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Mortality: 2.37 x 102297 . 723 x 108 B =17 x 103
m3 Bq-s
3

Morbidity: 2.37 x 102297 . 100 x 1077 ™ =24 x 10°°
m3 Bq_S

Example 2. As in Example 1, suppose the concentration of 8Kr in the atmosphere in the
environs of a fuel reprocessing plant is 10° Bq m>. Compute the average cancer risk
(mortality and morbidity) associated with a one-year (3.15><107 s) external exposure to this
level of airborne activity, assuming no shielding by structures and that the age distribution of

the population is similar to that of the 1996 U.S. population.

Because the age distribution of the population is similar to that of the 1996 U.S. population,
risk coefficients for the stationary population given in Table 2.3 will be scaled as indicated in
Appendix E for application to the hypothetical current population. From Table 2.3 the mortality and
morbidity risk coefficients for external exposure to Kr in air are 7.23x107'® and 1.00x10™"7
m’ Bq'1 s respectively. From Table E.2, the scaling factor (mean ratio of risk coefficients for
hypothetical current and stationary populations) for this exposure scenario is 1.11. The scaled
mortality and morbidity risk coefficients for external exposure to 85Kr in air are 8.03x107'® and

1.11x107"" m? Bq'1 s'l, respectively. The exposure (time-integrated concentration) is

10089 . 315 x 107s =3.15 x 100293
m3 Il'l3

The estimated lifetime risks to the population as a consequence of the 1-y external exposure are

3

Mortality: 3.15 x 100297 . 803 x 1078 ™ =25 x 1077
m3 Bq_S
3

Morbidity: 3.15 x 10297 . 111 x 107 ™ =35 x 1077
m3 Bq_S
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Example 3. Suppose the ground surface was uniformly contaminated at time zero with s
at a level of 2 Bq m~. Assume that radioactive decay is the only mechanism by which
contamination is reduced. (Reduction of the time-integrated exposure due to weathering is
ignored here for simplicity.) Compute the average lifetime cancer risk (mortality and
morbidity) resulting from external exposures during the first year following the initial
deposition, assuming no shielding and assuming that the age distribution of the exposed

population is similar to that of the 1996 U.S. population.

Cestum-137 (T, = 30 y) forms 137mBa (T = 2.552 m) in 94.6% of its decays (see
Table G.1). Due to the short half-life of 137mBa, the concentration of '*"™Ba on the ground surface
will reach 1.89 Bq m™ (0.946 - 2 Bq m’z) within a half hour after time zero and will decline with the
half-life of "*'Cs.

From Table 2.3 the mortality and morbidity risk coefficients for external exposure to s
distributed on the ground surface are 3.96x 102" and 4.57x10%° m? Bq'l s'. For ""™Ba the
corresponding coefficients are 3.12x 10" and 4.60x107"" m’ Bq bgt, respectively. From Table E.2,
the scaling factor (mean ratio of risk coefficients for hypothetical current and stationary populations)
for external exposure from ground surface contamination is 1.11. The scaled mortality and
morbidity risk coefficients for 137Cs are 4.40x 107" and 5.07x10°° nt Bcjl st respectively, and the
scaled values for *"™Ba are 3.46x10"" and 5.11x10""7 m? Bq'1 s respectively. The exposures
(time-integrated concentration) for each radionuclide during the first year are

r ~In2t AT -In2 T
Exposure =4, fe Tin gy =20 712 _ p T
A In2

2B—‘1 - 30y - 3.15 x 1072 0693 1y
Cs—137: 4 (1 —e 30 ) =623 x 10729
0.693 m >
1.89B—(1 - 30y - 3.15 x 1072 ~0.693 1y
Ba—137m: = i (1 —e 3O ) =589 x 10’24

0.693 m?2

The lifetime risks resulting from external exposures during the first year are



Mortality:

2
623x 10" 29 . 440 x 10720 ™
m2 Bq_S

2
+580x 10729 . 346x 10772 =2.0x10"°
m2 Bq_S
Morbidity:
2
6.23x 107293 . 507 x 10200
m2 Bq_S

2
+589x 10729 511 x 1077 =30x107°.
m 2 Bqg-s

The radiations emitted by 137mB4 are the main contributors to risk.

Example 4. Assume that measurements of the photon radiation field indicate an average
exposure rate of 4 uR/h and that no information is available regarding the energy of the
radiation or its origin. Compute the average lifetime risk to a population living in this
radiation field, assuming no shielding by structures.

Although defined differently, the quantities exposure and air kerma may be considered to be
equivalent for most practical purposes. That is, an exposure of 1 roentgen (R) corresponds to an air
kerma of 0.01 Gy.

The relation between effective dose and air kerma depends on the environmental medium
involved, the distribution of the radionuclide in the medium, and the age of the exposed individual.
For naturally occurring radionuclides distributed uniformly in the soil, Saito et al. (1998) estimated
effective dose per unit air kerma at 1 m for different age groups as tabulated below. For the purpose
of estimating risk to a large population, it is reasonable to use their value for the adult, which is
approximately 0.7 Sv Gy'l. For infants and small children, reduced self-shielding of the body results
in values closer to 1. In the absence of information on the exposure source, the value 0.7 Sv Gy'1
will be used here.
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Effective dose per air kerma (Sv Gy'l)

Age 238U series 232Th series 4OK
Adult 0.672 0.695 0.709
Child 0.766 0.798 0.803
Infant 0.899 0.907 0.926

Table 7.3 gives a mortality risk of 5.75x 107 Gy'l for uniform irradiation of the body by
low-LET radiation. Assuming the average lifetime is 75.2 y (Table A.1), the expected lifetime dose

due to this radiation field is

4x10‘6%-o.01 SY 075 . 376x10° E-75.2y ~ 1.84x1072 Gy

R Gy y

and the mortality risk is estimated as

1.84x1072Gy + 5.75x1072Gy ™! = 1.1x1073

Example 5. Calculate the average lifetime risk to the stationary population associated with
ingestion of 219} and its radioactive progeny, assuming that the per capita dietary intake rates

of 2'°Pb and ?'’Po are 1.4 and 1.8 pCi d'l, respectively.

Lead-210 decays to 210p; (T, =5.012 d), which decays to 210pg (T,, =138.8 d). Because
of the relatively short half-life of 210Bi, it is reasonable to assume that >'°Bi is in equilibrium with
210pp i 1

Pb in diet.

From Table A.1, the average life expectancy is 27,448 d (75.2 y). Therefore, lifetime intakes

of 210Pb, 210Bi, and >'°Po in the diet are estimated to be
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Pb—210/Bi—210: 1.4 PTCI._” x 10'2ﬂ-27,448 d =1.4x10°Bq

pCi

Po—210: 1.8 RS 3.7« 10'2ﬂ-27,448 d =1.8x10°Bq
d pCi

The following mortality and morbidity risk coefficients for 2lon, 210Bi, and *'°Po in diet are taken
from Table 2.2a: *'°Pb, 2.31x10® and 3.18x107%, respectively; 2'°Bi, 1.95x107" and 3.52x107"°,
respectively; and 219, 4.44x10® and 6.09%107%, respectively. The estimated risks are

Mortality: 1.4 x 10°Bq-2.31 x 1078 LI

Bq

1.4x10°Bq- 1.95 x oo L+

Bq

1.8x10°Bq-4.44x107® L o—qixi0

Bq
Morbidity: 1.4 x 10°Bq-3.18 x 10°® LI
Bq

1.4x10°Bq-3.52x1071° LI

Bq

1.8 x 10> Bq - 6.09 x 108 L =15x10*

Bq

210

Note that © "Bi makes an insignificant contribution to the total risk and that 1% accounts for about

two-thirds of the risk.

Example 6. Assume a concentration of tritium in tap water of 10 pCi L Compute the
average lifetime risk (mortality and morbidity) associated with use of tap water at this
concentration, assuming that all tritium in tap water is in the form of tritiated water.

The average intake of tap wateris 1.11 L d! (Table E.1), and the average life expectancy is
27,448 d (75.2 y, Table A.1), giving a lifetime intake of tap water of 3.0x 10* L. From Table 2.2a,
the mortality and morbidity coefficients for H (as tritiated water) in tap water are 9.44x 107" and

1.37x107"? Bq'l, respectively. Therefore, the estimated risks are
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Mortality: 10 PCL 4037 8L .30x10°L-9.44x10 "% =1.0x10°"
L pCi Bq

Morbidity: 1020037 B9 3010 137x 102 L = 1.5x 1078
L pCi Bq

Example 7. Suppose there is a short-term release of 40 mCi of Bliasa vapor from a reactor
and that observed atmospheric conditions indicate an atmospheric dispersion factor of about
1x10° s m™ for a nearby population. Compute the risk associated with inhalation of B ag
the cloud passes over the population, assuming that the age distribution of the population is
similar to that of the stationary population considered in the main text.

The time integrated airborne concentration in the cloud is

40mCi-3.7x 107 2L . 1 ox 106 5 = 1.48x 10° 21

mCi m3 m3

The average inhalation intake rate is 17.8 m’ d’ (Table E.1). The mortality and morbidity
coefficients for inhalation of *'I in vapor form are 1.48x10™"" and 1.36x10” Bq'1 (Table 2.1).
Therefore, the estimated risks are

3
Mortality: 1.48x 100 293 .78 m° . 1d . agio0 L =45x 00
m? d 8.64x10*s Bq
3
Morbidity: 1.48x10° 2931780, 1d 136,000 =41x10°
m? d  8.64x10%s Bq
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APPENDIX G. NUCLEAR DECAY DATA

The risk coefficients in Tables 2.1-2.3 are listed by radionuclide. In those tables, the entries
in the column with the heading “Chain” indicate whether the radionuclide is in the same decay chain
as other radionuclides addressed in the table. An entry “Y” (for “yes”) under the subheading “P” (for
“parent”) indicates that the radionuclide is the parent of a decay chain containing at least one other
radionuclide in the table. An entry “Y” under the subheading “D” (for “daughter”) indicates that
the radionuclide is formed in the decay chain of at least one other radionuclide in the table. In the
compilation of this information, no consideration was given to the radiological significance of either
the daughters or the possible parents of the radionuclide. This appendix provides a summary of
information on the nuclear decay characteristics of each radionuclide and gives details of its decay
chain when indicated. Table G.1 of this appendix was adapted from Appendix A of Federal
Guidance Report No. 12 (EPA, 1993).

In some instances a radionuclide is not uniquely identified by its atomic number (or chemical
symbol) and mass number. Nuclei of the same atomic and mass numbers, but with distinguishable
nuclear properties, are referred to as isomers. Identification of an isomer requires reference to its
physical half-life. The nuclide designations of Tables 2.1- 2.3 involve some nonstandard notation
needed to reference isomers to data in Table G.1 of this appendix.

