4.6E-11
M 0.1 2.1E-11 3.4E-11 '
S 0.1 2.2E-11 3.5E-11
Au-187 84m F 0.1 48E-12 8.6E-12 0.1 1.1E-11
M 0.1 7.8E-12 1.2E-11
S 0.1 8.1E-12 1.3E-11
Au-188 884 m F 0.1 6.8E-12 1.2E-11 0.1 2.1E-11
M 0.1 9.8E-12 1.6E-11
S 0.1 1.0E-11 1.6E-11
Au-189m 459 m F 0.1 2.6E-12 4 5E-12 0.1 3.6E-12
M 0.1 3.9E-12 6.2E-12
S 0.1 4.0E-12 6.4E-12
Au-190 428 m F 0.1 1.9E-11 3.4E-11 0.1 47E-11
M 0.1 2.6E-11 4.5E-11
S 0.1 2.7E-11 4.6E-11
Au-191 318 h F 0.1 2.9E-11 5.4E-11 0.1 7.7e-11
‘ M 0.1 6.4E-11 9.2E-11
S 0.1 6.9E-11 9.7E-11
Au-192 494 h F 0.1 7.2E-11 1.4E-10 0.1 1.8E-10
M 0.1 9.8E-11 1.7E-10
S 0.1 1.0E-10 1.7E-10
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Table 3—(continued)

Effective dose coefficients (Sv Bq™)

Inhalation, e, (50) Ingestion
Nuclide tin Type N lumAMAD S5umAMAD i € ing (50)
Au-196 6.183 d F 0.1 1.5E-10 2.7E-10 0.1 5.3E-10
M 0.1 6.0E-10 6.7E-10
- 8 0.1 6.7E-10 7.3E-10
Au-196m 96 h F 0.1 1.2E-10 2.1E-10 0.1 41E-10
M 0.1 4.2E-10 5.7E-10
S 0.1 4.6E-10 6.1E-10
Mercury
Hg-187 22m F 0.02 3.8E-12 6.4E-12 0.02 1.2E-12
(inorganic) M 0.02 4 5E-12 7.6E-12
Hg-187 22 m F 04 3.8E-12 6.4E-12 1 7.1E-12
(organic) 04 7.2E-12
Hg-187m 24 m F 0.02 4.3E-12 71.4E-12 0.02 7.3E-12
(inorganic) M 0.02 5.2E-12 8.8E-12
Hg-187Tm 24 m F 04 4.3E-12 " 7.4E-12 1 1.3E-12
(organic) 04 7.3E-12
Hg-188 3.25 m F 0.02 3.1E-12 5.2E-12 0.02 8.2E-12
(inorganic) M 0.02 4.4E-12 7.1E-12
Hg-188 325 m F 04 3.1E-12 5.3E-12 1 8.4E-12
(organic) 0.4 8.4E-12
Heg-190 200 m F 0.02 9.9E-12 1.8E-11 0.02 2.5E-11
(inorganic) . M 0.02 1.5E-11 2.5E-11
Hg-190 200 m F 04 9.8E-12 1.8E-11 1 1.8E-11
(organic) 04 2.4E-11
Hg-191m 508 m F 0.02 2.4E-11 4.5E-11 0.02 5.5E-11
(inorganic) M 0.02 4.3E-11 6.8E-11
Hg-191m 508 m F 04 2.4E-11 4.4E-11 1 3.4E-11
(organic) 0.4 5.0E-11
Hg-192 4.85h F 0.02 8.0E-11 1.5E-10 0.02 2.3E-10
(inorganic) M 0.02 1.3E-10 2.1E-10
Hg-192 4.85h F 04 7.3E-11 1.4E-10 1 7.2E-11
(organic) 0.4 1.8E-10
Hg-205 52 m F 0.02 3.9E-12 6.6E-12 0.02 8.3E-12
(inorganic) M 0.02 5.2E-12 8.7E-12
Hg-205 52m F 04 3.9E-12 6.7E-12 1 8.4E-12
(organic) - 0.4 8.3E-12
Hg-206 81 5m F 0.02 9.4E-12 1.6E-11 0.02 2.1E-11
(inorganic) M 0.02 1.5E-11 2.4E-11
Hg—206 8.15m F 04 9.5E-12 1.6E-11 1 2.1E-11
(organic) 04 2.1E-11
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Table 3—(continued)

Effective dose coefficients (Sv Bq'l)

Inhalation, e ;,, (50) Ingestion
Nuclide tipn Type b2 IumAMAD 5umAMAD 12 € ing (50)
Thallium :
Ti-190 26m F 1 4.0E-12 6.7E-12 1 1.5E-11
TH190m 3.7 m F 1 5.3E-12 9.3E-12 1 1.4E-11
TI-196 1.84 h F 1 3.1E-11 5.7E-11 1 5.4E-11
TI-206 4199 m F 1 3.4E-12 5.7E-12 1 6.9E-12
TH206m  3.74m F 1 6.5E-12 6.5E-12 1 1.1E-11
Ti-207 477 m F 1 3.6E-12 6.1E-12 1 7.1E-12
Ti-208 3.053 m F 1 4.8E-12 8.4E-12 1 8.6E-12
Ti-209 2161 m F 1 3.4E-12 5.8E-12 1 6.4E-12
TI-210 1.30 m F 1 2.8E-12 48E-12 1 6.5E-12
Lead
Pb-194 120 m F 0.2 8.6E-12 1.5E-11 0.2 2.0E-11
Pb—-196 37m F 0.2 1.7E-11 3.1E-11 0.2 2.8E-11
Pb-197 8m F 0.2 3.7E-12 6.8E-12 0.2 6.6E-12
Pb-197m 43 m F 0.2 2.6e-11 4.6E-11 0.2 4.5E-11
Pb-204m 67.2m F 0.2 2.3E-11 44E-11 0.2 5.0E-11
Bismuth
Bi-197 933 m F 0.05 1.0E-11 1.8E-11 0.05 2.4E-11
M 0.05 1.5E-11 2.5E-11
Bi—204 11.22h F 0.05 2.7E-10 48E-10 0.05 6.1E-10
M 0.05 3.5E-10 5.8E-10
Bi—208 3.68E+5 y F 0.05 5.9E-10 9.6E-10 0.05 1.2E-09
M 0.05 4.4E-09 2.9E-09
Bi-211 214 m F 0.05 1.0E-09 1.5E-09 0.05 1.2E-11
M 0.05 1.2E-09 1.8E-09
Bi-215 76 m F 0.05 4.8E-09 7.6E-09 0.05 8.0E-11
M 0.05 8.6E-09 1.3E-08
Polonium
Po-204 353 h F 0.1 1.4E-10 1.4E-10 0.1 3.1E-10
M 0.1 3.8E-10 3.8E-10
Po—206 88d F 0.1 8.3E-09 1.0E-08 0.1 4.6E-09
M 0.1 5.2E-08 3.9E-08
Po-208 2.898 y F 0.1 7.6E-07 9.1E-07 01 3.1E-07
M 0.1 3.5E-06 2.6E-06
Po-209 102y F 0.1 7.6E-07 9.1E-07 0.1 3.0E-07
M 0.1 3.4E-06 2.5E-06
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Table 3-(continued)

Effective dose coefficients (Sv Bq™)

Inhalation, e ;,;, (50) Ingestion
Nuclide tin Type N 1lumAMAD 5umAMAD i € ing (50)
Po-218 310 m F 0.1 9.6E-10 1.3E-09 0.1 2.8E-11
M 0.1 2.2E-09 2.9E-09
Astatine
At-205 262 m F 1 2.2e-10 2.9E-10 1 7.7E-11
M 1 6.2E-10 6.7E-10
At-208 163 h F 1 71E-11 1.2E-10 1 9.4E-11
M 1 3.8E-10 3.7E-10
At-209 541 h F 1 8.9E-10 1.3E-09 1 1.9E-09
M 1 2.8E-09 2.7E-09
At-210 81h F 1 3.7E-09 5.1E-09 1 9.8E-09
M 1 9.8E-09 9.6E-09
Francium
Fr-212 200 m 1 2.1E-09 2.8E-09 1 7.1E-10
Fr-221 49 m F 1 5.1E-09 7.7E-09 1 1.7E-10
Radium
Ra-230 93 m M 0.2 1.1E-10 1.7E-10 0.2 1.9E-10
Actinium
Ac—-223 210 m F 0.0005 6.0E-09 9.5E-09 0.0005 4.1E-11
M 0.0005 7.1E-09 1.1E-08
S 0.0005 7.2E-09 1.1E-08
Ac—-229 62.7 m F 0.0005 2.6E-11 3.8E-11 0.0005 4.4E-11
M 0.0005 3.6E-11 5.3E-11
S 0.0005 3.5E-11 5.4E-11
Ac-230 203333 m F 0.0005 2.4E-12 40E-12 0.0005 5.7E-12
M 0.0005 2.7E-12 4.5E-12
S 0.0005 2.7E-12 4.6E-12
Thorium
Th-233 223 m M 0.0005 1.8E-11 2.7E-11 0.0005 2.2E-11
S 0.0002 1.9E-11 2.9E-11 0.0002 2.2E-11
Protactinium
Pa-229 1.50 d M 0.0005 5.9E-09 4.8E-09 0.0005 2.2E-10
S 0.0005 6.7E-09 5.5E-09
Pa—234m 117 m M 0.0005 1.4E-12 2.4E-12 0.0005 3.1E-12
S 0.0005 1.4E-12 2.4E-12
Pa-236 91m M 0.0005 1.2E-11 2.0E-11 0.0005 2.3E-11
S 0.0005 1.3E~11 2.1E-11
Uranium
U-228 9.1m F 0.02 2.4E-08 3.8E-08 0.02 1.9E-10
M 0.02 3.7E-08 5.7E-08 0.002 1.9E-10
S 0.002 3.86-08 5.9E-08
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Table 3—-(continued)

Effective dose coefficients (Sv Bq™)

Inhalation, e ;;, (50) Ingestion
Nuclide tip Type N 1umAMAD SumAMAD N € ing (50)
Neptunium
Np-231 488 m M 0.0005 1.6E-09 1.7E-09 0.0005 2.9E-11
Np-240m 722 m M 0.0005 1.7E-09 1.3E-11 0.0005 2.9E-11
Np—-241 13.9 m M 0.0005 1.4E-11 2.2E-11 0.0005 1.8E-11
Plutonium
Pu-232 341m M 0.0005 1.8E-08 2.4E-08 0.0005 2.9E-10
S 0.00001 1.9E-08 2.5E-08 0.00001 2.8E-10
0.0001 1.3E-10
Americium
Am-247 23.0 m M 0.0005 2.7E-11 44E-11 0.0005 3.1E-11
Curium
Cm—-239 29 h M 0.0005 6.4E-11 8.8E-11 0.0005 8.2E-11
Berkelium
Bk—-244 435 h M 0.0005 1.0E-09 1.0E-09 0.0005 6.9E-10
Bk-248m 23.7 h M 0.0005 1.5E-08 1.2E-08 0.0005 3.3E09
Bk-251 556 m M 0.0005 4.3E-11 6.4E-11 0.0005 4.4E-11
Californium
Cf-247 311h M 0.0005 4.2E-11 4.9E-11 0.0005 2.9E-11
Cf-255 85 m M 0.0005 5.4E-09 4,5E-09 0.0005 40E-11
Cf-256 123 m M 0.0005 2.1E-06 4,0E-06 0.0005 3.3E-09
Einsteinium
Es—249 1022 m M 0.0005 2.2E-10 2.7E-10 0.0005 2.2E-11
Es—-255 398 d M 0.0005 3.6E-06 2.9E-06 0.0005 6.0E-09
Es-256 254 m M 0.0005 2.1E-07 3.4E-07 0.0005 4.1E-09
Fermium
Fm-251 530 h M 0.0005 1.7E-09 1.8E-09 0.0005 7.2E-11
Fm=-256 157.6 m M 0.0005 3.9E—06 7.0E-06 0.0005 2.6E-08
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Table 4 Effective dose coefficients for members of the public

Ingestion dose coefficients, e ( ¢ ), to age 70y (Sv Bq'l)

. Physical /i e(t) fi e(7)
Nuclide )
Half-life <1y 3 Months >y 1 Years 5 Years 10 Years 15 Years Adult
Magnesium .
Mg-27 9462m 1 3.0E-10 0.5 14E-10 6.7E-11 39E-11 2.7E-11 2.1E-11
Aluminium
Al-28 22414 m 0.02 1.5E-10 0.01 6.5e-11 3.2E-11 1.8E-11 1.3E-11 99E-12
Al-29 656 m 0.02 3.1E-10 0.01 14E-10 6.8E-11 39E-11 2.7E-11 2.1E-11
Phosphorus
P-30 2498 m 1 1.8E-10 0.8 8.1E-11 40E-11 23E-11 1.6E-11 1.2E-11
Sulphur :
S-37 506m 1 2.1E-10 1 9.8E-11 49E-11 28E-11 2.0E-11 1.5E-11
(inorganic)
§-37 505m 1 2.1E-10 1 9.8E-11 49E-11 28E-11 20E-11 1.5E-11
(organic)
S-38 1703 m 1 3.8E-09 1 1.9E-09 9.9E-10 6.2E-10 4.3E-10 3.4E-10
(inorganic)
S-38 1703 m 1 3.6E-09 1 1.7E-09 8.6E-10 5.0E-10 3.3E-10 2.7E-10
(organic)
Chlorine
Cl-34m 3200m 1 1.5E-09 1 6.7E-10 3.3E-10 1.9E-10 1.3E-10 1.0E-10
Cl-40 135m 1 1.2E-10 1 5.5E-11 2.7E-11 1.6E-11 1.1E-11 8.5E-12
Potassium :
K-38 7636m 1 4.6E-10 1 2.1E-10 1.0E-10 6.0E-11 4.2E-11 3.3E-11
Calcium .
Ca—-49 8718 m 0.6 5.4E-10 0.3 25E-10 1.3E-10 7.3E-11 4.9E-11 39E-11
Titanium
Ti-51 576 m 0.02 2.3E-10 0.01 1.0E-10 5.1E-11 29E-11 2.0E-11 1.5E-11
Vanadium
V=50 1.5E+17y 0.02 1.7E-08 0.01 9.0E-09 6.7E-09 5.4E-09 4.6E-09 4.2E-09
V-52 3743 m 0.02 2.0E-10 0.01 9.1E-11 45E-11 26E-11 1.8E-11 14E-11
V-53 161 m 0.02 8.5E-11 0.01 3.8E-11 19E-11 11E-11 7.3E-12 5.7E-12
Chromium
Cr-55 -3497m 02 1.9E-10 0.1 8.2E-11 39E-11 22E-11 15E-11 1.2E-11
0.02 1.9E-10 0.01 8.2E-11 39E-11 22E-11 15E-11 1.2E-11
Cr-56 594m 0.2 2.9E-10 0.1 14E-10 7.0E-11 41E-11 2.6E-11 2.1E-11
0.02 3.0E-10 0.01 1.4E-10 7.1E-11 4.1E-11 2.7E-11 2.1E-11
Manganese
Mn-57 142333 m 0.2 8.0E-11 0.1 3.5E-11 1.7E-11 9.6E-12 6.5E-12 5.1E-12
Mn-58m 1.08666 m 0.2 1.0E-10 0.1 46E-11 22E-11 1.3E-11 89E-12 7.0E-12
Iron
Fe-53 85tm 06 4.3E-10 0.1 . 20E-10 9.6E-11 55E-11 3.8E-11 3.0E-11
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Table 4—(continued)

Physical /1 e(t) fi e(t)

Nuclide .
Half-life <1y 3Months >ly  1Years 5 Years 10 Years 15 Years Adult

Cobalt

Co-62 1.50m 0.6 1.3E-10 0.1 5.7E-11 28E-11 1.6E-11 1.1E-11 8.6E-12
Copper

Cu-62 9.74m 1 5.6E-10 0.5 25E-10 1.2E-10 7.0E-11 4.8E-11 3.7E-11
Cu-66 5088 m 1 2.6E-10 0.5 1.1E-10 5.5E-11 3.1E-11 21E-11 1.6E-11
Arsenic

As-68 252666 m 1 2.7E-10 0.5 1.2E-10 6.0E-11 3.5E-11 24E-11 19E-11
As-79 901m 1 3.7E-10 0.5 1.6E-10 7.9E-11 45E-11 3.0E-11 24E-11
Selenium

Se-71 474m 1 3.3E-10 0.8 1.5E-10 7.4E-11 43E-11 29E-11 23E-11
Se-72 840d 1 7.7E-08 0.8 44E-08 2.8E-08 2.1E-08 7.0E-09 S5.1E-09
Se-79m 392m 1 1.6E-11 0.8 6.9E-12 3.3E-12 1.9E-12 1.3E-12 1.0E-12
Bromine :

Br-77m 428m 1 1.9E-11 1 8.5E-12 4.2E-12 24E-12 16E-12 1.3E-12
Br-78 646m 1 3.2E-10 1 1.4E-10 6.9E-11 4.0E-11 2.7E-11 21E-11
Br—-82m 6.13m 1 3.2E-11 1 1.6E-11 85E-12 5.1E-12 3.5E-12 28E-12
Br-84m 60m 1 2.8E-10 1 1.3E-10 6.4E-11 3.8E-11 26E-11 21E-11
Rubidium

Rb-77 377m 1 3.8e-10 1 1.7E-10 8.3E-11 4.8E-11 3.3E-11 26E-11
Rb-78 1766 m 1 9.6E-10 1 44E-10 2.2E-10 1.3E-10 89E-11 7.0E-11
Rb-82 1.273m 1 9.5e-11 1 42E-11 2.1E-11 12E-11 8.1E-12 6.3E-12
Rb-84m 2026 m 1 8.3E-11 1 41E-11 21E-11 1.3E-11 8.8E-12 7.1E-12
Rb-86m 1017m 1 3.1E-12 1 1.7E-12 9.3E-13 5.9E-13 4.1E-13 33E-13
Rb-90 263333m 1 2.7e-10 1 1.2E-10 5.9E-11 3.4E-11 23E-11 1.8E-11
Rb-90m 43m 1 3.2E-10 1 1.5E-10 7.3E-11 4.2E-11 29E-11 23E-11
Yttrium