To differentiate isomers, when neither isomer has been designated as a metastable state, an
"a" and "b" have been added to the chemical symbol and mass number notation. For example, the
entry Nb-89a in Table G.I indicates the isomer of ¥'Nb with half-life 66 m. The "a" and "b"
notations were arbitrarily assigned to the *’Nb isomers. To identify multiple metastable states, the
"m" notation of one isomer is shown as "n". For example, Sb-124m in Table G.1 refers to the
metastable state with a half-life of 93 s, and Sb-124n refers to the state with half-life 20.2 m.
Additional examples can be seen in entries of Tables 2.1- 2.3 and Table G.1 for indium (In),
europium (Eu), terbium (Tb), rhenium (Re), iridium (Ir), and neptunium (Np).

Table G.1 contains the following information, intended to aid in the proper use of the risk
coefficients tabulated in this report. The physical half-life of the radionuclides is given in the second
column of the table. The time units are abbreviated as follows: y for year, d for day, h for hour, m
for minute, s for second, ms for millisecond, and us for microsecond. The modes of nuclear
transformation applicable to the radionuclide are given in the column headed "Decay Mode". The
modes are abbreviated as follows: B- for beta minus decay, B+ for beta plus decay, EC for electron
capture, A for alpha decay, IT for isomeric transition, and SF for spontaneous fission. The nuclear

G-1



transformations of a radionuclide (the parent) may form a nucleus which is also radioactive
(radioactive decay product). The entries in the columns headed by "Radioactive Decay Products and
Fractional Yield" identify radioactive nuclei formed by nuclear transformations of the radionuclide
and give the fraction of the parent's transformations forming each decay product (the branching
fraction). No attempt is made to identify the radioactive nuclei formed by spontaneous fission. The
notation "SF" simply indicates the accompanying branching fraction of spontaneous fission. The
three columns on the extreme right give the total energy per nuclear transformation of emitted alpha
particles, electrons, and photons®. The entry for alpha particles represents the kinetic energy of the
alpha particles and does not include the recoil energy of the newly formed nucleus. The entry for
electrons includes the kinetic energy of all beta particles (negatron or positron), internal conversion
electrons, and Auger electrons emitted in the nuclear transformations. Similarly, the photon entry
encompasses gamma rays, X rays, and annihilation photons. If the nuclear transformations of the
radionuclide do not result in emission of a particular radiation, then a dash, "-", is shown in the
appropriate column. If radiations of a particular type are emitted, but the total energy per nuclear
transformation is less than 1 keV, then the symbol "<" appears in the column.

The risk coefficients for intakes of radionuclides by inhalation and ingestion (Tables 2.1,
2.2a, and 2.2b) are based on the radiations emitted by the indicated radionuclide and all its decay
products formed within the body following the intake. The risk coefficients for external exposure
to radionuclides in the environment, Table 2.3, are based on the radiations emitted by the indicated
radionuclide and do not include consideration of the radiations emitted by radioactive decay
products. Radioactive decay products of a radionuclide are identified in Table G.1. For example,
the entries for '*Ce in Table G.1 indicate that '*Ce has a half-life of 284.3 d and forms '**Pr in
98.22% of its transformations and '"“*"Pr in 1.78% of its transformations. The entries for '**Pr,

which has a half-life of 7.2 m, indicate that it decays (in 99.9% of its transformations) by internal

%The total energy of radiation type R, E;, is computed as
n
E, x = E Vi Eir >
i=1

where y, , is the mean number of radiations of type R emitted per nuclear transformation with unique or mean energy
E, ;. The quantity should not be confused with the mean energy of radiation type R, which is

ET,R

n
E Yi.r
i=l

ER:
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transition to '**Pr; the remaining transformations form the stable nucleus '**Nd. Transformation of
'“Pr, which has a half-life of 17.28 m, also forms the stable nucleus '*Nd. By repeated entry into
Table G.1, one can follow the serial nuclear transformations (decay chain) associated with a
radionuclide. For nuclides with multiple modes of nuclear transformation, the branch formed by
each mode must be traced. In some instances the branches may converge. The branching fractions
may not always add to one because only those branches leading to radioactive decay products are
tabulated.

The serial transformation by radioactive decay of each member of a radioactive series is
described by the Bateman equations (EPA, 1993). Assume that at time zero the activity of the parent

nuclide is 4 10 and that of all daughters is zero. The activity at time ¢ of a chain member i, i = 1, 2,

..., can be expressed as

..
I
A
-
I
\?)
-

A4,0) =47 T f A l_

where
a, a, *.. a,, ifn > 1

1 1,ifn =0

S i+ denotes the fraction of the nuclear transformations of chain member j forming member j+/,
and A, is the decay constant for nuclide i (A = 0.6931../T,,). If the parent is long-lived relative
to the daughters, then at times # such that A,¢ > 5 the activity of the daughters (i =2 to n) can be
approximated as

i1l
40 =40 0 (G2)
j=1
Under these conditions the activity of the decay products is in secular equilibrium with the parent's
activity. For example, application of Eq. G.2 to "*’Cs and its daughter '*""Ba indicates that the

activity of *""Ba at time t is

4 ) =0.946 Ay, (D)

Ba—137m(t
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where 0.946 is the fraction of the '*’Cs nuclear transformations forming '*"Ba, as indicated in
Table G.1. If a decay chain member is not short-lived relative to the parent, then it is necessary to
apply Eq. G.1. In many instances, the mathematical models describing the fate of radionuclides in
the environment (for example, their dispersion following release to the atmosphere) includes an
evaluation of the growth of decay chain members. The information in Table G.1 should be useful
to those implementing such models.



Table G.1.

Summary information on the nuclear transformation of radionuclides

Radioactive Decay Products and Fractional Yield

Decay Energy (MeV nt)
Nuclide T% Mode Nuclide Fraction Nuclide Fraction Nuclide Fraction Alpha Elect Photon
Hydrogen
H-3 12.35y B- - 0.006 -
Beryllium
Be-7 53.3d EC - < 0.049
Be-10 1.6E6y B- - 0.252 -
Carbon
Cc-11 20.38m ECB+ - 0.385 1.020
C-14 5730y B- - 0.049 -
Nitrogen
N-13 9.965m ECB+ - 0.491 1.020
Oxygen
0-15 122.24s ECB+ - 0.734 1.021
Fluorine
F-18 109.77m ECB+ - 0.250 1.022
Neon
Ne-19 17.22s ECB+ - 0.963 1.022
Sodium
Na-22 2.602y ECB+ - 0.194 2.193
Na-24 15.00h B- - 0.554 4.121
Magnesium
Mg-28 20.91h B- A1-28  1.000E+00 - 0.163 1.371
Aluminum
A1-26 7.16E5y ECB+ - 0.445 2.676
A1-28 2.240m B- - 1.242 1.779
Silicon
Si-31 157.3m B- - 0.595 <
Si-32 450y B- P-32 1.000E+00 - 0.065 -
Phosphorus
P-30 2.499m ECB+ - 1.436 1.022
P-32 14.29d B- - 0.695 -
P-33 25.4d B- - 0.077 -
Sulfur
S-35 87.44d B- - 0.049 -
Chlorine
C1-36 3.01E5y ECB+B- - 0.274 <
C1-38 37.21m B- - 1.529 1.488
C1-39 55.6m B- Ar-39  1.000E+00 - 0.823 1.438
Argon
Ar-37 35.02d EC - 0.002 <
Ar-39 269y B- - 0.219 -
Ar-41 1.827h B- - 0.464 1.284
Potassium
K-38 7.636m ECB+ - 1.209 3.187
K-40 1.28E9y B-EC - 0.523 0.156
K-42 12.36h B- - 1.430 0.276
K-43 22.6h B- - 0.309 0.970
K-44 22.13m B- - 1.491 2.267
K-45 20m B- Ca-45 1.000E+00 - 0.984 1.866
Calcium
Ca-41 1.4E5y EC - 0.002 <




Table G.1, continued

Radioactive Decay Products and Fractional Yield

Decay Energy (MeV nt)

Nuclide T Mode Nuclide Fraction Nuclide Fraction Nuclide Fraction Alpha Elect Photon

1
%

Calcium, continued

Ca-45 163d B- - 0.077 <
Ca-47 4.53d B- Sc-47 1.000E+00 - 0.345 1.063
Ca-49 8.716m B- Sc-49 1.000E+00 - 0.870 3.165
Scandium

Sc-43 3.891h ECB+ - 0.313 1.096
Sc-44m 58.6h ECIT Sc-44  9.863E-01 - 0.033 0.280
Sc-44 3.927h ECB+ - 0.597 2.137
Sc-46 83.83d B- - 0.112 2.009
Sc-47 3.351d B- - 0.163 0.108
Sc-48 43.7h B- - 0.229 3.349
Sc-49 57.4m B- - 0.822 0.001
Titanium

Ti-44 47 .3y EC Sc-44 1.000E+00 - 0.013 0.135
Ti-45 3.08h ECB+ - 0.373 0.870
Vanadium

V-47 32.6m ECB+ - 0.803 0.995
V-48 16.238d ECB+ - 0.149 2.914
V-49 330d EC - 0.004 <
Chromium

Cr-48 22.96h ECB+ V-48 1.000E+00 - 0.008 0.436
Cr-49 42.09m ECB+ V-49 1.000E+00 - 0.602 1.055
Cr-51 27.704d EC - 0.004 0.033
Manganese

Mn-51 46.2m ECB+ Cr-51  1.000E+00 - 0.934 0.998
Mn-52m 21.1m ECB+IT Mn-52 1.750E-02 - 1.132 2.409
Mn-52 5.591d ECB+ - 0.075 3.458
Mn-53 3.7E6y EC - 0.004 0.001
Mn-54 312.5d EC - 0.004 0.836
Mn-56 2.5785h B- - 0.830 1.692
Iron

Fe-52 8.275h ECB+ Mn-52m 1.000E+00 - 0.194 0.740
Fe-55 2.7y EC - 0.004 0.002
Fe-59 44.529d B- - 0.118 1.189
Fe-60 1E5y B- Co-60m 1.000E+00 - 0.049 -
Cobalt

Co-55 17.54h ECB+ Fe-55  1.000E+00 - 0.429 1.99%4
Co-56 78.76d ECB+ - 0.124 3.580
Co-57 270.9d EC - 0.019 0.125
Co-58m 9.15h IT Co-58 1.000E+00 - 0.023 0.002
Co-58 70.80d ECB+ - 0.034 0.976
Co-60m 10.47m ITB- Co-60 9.975E-01 - 0.058 0.007
Co-60 5.271y B- - 0.097 2.504
Co-61 1.65h B- - 0.463 0.091
Co-62m 13.91m B- - 1.051 2.698
Nickel