Y-83 708 m 0001 47e-10 1E-04 21E-10 1.1E-10 6.1E-11 41E-11 3.2E-11
Y-83m 285m 0001 20E-10 1E-04 9.0E-11 4.4E-11 25E-11 1.7E-11 14E-11
Y-84m 40m 0001 15eE-09 1E-04 7.4E-10 3.8E-10 23E-10 1.6E-10 1.2E-10
Y-85 268h 0001 23E-09 1E-04 12E-09 6.3E-10 3.8E-10 24E-10 1.9E-10
Y-85m 486 h 0001 47E-09 1E-04 25E-09 1.3E-09 79E-10 48E-10 3.8E-10
Y-87m 1337 h 0001 24F-09 1E-04 14E-09 7.3E-10 4.6E-10 28E-10 22E-10
Zirconium

Zr-85 786 m 0.02 6.1E-10 0.01 29E-10 1.4E-10 82E-11 55E-11 4.3E-11
Zr-87 1.68 h 0.02 2.6E-09 0.01 1.3E-09 6.6E-10 3.9E-10 2.5E-10 2.0E-10

Zr-89m 418 m 0.02 1.9E-11 0.01 1.0E-11 55E-12 3.5E-12 24E-12 19E-12
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Table 4~(continued)

. Physical /i e(t) A e(t)
Nuclide .
Half-life <ly 3 Months 2ly 1 Years 5 Years 10 Years 15 Years Adult

Niobium

Nb~88m 78 m 0.02 5.8E-10 0.01 2.7E-10 13E-10 7.8E-11 54E-11 4.2E-11
Nb-91 68E+2y 0.02 7.1E-10 0.01 3.6E-10 18E-10 1.0E-10 59E-11 4.6E-11
Nb-91m 60.86d 0.02 5.8E-09 0.01 3.0E-09 15E-09 9.0E-10 5.1E-10 4.1E-10
Nb-92 347E+7y 0.02 7.9E-09 0.01 47E-09 2.8E-09 1.9E-09 1.3E-09 1.0E-09
Nb-92m 10.15d 0.02 3.8E-09 0.01 24E-09 14E-09 9.5E-10 6.3E-10 5.0E-10
Nb-94m 626 m 0.02 1.1E-11 0.01 49E-12 24E-12 13E-12 9.1E-13 7.1E-13
Molybdenum

Mo-91 1549 m 1 9.0E-10 1 40E-10 20E-10 1.1E-10 7.7E-11 6.0E-11
Mo—-102 113m 1 1.1E-09 1 48E-10 23E-10 1.3E-10 8.9E-11 6.9E-11
Technetium

Tc-102m 435m 1 1.9E-10 0.5 88E-11 44E-11 26E-11 18E-11 14E-11
Ruthenium

Ru-95 1643 h 0.1 5.5E-10 0.05 3.2e-10 1.8E-10 1.2E-10 7.8E~11 6.3E-11
Rhodium

Rh-97 30.7m 0.1 6.3E-10 0.05 3.0E-10 15E-10 9.1E-11 6.2E-11 4.9E-11
Rh-97m 462m 0.1 5.1E-10 0.05 2.7E-10 14E-10 9.0E-11 6.1E-11 4.8E-i1
Rh-98 87m 0.1 5.3E-10 0.05 24E-10 1.2E-10 6.9E-11 47E-11 3.7E-11
Rh-100m 46m 0.1 3.8E-11 0.05 21E-11 11E-11 7.1E-12 47E-12 3.7E-12
Palladium

Pd-98 17.7m 0.05 8.7E-10 0005 4.1E-10 2.0E-10 1.2E-10 8.0E-11 6.3E-11
Pd-99 214 m 005 4.5E-10 0.005 22E-10 1.1E-10 6.6E-11 4.5E-11 3.6E-11
Pd-109m 469m 005 6.2E-11 0.005 3.2E-11 16E-11 95E-12 5.7E-12 45E-12
Pd-111 234 m 0.05 7.7E-10 0005 35E-10 1.7E-10 9.6E-11 6.4E-11 S5.0E-11
Pd-112 21.03 h 0.05 3.4E-08 0.005 1.9E-08 9.5E-09 5.7E-09 3.2E-09 2.6E-09
Silver

Ag-101 111im 0.1 45E-10 0.05 21E-10 1.0E-10 6.0E-11 4.1E-11 3.2E-1t
Ag-105m 723 m 0.1 8.8E-12 0.05 39E-12 19E-12 1.1E-12 75E~-13 58E-13
Ag-108 237m 0.1 7.2E-11 0.05 3.2E-11 15E-11 8.6E-12 59E-12 4.6E-12
Ag-111m 108 m 0.1 49E-12 0.05 23E-12 1.1E-12 6.6E-13 4.2E-13 3.3E-13
Ag-113 537h 0.1 5.6E-09 0.05 3.0E-09 1.5E-09 88E-10 5.1E-10 4.1E-10
Ag-113m 1145m 0.1 2.7E-11 0.05 1.3E-11 6.4E-12 3.7E-12 24E-12 1.9E-12
Cadmium

Cd-105 555 m 0.1 5.1E-10 0.05 26E-10 13E-10 8.3E-11 5.5E-11 44E-11
Cd-111m 4854m 0.1 1.8E-10 0.05 8.9E-11 45E-11 27E-11 18E-11 14E-11
Cd-113m 141y 0.1 1.2E-07 0.05 5.6E-08 3.8E08 29E-08 24E-08 2.3E-08
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Table 4-(continued)

Physical /1 e(7) S e(7)

Nuclide .
Half-life <iy 3 Months 2>ly 1 Years S Years 10 Years 15 Years Adult

Cd-118 503m 0.1 2.9E-09 0.05 14E-09 6.7E-10 3.8E-10 2.5E-10 1.9E-10

Indium
In-107 324m 0.04 5.1E-10 0.02 2.6E-10 1.3E-10 7.9E-11 5.2E-11 4.1E-11
In-108 580m 0.04 7.3E-10 0.02 41E-10 2.3E-10 1.5E-10 1.0E-10 8.3E-11

In-108m 396m 0.04 1.1E-09 0.02 5.2E-10 2.7E-10 1.6E-10 1.1E-10 8.5E-11
In-109m 134 m 0.04 7.6E-12 0.02 41E-12 2.2E-12 14E-12 9.8E-13 7.8E-13
In-111m 7.7m 0.04 3.7e-11 0.02 1.8E-11 9.6E-12 59E-12 4.1E-12 3.2E-12
In-112m 2056 m 0.04 2.5E-10 0.02 1.2E-10 58E-11 33E-11 2.2E-11 1.7E-11
In-114 119833 m 0.04 47e-11 0.02 2.1E-11 1.0E-11 5.6E-12 3.8E-12 3.0E-12
In-118m 4364 m 0.04 1.6E-10 0.02 7.6E-11 39E-11 23E-11 1.6E-11 13E-11
In-119 24m 004 8.1E-11 0.02 3.6E-11 1.8E-11 1.0E-11 7.0E-12 5.5E-12

Tin
Sn-108 10.30 m - 0.04 2.8E-10 0.02 1.4E-10 7.2E-11 4.4E-11 29E-11 23E-11

Sn-109 180m 0.04 1.7E-10 0.02 9.5E-11 5.3E-11 3.5E-11 24E-11 1.9E-11
Sn-113m 214m 0.04 5.0E-11 0.02 2.3E-11 1.1E-11 6.3E-12 4.2E-12 3.3E-12
- Sn-125m 952m 0.04 3.4E-10 0.02 1.5E-10 7.3E-11 4.1E-11 28E-11 2.2E-11

Antimony
Sb-114 349m 0.2 2.2E-10 0.1 98E-11 49E-11 28E-11 20E-11 15E-11
Sb—-118 36m 02 1.6E-10 0.1 71E-11 35E-11 20E-11 14E-11 1.1E-11

Sb-122m 4.191m 0.2 4.2E-11 0.1 2.2E-11 1.1E-11 6.5E-12 4.0E-12 3.2E-12
Sb-124m 155m 02 1.1E-11 0.1 51E-12 2.6E-12 15E-12 1.1E-12 8.5E-13

Tellurium
Te-117 62m 0.6 5.5E-10 0.3 3.1E-10 1.6E-10 1.0E-10 6.8E-11 54E-11
Te-118 6.00d 0.6 3.5E-08 0.3 2.2E-08 1.1E-08 6.6E-09 3.9E-09 3.0E-09

Te-119 1603 h 0.6 1.2E-09 0.3 9.3E-10 5.3E-10 3.5E-10 2.2E-10 1.8E-10
Te=119m 470d 06 5.1E-09 03 3.6E-09 2.1E-09 1.4E-09 9.1E-10 7.3E-10

Im:l-“1°18 137m 1 2.4E-09 1 1.6E-09 8.6E-10 4.4E-10 29E-10 2.0E-10
I-119 191m 1 5.8E-10 1 3.2E-10 1.7E-10 9.0E-11 6.1E-11 4.6E-11
[-122 363m 1 20E-10 1 9.0E-11 44E-11 25E-11 1.7E-11 14E-11

Caesium ‘

Cs—126 1.64m 1 1.1E-10 1 50E-11 25E-11 14E-11 9.7E-12 7.6E-12
Cs—128 362m 1 - 1.8E-10 1 7.1E-11 35E-11 20E-11 1.4E-11 11E-N
Cs—130m 346m 1 5.9e-11 1 2.7E-11 1.3E-11 7.7E-12 5.2E-12 4.1E-12
Cs-139 927m 1 8.0E-10 1 3.6E-10 1.7E-10 9.7E-11 6.6E-11 5.2E-11
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Table 4-(continued)

Nuclige  Physical S e(t) S e(t)
Half-life <ly 3 Months 2ly 1 Years 5 Years 10 Years 15 Years Adult
Barium
Ba-124 110m 06 1.0E-09 0.2 46E-10 23E-10 1.3E-10 8.8E-11 6.9E-11
Ba-127 127m 06 3.4E-10 0.2 1.6E-10 8.0E-11 4.6E-11 3.2E-11 25E-11
Ba-129 223h 06  50E-10 0.2 3.1E-10 1.6E-10 9.7E-11 6.1E-11 5.1E-11
Ba-129m 216 h 0.6 5.1E-10 0.2 3.6E-10 2.1E-10 14E-10 9.0E-11 7.6E-11
Ba-137m 2552m 0.6 1.2E-11 0.2 5.7E-12 3.0E-12 18E-12 1.3E-12 1.0E-12
Lanthanum
La-129 116m 0005 37E-10 5E-04 1.7E-10 8.6E-11 5.1E-11 34E-11 27E-11
La-130 87m 0005 46E-10 5E-04 2.1E-10 1.0E-10 6.0E-11 4.1E-11 3.3E-11
La-132m 243 m 0005 44E-10 5E-04 23E-10 1.2E-10 7.5E-11 4.7E-11 3.8E-11
La-133 3912h 0005 56E-10 5E-04 3.0E-10 1.6E-10 94E-11 58E-11 4.6E-11
La-134 645m 0005 23E-10 5E-04 1.1E-10 5.1E-11 3.0E-11 20E-11 1.6E-11
La-136 987m 0005 14E-10 5E-04 6.2E-11 3.1E-11 18E-11 12E-11 9.6E-12
Cerium .
Ce-130 229m 0.005 9.6E-10 5E-04 4.5E-10 23E-10 14E-10 9.1E-11 7.2E-11
Ce-131 102m 0005 37E-10 5E-04 1.7E-10 8.7E-11 5.2E-11 3.5E-11 28E-11
Ce-131m 50m 0005 25E-10 5E-04 1.1E-10 5.7E-11 3.3E-11 22E-11 1.8E-11
Ce-132 351h 0005 38E-09 5E-04 22E-09 1.1E-09 7.0E-10 4.2E-10 3.4E-10
Ce-133 97m 0005 12E-09 5E-04 6.0E-10 3.1E-10 1.8E-10 1.1E-10 9.1E-11
Ce-133m 49h 0005 21E-09 5E-04 12E-09 6.9E-10 4.4E-10 2.8E-10 23E-10
Ce-146 1352m 0005 68E-10 5E-04 3.2E-10 1.6E-10 9.0E-11 6.0E-11 47E-11
Praseodymium
Pr-134 17m 0005 1.1E-09 5E-04 54E-10 27E-10 1.5E-10 1.0E-10 8.1E-11
Pr-134m 11m 0005 6.1E-10 5E-04 29E-10 1.5E-10 8.7E-11 5.9E-11 4.6E-11
Pr-135 24m 0.005 6.2E-10 5E-04 29E-10 1.5E-10 8.7E-11 59E-11 4.6E-11
Pr-138 1.45m 0005 8.8E-11 5E-04 3.9E-11 1.9E-11 1.1E-11 7.5E-12 5.8E-12
Pr-140 339m 0005 9.5E-11 5E-04 4.3E-11 21E-11 1.2E-11 8.2E-12 64E-12
Pr-144m 72m 0005 3.1E-10 5E-04 14E-10 6.6E-11 3.8E-11 25E-11 20E-11
Pr-146 2415m 0005 12E-09 5E-04 53E-10 2.6E-10 1.5E-10 1.0E-10 7.8E-11
Neodymium ,
Nd-135 124 m 0005 83E-10  5E-04 39E-10 1.9E-10 1.1E-10 7.6E-11 6.0E-11
Nd-137 385m 0005 74E-10 5E-04 3.7E-10 19E-10 1.1E-10 7.4E-11 5.9E-11
Nd-140 337d 0005 26E-08 SE-04 14E-08 7.2E-09 4.3E-09 2.5E-09 2.0E-09
Nd-141m 1.03333 m 0005 56E-12 S5E-04 28E-12 1.5E-12 9.1E-13 6.4E-13 5.1E-13
Nd-144 229E+15y 0005 12E-06 5E-04 1.1E-07 7.3E-08 5.1E-08 4.3E-08 4.1E-08
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Table 4—(continued)

Nuclide Physicfal N e(t) S e(t)
Half-life <1y 3Months >1y  1Years 5Years 10 Years 15 Years Adult
Nd-152 114 m 0.005 7.4E-10 5E-04 3.3E-10 1.6E-10 9.1E-11 6.2E-11 4.9E-11
Promethium :
Pm-138 324 m 0.005 3.1E-10 5E-04 1.5E-10 7.5E-11 4.4E-11 29E-11 23E-11
Pm-139 415m 0005 26E-10 5E-04 1.2E-10 5.7E-11 3.3E-11 2.2E-11 1.8E-11
Pm~-140m 595 m 0.005 3.4E-10 5E-04 16E-10 8.1E-11 4.8E-11 3.3E-11 2.6E-11
Pm-152 412 m 0.005 2.6E-10 5E-04 1.2E-10 56E-11 3.2E-11 2.2E-11 1.7E-11
Samarium
Sm-140 14.82 m 0.005 1.4E-09 5E-04 6.6E-10 3.2E-10 1.9E-10 1.3E-10 9.8E-11
Sm-143 8.83 m 0.005 2.0E-10 5E-04 9.1E-11 45E-11 26E-11 1.8E-11 14E-11
Sm-143m 1.1 m 0.005 3.0E-11 5E-04 14E-11 69E-12 4.0E-12 28E-12 2.2E-12
Sm-148 7TE+15y 0.005 1.2E-06 5e-04 1.1E-07 7.6E-08 5.3E-08 4.5E-08 4.3E-08
Europium v
Eu-143 259 m 0.005 2.4E-10 5E-04 1.1E-10 5.2E-11 3.0E-11 2.0E-11 1.6E-11
Eu-152n 96 m 0.005 1.8E-10 5e-04 9.2E-11 46E-11 28E-11 1.7E-11 14E-11
Eu-154m 460 m 0.005 1.3E-10 5e-04 6.1E-11 3.0E-11 18E-11 1.2E-11 9.1E-12
Eu-159 18.1 m 0.005 7.4E-10 5E-04 34E-10 1.7E-10 9.6E-11 6.3E-11 4.9E-11
Gadolinium
Gd-145m 1.41666 m 0.005 3.9e-11 56-04 1.9E-11 96E-12 5.8E-12 40E-12 3.2E-12
Gd-150 1.79e+6y 0.005 1.5E-06 5E-04 14E-07 9.3E-08 6.5E-08 55E-08 5.2E-08
Terbium
Tb-147m 1.87m 0.005 4.2E-11 5e-04 20E-11 1.1E-11 6.4E-12 4.4E-12 3.5E-12
Tb-148 60m 0005 1.7E-09 5E-04 82E-10 4.2E-10 25E-10 1.6E-10 1.3E-10
Tb~148m 220 m 0.005 5.1E-11 5E-04 25E-11 13E-11 8.0E-12 5.7E-12 4.5E-12
Tb—149m 416 m 0.005 5.8E-11 5E-04 28E-11 15E-11 88E-12 6.2E-12 4.9E-12
Tb-150m 58 m 0.005 6.8E-11 5E-04 3.5E-11 19E-11 1.2E-11 89E-12 7.1E-12
Tb-152 17.5h 0005 7.6E-09 5E-04 44E-09 23E-09 14E-09 88E-10 7.1E-10
Tb—152m 42 m 0.005 6.2E-11 5e-04 32E-11 1.7E-11 1.0E-11 6.7E-12 5.3E-12
Tb-162 760m 0005 20E-10 5E-04 9.2E-11 45E-11 26E-11 1.8E-11 1.4E-11
Tb—163 195 m 0.005 3.0E-10 5e-04 14E-10 69E-11 40E-11 28E-11 2.2E-11
Tb-164 3.0m 0.005 1.3E-1 O. 5E-04 5.8E-11 2.9E-1 1- 1.7E-11 1.2E-11 9.3E-12
Tb~165 211 m 0005 1.3E-10 5E-04 5.9E-11 29E-11 1.6E-11 1.1E-11 8.7E-12
Dysprosium
Dy-149 420 m 0005 74E-11 5E-04 3.9E-11 2.1E-11 1.3E-11 8.7E-12 6.9E-12
Dy-150 7.17m 0.005 1.6E-10 5E-04 7.9E-11 40E-11 24E-11 16E-11 1.2E-11
Dy-151 179 m 0005 21E-10 5E-04 1.1E-10 5.9E-11 3.7E-11 25E-11 2.0E-11
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Table 4-(continued)

Nuclide Physicfal N e(t) S e(t)
Half-life <ly 3 Months 2ly 1 Years 5 Years 10 Years 15 Years Adult
Dy-152 238h 0005 11E-09 5E-04 6.6E-10 3.5E-10 2.2E-10 1.4E-10 1.1E-10
Dy-153 64h 0005 19E-09 S5E-04 1.1E-09 5.8E-10 3.7E-10 2.3E-10 1.9E-10
Dy-154  30E+6y 0005 16E-06 5E-04 16E-07 1.0E-07 7.0E-08 5.8E-08 5.6E-08
Dy-165m 1.257m 0.005 2.0E-11 S5E-04 9.6E-12 4.7E-12 2.7E-12 1.7E-12 1.3E-12
Dy-167 6.20m 0.005 25E-10 5E-04 1.1E-10 5.6E-11 3.3E-11 2.2E-11 1.7E-11
Dy-168 87m 0005 49E-10 5E-04 22E-10 1.1E-10 6.2E-11 4.3E-11 3.3E-11
Holmium
Ho-152 269666 m 0.005 14E-10 5E-04 6.2E-11 3.1E-11 18E-11 1.2E-11 9.6E-12
Ho-153 202m 0.005 7.2E-11 5E-04 34E-11 1.7E-11 99E-12 6.7E-12 5.3E-12
Ho~153m 93m 0005 34E-10 5E-04 1.6E-10 8.0E-11 4.7E-11 3.2E-11 25E-11
Ho—-154 11.76 m 0005 59E-10 5E-04 2.7E-10 1.3E-10 7.7E-11 S5.3E-11 4.1E-11
Ho-154m 310m 0005 12E-10 5E-04 5.5E-11 2.8E-11 1.6E-11 1.1E-11 9.0E-12
Ho-156 56m 0005 14E-09 S5E-04 6.9E-10 3.5E-10 2.1E-10 1.4E-10 1.1E-10
Ho—-158 113 m 0005 84E-11 SE-04 4.4E-11 24E-11 15E-11 1.1E-11 8.9E-12
Ho-160 256m 0005 15E-10 5E-04 84E-11 4.7E-11 3.0E-11 2.1E-11 1.7E-11
Ho—-163 4570y 0.005 1.3E-10 5E-04 46E-11 23E-11 14E-11 8.2E-12 6.8E-12
Ho—-168 299 m 0005 1.2E-10 5E-04 5.5E-11 2.7E-11 1.6E-11 1.1E-11 8.4E-12
Ho-168m 22m 0.005 9.2E-11 SE-04 4.1E-11 20E-11 1.2E-11 8.0E-12 6.2E-12
Ho—-170 276 m 0005 1.2E-10 5E-04 55E-11 2.7e-11 16E-11 1.1E-11 8.7E-12
Erbium
Er-155 53m 0005 18E-10 5E-04 8.6E-11 4.3E-11 26E-11 1.7E-11 1.4E-11
Er-156 19.5m 0005 49E-10 5E-04 24E-10 1.2E-10 7.4E-11 4.7E-11 3.8E-11
Er-159 36m 0005 24E-10 5E-04 1.3E-10 7.0E-11 4.4E-11 3.0E-11 2.4F-11
Er-163 750m 0.005 29E-11 SE-04 1.6E-11 8.4E-12 52E-12 3.4E-12 2.7E-12
Thulium
Tm-159 913m 0005 27E-10 5E-04 1.3E~-10 6.5E-11 3.9E-11 26E-11 2.1E-11
Tm—-163 1.810h 0005 50E-10 S5E-04 29E-10 1.6E-10 1.0E-10 6.9E-11 5.6E-11
Tm—-164 20m 0.005 59E-11 SE-04 2.7E-11 13E-11 7.5E-12 52E-12 4.1E-12
Tm-165 3006 h 0005 35E-09 S5E-04 2.1E-09 1.1E-09 7.2E-10 4.5E-10 3.6E-10
Tm-168 93.1d 0005 99E-09 5E-04 57E-09 32E-09 2.1E-09 1.3E-09 1.0E-09
Ytterbium }
Yb-163 11.05m 0005 18E-10 5E-04 9.1E-11 4.7E-11 29E-11 20E-11 1.6E-11
Yb—164 758m 0005 12E-09 5E-04 6.1E-10 3.0E-10 1.8E-10 1.2E-10 9.1E-11
Yb—165 99m 0005 9.5E-11 SE-04 4.6E-11 24E-11 14E-11 9.5E-12 75E-12
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Table 4-(continued)

Nuclide Physical /1 e(t) N e(t)

Half-life <jy 3Months >ly  1Years 5 Years 10 Years 15 Years Adult

Lutetium
Lu-164 3.14 m 0.005 3.1E-10 56-04 1.4E-10 7.0E-11 4.0E-11 27E-11 21E-11

Lu-165 1074 m 0.005 30E-10 5E-04 14E-10 7.1E-11 4.2E-11 29E-11 23E-11
Lu-166 265m 0005 84E-11 5E-04 4.0E-11 2.1E-11 1.2E-11 8.6E-12 6.8E-12
Lu=166m 141 m 0005 59E-11 5E-04 2.7E-11 1.4E-11 8.2E-12 5.7E-12 4.5E-12
Lu-167 51.5m 0005 54E-10 5E-04 28E-10 1.5E-10 9.4E-11 6.3E-11 5.0E-11
Lu-168m 6.7m 0005 10E-10 5E-04 49E-11 26E-11 16E-11 1.1E-11 9.1E-12
Lu-169m 2.66666 m 0.005  1.0E-11 5E-04 5.5E-12 29E-12 19E-12 1.2E-12 9.6E-13
Lu-17im 131666 m 0005 55E-12 5E-04 2.5E-12 1.2E-12 7.2E-13 4.8E-13 3.8E-13
Lu=172m 3.7m 0005 1.2E-11 5E-04 6.0E-12 3.1E-12 19E-12 1.2E-12 9.8E-13

Hafnium
Hf-167 205m 0.02 7.3E-11 0.002 34E-11 1.7E-11 1.0E-11 7.0E-12 55E-12

Hf-169 324 m 002 3.3e-11 0.002 1.7E-11 87E-12 53E-12 3.7E-12 29E-12
Hf-174 20E+15y 0.02 6.1E-06  0.002 5.5E-07 4.0E-07 3.0E-07 2.7E-07 2.5E-07

Tantalum
Ta-170 6.76 m 0.01 5.2E-10 0.001 24E-10 1.2E-10 6.8E-11 4.6E-11 3.6E-11

Ta-178 931m 001 1.9E-11 0.001 8.9E-12 45E-12 2.7E-12 19E-12 1.5E-12

Tungsten
W-179m 640m 06 5.7E-11 0.3 2.6E-11 1.3E-11 7.2E-12 49E-12 3.9E-12

W-185m 1.597m 06 14E-11 03 6.4E-12 3.1E-12 1.7E-12 1.2E-12 9.3E-13
wW-190 300m 0.6 1.2E-09 0.3 5.6E-10 2.86-10 1.6E-10 1.1E-10 8.5E-11

Rhenium
Re-179 195m 1 2.1E-10 0.8 9.7E-11 5.0E-11 3.0E-11 2.1E-11 1.6E-11

Re-180 244m 1 2.9E-11 08 14E-11 7.1E-12 43E-12 3.0E-12 24E-12

Re-183 700d 1 1.4E-08 0.8 6.6E-09 3.3E-09 1.9E-09 1.2E-09 9.5E-10

Re-190 3tm 1 1.1E-10 0.8 5.1E-11 25E-11 1.5E-11 1.0E-11 8.0E-12
Osmium

Os—-177 28m 0.02 1.4E-10 0.01 6.6E-11 3.3E-11 1.9E-11 1.3E-11 1.0E-11

Os-179 6.5m 0.02 9.6E-10 0.01 43E-10 21E-10 1.2E-10 8.2E-11 6.4E-11

0Os—-183 130h 0.02 2.3E-09 0.01 1.3E-09 7.2E-10 46E-10 2.9E-10 23E-10

Os—-183m 99h 0.02 1.8E-09 0.01 1.1E-09 6.2E-10 4.1E-10 2.6E-10 2.1E-10
Os-186 20E+15y 0.02 5.0E-07 0.01 1.9e-07 9.9E-08 6.1E-08 3.9E-08 3.2E-08
Os-190m 99m 002 8.5E-11 0.01 43E-11 23E-11 15E-11 1.0E-11 8.4E-12
Os-196 349 m 002 1.7E-09 0.01 8.0E-10 39E-10 22E-10 1.5E-10 1.2E-10

Iridium
Ir-179 1.31666 m 0.02 25E-10 0.01 1.1E-10 5.4E-11 3.1E-11 21E-11 1.7E-11
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Table 4-(continued)

. Physical /1 e(7) S e(7)
Nuclide .
Half-life <1y  3Months 21y  1Years §Years 10 Years 15 Years Adult
Ir-180 15m 002  30E-11 001  14E-11 75E-12 456-12 32E-12 25E-12
Ir-181 490m 002  15E-10 001  7.1E-11 37E-11 22E-11 1.5-11 1.2E-11
Ir-183 58m 002 556-10 001  30E-10 1.6E-10 1.0E-10 6.8E-11 55E-11
Ir-196m 140 h 002 1.4E-09 0.01 74E-10 3.9E-10 24E-10 1.6E-10 1.3E-10
Platinum
Pt-183 65m 0.02 24E-10 0.0t 1.1E-10 5.8E-11 3.5E-11 23E-11 1.8E-11
Pt-184 17.3 m 0.02 3.4E-10 0.01 1.8e-10 9.4E-11 5.8E-11 3.8E-11 3.0E-11
Pt-187 235h 0.02 9.8E-10 0.01 54E-10 28E-10 18E-10 1.1E-10 8.8E-11
Pt-190 6.5E+11y 0.02 1.1E-07 0.01 43E-08 2.2E08 14E-08 8.4E-09 6.8E-09
Pt-202 44h 0.02 6.1E-08 0.01 3.3E-08 1.6E-08 9.8E-09 5.5E-09 4.5E-09
Gold
Au-186 10.7m 0.2 6.1E-10 0.1 29E-10 15E-10 8.6E-11 5.8E-11 4.6E-11
Au-187 84m 02 1.2E-10 0.1 6.4E-11 3.4E-11 21E-11 14E-11 1.1E-11
Au-188 884m 02 2.8E-10 0.1 1.3E-10 6.5e-11 3.8E-11 2.6E-11 2.1E-11
Au-189m 459m 0.2 4.5E-11 0.1 22E-11 1.1E-11 6.8E-12 45E-12 3.6E-12
Au-190 428m 0.2 5.1E-10 0.1 2JE-10 14E-10 88E-11 5.9E-11 4.7E-11
Au-191 3.18h 0.2 7.8E-10 0.1 45E-10 24E-10 15E-10 9.6E-11 7.7E-11
Au-192 494h 02 1.5E-09 0.1 9.2E-10 5.1E-10 34E-10 2.2E-10 1.8E-10
Au-196 6.183d 0.2 5.4E-09 0.1 34E09 18E-09 1.1E-09 6.7E-10 5.3E-10
Au-196m 96h 0.2 5.0E-09 0.1 29E-09 14E-09 87E-10 51E-10 4.1E-10
Mercury
Hg-187 22m 0.04 1.0E-10 0.02 46E-11 23E-11 13E-11 9.1E-12 7.2E-12
(inorganic)
Hg-187 22m 1 1.0E-10 1 46E-11 23E-11 1.3E-11 9.1E-12 7.1E-12
(organic) 0.8 1.0E-10 04 46E-11 23E-11 1.3E-11 9.1E-12 7.2E-12
Heg-187m 24m 004 1.0E-10 0.02 46E-11 23E-11 13E-11 9.3E-12 7.3E-12
(inorganic)
Hg-187m 24 m 1 1.0E-10 1 46E-11 23E-11 1.3E-11 92E-12 7.3E-12
(organic) 0.8 1.0E-10 0.4 46E-11 23E-11 13E-11 9.3E-12 7.3E-12
Hg—188 325m 0.04 11E-10 0.02 51E-11 26E-11 15E-11 1.0E-11 8.2E-12
(inorganic)
Hg-188 325 m 1 1.1E-10 1 52E-11 26E-11 15E-11 11E-11 84E-12
(organic) 0.8 1.1E-10 04 5.2E-11 26E-11 15E-11 1.1E-11 8.4E-12
Hg-190 200 m 0.04 2.7E-10 0.02 1.4E-10 7.5E-11 4.7E-11 3.1E-11 2.5E-11
(inorganic)
Hg-190 200m 1 2.1E-10 1 1.0e-10 5.4E-11 3.3E-11 2.3E-11 18E-11
(organic) 0.8 24E-10 04 14E-10 7.2E-11 4.5E-11 3.0E-11 24E-11
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Table 4—(continued)

, Physical /1 e(t) N e(7)
Nuclide .
Half-life <ly 3 Months 2ly 1 Years 5 Years 10 Years 15 Years Adult
Hg-191m 508 m 0.04 5.6E-10 0.02 3.1E-10 1.7E-10 1.1E-10 6.9E-11 5.5E-11
(inorganic)
Hg-191m 508m 1 3.5E-10 1 1.8E-10 9.7E-11 6.0E~-11 4.2E-11 3.4E-11
(organic) 0.8 42E-10 0.4 2.8E-10 1.5E-10 9.4E-11 6.2E-11 5.0E-11
Hg-192 4.85h 0.04 2.1E-09 0.02 1.3E-09 7.0E-10 4.6E-10 29E-10 23E-10
(inorganic)
Hg-192 485h 1 6.4E-10 1 3.6E-10 20E-10 1.3E-10 8.6E-11 7.2E-11
(organic) 0.8 9.7E-10 04 9.6E-10 5.3E-10 3.4E-10 2.2E-10 1.8E-10
Hg-205 52m 004 1.3E-10 0.02 5.8E-11 2.8E-11 16E-11 1.1E-11 8.3E-12
(inorganic)
Hg-205 52m 1 1.3E-10 1 58E-11 28E-11 1.6E-11 1.1E-11 84E-12
(organic) 0.8 1.3E-10 0.4 58E-11 2.8E-11 16E-11 1.1E-11 8.3E-12
Hg-206 8.15m 004 3.3E-10 0.02 1.5E-10 7.0E-11 4.0E-11 27E-11 2.1E-11
(inorganic) '
Hg-206 815m 1 3.3E-10 1 1.5E-10 7.1E-11 40E-11 2.7E-11 2.1E-11
(organic) 08 3.3E-10 0.4 1.5E-10 7.0E-11 4.0E-11 2.7E-11 21E-11
Thallium
TI-190 26m 1 2.1E-10 1 9.7E-11 48E-11 28E-11 1.9E-11 15E-11
TI-190m 37m 1 1.8E-10 1 8.2E-11 4.2E-11 25E-11 1.7E-11 14E-11
Ti-196 184h 1 5.7E-10 1 29E-10 1.5E-10 9.5E-11 6.6E-11 54E-11
Ti-206 4199 m 1 1.1E-10 1 47611 23E-11 13E-11 8.8E-12 6.9E-12
TI-206m 374m 1 1.4E-10 1 6.7E-11 34E-11 20E-11 14E-11 1.1E-11
Ti-207 477Tm 1 1.1E-10 1 49E-11 24E-11 13E-11 9.1E-12 7.1E-12
TI-208 3053 m 1 1.1E-10 1 5.2E-11 26E-11 1.5E-11 1.1E-11 8.6E-12
Ti-209 216tm 1 8.8E-11 1 40E-11 20E-11 1.2E-11 82E-12 64E-12
Ti-210 130m 1 9.2E-11 1 41E-11 20E-11 1.2E-11 8.2E-12 6.5E-12
Lead
Pb-194 120m 0.6 2.6E-10 0.2 1.2E-10 6.2E-11 3.7E-11 25E-11 2.0E-11
Pb-196 37Tm 0.6 2.9E-10 0.2 1.5E-10 8.1E-11 5.0E-11 3.4E-11 28E-11
Pb-197 8m 06 6.5E-11 0.2 34E-11 18E-11 1.2E-11 8.2E-12 6.6E-12
Pb-197m 43m 06 4.9E-10 0.2 2.6E-10 14E-10 83E-11 5.6E-11 4.5E-11
Pb-204m 67.2m 06 4.1E-10 0.2 24E-10 1.3E-10 8.7E-11 6.0E-11 5.0E-11
Bismuth
Bi-197 933m 0.1 2.8E-10 0.05 1.4E-10 7.1E-11 43E-11 3.0E-11 24E-11
Bi-204 11.22h 01 4.8E-09 0.05 3.1E-09 1.8E-09 1.2E-09 7.7E-10 6.1E-10
Bi-208 3.68E+5y 0.1 8.2E-09 0.05 55E-09 3.2E-09 2.2E-09 14E-09 1.2E-09
Bi-211 214m 041 1.9E-10 0.05 8.3E-11 40E-11 23E-11 15E-11 1.2E-11
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Table 4—(continued)
Physical /i e(7) 4 e(t)