Ni-56 6.10d EC Co-56 1.000E+00 - 0.007 1.721
Ni-57 36.08h ECB+ Co-57 1.000E+00 - 0.143 1.922
Ni-59 7.5E4y EC - 0.005 0.002
Ni-63 96y B- - 0.017 -




Table G.1, continued

Radioactive Decay Products and Fractional Yield

Decay Energy (MeV nt')
Nuclide T% Mode Nuclide Fraction Nuclide Fraction Nuclide Fraction Alpha Elect Photon
Nickel, continued
Ni-65 2.520h B- - 0.632 0.549
Ni-66 54.6h B- Cu-66  1.000E+00 - 0.067 -
Copper
Cu-60 23.2m ECB+ - 0.895 3.898
Cu-61 3.408h ECB+ - 0.311 0.829
Cu-62 9.74m ECB+ - 1.285 1.007
Cu-64 12.701h B-ECB+ - 0.123 0.191
Cu-66 5.10m B- - 1.068 0.085
Cu-67 61.86h B- - 0.155 0.115
Zinc
Zn-62 9.26h ECB+ Cu-62  1.000E+00 - 0.033 0.439
Zn-63 38.1m ECB+ - 0.918 1.100
Zn-65 243.9d ECB+ - 0.007 0.584
Zn-69m 13.76h ITB- Zn-69  9.997E-01 - 0.022 0.417
Zn-69 57m B- - 0.321 <
Zn-71m 3.92h B- - 0.548 1.552
Zn-72 46.5h B- Ga-72  1.000E+00 - 0.102 0.152
Gallium
Ga-65 15.2m ECB+ Zn-65  1.000E+00 - 0.831 1.176
Ga-66 9.40h ECB+ - 0.970 2.473
Ga-67 78.26h EC - 0.036 0.158
Ga-68 68.0m ECB+ - 0.739 0.951
Ga-70 21.15m B-EC - 0.644 0.008
Ga-72 14.1h B- - 0.497 2.711
Ga-73 4.91h B- - 0.494 0.316
Germanium
Ge-66 2.27h ECB+ Ga-66  1.000E+00 - 0.102 0.687
Ge-67 18.7m ECB+ Ga-67  1.000E+00 - 1.297 1.406
Ge-68 288d EC Ga-68  1.000E+00 - 0.005 0.004
Ge-69 39.05h ECB+ - 0.179 0.873
Ge-71 11.8d EC - 0.005 0.004
Ge-75 82.78m B- - 0.420 0.034
Ge-77 11.30h B- As-77  1.000E+00 - 0.648 1.086
Ge-78 87m B- As-78  1.000E+00 - 0.238 0.278
Arsenic
As-69 15.2m ECB+ Ge-69  1.000E+00 - 1.274 1.013
As-70 52.6m ECB+ - 0.865 4.095
As-71 64.8h ECB+ Ge-71  1.000E+00 - 0.119 0.574
As-72 26.0h ECB+ - 1.026 1.794
As-73 80.30d EC - 0.060 0.016
As-74 17.76d B-ECB+ - 0.268 0.759
As-76 26.32h B- - 1.064 0.430
As-77 38.8h B- - 0.229 0.009
As-78 90.7m B- - 1.356 1.252
Selenium
Se-70 41.0m ECB+ As-70  1.000E+00 - 0.489 0.999
Se-73m 39m ECB+IT  As-73  2.700E-01 Se-73  7.300E-01 - 0.178 0.244
Se-73 7.15h ECB+ As-73  1.000E+00 - 0.386 1.087
Se-75 119.8d EC - 0.015 0.394
Se-77m 17.45s IT - 0.072 0.088




Table G.1, continued

Radioactive Decay Products and Fractional Yield

Decay Energy (MeV nt™!)

Nuclide T Mode Nuclide Fraction Nuclide Fraction Nuclide Fraction Alpha Elect Photon

1
%

Selenium, continued

Se-79 65000y B- - 0.056 -
Se-81m 57.25m ITB- Se-81 1.000E+00 - 0.085 0.018
Se-81 18.5m B- - 0.611 0.009
Se-83 22.5m B- Br-83 1.000E+00 - 0.508 2.429
Bromine

Br-74m 41.5m ECB+ - 1.412 4.082
Br-74 25.3m ECB+ - 1.115 4.549
Br-75 98m ECB+ Se-75  1.000E+00 - 0.524 1.216
Br-76 16.2h ECB+ - 0.691 2.633
Br-77 56h ECB+ - 0.009 0.321
Br-80m 4.42h IT Br-80  1.000E+00 - 0.060 0.024
Br-80 17.4m B-ECB+ - 0.724 0.080
Br-82 35.30h B- - 0.139 2.642
Br-83 2.39h B- Kr-83m 1.000E+00 - 0.321 0.008
Br-84 31.80m B- - 1.229 1.788
Krypton

Kr-74 11.50m ECB+ Br-74 1.000E+00 - 0.792 1.169
Kr-76 14.8h EC Br-76 1.000E+00 - 0.015 0.435
Kr-77 74.7m ECB+ Br-77 1.000E+00 - 0.642 1.016
Kr-79 35.04h ECB+ - 0.024 0.257
Kr-81m 13s IT Kr-81 1.000E+00 - 0.059 0.131
Kr-81 2.1E5y EC - 0.005 0.012
Kr-83m 1.83h IT - 0.039 0.003
Kr-85m 4.48h ITB- Kr-85 2.110E-01 - 0.255 0.158
Kr-85 10.72y B- - 0.251 0.002
Kr-87 76.3m B- Rb-87  1.000E+00 - 1.324 0.793
Kr-88 2.84h B- Rb-88 1.000E+00 - 0.364 1.955
Rubidium

Rb-79 22.9m ECB+ Kr-79  1.000E+00 - 0.820 1.358
Rb-80 34s ECB+ - 2.011 1.246
Rb-81m 32m IT Rb-81  1.000E+00 - 0.074 0.010
Rb-81 4.,58h ECB+ Kr-81  1.000E+00 - 0.197 0.623
Rb-82m 6.2h ECB+ - 0.095 2.910
Rb-82 1.3m ECB+ - 1.407 1.093
Rb-83 86.2d EC Kr-83m 7.620E-01 - 0.015 0.504
Rb-84 32.77d ECB+B- - 0.155 0.919
Rb-86 18.66d B- - 0.668 0.095
Rb-87 4.7E10y B- - 0.111 -
Rb-88 17.8m B- - 2.066 0.629
Rb-89 15.2m B- Sr-89  1.000E+00 - 1.013 2.071
Strontium

Sr-80 100m EC Rb-80  1.000E+00 - 0.005 0.008
Sr-81 25.5m ECB+ Rb-81  1.000E+00 - 1.000 1.386
Sr-82 25d EC Rb-82  1.000E+00 - 0.005 0.008
Sr-83 32.4h ECB+ Rb-83 1.000E+00 - 0.149 0.801
Sr-85m 69.5m ITEC Sr-85  8.790E-01 - 0.012 0.220
Sr-85 64.84d EC - 0.009 0.512
Sr-87m 2.805h ECIT Rb-87  3.000E-03 - 0.067 0.320
Sr-89 50.5d B- - 0.583 <
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Strontium, continued

Sr-90 29.12y B- Y-90 1.000E+00 - 0.196 -
Sr-91 9.5h B- Y-91m  5.780E-01 Y-91 4,220E-01 - 0.656 0.697
Sr-92 2.71h B- Y-92 1.000E+00 - 0.196 1.339
Yttrium

Y-86m 48m ECB+IT Y-86 9.931E-01 - 0.025 0.221
Y-86 14.74h ECB+ - 0.226 3.589
Y-87 80.3h ECB+ Sr-87m 9.990E-01 - 0.007 0.457
Y-88 106.64d ECB+ - 0.007 2.692
Y-90m 3.19h IT Y-90 9.920E-01 - 0.047 0.629
Y-90 64.0h B- - 0.935 <
Y-91m 49.71m IT Y-91 1.000E+00 - 0.027 0.530
Y-91 58.51d B- - 0.602 0.004
Y-92 3.54h B- - 1.446 0.252
Y-93 10.1h B- Zr-93 1.000E+00 - 1.174 0.089
Y-94 19.1m B- - 1.675 1.110
Y-95 10.7m B- Zr-95 1.000E+00 - 1.528 0.894
Zirconium

Zr-86 16.5h EC Y-86 1.000E+00 - 0.030 0.288
Zr-88 83.4d EC Y-88 1.000E+00 - 0.016 0.403
Zr-89 78.43h ECB+ - 0.101 1.165
Zr-93 1.53E6y B- Nb-93m 1.000E+00 - 0.020 -
Zr-95 63.98d B- Nb-95m 7.000E-03 Nb-95 9.930E-01 - 0.116 0.739
Zr-97 16.90h B- Nb-97m 9.470E-01 Nb-97  5.300E-02 - 0.700 0.179
Niobium

Nb-88 14.3m ECB+ Zr-88 1.000E+00 - 1.237 4.126
Nb-89b 122m ECB+ Zr-89 1.000E+00 - 1.115 1.391
Nb-89a 66m ECB+ Zr-89  1.000E+00 - 0.834 1.925
Nb-90 14.60h ECB+ - 0.403 4.224
Nb-93m 13.6y IT - 0.028 0.002
Nb-94 2.03E4y B- - 0.168 1.574
Nb-95m 86.6h IT Nb-95  1.000E+00 - 0.166 0.068
Nb-95 35.15d B- - 0.044 0.766
Nb-96 23.35h B- - 0.253 2.472
Nb-97m 60s IT Nb-97  1.000E+00 - 0.015 0.728
Nb-97 72.1m B- - 0.468 0.655
Nb-98 51.5m B- - 0.887 2.426
Molybdenum

Mo-90 5.67h ECB+ Nb-90  1.000E+00 - 0.204 0.827
Mo-93m 6.85h IT Mo-93  1.000E+00 - 0.097 2.250
Mo-93 3.5E3y EC Nb-93m 1.000E+00 - 0.006 0.011
Mo-99 66.0h B- Tc-99m 8.760E-01 Tc-99  1.240E-01 - 0.392 0.150
Mo-101 14.62m B- Tc-101 1.000E+00 - 0.589 1.368
Technetium