Nuclide .
Half-life <1y ~ 3Months  >1y 1 Years 5 Years 10 Years 15 Years Adult

Bi—215 76 m 0.1 1.3E-09 0.05 5.6E-10 2.7E-10 1.5E-10 1.0E-10 8.0E-11
Polonium

Po-204 353 h 1 1.8E-09 0.5 14E-09 7.5E-10 4.8E-10 3.1E-10 2.5E-10

Po-206 8.8 d 1 41E-07 0.5 1.1E-07 5.8E-08 3.5E-08 2.1E-08 1.7E-08

Po-208 2898 y 1 3.7E-05 0.5 1.1E-05 5.4E-06 3.2E-06 2.0E-06 1.5E-06

Po-209 102y i 3.6E-05 0.5 1.1E-05 54E-06 3.2E-06 2.0E-06 1.5E-06

Po-218 3.10m 1 1.3E-09 05 25E-10 1.2E-10 7.2E-11 46E-11 3.7E-11
Astatine

At-205 262 m 1 9.2E-10 1 46E-10 24E-10 1.4E-10 9.6E-11 7.7E-11

At-208 1.63 h 1 9.8E-10 1 53E-10 28E-10 1.7E-10 1.2E-10 9.4E-11

At-209 541 h 1 7.5E-09 1 5.1E-09 3.2E-09 2.4E-09 2.1E-09 1.9E-09

At-210 81h 1 9.2E-08 1 6.2E-08 3.2E-08 1.9E-08 1.2E-08 9.8E-09
Francium

Fr-212 200 m 1 6.1E-09 1 3.8E-09 2.0E-09 1.2E-09 8.1E-10 7.1E-10

Fr-221 49 m 1 2.4E-09 1 1.2E-09 5.8E-10 34E-10 2.1E-10 1.7E-10
Radium

Ra-230 93 m 06 2.5E-09 0.2 1.3E-09 6.5E-10 3.7E-10 2.3E-10 1.9E-10
Actinium

Ac-223 210m 0005 64E-10 5E-04 28E-10 14E-10 7.7E-11 53E-11 4.1E-11
Ac-229 627m 0005 6.1E-10 5E-04 29E-10 15E-10 8.5E-11 5.5E-11 4.4E-11
Ac-230 203333 m 0.005 8.6E-11 SE-04  3.8E-11 19E-11 1.1E-11 7.3E-12 5.7E-12

Thorium

Th-233 223 m 0.005 3.4E-10 5E-04 1.5E-10 7.4E-11 4.2E-11 28E-11 22E-11
Protactinium

Pa-229 1.50d 0.005 2.0E-09 5E-04 1.1E-09 6.2E-10 4.0E-10 2.7E-10 22E-10

Pa-234m 117 m 0.005 49E-11 5E-04 21E-11 1.0E-11 58E-12 40E-12 3.1E-12

Pa-236 9.1 m 0.005 3.4E-10 5E-04 1.5E-10 7.5E-11 43E-11 29E-11 23E-11
Uranium

U-228 91m 004 2.9E-09 0.02 1.3E-09 6.3E-10 3.5E-10 24E-10 1.9E-10
Neptunium

Np-231 488m 0005 40E-10 5E-04 1.9E-10 9.6E-11 5.6E-11 3.7E-11 2.9E-11
Np—-240m 722m 0005 22E-10 5E-04 99E-11 48E-11 28E-11 1.9E-11 1.5E-11
Np-241 139m 0005 25E-10 5E-04 1.1E-10 55E-11 32E-11 2.2E-11 1.8E-11

Plutonium .
Pu-232 341m 0005 24E-09 5E-04 1.2E-09 6.8E-10 4.5E-10 3.4E-10 2.9E-10

Americium _
Am-247 230m 0005 47e-10 5E-04 21E-10 1.0E-10 5.9E-11 3.9E-11 3.1E-11
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Table 4-(continued)

Nuclide  pusical fi e(t) S e(t)
Half-life <ly 3 Months 2ly 1 Years 5 Years 10 Years 15 Years Adult

Curium

Cm-239 29h 0005 10E-09 5E-04 53E-10 2.7E-10 1.7E-10 1.0E-10 8.2E-11
Berkelium

Bk-244 435h 0005 40E-09 S5E-04 26E-09 16E-09 1.1E-09 7.9E-10 6.9E-10

Bk-248m 237h 0005 23E-08 5E-04 1.5E-08 8.6E-09 5.5E-09 3.8E-09 3.3E-09

Bk-251 556 m 0.005 58E-10 5E-04 28E-10 14E-10 8.1E-11 55E-11 44E-11
Californium

Cf-247 311h 0005 28E-10 5E-04 15E-10 8.3E-11 5.3E-11 3.5E-11 29E-11

Cf-255 . 85m 0005 9.2E-10 S5E-04 29E-10 1.5E-10 85E-11 5.1E-11 4.0E-11

Cf-256 123 m 0005 2708 5E-04 1.3E-08 7.2E-09 4.8E-09 3.8E-09 3.3E-09
Einsteinium

Es—-249 1022 m 0005 24E-10 5E-04 1.3E-10 6.8E-11 4.2E-11 28E-11 22E-11

Es—255 39.8d 0005 3.0E-07 5E-04 4.5E-08 24E-08 1.5E-08 7.5E-09 6.0E-09

Es—256 254m 0.005 28E-08 S5E-04 15E-08 8.7E-09 6.1E-09 4.5E-09 4.1E-09
Fermium »

Fm-251 530 h 0005 9.0E-10 5E-04 48E-10 25E-10 1.5E-10 9.1E-11 7.2E-11

Fm-256 1576 m 0005 18E-07 5E-04 9.8E-08 5.6E-08 3.9E-08 2.9E-08 2.6E-08
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Table 5 Effective dose coefficients for members of the public
Inhalation dose coefficients, e ( ), to age 70 y (Sv Bq'l)

. Physical N e(t) N e(t)
Nuclide .. Type
Half-life <ly 3Months >1y 1Years 5 Years 10 Years 15 Years Adult
Magnesium
Mg-27 9462m F 1 8.1E-11 0.5 47E-11 21E-11 14E-11 84E-12 7.2E-12
M 1 11E-10 0.5 6.4E-11 29E-11 19E-11 1.2E-11 1.0E-11
Aluminium
Al-28 22414m F 002 3.1E-11 001 1.9E-11 8.7E-12 5.6E-12 3.5E-12 3.0E-12
M 002 35E-11 0.0t 2.1E-11 98E-12 6.3E-12 39E-12 3.4E-12
Al-29 656m F 002 72E-11 0.01 42E-11 19E-11 1.2E-11 76E-12 6.5E-12
M 002 93E-11 001 54E-11 25E-11 16E-11 1.0E-11 8.6E-12
Phosphorus
P-30 2498 m F 1 3.4E-11 0.8 20E-11 9.0E-12 59E-12 36E-12 3.2E-12
M 1 3.8E-11 0.8 23E-11 1.0E-11 6.7E-12 42E-12 3.7E-12
Sulphur
§-37 505m F 1 6.1E-11 08 3.8e-11 1.8E-11 11E-11 7.0E-12 6.0E-12
(inorganic) M 02 76E-11 0.1 47E-11 2.2E-11 14E-11 8.7E-12 7.4E-12
S 002 7.7E-11 0.01 48E-11 22E-11 14E-11 89E-12 7.6E-12
S-38 1703 m F 1 13E-09 038 9.1E-10 44E-10 28E-10 1.7E-10 1.4E-10
(inorganic) M 02 29E-09 0.1 1.7E-09 8.3E-10 5.3E-10 3.3E-10 2.7E-10
S 002 31E-09 0©.01 1.8E-09 8.7E-10 5.6E-10 3.5E-10 29E-10
Chlorine
Cl-34m 3200 m F 1 3.4E-10 1 1.9E-10 89E-11 5.5E-11 3.2E-11 2.7E-11
M 1 5.0E-10 1 29E-10 1.3E-10 8.4E-11 53E-11 4.4E-11
CI-40 135m F 1 24E-11 1 1.6E-11 74E-12 4.7E-12 29E-12 25E-12
M 1 2.6E-11 1 1.7E-11 8.0E-12 5.1E-12 3.1E-12 2.7E-12
Potassium
K-38 7636m F 1 1.1E-10 1 6.5E-11 3.0E-11 19E-11 1.2E-11 9.7E-12
Calcium
Ca-49 8718m F 06 1.3E-10 03 7.8e-11 3.5E-11 2.2E-11 13E-11 1.1E-11
M 02 19E-10 0.1 1.1E-10 5.2E-11 33E-11 2.1E-11 1.8E-11
S 002 20E-10 0.01 1.2E-10 54E-11 3.5E-11 22E-11 1.8E-11
Titanium
Ti-51 576 m F 002 54E-11 0.01 3.1E-11 1.3E-11 8.8E-12 55E-12 48E-12
M 002 70E-11 001 39E-11 1.7E-11 12E-11 7.3E-12 6.4E-12
S 002 72E-11 001 40E-11 18E-11 12E-11 75E-12 6.6E-12
Vanadium
V-50 15E+17y F 002 15E-07 0.01 1.6E-07 1.1E-07 9.7E-08 8.6E-08 8.4E-08
M 002 62E-08 001 6.0E-08 4.7E-08 3.9E-08 3.7E-08 3.7E-08
V-52 3743 m F 002 46E-11 0.01 27E-11 1.3E-11 8.1E-12 50E-12 4.3E-12
M 002 55E-11 0.01 33E-11 15E-11 9.7E-12 6.1E-12 5.2E-12
V-53 161m F 002 20E-11 001 1.2E-11 56E-12 3.6E-12 2.3E-12 2.0E-12
M 002 22E-11 001 1.3E-11 6.1E-12 4.0E-12 25E-12 2.2E-12
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Table 5—continued)
Physical _ i e(t) N e(t)

Nuclide . ype
Half-life <ly 3Months 21y 1Years 5 Years 10 Years 15 Years Adult
Chromium
Cr-55 3497m F 0.2 3.6E-11 0.1 20E-11 8.7E-12 5.8E-12 3.6E-12 3.2E-12
M 02 44E-11 0.1 24E-11 11E-11 7.1E-12 45E-12 4.0E-12
S 0.2 4 5E-11 0.1 25E-11 1.1E-11 7.2E-12 4.6E-12 4.1E-12
Cr-56 594m F 0.2 79E-11 0.1 46E-11 21E-11 1.3E-11 79E-12 6.8E-12
M 0.2 1.1E-10 0.1 6.5E-11 3.0E-11 19E-11 1.2E-11 11E-11
S 0.2 1.2E-10 0.1 6.7E-11 3.1E-11 20E-11 13E-11 1.1E-11
Manganese
Mn-57 142333 m F 0.2 1.6E-11 0.1 9.3E-12 4.1E-12 28E-12 1.7E-12 1.6E-12
M 0.2 1.8E-11 0.1 1.0E-11 4.5E-12 3.0E-12 1.9E-12 1.7E-12
Mn-58m 1.08666 m F 0.2 1.8E-11 01 . 11E-11 53E-12 34E-12 21E-12 1.8E-12
M 0.2 1.9E-11 0.1 1.2E-11 56E-12 3.6E-12 22E-12 19E-12
Iron
Fe-53 85Tm F 0.6 9.8E-11 0.1 5.6E-11 25E-11 1.6E-11 9.5E-12 8.0E-12
M 0.2 1.2E-10 0.1 71E-11 3.2E-11 21E-11 13E-11 1.1E-1
S 002 13E-10 0.01 7.3E-11 3.3E-11 21E-11 1.3E-11 1.1E-11
Cobalt
Co—62 150m F 0.6 2.2E-11 0.1 1.3E-11 6.2E-12 4.0E-12 25E-12 2.2E-12
M 0.2 2.4E-11 0.1 1.5E-11 6.8E-12 44E-12 2.7E-12 2.4E-12
S 002 24E-11 00t 1.5E-11 6.8E-12 44E-12 28E-12 24E-12
Copper
Cu-62 974m F 1 1.1E-10 0.5 6.1E-11 2.7E-11 1.7e-11 1.0E-11 8.9E-12
M 1 1.5E-10 0.5 8.3E-11 3.7E-11 24E-11 15E-11 1.3E-11
S 1 1.5E-10 0.5 8.6e-11 38E-11 25E-11 15E-11 13E-11
Cu-66 5088 m F 1 51E-11 0.5 28E-11 1.2E-11 7.9E-12 49E-12 44E-12
M 1 6.5E-11 0.5 3.5E-11 15E-11 10E-11 6.5E-12 5.7E-12
S 1 6.6E-11 0.5 3.6E-11 16E-11 10E-11 6.6E-12 59E-12
Arsenic
As—68 2.52666m M 1 5.5E-11 0.5 35E-11 1.7E-11 1.1E-11 6.6E-12 5.6E-12
As-79 90im M 1 1.4E-10 0.5 7.5e-11 3.3E-11 2.2E-11 1.5E-11 1.3E-11
Selenium
Se-71 474m F 1 6.7E-11 0.8 40E-11 18E-11 1.2E-11 7.1E-12 6.0E-12
M 02 8.3E-11 0.1  49E-11 23E-11 1.5E-11 9.1E-12 7.8E-12
S 002 85E-11 0.01 50E-11 23E-11 1.5E-11 9.3E-12 8.0E-12
Se-72 840d F 1 3.0E-08 0.8 20E-08 1.1E-08 8.4E-09 26E-09 20E-09
M 02 2.6E-08 0.1 1.6E-08 8.8E-09 6.0E-09 3.9e-09 3.3E-09
S 002 25E-08 0.01 1.6E-08 8.7E-09 5.8E-09 4.3E-09 3.7E-09
Se-79m 392m F 1 1.7E-11 0.8 1.0E-11 4.6E-12 3.1E-12 2.1E-12 1.8E-12
M 02 2.1E-11 0.1 1.3E-11 5.7E-12 39E-12 2.7E-12 2.3E-12
S 002 21E-11 0.01 1.3E-11 59E-12 40E-12 28E-12 24E-12
Bromine :
Br-77m 428m F 1 2.3E-11 1 14E-11 6.2E-12 4.2E-12 28E-12 24E-12

M 1 2.9E-11 1 1.7E-11 79E-12 54E-12 3.6E-12 3.1E-12
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Table 5—(continued)

Physical /i e(t) N e(t)

Nuclide ) ype
Half-life <ly 3Months 21y 1Years 5 Years 10 Years 15 Years Adult
Br-78 646m F 1 6.8E-11 1 39E-11 18E-11 1.1E-11 7.0E-12 6.0E-12
M 1 8.8E-11 1 51E-11 23E-11 15E-11 9.3E-12 8.0E-12
Br-82m 6.13m F 1 1.3E-11 1 9.1E-12 4.6E-12 28E-12 1.7E-12 1.4E-12
M 1 1.8E-11 1 1.2E-11 6.4E-12 41E-12 2.9E-12 2.3E-12
Br-84m 60m F 1 7.7E-11 1 48E-11 23E-11 14E-11 8.8E-12 7.4E-12
M 1 9.6E-11 1 6.0E-11 28E-11 18E-11 1.1E-11 9.4E-12
Rubidium
Rb-77 377 m 1 7.3E-11 1 43E-11 20E-11 1.2E-11 7.6E-12 6.5E-12
1 94E-11 1 55E-11 26E-11 16E-11 1.0E-11 89E-12
1 9.7E-11 1 5.6E-11 26E-11 1.7E-11 1.1E-11 9.1E-12
Rb-78 17.66 m 1 2.3E-10 1 14E-10 6.5E-11 4.0E-11 24E-11 2.0E-11
1 3.2E-10 1 1.9E-10 8.8E-11 5.5E-11 3.4E-11 28E-11
3.3E-10 1 19E-10 9.1E-11 5.7E-11 3.5E-11 29E-11
Rb-82 1273 m 1 1.7E-11 1 1.0E-11 4.8E-12 3.1E-12 19E-12 1.7E-12

1 4 8E-11 1 3.0E-11 14E-11 9.0E-12 56E-12 4.7E-12
1 1.6E-12 1 1.2E-12 6.2E-13 3.7E-13 2.2E-13 1.7E-13
1 4.3E-11 1 25E-11 1.1E-11 74E-12 4.6E-12 40E-12

Rb-84m 2026 m
Rb-86m 1017 m
Rb-90  2.63333 m

—h

Rb-90m 43 m 1 6.9E-11 1 42E-11 20E-11 13E-11 7.7E-12 6.5E-12
Yttrium
Y-83 708m M 0001 12E-10 1E-04 7.3E-11 3.3E-11 2.1E-11 1.3E-11 1.1E-11
S 0001 13E-10 1E-04 7.4E-11 34E-11 22E-11 1.4E-11 1.1E-11
Y-83m 285m M 0001 53E-11 1E-04 3.1E-11 14E-11 92E-12 58E-12 4.9E-12
S 0001 b54E-11 1E-04 3.2E-11 1.5E-11 95E-12 59E-12 5.1E-12
Y-84m 40m M 0001 6.0E-10 1E-04 3.7E-10 1.8E-10 1.1E-10 6.9E-11 5.6E-11
S 0001 6.2E-10 1E-04 3.8E-10 1.8E-10 1.1E-10 7.2E-11 5.8E-11
Y-85 268h M 0001 94E-10 1E-04 58E-10 28E-10 1.86-10 1.1E-10 9.1E-11
S 0.00t 9.7E-10 1E-04 6.0E-10 2.9E-10 1.9E-10 1.2E-10 9.6E-11
Y-85m 48 h M 0001 1.7E-09 1E-04 14.1 E-09 5.1E-10 3.2E-10 2.0E-10 1.6E-10
S 0001 18E-09 1E-04 1.1E-09 5.3E-10 3.4E-10 2.0E-10 1.7E-10
Y-87m 1337h M 0001 1.2E-09 1E-04 7.6E-10 3.86-10 2.5E-10 1.7E-10 1.3E-10
S 0001 12E-09 1E-04 79E-10 4.0E-10 26E-10 1.7E-10 1.4E-10
Zirconium
Zr-85 786m F 002 12E-10 0002 7.3E-11 33E-11 21E-11 12E-11 1.0E-11
M 002 1{17E-10 0002 1.0E-10 46E-11 29E-11 1.8E-11 1.5E-11
S 002 18E-10 0002 1.0E-10 48E-11 30E-11 19E-11 1.6E-11
Zr-87 1.68h F 002 59E-10 0002 34E-10 15E-10 9.5E-11.  53E-11 4.4E-11
M 002 92E-10 0002 55E-10 26E-10 1.7E-10 1.1E-10 8.7E-11
S 002 95E-10 0002 58E-10 2.7E-10 1.7E-10 1.1E-10 9.2E-11
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Table 5~(continued)

. Physical S e(t) S : e(7)
Nuclide . T
Half-life <ly 3Months 2>ly 1 Years 5 Years 10 Years 15 Years Adult
Z2r-89m 418m F 002 87E-12 0002 63E-12 3.2E-12 19E-12 1.2E-12 94E-13
M 002 11E-11 0002 7.7E-12 39E-12 24E-12 1.5E-12 1.2E-12
S 002 1.1E-11 0002 78E-12 40E-12 25E-12 1.6E-12 1.3E-12
Niobium
Nb—-88m 78m F 002 13E-10 0.01 8.1E-11 39E-11 24E-11 15E-11 1.2E-11
M 002 17E-10 0.01 1.0E-10 48E-11 3.0E-11 1.9E-11 1.6E-11
S 002 17e-10 001 1.0E-10 5.0E-11 3.1E-11 19E-11 1.6E-11
Nb-91 68E+2y F 002 16E-09 0.01 1.1E-09 56E-10 3.2E-10 2.0E-10 1.7E-10
M 002 19E-09 001 1.5E-09 8.0E-10 5.0E-10 3.7E-10 2.9E-10
S 002 57E-09 001 53E-09 3.4E-09 24E-09 20E-09 1.9E-09
Nb-91m 6086d F 002 6.1E-09 0.01 3.5E-09 1.7E-09 9.2E-10 5.3E-10 4.5E-10
M 002 15E-08 0.01 1.0E-08 6.3E-09 4.6E-09 4.3E-09 3.3E-09
S 002 18E-08 0.0t 1.3E-08 7.7E-09 5.7E-09 5.3E-09 4.1E-09
Nb-92 347E+7y F 002 25E-08 0.01 2.1E-08 1.2E-08 8.2E-09 5.7E-09 5.1E-09
M 002 22E-08 001 1.8E-08 1.1E-08 7.8E-09 6.1E-09 5.3E-09
S 002 63E-08 0.01 6.2E-08 44E-08 3.2E-08 29E-08 2.7E-08
Nb-92m 10.15d F 002 26E-09 0.01 20E-09 10E-09 6.7E-10 4.2E-10 3.5E-10
M 002 30E-09 0.01 2.2E-09 12E-09 7.9E-10 5.3E-10 4.2E-10
S 002 3.1E-09 0.01 23E-09 13E-09 8.1E-10 55E-10 4.4E-10
Nb-94m 626m F 002 26E-12 0.01 1.7E-12 8.5E-13 49E-13 3.1E-13 2.5E-13
M 002 33E-12 0.01 2.1E-12 1.1E-12 6.3E-13 4.1E-13 3.3E-13
S 002 34E-12 0.01 2.2E-12 1.1E-12 6.4E-13 4.2E-13 3.4E-13
Molybdenum
Mo-91 1549 m F 1 1.6E-10 08 9.2E-11 4.1E-11 25E-11 15E-11 1.3E-11
M 02 24E-10 0.1 1.3E-10 6.0E-11 3.8E-11 24E-11 2.0E-11
S 002 25E-10 0.01 14E-10 6.2E-11 3.9E-11 24E-11 2.1E-11
Mo-102 113m F 1 20E-10 08 1.1E-10 45E-11 29E-11 1.8E-11 1.6E-11
M 02 29E-10 01 1.5E-10 6.7E-11 4.4E-11 28E-11 24E-11
S 002 3.0E-10 0.01 1.6E-10 6.9E-11 4.5E-11 29E-11 2.5E-11
Technetium
Tc-102m 435m F 1 5.7E-11 0.8 3.6E-11 1.7E-11 1.1E-11 6.6E-12 5.5E-12
M 02 6.7E-11 0.1 42E-11 20E-11 13E-11 7.8E-12 6.6E-12
S 002 68E-11 0.01 42E-11 20E-11 13E-11 8.0E-12 6.7E-12
Rufhenium -
Ru-95 1643h F 0.1 24E-10 0.05 1.8E-10 9.2E-11 5.6E-11 3.2E-11 2.6E-11
M 01 32E-10 005 23E-10 1.2E-10 7.3E-11 4.4E-11 3.5E-11
S 002 33E-10 0.01 23E-10 1.2E-10 7.5E-11 4.6E-11 3.6E-11
Rhodium
Rh-97 307m F 0.1 1.7E-10 0.05 1.0E-10 49E-11 3.0E-11 1.8E-11 1.5E-11
M 01 25E-10 0.05 1.5E-10 7.0E-11 44E-11 28E-11 23E-11
S 01 26E-10 0.05 1.5E-10 7.3E-11 4.6E-11 29E-11 24E-11
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Table 5—(continued)

Nuclige  Physical S e(t) N e(t)
Half-life <ly 3Months >ly 1Years 5 Years 10 Years 15 Years Adult
Rh-97m 462m F 0.1 19E-10 0.05 1.3E-10 6.5E-11 40E-11 23E-11 1.9E-11
M 01 25E-10 005 1.7E-10 8.5E-11 53E-11 3.3E-11 2.7E-11
S 01 26E-10 005 1.8E-10 88E-11 55E-11 34E-11 2.7E-11
Rh-98 87m F 041 11E-10 005 6.3E-11 29E-11 18E-11 1.1E-11 9.3E-12
M 01 t4E-10 005 83E-11 3.8E-11 24E-11 1.5E-11 1.3E-11
S 01 1.5E-10 0.05 85E-11 39E-11 25E-11 1.5E-11 1.3E-11
Rh-100m 46m F 0.1 16E-11  0.05 1.1E-11 57E-12 3.6E-12 23E-12 1.9E-12
M 01 20E-11  0.05 14E-11 7.1E-12 46E-12 3.0E-12 24E-12
S 01 21E-11 005 14E-11 7.2E-12 4.7E-12 3.1E-12 25E-~12
Palladium
Pd-98 177m F 005 20E-10 0005 1.2E-10 5.3E-11 3.3E-11 19E-11 1.6E-11
M 005 31E-10 0005 1.8E-10 8.2E-11 S5.1E-11 3.2E-11 2.7E-11
S 005 32e-10 0.005 18E-10 8.5E-11 5.3E-11 3.4E-11 28E-11
Pd-99 214m F 005 13E-10 0005 84E-11 40E-11 25E-11 15E-11 1.2E-11
M 005 19E-10 0005 12E-10 56E-11 35E-11 2.2E-11 1.8E-11
S 005 20E-10 0.005 1.2E-10 5.7E-11 3.7E-11 23E-11 1.9E-11
Pd-109m 469m F 005 30E-11 0005 1.7E-11 7.6E-12 50E-12 3.0E-12 26E-12
M 005 44E-11 0005 26E-11 1.2E-11 8.1E-12 55E-12 4.6E-12
S 005 46E-11 0005 27E-11 1.2E-11 85E-12 5.7E-12 4.9E-12
Pd-111 234m F 005 16E-10 0.005 8.6E-11 3.7E-11 24E-11 15E-11 1.3E-11
M 005 27E-10 0005 14E-10 6.6E-11 43E-11 29E-11 2.5E-11
S 005 28E-10 0005 1.5E-10 6.9E-11 46E~11 3.1E-11 2.6E-11
Pd-112 2103h F 005 74E-09 0005 42E-09 1.8E-09 1.1E-09 5.9E-10 4.9E-10
M -005 12E-08 0005 7.0E-09 3.2E-09 2.1E-08 1.2E-09 1.0E-09
S 005 12E-08 0005 7.3E-09 34E-09 22E-09 1.3E-09 1.1E-09
Silver
Ag-101 111im F 0.1 1.1E-10 005 6.5E-11 3.0E-11 19E-11 1.1E-11 9.5E-12
M 01 1.5E-10 005 8.7E-11 4.0E-11 26E-11 1.6E-11 1.3E-11
S 002 15e-10 0.01 89E-11 4.2E-11 26E-11 1.7E-11 1.4E-11
Ag-105m 723m F 01 14E-12 005 79E-13 3.7E-13 2.3E-13 1.4E-13 1.2E-13
M 01 1.7E-12 005 9.2E-13 46E-13 29E-13 2.0E-13 1.6E-13
S 002 17e-12 0.01 9.5E-13 4.8E-13 3.0E-13 21E-13 1.7E-13
Ag-108 237Tm F 041 22E-11 005 1.3E-11 54E-12 3.7E-12 23E-12 2.1E-12
M 0t 25E-11 005 1.5E-11 6.3E-12 43E-12 27E-12 24E-12
S 002 26E-11 0.01 1.5E-11 64E-12 44E-12 28E-12 25E-12
Ag-111m 1.08m F 01 1.3E-12 005 7.8E-13 4.1E-13 27E-13 1.8E-13 15E-13
M 01 18E-12 005 12E-12 6.3E-13 44E-13 3.3E-13 2.7E-13
S 002 19E-12 0.01 1.2E-12 6.7E-13 4.6E-13 3.6E-13 29E-13
Ag-113 537h F 01 10E-09 005 56E-10 23E-10 14E-10 7.4E-11 6.3E-11
M 01 19E-09 005 1.1E-09 49E-10 3.2E-10 1.9E-10 1.6E-10
S 002 21E-09 001 1.2E-09 5.2E-10 3.4E-10 2.1E-10 1.7E-10
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Table 5-(continued)

.. Physical A e(t) N e(1)
Nuclide . ype
Half-life <ly 3Months 2>1y 1Years 5 Years 10 Years 15 Years Adult
Ag-113m 1.145m F 01 74E-12 005 43E-12 19E-12 13E-12 7.6E-13 6.7E-13
M 01 98E-12 005 58E-12 26E-12 1.7E-12 1.1E-12 9.4E-13
S 002 10E-11 001 60E-12 27E-12 18E-12 1.1E-12 9.7E-13
Cadmium
Cd-105 555m F 01 16E-10 005 1.1E-10 5.3E-11 3.3E-11 19E-11 1.6E-11
M 01 23E-10 005 15E-10 7.2E-11 45E-11 28E-11 23E-11
S 01 24E-10 005 1.5E-10 7.4E-11 47E-11 29E-11 24E-11
Cd-111lm 4854m F 01 10E-10 005 6.4E-11 29E-11 19E-11 12E-11 1.0E-1
M 01 18E-10 005 1.1E-10 53E-11 3.7E-11 26E-11 22E-11
S 01 19E-10 005 1.2E-10 56E-11 39E-11 28E-11 23E-11
Cd-113m 141y F 01 30E-07 005 27E-07 1.7E-07 1.3E-07 1.1E-07 1.1E-07
M 01 14E-07 005 1.2E-07 7.8E-08 59E-08 53E-08 5.3E-08
S 01 11E-07 005 7.8E-08 50E-08 3.6E-08 3.1E-08 3.0E-08
Cd-118 503m F 01 54E-10 0.05 27E-10 1.1E-10 7.1E-11 4.1E-11 3.5E-11
M 01 93E-10 0.05 49E-10 22E-10 1.4E-10 8.7E-11 7.4E-11
S 01 98E-10 005 ©51E-10 23E-10 15E-10 9.3E-11 7.8E-11
Indium
In-107 324m F 0.04 15E-10 0.02 98E-11 47E-11 29E-11 1.7E-11 14E-1
M 004 23E-10 002 15E-10 7.2E-11 46E-11 3.0E-11 24E-11
In-108 580m F 004 33E-10 002 25E-10 1.3E-10 7.8E-11 4.6E-11 3.7E-11
M 004 43E-10 002 31E-10 1.6E-10 99E-11 6.0E-11 4.8E-11
In-108m 396m F 004 28E-10 002 1.7E-10 83E-11 51E-11 3.0E-11 24E-1
M 004 40E-10 002 24E-10 1.2E-10 7.2E-11 45E-11 3.7E-11
In-109m 134m F 004 37E-12 002 27E-12 14E-12 85E-13 5.1E-13 4.1E-13
M 004 42E-12 002 31E-12 16E-12 9.7E-13 6.0E-13 4.8E-13
In-111m 77m F 004 15E-11 002 10E-11 4.8E-12 3.0E-12 1.8E-12 1.5E-12
M 004 19E-11 002 13E-11 6.2E-12 4.0E-12 25E-12 21E-12
I--112m  2056m F 004 12E-10 002 6.8E-11 3.0E-11 20E-11 1.2E-11 1.1E-11
M 004 20E-10 002 12E-10 53E-11 36E-11 25E-11 2.1E-11
In-114 1.19833m F 004 12E-11 002  7.2E-12 3.1E-12 2.1E-12 1.4E-12 1.2E-12
M 004 14E-11 002 79E-12 3.4E-12 23E-12 1.5E-12 1.3E-12
In-118m 4364m F 004 55E-11 002 36E-11 1.7E-11 1.1E-11 6.6E-12 5.6E-12
M 004 67E-11 002 43E-11 20E-11 1.3E-11 8.1E-12 6.8E-12
In-119 24m F 004 25E-11 002 15E-11 69E-12 45E-12 28E-12 25E-12
M 004 29E-11 002 18E-11 79E-12 52E-12 3.3E-12 2.9E-12
Tin
Sn-108 1030m F 004 83E-11 002 54E-11 26E-11 1.6E-11 94E-12 7.6E-12
M 004 12E-10 002 75E-11 3.6E-11 23E-11 1.4E-11 1.1E-11
Sn-109 180m F 004 8.1E-11 002 6.1E-11 3.2E-11 19E-11 1.1E-11 9.1E-12
M 004 10E-10 002 7.5E-11 39E-11 24E-11 15E-11 1.2E-11
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Table 5—continued)

, Physical A e(t) N e(t)
Nuclide .o Type
Half-life <ly 3Months 21y 1Years 5 Years 10 Years 15 Years Adult
Sn-113m 214m F 004 18E-11 002 11E-11 52E-12 34E-12 24E-12 20E-12
M 004 31E-11 002 19E-11 9.7E-12 6.5E-12 4.9E-12 4.1E-12
Sn-1 25m 952m F 004 79E-11 002 44E-11 19E-11 1.3E-11 7.7E-12 6.7E-12
M 004 11E-10 002 6.1E-11 27E-11 18E-11 1.1E-11 9.8E-12
Antimony
Sb-114 349m F 02 46E-11 0.1 29E-11 1.4E-11 88E-12 54E-12 45E-12
M 002 54E-11 0.01 3.4E-11 1.6E-11 10E-11 6.3E-12 5.3E-12
S 002 55E-11 0.01 3.59E-11 16E-11 1.0E-11 64E-12 54E-12
Sb-118 36m F 02 33E-11 0.1 20E-11 89E-12 5.7E-12 3.5E-12 3.1E-12
M 002 40E-11 0.0t 23E-11 1.1E-11 6.9E-12 4.3E-12 3.7E-12
S 002 40E-11 0.01 24E-11 11E-11 7.0E-12 44E-12 38E-12
Sb-122m 4191Tm F 02 1.1E-11 0.1 6.6e-12 3.1E-12 20E-12 1.2E-12 1.0E-12
M 002 1.7E-11 0.01 1.0E-11 5.2E-12 34E-12 24E-12 20E-12
S 002 18E-11 0.1 1.1E-11 54E-12 36E-12 25E-12 2.1E-12
Sb-124m 156m F 02 51E-12 0.1 3.3E-12 1.5E-12 1.0E-12 6.2E-13 5.3E-13
M 002 59E-12 0.0t 3.8E-12 1.8E-12 1.2E-12 7.6E-13 6.5E-13
S 002 60E-12 0.01 3.9E-12 19E-12 1.2E-12 8.0E-13 6.8E-13
Tellurium
Te-117 62m F 06 20E-10 0.3 1.4E-10 7.0E-11 43E-11 25E-11 20E-11
M 02 30E-10 0.1 20E-10 98E-11 6.2E-11 3.9E-11 3.1E-11
S 002 31E-10 0.01 2.0E-10 1.0E-10 64E-11 4.0E-11 3.3E-11
Te-118 600d F 06 1.2E-08 0.3 7.5E-09 3.4E-09 1.9E-09 1.1E-09 8.5E-10
M 02 20E-08 0.1 1.3E-08 6.3E-09 4.1E-09 2.7E-09 2.3E-09
S 002 22e-08 0.1 1.3E-08 6.8E-09 4.4E-09 3.0E-09 2.6E-09
Te-119 16.03h F 06 65E-10 03 5.2E-10 2.7E-10 1.6E-10 9.4E-11 7.5E-11
M 02 91E-10 0.1 6.8E-10 3.5E-10 2.2E-10 1.3E-10 1.0E-10
S 002 99E-10 0.01 7.1E-10 3.6E-10 2.3E-10 1.4E-10 1.1E-10
Te-119m 470d F 06 28E-09 0.3 21E-09 1.1E-09 69E-10 4.1E-10 3.4E-10
M 02 39E-09 0.1 28E-09 1.5E-09 9.9E-10 6.5E-10 5.2E-10
S 002 41E-09 0.01 3.0E-09 1.6E-09 1.0E-09 6.9E-10 5.5E-10
Iodine
I-118 137m F 1 6.8E-10 1 55E-10 2.7E-10 1.4E-10 8.3E-11 5.8E-11
M 02 43E-10 0.1 2.5E-10 1.2E-10 6.9E-11 4.2E-11 3.4E-11
S 002 35E-10 0.01 2.0E-10 9.1E-11 5.7E-11 3.5E-11 3.0E-11
119 191m F 1 1.7E-10 1 1.2E-10 56E-11 3.2E-11 1.9E-11 15E-11
M 02 18E-10 0.1 1.1E-10 S5.1E-11 3.2E-11 20E-11 1.7E-11
S 002 18E-10 0.01 1.1E-10 5.0E-11 3.2E-11 2.0E-11 1.7E-11
1-122 363m F 1 3.9E-11 1 23E-11 1.0E-11 6.7E-12 4.1E-12 3.5E-12
M 02 46E-11 0.1 2.7e-11 1.2E-11 7.8E-12 49E-12 4.2E-12
S 002 0.01 2.7E-11 1.2E-11 8.0E-12 50E-12 4.3E-12