Tc-93m 43.5m ITEC Mo-93 1.820E-01 Tc-93 8.180E-01 - 0.079 0.724
Tc-93 2.75h EC Mo-93 1.000E+00 - 0.006 1.459
Tc-94m 52m ECB+ - 0.756 1.859
Tc-94 293m ECB+ - 0.049 2.671
Tc-95m 61d ECB+IT Tc-95 4.000E-02 - 0.016 0.675
Tc-95 20h EC - 0.007 0.796
Tc-96m 51.5m ITEC Tc-96 9.800E-01 - 0.027 0.052
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Technetium, continued

Tc-96 4.28d EC - 0.009 2.506
Tc-97m 87d IT Tc-97 1.000E+00 - 0.087 0.010
Tc-97 2.6E6y EC - 0.006 0.011
Tc-98 4.2E6y B- - 0.159 1.413
Tc-99m 6.02h IT Tc-99 1.000E+00 - 0.016 0.126
Tc-99 2.13E5y B- - 0.101 -
Tc-101 14.2m B- - 0.478 0.334
Tc-104 18.2m B- - 1.601 1.981
Ruthenium

Ru-94 51.8m EC Tc-94m 1.000E+00 - 0.008 0.535
Ru-97 2.9d EC Tc-97m 7.550E-04 Tc-97  9.992E-01 - 0.013 0.240
Ru-103 39.28d B- Rh-103m 9.970E-01 - 0.075 0.469
Ru-105 4.44h B- Rh-105 1.000E+00 - 0.400 0.784
Ru-106 368.2d B- Rh-106 1.000E+00 - 0.010 -
Rhodium

Rh-99m 4.7h ECB+ - 0.032 0.685
Rh-99 16d ECB+ - 0.042 0.608
Rh-100 20.8h ECB+ - 0.070 2.767
Rh-101m 4.34d ECIT Rh-101 7.200E-02 - 0.020 0.307
Rh-101 3.2y EC - 0.032 0.269
Rh-102m 207d ECB+ITB- Rh-102 5.000E-02 - 0.168 0.486
Rh-102 2.9y ECB+ - 0.012 2.140
Rh-103m 56.12m IT - 0.038 0.002
Rh-105 35.36h B- - 0.154 0.078
Rh-106m 132m B- - 0.313 2.915
Rh-106 29.9s B- - 1.413 0.205
Rh-107 21.7m B- Pd-107 1.000E+00 - 0.445 0.312
Palladium

Pd-100 3.63d EC Rh-100 1.000E+00 - 0.044 0.129
Pd-101 8.27h ECB+ Rh-101m 9.970E-01 Rh-101 3.000E-03 - 0.039 0.337
Pd-103 16.96d EC Rh-103m 1.000E+00 - 0.006 0.014
Pd-107 6.5E6y B- - 0.009 -
Pd-109 13.427h B- - 0.437 0.012
Silver

Ag-102 12.9m ECB+ - 0.819 3.353
Ag-103 65.7m ECB+ Pd-103 1.000E+00 - 0.259 0.765
Ag-104m 33.5m ECB+IT  Ag-104 3.300E-01 - 0.509 1.174
Ag-104 69.2m ECB+ - 0.091 2.683
Ag-105 41.0d ECB+ - 0.019 0.525
Ag-106m 8.41d EC - 0.013 2.822
Ag-106 23.96m ECB+ - 0.508 0.711
Ag-108m 127y ECIT Ag-108 8.900E-02 - 0.016 1.627
Ag-108 2.37m ECB+B- - 0.610 0.018
Ag-109m 39.6s IT - 0.077 0.011
Ag-110m 249.9d ITB- Ag-110 1.330E-02 - 0.072 2.751
Ag-110 24.6s B-EC - 1.182 0.031
Ag-111 7.45d B- - 0.354 0.026
Ag-112 3.12h B- - 1.384 0.657
Ag-115 20.0m B- Cd-115m 6.600E-02 Cd-115 9.340E-01 - 1.042 0.707
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Cadmium
Cd-104 57.7m ECB+ Ag-104 1.000E+00 - 0.032 0.259
Cd-107 6.49h ECB+ - 0.087 0.034
Cd-109 464d EC - 0.083 0.026
Cd-113m 13.6y B- - 0.185 -
Cd-113 9.3E15y B- - 0.093 -
Cd-115m 44.6d B- In-115 1.000E+00 - 0.607 0.022
Cd-115 53.46h B- In-115m 1.000E+00 - 0.303 0.233
Cd-117m 3.36h B- In-117m 1.000E-02 In-117 9.900E-01 - 0.229 2.044
Cd-117 2.49h B- In-117m 9.200E-01 In-117 8.000E-02 - 0.439 1.087
Indium
In-109 4.2h ECB+ Cd-109 1.000E+00 - 0.047 0.672
In-110b 4.9h ECB+ - 0.012 3.049
In-110a 69.1m ECB+ - 0.626 1.557
In-111 2.83d EC - 0.034 0.405
In-112 14.4m B-ECB+ - 0.243 0.268
In-113m 1.658h IT - 0.134 0.258
In-114m 49.51d ECIT In-114 9.570E-01 - 0.143 0.094
In-114 71.9s B-ECB+ - 0.771 0.003
In-115m 4.486h ITB- In-115 9.500E-01 - 0.172 0.161
In-115 5.1E15y B- - 0.152 -
In-116m 54.15m B- - 0.312 2.473
In-117m 116.5m B-IT In-117 4.710E-01 - 0.434 0.091
In-117 43.8m B- Sn-117m 3.200E-03 - 0.267 0.692
In-119m 18.0m B-IT In-119 2.500E-02 - 1.065 0.011
In-119 2.4m B- Sn-119m 1.090E-01 - 0.634 0.769
Tin
Sn-110 4.0h EC In-110a 1.000E+00 - 0.014 0.301
Sn-111 35.3m ECB+ In-111 1.000E+00 - 0.221 0.510
Sn-113 115.1d EC In-113m 1.000E+00 - 0.006 0.023
Sn-117m 13.61d IT - 0.161 0.158
Sn-119m 293.0d IT - 0.078 0.011
Sn-121m 55y B-IT Sn-121 7.760E-01 - 0.035 0.005
Sn-121 27.06h B- - 0.114 -
Sn-123m 40.08m B- - 0.475 0.140
Sn-123 129.2d B- - 0.520 0.007
Sn-125 9.64d B- Sb-125 1.000E+00 - 0.811 0.313
Sn-126 1.0E5y B- Sb-126m 1.000E+00 - 0.172 0.057
Sn-127 2.10h B- Sb-127 1.000E+00 - 0.534 1.910
Sn-128 59.1m B- Sb-128a 1.000E+00 - 0.255 0.666
Antimony
Sb-115 31.8m ECB+ - 0.238 0.909
Sb-116m 60.3m ECB+ - 0.153 3.143
Sb-116 15.8m ECB+ - 0.424 2.158
Sb-117 2.80h ECB+ - 0.029 0.185
Sb-118m 5.00h ECB+ - 0.040 2.585
Sb-119 38.1h EC - 0.026 0.023
Sb-120b 5.76d EC - 0.045 2.469
Sb-120a 15.89m ECB+ - 0.308 0.452
Sb-122 2.70d ECB- - 0.565 0.441
Sh-124n 20.2m IT Sh-124m 1.000E+00 - 0.025 <
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Antimony, continued

Sb-124m 93s ITB- Sh-124 8.000E-01 - 0.092 0.352
Sh-124 60.20d B- - 0.387 1.817
Sh-125 2.77y B- Te-125m 2.280E-01 - 0.100 0.431
Sh-126m 19.0m ITB- Sb-126 1.400E-01 - 0.591 1.548
Sh-126 12.4d B- - 0.283 2.834
Sh-127 3.85d B- Te-127m 1.760E-01 Te-127 8.240E-01 - 0.316 0.688
Sh-128b 9.01h B- - 0.438 3.093
Sh-128a 10.4m B- - 0.935 1.986
Sh-129 4.32h B- Te-129m 2.250E-01 Te-129 7.750E-01 - 0.408 1.437
Sh-130 40m B- - 0.722 3.264
Sh-131 23m B- Te-131m 9.930E-02 Te-131 9.007E-01 - 0.553 1.864
Tellurium

Te-116 2.49h EC Sb-116 1.000E+00 - 0.053 0.073
Te-121m 154d ECIT Te-121 8.860E-01 - 0.080 0.217
Te-121 17d EC - 0.010 0.577
Te-123m 119.7d IT Te-123 1.000E+00 - 0.099 0.148
Te-123 1E13y EC - 0.006 0.020
Te-125m 58d IT - 0.109 0.036
Te-127m 109d ITB- Te-127 9.760E-01 - 0.082 0.011
Te-127 9.35h B- - 0.223 0.005
Te-129m 33.6d ITB- I1-129  3.500E-01 Te-129 6.500E-01 - 0.260 0.038
Te-129 69.6m B- 1-129  1.000E+00 - 0.544 0.059
Te-131m 30h ITB- I1-131 7.780E-01 Te-131 2.220E-01 - 0.202 1.425
Te-131 25.0m B- I-131  1.000E+00 - 0.719 0.420
Te-132 78.2h B- I1-132  1.000E+00 - 0.102 0.234
Te-133m 55.4m ITB- I-133  8.700E-01 Te-133 1.300E-01 - 0.705 2.313
Te-133 12.45m B- I-133  1.000E+00 - 0.819 0.929
Te-134 41.8m B- I1-134  1.000E+00 - 0.300 0.886
lodine

1-120m 53m ECB+ - 1.244 5.297
1-120 81.0m ECB+ - 1.423 2.729
I1-121 2.12h ECB+ Te-121 1.000E+00 - 0.083 0.419
1-122 3.62m ECB+ - 1.055 0.946
1-123 13.2h EC Te-123m 5.000E-05 Te-123 9.999E-01 - 0.028 0.172
1-124 4.18d ECB+ - 0.194 1.098
1-125 60.14d EC - 0.019 0.042
1-126 13.02d ECB+B- - 0.157 0.455
1-128 24.99m ECB+B- - 0.748 0.085
1-129 1.57E7y B- - 0.064 0.025
1-130 12.36h B- - 0.297 2.139
1-131 8.04d B- Xe-131m 1.110E-02 - 0.192 0.382
1-132m 83.6m ITB- 1-132 8.600E-01 - 0.159 0.322
1-132 2.30h B- - 0.495 2.280
1-133 20.8h B- Xe-133m 2.900E-02 Xe-133 9.710E-01 - 0.411 0.607
1-134 52.6m B- - 0.622 2.625
1-135 6.61h B- Xe-135m 1.540E-01 Xe-135 8.460E-01 - 0.367 1.576
Xenon