4.6E-11
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Table 5—~(continued)

Physical _ N e(t) fi : e(t)

Nuclide ] ype
Half-life <ly 3Months >ly 1Years 5Years 10 Years 15 Years Adult
Caesium
Cs—126 164m F 1 20E-11 1 1.2E-11 55E-12 36E-12 22E-12 19E-12
M 02 22E-11 01 1.3E-11 60E-12 39E-12 24E-12 21E-12
S 002 22E-11 001 13E-11 6.1E-12 40E-12 25E-12 2.1E-12
Cs-128 362m F 1 33E-11 1 19E-11 88E-12 57E-12 35E-12 30E-12
M 02 39E-11 01 23E-11 10E-11 6.8E-12 4.2E-12 3.7E-12
S 002 40E-11 001 23E-11 1.1E-11 69E-12 4.3E-12 3.7E-12
Cs-130m 346m F 1 17E-11 1 1.0E-11 47E-12 30E-12 19E-12 16E-12
M 02 25E-11 01 15E-11 69E-12 45E-12 3.0E-12 2.5E-12
S 002 26E-11 001 15E-11 7.1E-12 46E-12 3.1E-12 2.6E-12
Cs-139 927m F 1 14E-10 1 7.2E-11 3.1E-11 20E-11 1.2E-11 1.0E-11
M 02 22E-10 01 1.2E-10 5.1E-11 3.3E-11 2.1E-11 1.8E-11
S 002 23E-10 001 1.2E-10 54E-11 35E-11 22E-11 1.9E-11
Barium :
Ba-124 110m F 06 19E-10 02 1.1E-10 50E-11 3.1E-11 18E-11 1.6E-11
M 02 26E-10 01 15E-10 6.6E-11 4.2E-11 26E-11 2.2E-11
S 002 27E-10 001 15E-10 68E-11 43E-11 2.7E-11 2.3E-11
Ba-127 127m F 06 85E-11 02 52E-11 24E-11 15E-11 89E-12 7.9E-12
M 02 12E-10 01 69E-11 32E-11 21E-11 1.3E-11 11E-1
S 002 12E-10 001 7.1E-11 33E-11 21E-11 14E-11 1.1E-11
Ba-129 223h F 06 18E-10 02  1.3E-10 64E-11 3.7E-11 2.0E-11 2.0E-11
M 02 27E-10 01 1.7E-10 85E-11 54E-11 3.5E-11 2.9E-11
S 002 29E-10 001 18FE-10 88E-11 57E-11 3.6E-11 3.0E-11
Ba-120m  216h F 06 30E-10 02 25E-10 1.3E-10 7.7E-11 44E-11 3.9E-11
M 02 40E-10 01 29E-10 1.5E-10 9.7E-11 6.0E-11 4.8E-11
S 002 41E-10 001 30E-10 16E-10 99E-11 6.2E-11 4.9E-11
Ba-137m 2552m F 06 49E-12 02 35E-12 17E-12 1.1E-12 66E-13 54E-13
M 02 55E-12 01  39E-12 19E-12 1.2E-12 7.3E-13 6.0E-13
S 002 55E-12 001 39E-12 19E-12 12E-12 7.4E-13 6.1E-13
Lanthanum
La-129 116m F 0005 9.1E-11 5E-04 55E-11 25E-11 16E-11 9.6E-12 8.0E-12
M 0005 13E-10 5E-04 7.6E-11 35E-11 23E-11 14E-11 1.2E-11
La-130 87m F 0005 98E-11 5E-04 59E-11 27E-11 1.7E-11 1.0E-11 8.6E-12
M 0005 1.3E-10 5E-04 7.6E-11 35E-11 22E-11 14E-11 1.2E-11
La-132m  243m F 0005 1.3E-10 5E-04 85E-11 4.1E-11 25E-11 15E-11 1.2E-11
: M 0005 20E-10 5E-04 1.3E-10 6.1E-11 3.9E-11 24E-11 2.0E-11
La-133 3912h F 0005 15E-10 5E-04 10E-10 48E-11 3.0E-11 17E-11 1.4E-11
M 0005 23E-10 5E-04 15E-10 7.0E-11 4.5E-11 2.8E-11 2.3E-11
La-134 645m F 0005 48E-11 5E-04 28E-11 13E-11 8.1E-12 49E-12 4.2E-12
M 0005 6.2E-11 5E-04 36E-11 16E-11 10E-11 6.5E-12 5.6E-12
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Table 5—continued)

Physical A e(t) S e(t)

Nuclide ] y
Half-life <ly 3Months 21y 1Years 5Years 10 Years 15 Years Adult
La-136 987m F 0005 34E-11 5E-04 20E-11 9.2E-12 5.8E-12 3.6E-12 3.0E-12
M 0005 47E-11 5E-04 27E-11 12E-11 80E-12 51E-12 4.3E-12
Cerium ‘

0005 24E-10 5E-04 14E-10 6.7E-11 4.1E-11 24E-11 2.0E-11
0.005 3.8E-10 5E-04 22E-10 1.0E-10 6.5E-11 4.1E-11 3.4E-11
0.005 4.0E-10 5E-04 23E-10 1.1E-10 6.7E-11 4.3E-11 3.5E-11

0.005 1.0E-10 5E-04 6.2E-11 29E-11 1.8E-11 1.1E-11 9.2E-12
0.005 14E-10 5E-04 85E-11 40E-11 26E-11 1.7E-11 1.4E-11
0.005 14E-10 S5E-04 8.7E-11 4.2E-11 2.7e-11 1.7E-11 1.4E-11

0.005 ©58E-11 5E-04 35E-11 1.6E-11 1.0E-11 6.2E-12 5.3E-12
0.005 7.6E-11 5E-04 45E-11 2.1E-11 14E-11 86E-12 7.3E-12
0.005 7.8E-11 S5E-04 4.6E-11 22E-11 14E-11 89E-12 7.6E-12

0.005 9.7E-10 5E-04 6.2E-10 2.9E-10 1.8E-10 9.9E-11 8.1E-11
0.005 14E-09 5E-04 9.2E-10 4.4E-10 2.8E-10 1.6E-10 1.3E-10
0.005 1.5E-09 5E-04 95E-10 4.6E-10 2.9E-10 1.7E-10 1.4E-10

0.005 3.0E-10 5E-04 1.8E-10 84E-11 52E-11 3.0E-11 25E-11
0.005 4.9E-10 5E-04 29E-10 14E-10 9.2E-11 6.1E-11 5.0E-11
0.005 5.1E-10 5E-04 3.0E-10 1.5E-10 9.6E-11 6.4E-11 5.2E-11

0005 7.7eE-10 5E-04 56E-10 2.8E-10 1.8E-10 1.0E-10 8.2E-11
0.005 1.1E-09 5E-04 75E-10 3.8E-10 24E-10 1.5E-10 1.2E-10
0.005 1.1E-09 5E-04 7.7E-10 3.9E-10 2.5E-10 1.5E-10 1.2E-10

0.005 1.7E-10 S5E-04 9.7E-11 43E-11 2.7E-11 1.6E-11 1.4E-11
0.005 28E-10 5E-04 16E-10 7.1E-11 4.6E-11 3.0E-11 25E-11
0.005 29E-10 5E-04 16E-10 7.4E-11 4.8E-11 3.1E-11 26E-11

Ce-130 229 m

Ce-131 102 m

Ce-131m 50m

Ce-132 3.51h

Ce-133 97 m

Ce—-133m 49 h

Ce-146 1352 m

TN 2N TN VI TN T T

Praseodymium

Pr-134 17m M 0005 34E-10 5E-04 20E-10 9.0E-11 57E-11 3.5E-11 29E-11
S 0.005 35E-10 S5E-04 20E-10 9.4E-11 59E-11 3.7E-11 3.1E-11
Pr-134m 11Tm M 0005 21E-10 5E-04 1.3E-10 6.0E-11 3.8E-11 2.3E-11 1.9E-11
S 0005 21E-10 S5E-04 1.3E-10 6.2E-11 3.9E-11 24E-11 20E-11
Pr-135 2dm M 0.005 22E-10 5E-04 1.3E-10 6.1E-11 3.9E-11 25E-11 2.0E-11
S 0005 23E-10 5E-04 13E-10 6.3E-11 4.0E-11 26E-11 2.1E-11
Pr-138 145m M 0005 1.7E-11 5E-04 1.0E-11 4.6E-12 3.0E-12 1.9E-12 1.7E-12
S 0005 17e-11 5E-04 1.0E-11 4.7E-12 3.0E-12 19E-12 1.7E-12
Pr-140 339m M 0.005 25E-11 5E-04 15E-11 6.8E-12 4.4E-12 28E-12 24E-12
S 0005 26E-11 5E-04 15E-11 6.9E-12 45E-12 28E-12 2.4E-12
Pr-144m 72m M 0005 92E-11 5E-04 4.7E-11 21E-11 1.3E-11 85E-12 7.2E-12
S 0005 96E-11 5E-04 49E-11 22E-11 14E-11 9.0E-12 7.6E-12
Pr-146 2415m M 0005 34E-10 5E-04 19E-10 84E-11 53E-11 3.3E-11 28E-11
S 0005 35E-10 5E-04 19E-10 8.7E-11 55E-11 3.5E-11 2.9E-11
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Table 5~(continued)

.. Physical N e(t) i e(1)
Nuclide .. Type
Half-life <ly 3Months 21y 1Years 5 Years 10 Years 15 Years Adult
Neodymium .
Nd-135 124m M 0005 28E-10 5E-04 1.6E-10 7.6E-11 48E-11 3.1E-11 2.6E-11
S 0005 29E-10 5E-04 1.7E-10 79E-11 5.0E-11 3.2E-11 2.7E-11
Nd-137 385m M 0005 30E-10 5E-04 1.8E-10 8.6E-11 55E-11 3.4E-11 28E-11
S 0005 3.1E-10 5E-04 19E-10 89E-11 5.7E-11 3.6E-11 29E-11
Nd-140 337d M 0005 11E-08 5SE-04 6.3E-09 3.0E-09 20E-09 1.3E-09 1.1E-09
) S 0.005 1.1E-08 5E-04 65E-09 3.2E-09 2.1E-09 1.3E-09 1.1E-09
Nd-141m 1.03333m M 0005 26E-12 5E-04 19E-12 9.4E-13 58E-13 3.6E-13 2.9E-13
S 0005 26E-12 5E-04 19E-12 95E-13 59E-13 36E-13 2.9E-13
Nd-144 229E+15y M 0005 20E-05 5E-04 1.9E-05 1.2E-05 85E-06 7.7E-06 7.8E-06
S 0005 1.1E-05 S5E-04 9.6E-06 6.1E-06 4.0E-06 3.4E-06 3.4E-06
Nd-152 114m M 0005 26E-10 SE-04 14E-10 6.2E-11 4.1E-11 26E-11 2.2E-11
S 0005 27E-10 5E-04 15E-10 6.5E-11 4.2E-11 27E-11 2.3E-11
Promethium
Pm-138 324m M 0005 82E-11 5E-04 50E-11 23E-11 15E-11 8.9E-12 7.4E-12
S 0005 84E-11 5E-04 5.1E-11 24E-11 15E-11 9.1E-12 7.6E-12
Pm-139 415m M 0005 64E-11 5E-04 3.7E-11 1.7E-11 1.1E-11 6.9E-12 59E-12
S 0005 6.6e-11 5E-04 38E-11 1.8E-11 1.1E-11 7.1E-12 6.0E-12
Pm-140m 595m M 0.005 10E-10 5E-04 6.5E-11 3.1E-11 20E-11 1.2E-11 1.0E-11
S 0.005 1.1E-10 S5E-04 6.7E-11 3.2E-11 20E-11 1.2E-11 1.0E-11
Pm-152 412m M 0005 63E-11 5E-04 35E-11 15E-11 10E-11 6.4E-12 5.6E-12
S 0005 64E-11 5E-04 36E-11 16E-11 10E-11 65E-12 5.8E-12
Samarium
Sm-140 1482m M 0005 38E-10 5E-04 2.1E-10 9.6E-11 6.0E-11 3.7E-11 3.2E-11
Sm-143 883m M 0005 59E-11 5E-04 3.4E-11 15E-11 9.8E-12 6.2E-12 5.3E-12
Sm-143m 1i1m M 0005 99E-12 5E-04 6.0E-12 28E-12 18E-12 1.1E-12 9.3E-13
Sm~-148 7JE+15y M 0.005 21E-05 5E-04 1.9E-05 1.3E-05 8.9E-06 8.1E-06 8.2E-06
Europium
Eu-143 259m M 0005 51E-1t 5E-04 3.0E-11 14E-11 88E-12 55E-12 4.7E-12
Eu-152n 9% m M 0005 73E-11 5E-04 4.4FE-11 23E-11 15E-11 9.6E-12 8.1E-12
Eu-154m 460m M 0005 41E-11 5E-04 24E-11 1.2E-11 7.5E-12 5.1E-12 4.3E-12
Eu-159 181m M 0.005 25E-10 5E-04 14E-10 6.3E-11 4.1E-11 2.7E-11 2.3E-11
Gadolinium
Gd-145m 141666 m F 0.005 1.2E-11 5E-04 78E-12 38E-12 24E-12 14E-12 1.2E-12
M 0.005 15E-11 5E-04 95E-12 4.7E-12 29E-12 18E-12 1.5E-12
Gd-150 1.79e+6y F 0.005 74E-05 5E-04 6.7E-05 4.1E-05 2.9E-05 24E-05 24E-05
M 0.005 28E-05 S5E-04 25E-05 1.7E-05 1.1E-05 1.0E-05 1.0E-05
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Table 5~(continued)

Nuclide Physicfal N e(t) N e(t)
Half-life <ly 3Months 21y 1Years 5 Years 10 Years 15 Years Adult
Terbium
Tb-147m 1.87m M 0005 16E-11 5E-04 1.1E-11 54E-12 3.4E-12 21E-12 1.7E-12
Tb-148 60m M 0005 64E-10 5E-04 3.9E-10 1.9E-10 1.2E-10 8.1E-11 6.9E-11
Tb-148m 220m M 0005 23E-11 5E-04 1.7E-11 85E-12 53E-12 34E-12 2.9E-12
Tb-149m 416m M 0005 26E-11 5E-04 1.8E-11 89E-12 5.6E-12 3.6E-12 3.0E-12
Tb-150m 98m M 0005 39E-11 5E-04 28E-11 14E-11 8.8E-12 54E-12 4.3E-12
Th-152 175h M 0005 30E-09 5E-04 20E-09 9.7E-10 6.2E-10 3.7E-10 3.0E-10
Tb—152m 42m M 0005 53E-11 5E-04 3.3E-11 15E-11 1.0E-11 6.4E-12 5.5E-12
Tb-162 760m M 0005 96E-11 SE-04 57E-11 26E-11 1.7E-11 1.1E-11 9.7E-12
Th-163 195m M 0005 16E-10 5E-04 9.7E-11 45E-11 3.0E-11 20E-11 1.7E-11
Tb-164 30m M 0005 55E-11 5E-04 3.5E-11 1.6E-11 1.1E-11 6.8E-12 5.8E-12
Tb-165  211m M 0005 51E-11 5E-04 3.0E-11 1.4E-11 9.1E-12 5.9E-12 52E-12
Dysprosium
Dy-149 420m M 0005 34E-10 S5E-04 22E-10 1.4E-10 9.6E-11 8.3E-11 7.1E-11
Dy-150 717m M 0005 16E-09 S5E-04 1.1E-09 6.9E-10 4.8E-10 4.3E-10 3.6E-10
Dy-151 179m M 0005 6.1E-10 5E-04 4.0E-10 2.6E-10 1.8E-10 1.5E-10 1.3E-10
Dy-152 238h M 0005 52E-10 5E-04 35E-10 1.8E-10 1.1E-10 7.2E-11 5.9E-11
Dy-153 64h M 0005 10E-09 5E-04 6.8E-10 3.5E-10 2.3E-10 1.6E-10 1.3E-10
Dy-154  30E+6y M 0.005 30E-05 5E-04 28E-05 1.8E-05 1.2E-05 1.1E-05 1.1E-05
Dy-165m 1.257m M 0.005 1.7E-11 5E-04 96E-12 4.3E-12 2.9E-12 19E-12 1.7E-12
Dy-167 620m M 0005 1.1E-10 S5E-04 6.3E-11 29E-11 1.9E-11 1.2E-11 1.1E-11
Dy-168 87m M 0005 23E-10 5E-04 1.3E-10 58E-11 3.9E-11 25E-11 2.2E-11
Holmium
Ho-152 269666 m M 0.005 23E-10 5E-04 1.5E-10 9.8E-11 6.7E-11 6.1E-11 5.1E-11
Ho-153 202m M 0005 24E-11 S5E-04 15E-11 7.4F-12 48E-12 3.2E-12 2.7E-12
Ho-153m 93m M 0005 14E-10 5E-04 85E-11 4.1E-11 2.7E-11 1.8E-11 1.5E-11
Ho-154 11.76m M 0005 1.7E-10 5E-04 1.0E-10 4.6E-11 29E-11 1.8E-11 1.5E-11
Ho—-154m 310m M 0005 44E-11 5E-04 28E-11 1.3E-11 85E-12 5.3E-12 4.5E-12
Ho-156 56m M 0005 5.7E-10 5E-04 34E-10 1.6E-10 1.0E-10 6.6E-11 5.5E-11
Ho-158 11.3m M 0005 66E-11 5E-04 4.6E-11 2.3E-11 15E-11 95E-12 7.8E-12
Ho-160 256m M 0005 1.1E-10 5E-04 7.7E-11 4.0E-11 25E-11 1.6E-11 1.3E-11
Ho-163 4570y M 0.005 88E-10 5E-04 7.5E-10 4.8E-10 3.3E-10 25E-10 2.6E-10
Ho-168 299m M 0005 43E-11 5E-04 26E-11 1.2E-11 7.7E-12 4.9E-12 4.3E-12
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Table 5—(continued)