Xe-120 40m ECB+ I1-120  1.000E+00 - 0.055 0.432
Xe-121 40.1m ECB+ I-121  1.000E+00 - 0.569 1.815
Xe-122 20.1h EC 1-122  1.000E+00 - 0.010 0.068
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Xenon, continued

Xe-123 2.08h ECB+ I-123 1.000E+00 - 0.184 0.634
Xe-125 17.0h ECB+ I-125 1.000E+00 - 0.034 0.271
Xe-127 36.41d EC - 0.033 0.280
Xe-129m 8.0d IT - 0.185 0.051
Xe-131m 11.9d IT - 0.144 0.020
Xe-133m 2.188d IT Xe-133 1.000E+00 - 0.192 0.041
Xe-133 5.245d B- - 0.136 0.046
Xe-135m 15.29m ITB- Cs-135 4.500E-05 Xe-135 9.999E-01 - 0.098 0.429
Xe-135 9.09h B- Cs-135 1.000E+00 - 0.317 0.249
Xe-138 14.17m B- Cs-138 1.000E+00 - 0.673 1.125
Cesium

Cs-125 45m ECB+ Xe-125 1.000E+00 - 0.347 0.678
Cs-126 1.64m ECB+ - 1.464 1.086
Cs-127 6.25h ECB+ Xe-127 1.000E+00 - 0.029 0.420
Cs-128 3.9m ECB+ - 0.846 0.900
Cs-129 32.06h ECB+ - 0.018 0.282
Cs-130 29.9m ECB+ - 0.401 0.517
Cs-131 9.69d EC - 0.007 0.023
Cs-132 6.475d ECB+B- - 0.014 0.705
Cs-134m 2.90h IT Cs-134 1.000E+00 - 0.112 0.027
Cs-134 2.062y ECB- - 0.164 1.555
Cs-135m 53m IT Cs-135 1.000E+00 - 0.036 1.586
Cs-135 2.3E6y B- - 0.067 -
Cs-136 13.1d B- - 0.139 2.166
Cs-137 30.0y B- Ba-137m 9.460E-01 - 0.187 -
Cs-138 32.2m B- - 1.207 2.361
Barium

Ba-126 96.5m ECB+ Cs-126 1.000E+00 - 0.020 0.163
Ba-128 2.43d EC Cs-128 1.000E+00 - 0.009 0.076
Ba-131m 14.6m IT Ba-131 1.000E+00 - 0.109 0.077
Ba-131 11.8d ECB+ Cs-131 1.000E+00 - 0.046 0.459
Ba-133m 38.9h IT Ba-133 1.000E+00 - 0.221 0.067
Ba-133 10.74y EC - 0.054 0.402
Ba-135m 28.7h 1T - 0.208 0.060
Ba-137m 2.552m IT - 0.065 0.597
Ba-139 82.7m B- - 0.898 0.043
Ba-140 12.74d B- La-140 1.000E+00 - 0.313 0.183
Ba-141 18.27m B- La-141 1.000E+00 - 0.901 0.845
Ba-142 10.6m B- La-142 1.000E+00 - 0.440 1.047
Lanthanum

La-131 59m ECB+ Ba-131 1.000E+00 - 0.208 0.671
La-132 4.8h ECB+ - 0.522 2.011
La-134 6.67m ECB+ - 0.739 0.698
La-135 19.5h ECB+ - 0.007 0.036
La-137 6E4y EC - 0.007 0.024
La-138 1.35Elly B-EC - 0.037 1.236
La-140 40.272h B- - 0.537 2.315
La-141 3.93h B- Ce-141 1.000E+00 - 0.948 0.043
La-142 92.5m B- - 0.846 2.753
La-143 14.23m B- Ce-143 1.000E+00 - 1.324 0.094

G-13
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Cerium
Ce-134 72.0h EC La-134 1.000E+00 - 0.007 0.026
Ce-135 17.6h ECB+ La-135 1.000E+00 - 0.244 1.776
Ce-137m 34.4h ECIT La-137 5.900E-03 Ce-137 9.941E-01 - 0.203 0.053
Ce-137 9.0h EC La-137 1.000E+00 - 0.017 0.036
Ce-139 137.66d EC - 0.036 0.160
Ce-141 32.501d B- - 0.171 0.076
Ce-143 33.0h B- Pr-143 1.000E+00 - 0.433 0.282
Ce-144 284.3d B- Pr-144m 1.780E-02 Pr-144 9.822E-01 - 0.092 0.021
Praseodymium
Pr-136 13.1m ECB+ - 0.743 2.101
Pr-137 76.6m ECB+ Ce-137 1.000E+00 - 0.198 0.501
Pr-138m 2.1h ECB+ - 0.224 2.478
Pr-138 1.45m ECB+ - 1.159 0.813
Pr-139 4.51h ECB+ Ce-139 1.000E+00 - 0.046 0.122
Pr-142m 14.6m IT Pr-142 1.000E+00 - 0.004 <
Pr-142 19.13h B-EC - 0.808 0.058
Pr-143 13.56d B- - 0.314 <
Pr-144m 7.2m ITB- Pr-144 9.990E-01 - 0.047 0.013
Pr-144 17.28m B- - 1.208 0.032
Pr-145 5.98h B- - 0.677 0.013
Pr-147 13.6m B- Nd-147 1.000E+00 - 0.807 0.863
Neodymium
Nd-136 50.65m ECB+ Pr-136 1.000E+00 - 0.093 0.293
Nd-138 5.04h EC Pr-138 1.000E+00 - 0.008 0.043
Nd-139m 5.5h ECB+IT  Pr-139 8.800E-01 Nd-139 1.200E-01 - 0.111 1.572
Nd-139 29.7m ECB+ Pr-139 1.000E+00 - 0.201 0.406
Nd-141m 62.4s ECIT Nd-141 9.996E-01 - 0.068 0.759
Nd-141 2.49h ECB+ - 0.016 0.075
Nd-147 10.98d B- Pm-147 1.000E+00 - 0.270 0.140
Nd-149 1.73h B- Pm-149 1.000E+00 - 0.506 0.384
Nd-151 12.44m B- Pm-151 1.000E+00 - 0.649 0.916
Promethium
Pm-141 20.90m ECB+ Nd-141m 9.680E-04 Nd-141 9.990E-01 - 0.632 0.744
Pm-142 40.5s ECB+ - 1.365 0.868
Pm-143 265d EC - 0.008 0.315
Pm-144 363d EC - 0.017 1.563
Pm-145 17.7y EC - 0.014 0.031
Pm-146 2020d B-EC Sm-146 3.590E-01 - 0.097 0.753
Pm-147 2.6234y B- Sm-147 1.000E+00 - 0.062 <
Pm-148m 41.3d B-IT Pm-148 4.600E-02 - 0.170 2.000
Pm-148 5.37d B- - 0.724 0.575
Pm-149 53.08h B- - 0.366 0.011
Pm-150 2.68h B- - 0.807 1.431
Pm-151 28.40h B- Sm-151 1.000E+00 - 0.306 0.321
Samarium
Sm-141m 22.6m ITECB+ Pm-141 9.969E-01 Sm-141 3.100E-03 - 0.435 1.984
Sm-141 10.2m ECB+ Pm-141 1.000E+00 - 0.706 1.405
Sm-142 72.49m ECB+ Pm-142 1.000E+00 - 0.034 0.09%4
Sm-145 340d EC Pm-145 1.000E+00 - 0.032 0.065
Sm-146 1.03E8y A 474 - -
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Samarium, continued
Sm-147  1.06Elly A 2.248 - -
Sm-151 90y B- - 0.020 <
Sm-153 46.7h B- - 0.273 0.062
Sm-155 22.1m B- Eu-155 1.000E+00 - 0.566 0.103
Sm-156 9.4h B- Eu-156 1.000E+00 - 0.206 0.121
Europium
Eu-145 5.94d ECB+ Sm-145 1.000E+00 - 0.029 1.458
Eu-146 4.61d ECB+ Sm-146 1.000E+00 - 0.048 2.504
Eu-147 24d A ECB+ Pm-143 2.200E-05 Sm-147 1.000E+00 < 0.042 0.497
Eu-148 54.5d A ECB+ Pm-144 9.400E-09 < 0.023 2.177
Eu-149 93.1d EC - 0.011 0.063
Eu-150b 34.2y EC - 0.044 1.496
Eu-150a 12.62h B-ECB+ - 0.312 0.047
Eu-152m 9.32h ECB+B-  Gd-152 7.200E-01 - 0.507 0.293
Eu-152 13.33y B-ECB+ Gd-152 2.792E-01 - 0.139 1.155
Eu-154 8.8y ECB- - 0.292 1.242
Eu-155 4.96y B- - 0.063 0.061
Eu-156 15.19d B- - 0.423 1.329
Eu-157 15.15h B- - 0.395 0.262
Eu-158 45.9m B- - 0.963 1.057
Gadolinium
Gd-145 22.9m ECB+ Eu-145 1.000E+00 - 0.549 2.257
Gd-146 48.3d EC Eu-146 1.000E+00 - 0.130 0.250
Gd-147 38.1h ECB+ Eu-147 1.000E+00 - 0.060 1.337
Gd-148 93y A 3.183 - -
Gd-149 9.4d EC Eu-149 1.000E+00 - 0.059 0.420
Gd-151 120d A EC Sm-147 8.000E-09 < 0.034 0.064
Gd-152  1.08El4y A 2.148 - -
Gd-153 242d EC - 0.044 0.106
Gd-159 18.56h B- - 0.304 0.050
Terbium
Tb-147 1.65h ECB+ Gd-147 1.000E+00 - 0.564 1.590
Th-149 4.15h ECB+A Eu-145 2.000E-01 Gd-149 8.000E-01 0.793 0.186 1.614
Tb-150 3.27h ECB+ - 0.546 1.679
Th-151 17.6h ECB+A Eu-147 9.500E-05 Gd-151 1.000E+00 < 0.080 0.892
Tb-153 2.34d ECB+ Gd-153 1.000E+00 - 0.049 0.229
Th-154 21.4h ECB+ - 0.081 2.352
Tb-155 5.32d EC - 0.034 0.140
Th-156m 24.4h IT Th-156 1.000E+00 - 0.024 0.025
Tb-156n 5.0h IT Tb-156 1.000E+00 - 0.084 0.004
Tb-156 5.34d EC - 0.103 1.826
Tb-157 150y EC - 0.005 0.003
Tb-158 150y B-EC - 0.116 0.798
Tb-160 72.3d B- - 0.257 1.124
Tb-161 6.91d B- - 0.197 0.035
Dysprosium
Dy-155 10.0h ECB+ Tb-155 1.000E+00 - 0.028 0.582
Dy-157 8.1lh EC Tb-157 1.000E+00 - 0.013 0.357
Dy-159 144.4d EC - 0.013 0.045
Dy-165 2.334h B- - 0.449 0.026
Dy-166 81.6h B- Ho-166 1.000E+00 - 0.159 0.040




Table G.1, continued

Radioactive Decay Products and Fractional Yield

Decay Energy (MeV nt™!)
Nuclide T% Mode Nuclide Fraction Nuclide Fraction Nuclide Fraction Alpha Elect Photon
Holmium
Ho-155 48m ECB+ Dy-155 1.000E+00 - 0.241 0.387
Ho-157 12.6m ECB+ Dy-157 1.000E+00 - 0.081 0.493
Ho-159 33m ECB+ Dy-159 1.000E+00 - 0.052 0.366
Ho-161 2.5h EC - 0.033 0.062
Ho-162m 68m ITEC Ho-162 6.100E-01 - 0.078 0.576
Ho-162 15m ECB+ - 0.062 0.168
Ho-164m 37.5m IT Ho-164 1.000E+00 - 0.092 0.047
Ho-164 29m ECB- - 0.148 0.030
Ho-166m  1.20E3y B- - 0.132 1.747
Ho-166 26.80h B- - 0.695 0.029
Ho-167 3.1h B- - 0.219 0.365
Erbium
Er-161 3.24h ECB+ Ho-161 1.000E+00 - 0.051 0.914
Er-165 10.36h EC - 0.008 0.038
Er-169 9.3d B- - 0.104 <
Er-171 7.52h B- Tm-171 1.000E+00 - 0.422 0.381
Er-172 49.3h B- Tm-172 1.000E+00 - 0.129 0.522
Thulium
Tm-162 21.7m ECB+ - 0.370 1.781
Tm-166 7.70h ECB+ - 0.103 1.870
Tm-167 9.24d EC - 0.128 0.146
Tm-170 128.6d ECB- - 0.331 0.005
Tm-171 1.92y B- - 0.026 <
Tm-172 63.6h B- - 0.530 0.477
Tm-173 8.24h B- - 0.319 0.388
Tm-175 15.2m B- Yb-175 1.000E+00 - 0.555 1.053
Ytterbium
Yb-162 18.9m EC Tm-162 1.000E+00 - 0.031 0.137
Yb-166 56.7h EC Tm-166 1.000E+00 - 0.042 0.086
Yb-167 17.5m ECB+ Tm-167 1.000E+00 - 0.092 0.267
Yb-169 32.01d EC - 0.125 0.310
Yb-175 4.19d B- - 0.130 0.040
Yb-177 1.9h B- Lu-177 1.000E+00 - 0.430 0.187
Yb-178 74m B- Lu-178 1.000E+00 - 0.191 0.035
Lutetium
Lu-169 34.06h ECB+ Yb-169 1.000E+00 - 0.054 1.041
Lu-170 2.00d ECB+ - 0.094 2.484
Lu-171 8.22d EC - 0.084 0.697
Lu-172 6.70d ECB+ - 0.119 1.888
Lu-173 1.37y EC - 0.036 0.130
Lu-174m 142d ECIT Lu-174 9.930E-01 - 0.116 0.063
Lu-174 3.31y ECB+ - 0.042 0.126
Lu-176m 3.68h B- - 0.477 0.014
Lu-176  3.60E10y B- - 0.296 0.491
Lu-177m 160.9d B-IT Lu-177 2.100E-01 - 0.272 1.003
Lu-177 6.71d B- - 0.148 0.035
Lu-178m 22.7m B- - 0.591 1.109
Lu-178 28.4m B- - 0.773 0.140
Lu-179 4.59h B- - 0.464 0.031




Table G.1, continued

Radioactive Decay Products and Fractional Yield

Decay Energy (MeV nt™!)

Nuclide T% Mode Nuclide Fraction Nuclide Fraction Nuclide Fraction Alpha Elect Photon
Hafnium

Hf-170 16.01h EC Lu-170 1.000E+00 - 0.091 0.549
Hf-172 1.87y EC Lu-172 1.000E+00 - 0.118 0.118
Hf-173 24.0h ECB+ Lu-173 1.000E+00 - 0.053 0.408
Hf-175 70d EC - 0.046 0.369
Hf-177m 51.4m IT - 0.500 2.252
Hf-178m 31y IT - 0.297 2.358
Hf-179m 25.1d IT - 0.188 0.901
Hf-180m 5.5h IT - 0.139 1.008
Hf-181 42.4d B- - 0.203 0.555
Hf-182m 61.5m ITB- Ta-182 5.400E-01 Hf-182 4.600E-01 - 0.235 0.933
Hf-182 9E6y B- Ta-182 1.000E+00 - 0.083 0.239
Hf-183 64m B- Ta-183 1.000E+00 - 0.451 0.752
Hf-184 4.12h B- Ta-184 1.000E+00 - 0.477 0.251
Tantalum

Ta-172 36.8m ECB+ Hf-172 1.000E+00 - 0.505 1.550
Ta-173 3.65h ECB+ Hf-173 1.000E+00 - 0.358 0.585
Ta-174 1.2h ECB+ - 0.367 0.627
Ta-175 10.5h ECB+ Hf-175 1.000E+00 - 0.064 0.933
Ta-176 8.08h ECB+ - 0.104 2.145
Ta-177 56.6h EC - 0.024 0.067
Ta-178b 2.2h EC - 0.155 1.023
Ta-178a 9.31m EC - 0.034 0.109
Ta-179 664.9d EC - 0.008 0.032
Ta-180m 8.1h ECB- - 0.055 0.049
Ta-180 1.0E13y EC - 0.123 0.560
Ta-182m 15.84m IT Ta-182 1.000E+00 - 0.251 0.252
Ta-182 115.0d B- - 0.217 1.294
Ta-183 5.1d B- - 0.345 0.293
Ta-184 8.7h B- - 0.547 1.612
Ta-185 49m B- W-185  1.000E+00 - 0.725 0.193
Ta-186 10.5m B- - 0.992 1.560
Tungsten

W-176 2.3h EC Ta-176 1.000E+00 - 0.073 0.177
W-177 135m ECB+ Ta-177 1.000E+00 - 0.104 0.903
W-178 21.7d EC Ta-178a 1.000E+00 - 0.007 0.014
W-179 37.5m EC Ta-179 1.000E+00 - 0.027 0.060
W-181 121.2d EC - 0.011 0.040
W-185 75.1d B- - 0.127 <
W-187 23.9h B- Re-187 1.000E+00 - 0.312 0.481
W-188 69.4d B- Re-188 1.000E+00 - 0.100 0.002
Rhenium

Re-177 14.0m ECB+ W-177  1.000E+00 - 0.361 0.620
Re-178 13.2m ECB+ W-178  1.000E+00 - 0.578 1.218
Re-180 2.43m ECB+ - 0.156 1.183
Re-181 20h ECB+ W-181  1.000E+00 - 0.137 0.771
Re-182b 64.0h EC - 0.213 1.886
Re-182a 12.7h ECB+ - 0.088 1.179
Re-184m 165d ITEC Re-184 7.470E-01 - 0.141 0.390
Re-184 38.0d EC - 0.056 0.891
Re-186m 2.0E5y IT Re-186 1.000E+00 - 0.124 0.019
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1
%

Rhenium, continued

Re-186 90.64h B-EC - 0.345 0.021
Re-187 5E10y B- - < -
Re-188m 18.6m IT Re-188 1.000E+00 - 0.098 0.080
Re-188 16.98h B- - 0.780 0.058
Re-189 24.3h B- 0s-189m 2.410E-01 - 0.340 0.069
Osmium

0s-180 22m ECB+ Re-180 1.000E+00 - 0.028 0.065
0s-181 105m ECB+ Re-181 1.000E+00 - 0.108 1.222
0s-182 22h EC Re-182a 1.000E+00 - 0.056 0.435
0s-185 94d EC - 0.019 0.719
0s-189m 6.0h IT - 0.029 0.002
0s-190m 9.9m IT - 0.116 1.588
0s-191m 13.03h IT 0s-191 1.000E+00 - 0.065 0.009
0s-191 15.4d B- - 0.135 0.080
0s-193 30.0h B- - 0.373 0.073
0s-194 6.0y B- Ir-194 1.000E+00 - 0.034 0.002
Iridium

Ir-182 15m ECB+ 0s-182 1.000E+00 - 0.935 1.340
Ir-184 3.02h ECB+ - 0.279 1.908
Ir-185 14.0h ECB+ 0s-185 1.000E+00 - 0.115 0.601
Ir-186a 15.8h ECB+ - 0.113 1.641
Ir-186b 1.75h ECB+ - 0.203 0.964
Ir-187 10.5h EC - 0.060 0.363
Ir-188 41.5h ECB+ - 0.058 1.584
Ir-189 13.3d EC 0s-189m 8.300E-02 - 0.049 0.081
Ir-190n 3.1h ITEC Ir-190m 5.000E-02 - 0.126 1.555
Ir-190m 1.2h IT Ir-190 1.000E+00 - 0.024 0.002
Ir-190 12.1d EC - 0.129 1.443
Ir-191Im 4.94s IT - 0.096 0.075
Ir-192m 241y 1IT Ir-192 1.000E+00 - - 0.161
Ir-192 74.02d B-EC - 0.217 0.818
Ir-194m 171d B- - 0.156 2.335
Ir-194 19.15h B- - 0.812 0.090
Ir-195m 3.8h ITB- Ir-195 4.000E-02 - 0.480 0.432
Ir-195 2.5h B- - 0.380 0.059
Platinum

Pt-186 2.0h A EC 0s-182 1.400E-06 Ir-186b 1.000E+00 < 0.012 0.740
Pt-188 10.2d EC Ir-188 1.000E+00 - 0.080 0.202
Pt-189 10.87h ECB+ Ir-189 1.000E+00 - 0.055 0.325
Pt-191 2.8d EC - 0.064 0.304
Pt-193m 4.33d IT Pt-193 1.000E+00 - 0.137 0.013
Pt-193 50y EC - 0.007 0.002
Pt-195m 4.02d IT - 0.183 0.076
Pt-197m 94.4m B-IT Pt-197 9.670E-01 - 0.324 0.083
Pt-197 18.3h B- - 0.254 0.025
Pt-199 30.8m B- Au-199 1.000E+00 - 0.535 0.202
Pt-200 12.5h B- Au-200 1.000E+00 - 0.243 0.061
Gold

Au-193 17.65h EC Pt-193 1.000E+00 - 0.064 0.160
Au-194 39.5h ECB+ - 0.043 1.067
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Gold, continued