.. Physical S e(t) N e(t)
Nuclide .
Half-life <ly 3Months >ly 1Years 5 Years 10 Years 15 Years Adult
Ho-168m 22m M 0005 32E-11 S5E-04 19E-11 8.6E-12 57E-12 3.7E-12 3.2E-12
Ho-170 276 m M 0005 49FE-11 5E-04 30E-11 1.4E-11 9.3E-12 6.0E-12 5.1E-12
Erbium
Er-155 53m M 0005 69E-11 5E-04 4.2E-11 20E-11 13E-11 84E-12 7.1E-12
Er-156 195m M 0005 20E-10 5E-04 1.1E-10 5.6E-11 3.6E-11 24E-11 19E-11
Er-159 3m M 0005 15E-10 5E-04 99E-11 5.0E-11 3.2E-11 21E-11 1.7E-11
Er-163 750m M 0005 12E-11 5E-04 8.0E-12 40E-12 25E-12 1.5E-12 1.2E-12
Thulium
Tm-159 913m M 0.005 11E-10 5E-04 64E-11 3.1E-11 20E-11 13E-11 1.1E-1
Tm-163 1810h M 0.005 30E-10 5E-04 2.1E-10 1.1E-10 7.0E-11 4.5E-11 3.7E-11
Tm-164 20m M 0005 22E-11 5E-04 9.6E-12 44E-12 29E-12 1.8E-12 1.6E-12
Tm-165 3006h M 0.005 18E-09 5E-04 1.2E-09 6.1E-10 4.0E-10 2.7E-10 2.2E-10
Tm-168 93.1d M 0005 22E-08 5E-04 1.6E-08 9.8E-09 6.7E-09 55E-09 4.5E-09
Ytterbium
Yb-163 1105m M 0005 7.7E-11 5E-04 49E-11 24E-11 15E-11 98E-12 8.1E-12
S 0005 79E-11 5E-04 5.1E-11 25E-11 1.6E-11 1.0E-11 8.4E-12
Yb-164 758m M 0005 44F-10 5E-04 26E-10 1.2E-10 7.7E-11 4.9E-11 4.1E-11
S 0005 45E-10 5E-04 27E-10 1.3E-10 8.0E-11 5.2E-11 4.3E-11
Yb-165 99m M 0005 4.1E-11 5E-04 26E-11 1.3E-11 84E-12 59E-12 48E-12
S 0.005 43E-11 5E-04 26E-11 13E-11 87E-12 6.1E-12 5.0E-12
Lutetium
Lu-164 314m M 0005 74E-11 5E-04 43E-11 20E-11 13E-11 81E-12 6.9E-12
S 0.005 75E-11 5E-04 44E-11 20E-11 13E-11 83E-12 7.1E-12
Lu-165 10.74m M 0.005 13E-10 5E-04 7.8E-11 3.7E-11 24E-11 1.6E-11 1.4E-11
S 0005 13E-10 S5E-04 80E-11 3.9E-11 25E-11 1.7E-11 1.4E-11
Lu-166 265m M 0005 44E-11 SE-04 29E-11 14E-11 90E-12 57E-12 49E-12
S 0.005 45E-11 5E-04 29E-11 14E-11 9.1E-12 59E-12 5.0E-12
Lu-166m 141m M 0005 23E-11 5E-04 15E-11 7.0E-12 46E-12 29E-12 2.5E-12
S 0005 23E-11 5E-04 15E-11 7.1E-12 46E-12 3.0E-12 25E-12
Lu-167 51.5m M 0005 30E-10 5E-04 20E-10 1.0E-10 6.6E-11 46E-11 3.7E-11
S 0.005 32E-10 5E-04 2.1E-10 1.1E-10 6.9E-11 4.8E-11 3.9E-11
Lu-168m 67m M 0005 6.1E-11 5E-04 4.1E-11 20E-11 1.3E-11 84E-12 6.9E-12
S 0005 6.2E-11 5E-04 4.2e-11 21E-11 13E-11 86E-12 7.1E-12
Lu-169m 266666 m M 0.005 42E-12 5E-04 29E-12 15E-12 10E-12 7.0E-13 5.6E-13
S 0005 44E-12 5E-04 3.0E-12 16E-12 1.1E-12 7.5E-13 6.1E-13
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Table 5~ continued)

. Physical S e(t) [ e(t)
Nuclide . ype
Half-life <ly 3Months 21y 1Years 5 Years 10 Years 15 Years Adult
Lu-171m 131666 m M 0.005 24E-12 5E-04 15E-12 8.2E-13 57E-13 4.6E-13 3.8E-13
S 0005 24E-12 5E-04 15E-12 84E-13 59E-13 48E-13 3.9E-13
Lu-172m 37m M 0005 48E-12 5E-04 3.1E-12 18E-12 1.2E-12 9.1E-13 7.4E-13
S 0005 50E-12 5E-04 3.3E-12 19E-12 13E-12 98E-13 7.9E-13
Hafnium
Hf-167 205m F 002 19E-11 0002 1.2E-11 56E-12 36E-12 22E-12 1.8E~-12
M 002 25E-11 0002 15E-11 7.6E-12 49E-12 3.2E-12 2.7E-12
Hf-169 32dm F 002 12E-11 0002 8.1E-12 4.0E-12 25E-12 15E-12 1.3E-12
M 002 15E-11 0002 99E-12 50E-12 3.2E-12 21E-12 1.7E-12
Hf-174 20E+15y F 002 7.7E-05 0002 7.1E-05 4.7E-05 3.6E-05 3.1E-05 3.1E-05
M 002 29E-05 0002 26E-05 1.8E-05 1.4E-05 1.3E-05 1.3E-05
Tantalum
Ta-170 676 m M 00t 14E-10 0001 8.2E-11 3.8E-11 25E-11 16E-11 1.3E~11
S 001 15E-10 0001 84E-11 39E-11 25E-11 16E-11 1.4E-11
Ta-178 93tm M 001 14E-11 0001 85E-12 4.1E-12 27E-12 19E-12 1.6E-12
S 001 14E-11 0001 88E-12 42E-12 28E-12 20E-12 1.76-12
Tungsten
W-179m 640m F 06 49E-11 03 29E-11 13E-11 8.6E-12 5.4E-12 48E-12
W-185m 1597m F 06 17E-11 03 99E-12 44E-12 3.0E-12 20E-12 1.8E-12
W-190 300m F 06 41E-10 03 23E-10 1.0E-10 6.8E-11 4.2E-11 3.6E-11
Rhenium
Re-179 195m F 1 89E-11 0.8 5.7E-11 27E-11 1.7E-11 1.0E-11 8.4E-12
M 1 11E-10 08 7.1E-11 3.5E-11 22E-11 15E-11 1.2E-11
Re-180 244m F 1 18E-11 08 1.2E-11 55E-12 3.6E-12 23E-12 1.9E-12
M 1 20E-11 08 1.3E-11 6.2E-12 4.1E-12 26E-12 2.2E-12
Re-183 700d F 1 53E-09 0.8 28E-09 1.7E-09 7.2E-10 4.4E-10 3.7E-10
v M 1 16E-08 08 1.0E-08 54E-09 4.0E-09 34E-09 2.8E-09
Re-190 31m F 1 4.3E-11 0.8 27611 1.2E-11 7.9E-12 49E-12 4.3E-12
M 1 51E-11 08 3.1E-11 14E-11 93E-12 58E-12 S5.1E-12
Osmium
0s-177 28m F 002 34E-11 0.01 2.1E-11 98E-12 6.2E-12 3.9E-12 3.3E-12
M 002 46E-11 0.01 28E-11 13E-11 8.6E-12 5.7E-12 4.8E-12
S 002 47E-11 0.01 29E-11 14E-11 89E-12 59E-12 4.9E-12
0s-179 65m F 002 17e-10 0.01 1.0E-10 48E-11 27E-11 1.6E-11 1.3E-11
‘ M 002 22E-10 001 1.3E-10 6.2E-11 3.6E-11 22E-11 1.8E-11
S 002 23E-10 0.01 14E-10 6.3E-11 3.7E-11 23E-11 1.9E-11
0s-183 130h F 002 B8.0E-10 0.01 54E-10 2.7E-10 1.6E-10 9.4E-11 7.6E-11
M 002 13E-09 0.01 8.9E-10 46E-10 3.1E-10 2.1E-10 1.7E-10
S 002 14E-09 001 9.3E-10 49E-10 3.3E-10 23E-10 1.9E-10
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Table 5—(continued)

.. Physical S e(t) N e(t)
Nuclide .
Half-life <ly 3Months 21y 1Years 5Years 10 Years 15 Years Adult
Os-183m 99h F 002 75E-10 001 55E-10 2.8E-10 1.7E-10 9.9E-11 8.0E-11
M 002 11E-09 001 76E-10 4.0E-10 2.6E-10 1.7E-10 1.4E-10
S 002 11E-09 0.01 8.0E-10 4.2E-10 2.7E-10 1.8E-10 1.5E-10
Os-186 20E+15y F 002 6.1E-06 0.01 45E-06 22E-06 14E-06 84E-07 7.3E-07
M 002 7.1E-06 001 5.1E-06 3.0E-06 19E-06 1.4E-06 1.2E-06
S 002 16E-05 001 14E-05 85E-06 5.3E-06 44E-06 4.2E-06
Os~190m 99m F 002 48E-11 001 3.3E-11 16E-11 1.0E-11 6.3E-12 52E-12
M 002 63E-11 001 42E-11 21E-11 1.3E-11 84E-12 6.9E-12
S 002 65E-11 001 44E-11 21E-11 14E-11 86E-12 7.1E-12
Os-196 349m F 002 37E-10 0.01 1.9E-10 84E-11 53E-11 3.2E-11 2.7E-11
M 002 62E-10 0.01 3.3E-10 1.5E-10 9.7E-11 6.3E-11 5.3E-11
S 002 65E-10 0.01 34E-10 1.5E-10 1.0E-10 6.6E-11 5.6E-11
Iridium
Ir-179 131666 m F 002 48E-11 001 29E-11 13E-11 7.8E-12 47E-12 3.9E-12
M 002 6.1E-11 0.01 36E-11 1.7E-11 1.0E-11 6.2E-12 5.1E-12
S 002 6.2E-11 0.01 3.7E-11 1.7E-11 1.0E-11 6.4E-12 5.3E-12
Ir-180 15m F 002 18E-11 0.01 1.2E-11 55E-12 35E-12 2.2E-12 1.9E-12
M 002 23E-11 0.01 14E-11 6.8E-12 4.5E-12 29E-12 24E-12
S 002 23E-11 001 1.5E-11 7.0E-12 4.6E-12 3.0E-12 2.5E-12
Ir-18t 490m F 0.02 44E-11 0.01 28E-11 13E-11 85E-12 53E-12 44E-12
M 002 59E-11 0.0t 3.7E-11 18E-11 1.2E-11 7.7E-12 6.4E-12
S 002 60E-11 001 3.8E-11 19E-11 1.2E-11 8.0E-12 6.6E-12
Ir-183 58m F 002 22e-10 001 1.5E-10 7.3E-11 45E-11 2.7E-11 2.2E-11
M 002 32E-10 0.01 21E-10 1.1E-10 7.1E-11 47E-11 3.8E-11
S 002 33E-10 0.01 22E-10 1.1E-10 7.4E-11 50E-11 4.0E-11
Ir-196m 140h F 002 5.1E-10 001 34E-10 1.6E-10 1.0E-10 6.1E-11 5.0E-11
M 002 80E-10 0.1 5.1E-10 25E-10 1.7E-10 1.1E-10 9.1E-11
S 002 83E-10 0.01 53E-10 27E-10 1.7E-10 1.2E-10 9.6E-11
Platinum
Pt-183 65m F 002 74E-11 001 46E-11 22E-11 14E-11 84E-12 7.1E-12
Pt-184 173m F 002 14E-10 0.01 9.2E-11 4.4E-11 28E-11 1.7E-11 1.4E-11
Pt-187 23%5h F 002 33E-10 001 22E-10 1.0E-10 6.5E-11 3.7E-11 3.1E-11
Pt-190 65E+11y F 002 10E-06 001 66E-07 3.2E-07 20E-07 1.3E-07 1.1E-07
Pt-202 4h F 002 1308 0.1 7.2E-09 3.1E-09 19E-09 9.7E-10 8.2E-10
Gold
Au-186 10.7m F 02 15E-10 0.1 91E-11 43E-11 2.7E-11 16E-11 1.3E-11
M 02 21E-10 01 1.3E-10 59E-11 38E-11 24E-11 20E-11
S 02 22E-10 01 1.3E-10 6.1E-11 39E-11 24E-11 2.0E-11
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Table 5—(continued)

. Physical S e(t) N e(t)
Nuclide . ype
Half-life <ly 3Months >1y 1Years 5Years 10 Years 15 Years Adult
Au-187 84m F 02 45E-11 0.1 30E-11 15E-11 9.1E-12 55E-12 45E-12
M 02 6.6E-11 0.1 44E-11 2.2E-11 1.4E-11 9.3E-12 7.5E-12
S 02 69E-11 0.1 45E-11 23E-11 15E-11 9.7E-12 7.9E-12
Au-188 884m F 02 69E-11 0.1 42E-11 20E-11 12E-11 7.6E-12 6.3E-12
M 02 95E-11 0.1 58E-11 2.7E-11 1.7E-11 1.1E-11 9.3E-12
S 02 98E-11 0.1 5.9E-11 28E-11 18E-11 1.2E-11 9.7E-12
Au-189m 459m F 02 24E-11 0.1 1.5E-11 6.9E-12 45E-12 28E-12 24E-12
M 02 34E-11 0.1 21E-11 9.8E-12 6.6E-12 4.4E-12 3.7E-12
S 02 35E-11 0.1 2.2E-11 1.0E-11 6.8E-12 45E-12 3.9E-12
Au-190 428m F 02 17E-10 0.1 1.2E-10 5.9E-11 3.6E-11 2.1E-11 1.7E-11
M 02 24E-10 0.1 1.6E-10 7.8E-11 49E-11 3.0E-11 2.5E-11
S 02 25E-10 01 1.6E-10 8.1E-11 51E-11 3.1E-11 25E-11
Au-191 318h F 02 28E-10 0.1 1.9E-10 9.4E-11 58E-11 3.3E-11 2.7E-11
M 02 49E-10 0.1 3.3E-10 1.7E-10 1.1E-10 7.9E-11 6.4E-11
S 02 52E-10 01 3.5E-10 1.8E-10 1.2E-10 8.5E-11 6.8E-11
Au-192 494h F 02 6.1E-10 0.1 46E-10 23E-10 1.4E-10 8.3E-11 6.7E-11
M 02 81E-10 0.1 59E-10 3.0E-10 1.9E-10 1.2E-10 9.2E-11
S 02 83E-10 01 6.1E-10 3.1E-10 2.0E-10 1.2E-10 9.5E-11
Au-196 6183d F 02 16E09 0.1 1.0E-09 5.0E-10 3.1E-10 1.7E-10 1.4E-10
M 02 39E-09 0.1 26E-09 14E-09 9.9E-10 7.7E-10 6.1E~10
S 02 42609 01 29E-09 1.6E-09 1.1E-09 8.6E-10 6.8E-10
Au-196m 96h F 02 14E-09 01 86E-10 3.8E-10 24E-10 1.3E-10 1.1E-10
M 02 3209 01 21E-09 1.1E-09 7.2E-10 54E-10 4.3E-10
S 02 34E-09 0.1 2.2E-09 1.1E-09 7.4E-10 59E-10 4.7E-10
Mercury
Hg-187 22m F 004 35E-11 002 22E-11 1.0E-11 65E-12 4.1E-12 3.6E-12
(inorganic) M 004 42E-11 002 26E-11 1.2E-11 7.8E-12 50E-12 4.3E-12
Hg-187 22m F 08 35E-11 04 2.2E-11 1.0E-11 6.5E-12 4.1E-12 3.6E-12
(organic)
Hg-187m 24m F 004 40E-11 002 25E-11 1.1E-11 75E-12 48E-12 4.1E-12
(inorganic) M 004 47E-11 002 29E-11 14E-11 9.0E-12 58E-12 4.9F-12
Hg-187m 24m F 08 40E-11 04 25E-11 1.1E-11 75E-12 48E-12 4.1E-12
(organic)
Hg-188 325m F 004 3.1E-11 002 19E-11 9.0E-12 5.6E-12 3.4E-12 29E-12
(inorganic) M 004 43E-11 002 26E-11 12E-11 79E-12 S5.1E-12 4.2E-12
Hg-188 325m F 08 3.2E-11 04 19E-11 90E-12 56E-12 34E-12 2.9E-12
(organic) ,
Hg-190 200m F 0.04 94E-11 002 6.3E-11 3.1E-11 19E-11 1.1E-11 9.2E-12
(inorganic) M 004 14E-10 0.02 89E-11 44E-11 28E-11 1.8E-11 1.4E-11
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Table 5—continued)