Au-195m 30.5s IT Au-195 1.000E+00 - 0.117 o0.201
Au-195 183d EC - 0.051 0.085
Au-198m 2.30d IT Au-198 1.000E+00 - 0.289 0.577
Au-198 2.696d B- - 0.327 0.405
Au-199 3.139d B- - 0.143 0.089
Au-200m 18.7h B-IT Au-200 1.800E-01 - 0.276 2.087
Au-200 48.4m B- - 0.740 0.272
Au-201 26.4m B- - 0.422 0.053
Mercury

Hg-193m 11.1h ECB+IT  Au-193 9.200E-01 Hg-193 8.000E-02 - 0.139 1.046
Hg-193 3.5h ECB+ Au-193 1.000E+00 - 0.125 0.203
Hg-194 260y EC Au-194 1.000E+00 - 0.007 0.003
Hg-195m 41.6h ITEC Au-195 4.580E-01 Hg-195 5.420E-01 - 0.150 0.214
Hg-195 9.9h EC Au-195 1.000E+00 - 0.065 0.204
Hg-197m 23.8h ECIT Hg-197 9.300E-01 - 0.215 0.094
Hg-197 64.1h EC - 0.066 0.070
Hg-199m 42.6m IT - 0.352 0.186
Hg-203 46.60d B- - 0.099 0.238
Thallium

T1-194m 32.8m ECB+ Hg-194 1.000E+00 - 0.342 2.319
T1-194 33m EC Hg-194 1.000E+00 - 0.030 0.779
T1-195 1.16h ECB+ Hg-195 1.000E+00 - 0.096 1.271
T1-197 2.84h ECB+ Hg-197 1.000E+00 - 0.061 0.409
T1-198m 1.87h ECB+IT  T1-198 4.700E-01 - 0.201 1.195
T1-198 5.3h ECB+ - 0.041 2.006
T1-199 7.42h ECB+ - 0.056 0.249
T1-200 26.1h ECB+ - 0.040 1.311
T1-201 3.044d EC - 0.043 0.093
T1-202 12.23d ECB+ - 0.023 0.468
T1-204 3.779y ECB- - 0.238 0.001
T1-206 4.20m B- - 0.537 <
T1-207 4.77m B- - 0.493 0.002
T1-208 3.07m B- - 0.598 3.375
T1-209 2.20m B- Pb-209 1.000E+00 - 0.688 2.032
Lead

Pb-195m 15.8m ECB+ T1-195 1.000E+00 - 0.302 1.599
Pb-198 2.4h EC T1-198 1.000E+00 - 0.079 0.439
Pb-199 90m ECB+ T1-199 1.000E+00 - 0.054 1.476
Pb-200 21.5h EC T1-200 1.000E+00 - 0.099 0.209
Pb-201 9.4h ECB+ T1-201 1.000E+00 - 0.058 0.758
Pb-202m 3.62h ITEC T1-202 9.500E-02 Pb-202 9.050E-01 - 0.076 2.043
Pb-202 3E5y EC T1-202 1.000E+00 - 0.006 0.002
Pb-203 52.05h EC - 0.052 0.312
Pb-205 1.43E7y EC - 0.007 0.002
Pb-209 3.253h B- - 0.198 -
Pb-210 22.3y B- Bi-210 1.000E+00 - 0.038 0.005
Pb-211 36.1m B- Bi-211 1.000E+00 - 0.456 0.051
Pb-212 10.64h B- Bi-212 1.000E+00 - 0.176 0.148
Pb-214 26.8m B- Bi-214 1.000E+00 - 0.293 0.250
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Radioactive Decay Products and Fractional Yield

Decay Energy (MeV nt™!)
Nuclide T% Mode Nuclide Fraction Nuclide Fraction Nuclide Fraction Alpha Elect Photon
Bismuth
Bi-200 36.4m ECB+ Pb-200 1.000E+00 - 0.190 2.393
Bi-201 108m EC Pb-201 1.000E+00 - 0.258 1.339
Bi-202 1.67h ECB+ Pb-202m 2.500E-03 Pb-202 9.975E-01 - 0.109 2.713
Bi-203 11.76h ECB+ Pb-203 1.000E+00 - 0.080 2.384
Bi-205 15.31d ECB+ Pb-205 1.000E+00 - 0.034 1.690
Bi-206 6.243d EC - 0.136 3.278
Bi-207 38y ECB+ - 0.117 1.540
Bi-210m 3.0E6y A T1-206 1.000E+00 4.913 0.047 0.257
Bi-210 5.012d B- Po-210 1.000E+00 - 0.389 -
Bi-211 2.14m A B- T1-207 9.972E-01 Po-211 2.800E-03 6.550 0.010 0.047
Bi-212 60.55m B-A T1-208 3.593E-01 Po-212 6.407E-01 2.174 0.472 0.186
Bi-213 45.65m B-A T1-209 2.160E-02 Po-213 9.784E-01 0.126 0.442 0.133
Bi-214 19.9m B- Po-214 9.998E-01 - 0.659 1.508
Polonium
Po-203 36.7m ECB+ Bi-203 9.989E-01 - 0.164 1.644
Po-205 1.80h A ECB+ Pb-201 1.400E-03 Bi-205 9.986E-01 0.007 0.060 1.581
Po-207 350m ECB+ Bi-207 1.000E+00 - 0.052 1.331
Po-210 138.38d A 5.297 < <
Po-211 0.516s A 7.442 < 0.008
Po-212 0.305usA 8.785 - -
Po-213 4.2usA Pb-209 1.000E+00 8.376 - -
Po-214 164.3usA Pb-210 1.000E+00 7.687 < <
Po-215 0.00178s A Pb-211 1.000E+00 7.386 < <
Po-216 0.15s A Pb-212 1.000E+00 6.779 < <
Po-218 3.05m A B- Pb-214 9.998E-01 At-218 2.000E-04 6.001 < <
Astatine
At-207 1.80h ECA Bi-203 1.000E-01 Po-207 9.000E-01 0.576 0.080 1.325
At-211 7.214h ECA Bi-207 4.170E-01 Po-211 5.830E-01 2.446 0.006 0.039
At-215 0.10msA Bi-211 1.000E+00 8.026 < <
At-216 0.30msA Bi-212 1.000E+00 7.799 < 0.002
At-217 0.0323s A Bi-213 1.000E+00 7.067 < <
At-218 2s A Bi-214 9.990E-01 6.697 0.040 0.007
Radon
Rn-218 35msA Po-214 1.000E+00 7.132 < <
Rn-219 3.96s A Po-215 1.000E+00 6.757 0.006 0.056
Rn-220 55.6s A Po-216 1.000E+00 6.288 < <
Rn-222 3.8235d A Po-218 1.000E+00 5.489 < <
Francium
Fr-219 21msA At-215 1.000E+00 7.313 < 0.003
Fr-220 27.4s A At-216 1.000E+00 6.637 0.028 0.012
Fr-221 4.8m A At-217 1.000E+00 6.304 0.010 0.031
Fr-222 14.4m B- Ra-222 1.000E+00 - 0.731 -
Fr-223 21.8m B- Ra-223 9.999E-01 - 0.400 0.059
Radium
Ra-222 38.0s A Rn-218 1.000E+00 6.546 < 0.009
Ra-223 11.434d A Rn-219 1.000E+00 5.667 0.076 0.134
Ra-224 3.66d A Rn-220 1.000E+00 5.674 0.002 0.010
Ra-225 14.8d B- Ac-225 1.000E+00 - 0.107 0.014
Ra-226 1600y A Rn-222 1.000E+00 4.774 0.004 0.007
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Radium, continued
Ra-227 42.2m B- Ac-227 1.000E+00 - 0.439 0.167
Ra-228 5.75y B- Ac-228 1.000E+00 - 0.017 <
Actinium
Ac-223 2.2m A Fr-219 1.000E+00 6.553 0.015 0.006
Ac-224 2.9h A EC Fr-220 1.000E-01 Ra-224 9.000E-01 0.611 0.040 0.200
Ac-225 10.0d A Fr-221 1.000E+00 5.787 0.022 0.018
Ac-226 29h A B-EC  Th-226 8.280E-01 Ra-226 1.720E-01 Fr-222 6.000E-05 < 0.289 0.130
Ac-227 21.773y B-A Fr-223 1.380E-02 Th-227 9.862E-01 0.068 0.016 <
Ac-228 6.13h B- Th-228 1.000E+00 - 0.475 0.971
Thorium
Th-226 30.9m A Ra-222 1.000E+00 6.308 0.021 0.009
Th-227 18.718d A Ra-223 1.000E+00 5.884 0.053 0.110
Th-228 1.9131y A Ra-224 1.000E+00 5.400 0.021 0.003
Th-229 7340y A Ra-225 1.000E+00 4.873 0.116 0.096
Th-230 7.7E4y A Ra-226 1.000E+00 4.671 0.015 0.002
Th-231 25.52h B- Pa-231 1.000E+00 - 0.165 0.026
Th-232 1.405E10y A Ra-228 1.000E+00 3.996 0.012 0.001
Th-234 24.10d B- Pa-234m 9.980E-01 Pa-234 2.000E-03 - 0.060 0.009
Protactinium
Pa-227 38.3m ECA Ac-223 8.500E-01 Th-227 1.500E-01 5.468 0.016 0.022
Pa-228 22h A ECB+ Ac-224 2.000E-02 Th-228 9.800E-01 0.120 0.165 1.141
Pa-230 17.4d A ECB- U-230 9.500E-02 Th-230 9.050E-01 Ac-226 3.200E-05 < 0.068 0.652
Pa-231  3.276Edy A Ac-227 1.000E+00 4.969 0.065 0.048
Pa-232 1.31d B- U-232  1.000E+00 - 0.175 0.939
Pa-233 27.0d B- U-233  1.000E+00 - 0.196 0.204
Pa-234m 1.17m B-IT U-234 9.987E-01 Pa-234 1.300E-03 - 0.822 0.012
Pa-234 6.70h B- U-234  1.000E+00 - 0.494 1.919
Uranium
U-230 20.8d A Th-226 1.000E+00 5.864 0.022 0.003
U-231 4.2d ECA Th-227 5.500E-05 Pa-231 1.000E+00 < 0.071 0.082
U-232 72y A Th-228 1.000E+00 5.302 0.017 0.002
U-233 1.585E5y A Th-229 1.000E+00 4.817 0.006 0.001
U-234 2.445E5y A Th-230 1.000E+00 4.758 0.013 0.002
U-235 703.8E6y A Th-231 1.000E+00 4.396 0.049 0.156
U-236 2.3415E7y A Th-232 1.000E+00 4.505 0.011 0.002
U-237 6.75d B- Np-237 1.000E+00 - 0.196 0.143
U-238 4.468E9y SFA Th-234 1.000E+00 SF 5.400E-05 4.187 0.010 0.001
U-239 23.54m B- Np-239 1.000E+00 - 0.412 0.053
U-240 14.1h B- Np-240m 1.000E+00 - 0.138 0.008
Neptunium
Np-232 14.7m ECB+ U-232  1.000E+00 - 0.106 1.203
Np-233 36.2m EC U-233  1.000E+00 - 0.014 0.091
Np-234 4.4d ECB+ U-234  1.000E+00 - 0.069 1.442
Np-235 396.1d ECA Pa-231 1.400E-05 U-235 9.999E-01 < 0.010 0.007
Np-236a 115E3y ECB- Pu-236 8.900E-02 U-236 9.110E-01 - 0.208 0.136
Np-236b 22.5h B-EC Pu-236 4.800E-01 U-236 5.200E-01 - 0.087 0.051
Np-237 2.14E6y A Pa-233 1.000E+00 4.769 0.070 0.035
Np-238 2.117d B- Pu-238 1.000E+00 - 0.264 0.553
Np-239 2.355d B- Pu-239 1.000E+00 - 0.260 0.173
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Neptunium, continued
Np-240m 7.4m B- Pu-240 9.989E-01 - 0.683 0.337
Np-240 65m B- Pu-240 1.000E+00 - 0.528 1.313
Plutonium
Pu-234 8.8h A EC U-230 6.000E-02 Np-234 9.400E-01 0.371 0.011 0.069
Pu-235 25.3m ECA U-231 2.700E-05 Np-235 1.000E+00 < 0.021 0.095
Pu-236 2.85ly SFA U-232  1.000E+00 SF 8.100E-10 5.753 0.013 0.002
Pu-237 45.3d A EC U-233  5.000E-05 Np-237 1.000E+00 < 0.016 0.052
Pu-238 87.74y SFA U-234 1.000E+00 SF 1.840E-09 5.487 0.011 0.002
Pu-239 24065y A U-235 1.000E+00 5.148 0.007 <
Pu-240 6537y SFA U-236  1.000E+00 SF 4.950E-08 5.156 0.011 0.002
Pu-241 14.4y A B- U-237 2.450E-05 Am-241 1.000E+00 < 0.005 <
Pu-242  3.763E5y SFA U-238 1.000E+00 SF 5.500E-06 4.891 0.009 0.001
Pu-243 4.956h B- Am-243 1.000E+00 - 0.173 0.026
Pu-244 8.26E7y SFA U-240 1.000E+00 SF 1.250E-03 4.575 0.007 0.001
Pu-245 10.5h B- Am-245 1.000E+00 - 0.350 0.417
Pu-246 10.85d B- Am-246m 1.000E+00 - 0.125 0.140
Americium
Am-237 73.0m A EC Np-233 2.500E-04 Pu-237 9.997E-01 0.002 0.077 0.370
Am-238 98m ECA Np-234 1.000E-06 Pu-238 1.000E+00 < 0.052 0.891
Am-239 11.9h A EC Np-235 1.000E-04 Pu-239 9.999E-01 < 0.168 0.239
Am-240 50.8h A EC Np-236b 1.900E-06 Pu-240 1.000E+00 < 0.075 1.029
Am-241 432.2y A Np-237 1.000E+00 5.479 0.052 0.033
Am-242m 152y A IT Np-238 4.800E-03 Am-242 9.952E-01 0.025 0.044 0.005
Am-242 16.02h ECB- Cm-242 8.270E-01 Pu-242 1.730E-01 - 0.179 0.018
Am-243 7380y A Np-239 1.000E+00 5.270 0.022 0.056
Am-244m 26m B- Cm-244 1.000E+00 - 0.509 0.002
Am-244 10.1h B- Cm-244 1.000E+00 - 0.342 0.807
Am-245 2.05h B- Cm-245 1.000E+00 - 0.288 0.032
Am-246m 25.0m B- Cm-246 1.000E+00 - 0.498 1.018
Am-246 39m B- Cm-246 1.000E+00 - 0.655 0.699
Curium
Cm-238 2.4h ECA Pu-234 1.000E-01 Am-238 9.000E-01 0.652 0.010 0.077
Cm-240 27d A Pu-236 1.000E+00 6.247 0.011 0.002
C(m-241 32.8d A EC Pu-237 1.000E-02 Am-241 9.900E-01 0.059 0.133 0.502
Cm-242 162.8d SFA Pu-238 1.000E+00 SF 6.800E-08 6.102 0.010 0.002
Cm-243 28.5y A EC Pu-239 9.980E-01 Am-243 2.400E-03 5.797 0.138 0.134
Cm-244 18.11y SFA Pu-240 1.000E+00 SF 1.350E-06 5.795 0.009 0.002
Cm-245 8500y A Pu-241 1.000E+00 5.363 0.065 0.096
Cm-246 4730y SFA Pu-242 9.997E-01 SF 2.610E-04 5.376 0.008 0.002
Cm-247 1.56E7y A Pu-243 1.000E+00 4.949 0.021 0.316
Cm-248 3.39E5y SFA Pu-244 9.174E-01 SF 8.260E-02 4.651 0.006 0.001
Cm-249 64.15m B- Bk-249 1.000E+00 - 0.284 0.019
Cm-250 6900y SFA B-  Pu-246 2.500E-01 Bk-250 1.400E-01 SF 6.100E-01 1.296 0.002 -
Berkelium
Bk-245 4.94d A EC Am-241 1.200E-03 Cm-245 9.988E-01 0.007 0.133 0.234
Bk-246 1.83d EC Cm-246 1.000E+00 - 0.054 0.951
Bk-247 1380y A Am-243  1.000E+00 5.610 0.061 0.105
Bk-249 320d SFB-A Am-245 1.450E-05 Cf-249 1.000E+00 SF 4.700E-10 < 0.033 <
Bk-250 3.222h B- Cf-250 1.000E+00 - 0.293 0.887
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Table G.1, continued