. Physical S e(r) N e(t)
Nuclide . ype
Half-life <ly 3Months 21y 1 Years 5 Years 10 Years 15 Years Adult
Hg-190 200m F 08 9.1E-11 04 6.3E-11 3.1E-11 19E-11 1.1E-11 9.1E-12
(organic)
Hg=-191m 508m F 004 23E-10 0.02 1.6E-10 7.7E-11 4.7E-11 28E-11 23E-11
(inorganic) M 004 35E-10 002 23E-10 1.2E-10 7.6E-11 51E-11 4.1E-11
Heg-191m 508m F 08 21E-10 04 1.5E-10 7.5E-11 4.6E-11 2.7E-11 2.2E-11
(organic)
Hg-192 485h F 004 73E-10 002 52E-10 26E-10 1.6E-10 9.1E-11 7.4E-11
(inorganic) M 004 11E-09 002 74E-10 3.8E-10 24E-10 15E-10 1.2E-10
Hg-192 48h F 08 57E-10 04 48E-10 24E-10 1.5E-10 8.3E-11 6.7E-11
(organic)
Hg-205 52m F 004 40E-11 002 23E-11 98E-12 6.6E-12 4.2E-12 3.7E-12
(inorganic) M 004 52E-11 002 29E-11 1.3E-11 86E-12 55E-12 4.9E-12
Hg-205 52m F 08 41E-11 04 23E-11 98E-12 6.6E-12 4.2E-12 3.7E-12
(organic) )
Hg-206 815m F 004 10E-10 002 56E-11 24E-11 16E-11 1.0E-11 8.9E-12
(inorganic) M 004 15E-10 002 83E-11 3.7E-11 25E-11 1.6E-11 1.4E-11
Hg-206 815m F 08 10E-10 04 56E-11 24E-11 1.6E-11 1.0E-11 8.9E-12
(organic)
Thallium
TI-190 26m F 1 40E-11 1 256-11 1.2E-11 7.3E-12 4.5E-12 38E-12
TI~190m 37m F 1 49E-11 1 3.3E-11 1.6E-11 99E-12 6.0E-12 49E-12
TI-196 184h F 1 2.7E-10 1 20E-10 1.0E-10 6.0E-11 35E-11 28E-11
TI~-206 4199 m F 1 3.4E-11 1 1.9E-11 8.3E-12 56E-12 35E-12 3.2E-12 -
TI-206m 374m F 1 6.2E-11 1 38E-11 18E-11 1.1E-11 7.1E-12 6.0E-12
TI-207 477 m F 1 3.7E-11 1 21E-11 89E-12 6.0E-12 3.8E-12 3.4E-12
TI-208 3053m F 1 4.3E-11 1 28E-11 1.3E-11 8.6E-12 53E-12 4.5E-12
TI-209 2161m F 1 3.1E-11 1 20E-11 9.2E-12 509E-12 3.7E-12 3.2E-12
TI-210 130m F 1 2.5E-11 1 1.6E-11 7.6E-12 50E-12 3.1E-12 27E-12
Lead
Pb-194 120m F 06 89E-11 0.2 56E-11 26E-11 1.6E-11 9.7E-12 8.0E-12
M 02 13E-10 01 8.0E-11 3.8E-11 24E-11 1.5E-11 13E-11
S 002 14E-10 0.0t 8.3E-11 3.9E-11 25E-11 1.6E-11 13E-11
Pb-196 37m F 06 15E-10 0.2 1.1E-10 5.3E-11 3.2E-11 19E-11 1.6E-11
M 02 22E-10 0.1 1.5E-10 7.3E-11 4.6E-11 3.0E-11 24E-11
S 002 23E-10 0.01 1.5E-10 7.5E-11 4.8E-11 3.1E-11 2.5E-11
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Table 5-(continued)

. Physical A e(tr) N e(t)
Nuclide .
Half-life <ly 3Months >1ly 1Years 5 Years 10 Years 15 Years Adult
Pb-197 8m F 06 3.2E-11 0.2 24E-11 1.2E-11 7.2E-12 4.3E-12 3.5E-12
M 02 43E-11 0.1 3.0E-11 1.6E-11 98E-12 6.4E-12 5.1E-12
S 002 44E-11 0.01 3.1E-11 1.6E-11 1.0E-11 6.6E-12 5.3E-12
Pb-197m 43m F 06 24E-10 02 16E-10 7.6E-11 4.7E-11 28E-11 24E-11
M 02 38E-10 0.1 25E-10 1.2E-10 80E-11 55E-11 4.5E-11
S 002 40E-10 001 26E-10 1.3E-10 8.3E-11 5.8E-11 4.7E-11
Pb-204m 67.2m F 06 19E-10 02 1.4E-10 7.4E-11 45E-11 27E-11 2.2E-11
M 02 25E-10 0.1 1.8E-10 9.4E-11 58E-11 3.6E-11 28E-11
S 002 26E-10 0.1 1.9E-10 9.6E-11 6.0E-11 3.7E-11 2.9E-11
Bismuth
Bi-197 933m F 0.1 9.7E-11 005 6.4E-11 3.1E-11 19E-11 1.2E-11 9.6E-12
M 01 1.3E-10 005 8.6E-11 4.3E-11 2.7E-11 1.8E-11 1.4E-11
Bi~204 1122h F 0.1 22E-09 005 1.6E-09 8.6E-10 5.3E-10 3.1E-10 2.5E-10
M 01 28E-09 005 20E-09 1.0E-09 6.7E-10 4.1E-10 3.3E-10
Bi-208 3.68E+5y F 0.1 45E-09 005 33E-09 1.8E-09 1.1E-09 6.8E-10 5.6E-10
M 01 20E-08 0.05 1.7E-08 1.0E-08 70E-09 55E-09 4.6E-09
Bi-211 214m F 041 15E-09 005 46E-09 23E-09 1.6E-09 1.2E-09 1.1E-09
M 01 86E-09 005 53E-09 26E-09 19E-09 15E-09 1.2E-09
Bi-215 76m F 0.1 38E-08 005 23E-08 1.1E-08 7.5E-09 54E-09 4.7E-09
M 01 6.0E-08 005 3.7E-08 1.8E-08 1.3E-08 1.0E-08 8.7E-09
Polonium :
Po—-204 3%h F 02 13E-09 0.1 9.0E-10 45E-10 2.8E-10 1.7E-10 1.4E-10
M 02 26E09 01 1.8E-09 1.0E-09 6.6E-10 4.9E-10 4.0E-10
S 002 28E-09 001 19E-09 11E-09 7.0E-10 S5.3E-10 4.3E-10
Po-206 88d F 02 12E-07 0.1 6.3E-08 2.9E-08 1.7E-08 1.0E-08 8.3E-09
M 02 27E-07 0.1 1.8E-07 1.1E-07 7.8E-08 7.0E-08 5.8E-08
S 002 29E-07 0.0t 1.9E-07 1.2E-07 8.7E-08 7.9-08 6.5E-08
Po-208 2898y F 02 10E-05 0.1 5.9E-06 2.7E-06 1.6E-06 9.5E-07 7.6E-07
M 02 20E-05 0.1 1.3E-05 7.9E-06 5.4E-06 4.5E-06 3.8E-06
S 002 32E05 001 25E-05 1.4E-05 99E-06 7.8E-06 6.9E-06
Po-209 102y F 02 10E-05 0.1 59E-06 2.7E-06 1.6E-06 9.5E-07 7.6E-07
M 02 20E-05 0.1 1.3E-05 7.8E-06 5.3E-06 4.3E-06 3.7E-06
S 002 39E-05 0.01 3.2E-05 1.8E-05 1.3E-05 1.0E-05 9.7E-06
Po-218 310m F 02 66E-09 01 41E-09 2.2E-09 16E-09 12E-09 9.7E-10
M 02 13E08 0.1 8.2E-09 4.6E-09 3.3E-09 28E-09 23E-09
S 002 1308 001 8.7E-09 4.8E-09 3.5E-09 3.0E-09 2.4E-09
Astatine
At-205 262m F 1 1.5E-09 1 9.5E-10 5.0E-10 3.4E-10 29E-10 23E-10
M 1 3.2E-09 1 21E-09 1.3E-09 9.1E-10 8.4E-10 6.8E-10
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Table 5—(continued)
Physical i ) N e(t)

Nuclide . ype
Half-life <ly 3Months >ly 1Years S5 Years 10 Years 15 Years Adult
At-208 163h F 1 6.2E-10 1 43E-10 22E-10 1.3E-10 84E-11 6.8E-11
M 1 2.2E-09 1 1.5E-09 8.9E-10 6.0E-10 4.9E-10 4.1E-10
At-209 541h F 1 4.8E-09 1 35E-09 20E-09 1.3E-09 9.6E-10 8.4E-10
M 1 1.3E-08 1 8.5E-09 55E-09 4.0E-09 3.5E-09 3.0E-09
At-210 81h F 1 3.8E-08 1 2708 12E-08 7.3E-09 4.1E-09 3.6E-09
M 1 6.5E-08 1 45E-08 24E-08 1.6E-08 1.2E-08 1.0E-08
Francium
Fr-212 200m F 1 1.4E-08 1 8.9E-09 45E-09 3.2E-09 25E-09 2.1E-09
Fr-221 49m F 1 3.8E-08 1 2.3E-08 1.1E-08 7.9E-09 59E-09 5.0E-09
Radium
Ra-230 93m F 06 68E-10 02 43E-10 19E-10 1.1E-10 59E-11 6.1E-11
M 02 11E-09 01 6.4E-10 3.0E-10 2.0E-10 1.3E-10 1.1E-10
S 002 12E-09 0.0t 6.6E-10 3.1E-10 2.0E-10 1.3E-10 1.1E-10
Actinium
Ac-223 210m F 0005 47E-08 5E-04 2.8E-08 1.3E-08 9.5E-09 6.8E-09 5.9E-09
M 0005 55E-08 5E-04 3.3-08 1.6E-08 1.1E-08 8.1E-09 7.0E-09
S 0005 56E-08 S5E-04 3.4E-08 1.6E-08 1.1E-08 8.2E-09 7.1E-09
Ac-229 627m F 0005 19E-10 5E-04 1.1E-10 5.3E-11 40E-11 27E-11 25E-11
M 0005 3.1E-10 5E-04 1.8E-10 8.4E-11 56E-11 4.1E-11 3.5E-11
S 0005 32E-10 5E-04 1.8E-10 8.6E-11 5.7E-11 41E-11 3.4E-11
Ac-230 203333m F 0005 23E-11 5E-04 14E-11 6.1E-12 40E-12 25E-12 2.2E-12
M 0005 26E-11 5E-04 15E-11 6.9E-12 46E-12 29E-12 26E-12
S 0.005 26E-11 5E-04 16E-11 7.0E-12 4.7E-12 29E-12 2.6E-12
Thorium
Th-233 223m F 0005 1.1E-10 5E-04 59E-11 26E-11 1.7E-11 1.0E-11 89E-12
M 0005 1.7E-10 5E-04 9.5E-11 43E-11 29E-11 20E-11 1.7E-11
S 0.005 18E-10 5E-04 99E-11 55E-11 3.1E-11 22E-11 1.8E-11
Protactinium
Pa-229 150d M 0.005 2.6E-08 5E-04 18E-08 1.1E-08 8.5E-09 8.0E-09 6.4E-09
S 0.005 29E-08 5E-04 20E-08 1.3E-08 9.6E-09 9.1E-09 7.3E-09
Pa-234m 117m M 0.005 14E-11 5E-04 79E-12 35E-12 24E-12 15E-12 1.3E-12
S 0005 14E-11 5E-04 80E-12 35E-12 24E-12 15E-12 14E-12
Pa-236 91m M 0005 1.2E-10 5E-04 7.1E-11 3.2E-11 21E-11 13E-11 1.2E-11
S 0005 13E-10 5E-04 7.3E-11 33E-11 2.2E-11 14E-11 1.2E-11
Uranium
uU-228 91m F 004 19E-07 002 1.1E-07 5.3E-08 3.7E-08 2.7E-08 2.3E-08

M 004 27E-07 002 1.7E-07 8.0E-08 57E-08 4.2E-08 3.6E-08
S 002 28E-07 0002 1.7e-07 8.3E-08 5.9-08 44E-08 3.8E-08
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Table 5—(continued)

.. Physical S e(t) S e(t)
Nuclide . ype
Half-life <ly 3Months 21y 1 Years 5 Years 10 Years 15 Years Adult
Neptunium
Np-231 488m F 0005 25E-09 5E-04 15E-09 6.8E-10 4.6E-10 3.1E-10 2.7E-10
M 0005 B84E-09 5E-04 5.0E-09 3.0E-09 2.2E-09 2.1E-09 1.7E-09
S 0005 B84E-09 5E-04 54E-09 3.3E-09 2.5E-09 23E-09 1.8E-09
Np-240m 722m F 0005 6.1E-11 5E-04 3.5E-11 1.6E-11 1.0E-11 65E-12 5.7E-12
M 0.005 82E-11 5E-04 4.7E-11 2.1E-11 1.4E-11 8.9E-12 7.7E-12
S 0005 84E-11 S5E-04 48E-11 21E-11 14E-11 9.1E-12 7.9E-12
Np—-241 139m F 0005 9.1E-11 5E-04 56E-11 25E-11 1.8E-11 1.3E-11 1.1E-11
M 0005 12E-10 5E-04 7.1E-11 3.3E-11 23E-11 16E-11 1.4E-11
S 0005 13E-10 5E-04 7.2E-11 3.3E-11 22E-11 15E-11 1.3e-11
Plutonium
Pu-232 341m F 0005 42E-08 5E-04 25E-08 1.2E-08 8.6E-09 6.2E-09 5.4E-09
M 0005 1.1E-07 5E-04 68E-08 3.6E-08 2.6E-08 2.3E-08 1.8E-08
S 1E-04 1.1E-07 1E-05 7.1E-08 3.8E-08 28E-08 2.5E-08 2.0E-08
Americium
Am-247 230m F 0005 16E-10 5E-04 9.0E-11 3.9E-11 26E-11 1.6E~11 1.4E-11
M 0005 26E-10 5E-04 15E-10 6.6E-11 45E-11 3.0E-11 2.6E-11
S 0005 27E-10 5E-04 1.5E-10 6.9E-11 4.7E-11 3.2E-11 2.7E-11
Curium
Cm—-239 29h F 0005 3.1E-10 SE-04 19E-10 9.1E-11 5.6E-11 3.2E-11 2.6E-11
M 0005 55E-10 5E-04 34E-10 1.7E-10 1.1E-10 7.9E-11 6.3E-11
S 0005 57E-10 5E-04 35E-10 1.8E-10 1.2E-10 8.4E-11 6.7E-11
Berkelium
Bk-244 435h M 0005 3.7E-09 5E-04 3.0E-09 1.8E-09 1.3E-09 1.1E-09 1.0E-09
Bk-248m 237h M 0005 7.2E-08 5E-04 55E-08 3.3E-08 2.3E-08 1.9E-08 1.6E-08
Bk-251 556m M 0005 35E-10 5E-04 2.1E-10 99E-11 7.0E-11 5.0E-11 4.3E-11
Californium :
Cf-247 311h M 0.005 24E-10 5E-04 1.6E-10 9.4E-11 6.5E-11 5.1E-11 4.4E-11
Cf-255 8m M 0005 25E-08 5E-04 18E-08 1.1E-08 8.0E-09 7.2E-09 5.8E-09
Cf-256 123m M 0.005 23E-05 S5E-04 1.3E-05 5.4E-06 3.6E-06 2.0E-06 1.9E—06
Einsteinium
Es-249 1022m M 0.005 12E-09 5E-04 8.1E-10 4.3E-10 3.2E-10 2.8E-10 2.4E-10
Es—255 398d M 0005 17E-05 5E-04 1.2E-05 7.3E-06 5.3E-06 4.9E-06 3.9E-06
Es-256 254m M 0005 20E-06 5E-04 1.2E-06 5.1E-07 3.4E-07 2.1E~07 1.9E-07
Fermium
Fm-251 530h M 0005 93E-09 5E-04 5.7E-09 3.4E—09 25E-09 23E-09 1.9E-09
Fm-256 1576 m M 0.005 4.0E-05 5E-04 2.3E-05 9.7E-06 6.5E-06 3.7E-06 3.5E—06
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Table 6 Effective dose coefficients for workers
Soluble or reactive gases (Class SR-1 and SR-2)

Nuclide/Chemical form tn ein (50) (Sv Bq™)

Sulphur-37 vapour 505 m 1.1E-11
Sulphur-38 vapour 1703 m 2.0E-10
Ruthenium—95 tetroxide 1643 h 4.6E-11
Tellurium—117 vapour 62 m 2.9E-11
Tellurium—-118 vapour 6.00d 1.9e-09
Tellurium—119 vapour 16.03 h 1.0E-10
Tellurium—119m vapour 470d 6.3E-10
Elemental iodine—118 137 m 1.7E-10
Methyl iodine—118 - 13.7m 9.7E-11
Elemental iodine-119 18.1m 5.6E-11
Methyl iodine—119 19.1m 1.7e-11
Elemental iodine—122 363 m 1.9E-11
Methyl iodine~122 3.63m : 1.1E-12
Mercury—187 vapour 22 m 1.8E-11
Mercury—187m vapour 24 m 2.2E-11
Mercury—188 vapour 325m 1.7E-11
Mercury—190 vapour 200 m 9.6E-11
Mercury-191m vapour 508 m 3.2E-10
Mercury—192 vapour 485 h 1.0E-09
Mercury-205 vapour 52 m 1.3E-11
Mercury—-206 vapour 815 m 4.2E-11
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JAERI-Data/Code  2002-013

Table 8 Effective dose rates for exposure of adults

Inert gases (Class SR-0)
Effective dose rate per unit
Nuclide Physical half-life air concentration
(Svd'/Bqm™)
N-13 9.965 m 4.0E-09
0-14 1.17677 m 1.4E-08
0-15 203733 m 4.0E-09
Ar-42 329y 1.3E-11
Ar-44 1187 m 8.1E-09
Kr-75 429 m 5.1E-09
Kr—89 315m 8.3E-09
Xe-12Tm 1.15333 m 6.0E-10
Xe-137 3818 m 9.4E-10
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~ Dose Coefficients for Radionuclides Produced in High m:mq,uz Proton Accelerator Facilities: Coefficients aq. n_mmmoscn_amm not Listed in ICRP Publications
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