Radioactive Decay Products and Fractional Yield

Decay Energy (MeV nt™!)
Nuclide T% Mode Nuclide Fraction Nuclide Fraction Nuclide Fraction Alpha Elect Photon
Californium
Cf-244 19.4m A Cm-240 1.000E+00 7.200 0.009 0.002
Cf-246 35.7h SFA C(m-242 9.997E-01 SF 2.000E-06 6.747 0.006 0.001
Cf-248 333.5d SFA Cm-244 1.000E+00 SF 2.900E-05 6.253 0.006 0.001
Cf-249 350.6y A SF Cm-245 1.000E+00 SF 5.200E-09 5.831 0.044 0.335
Cf-250 13.08y SFA Cm-246 9.992E-01 SF 7.700E-04 6.019 0.006 0.001
Cf-251 898y A Cm-247 1.000E+00 5.784 0.198 0.132
Cf-252 2.638y SFA (m-248 9.691E-01 SF 3.092E-02 5.922 0.006 0.001
Cf-253 17.81d B-A Cm-249 3.100E-03 Es-253 9.969E-01 0.019 0.079 <
Cf-254 60.5d SFA Cm-250 3.100E-03 SF 9.969E-01 0.018 < <
Einsteinium
Es-250 2.1h EC Cf-250 1.000E+00 - 0.022 0.397
Es-251 33h ECA Bk-247 5.000E-03 Cf-251 9.950E-01 0.032 0.052 0.098
Es-253 20.47d SFA Bk-249 1.000E+00 SF 8.700E-08 6.628 0.004 0.001
Es-254m 39.3h A B- Bk-250 3.200E-03 Fm-254 9.800E-01 0.020 0.256 0.470
Es-254 275.7d A Bk-250 1.000E+00 6.423 0.071 0.019
Fermium
Fm-252 22.7h A Cf-248 1.000E+00 7.034 0.005 0.001
Fm-253 3.00d ECA Cf-249 1.200E-01 Es-253 8.800E-01 0.822 0.022 0.083
Fm-254 3.240h A Cf-250 1.000E+00 7.182 0.006 0.001
Fm-255 20.07h A Cf-251 1.000E+00 7.019 0.098 0.014
Fm-257 100.5d A Cf-253 9.979E-01 6.511 0.121 0.111
Mendelevium
Md-257 5.2h A EC Es-253 1.000E-01 Fm-257 9.000E-01 0.707 0.015 0.114
Md-258 55d A Es-254 1.000E+00 7.232 0.047 0.006
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GLOSSARY

Absolute risk hypothesis: The assumption that the excess risk from radiation exposure adds to the
underlying (baseline) risk by an increment dependent on dose but independent of the underlying risk.

Absorbed dose (D): The microscopic quantity is the differential dé&dm, where dé€ is the mean energy
imparted by ionizing radiation to matter of mass dm. The macroscopic quantity used in internal
dosimetry is tissue-averaged; that is, the absorbed dose to a tissue is the total energy absorbed by the
tissue, divided by the mass of the tissue. The special name for the SI unit of absorbed dose (J kg'l)
is gray (Gy). The conventional unit of absorbed dose is the rad. 1rad = 0.01 Gy.

Absorption type: Inthe ICRP’s respiratory tract model introduced in 1994, a classification scheme
for inhaled material according to its rate of absorption from the deep lungs to blood. Three main
absorption types are considered: Type F (fast rate), Type M (moderate rate), and Type S (slow rate).

Absorbed fraction (4F): The fraction of energy emitted as a specified radiation type in a specified
source region that is absorbed in a specified target region.

Activity: The quantity of a radioactive nuclide present at a particular time, expressed in terms of
the mean rate of nuclear transformations. The special name for the SI unit of activity (s'l) is
becquerel (Bq). The conventional unit of activity is the curie (Ci). 1 Ci =3.7x% 10" Bq.

Activity Median Aerodynamic Diameter (AMAD): The diameter of a unit density sphere with the
same terminal settling velocity in air as that of an aerosol particle whose activity is the median for
the entire aeroso.

Acute exposure: For purposes of computing risk coefficients, an instantaneous exposure. For
practical applications of risk coefficients, any relatively short-term exposure period over which there
are numerically trivial changes in the body mass, biokinetic parameters, usage functions, and
mortality rates of all, or nearly all, members of the population.

Air kerma-rate constant: For a radionuclide emitting photons, the air kerma rate at 1 m in vacuum

from a point source of the nuclide of unit activity. The unit is m’ Gy (Bq s)'l.
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Alpha particle: Two neutrons and two protons bound as a single particle (helium nucleus), emitted

from the nucleus of certain radionuclides during nuclear transformations.

Baseline cancer rate: The observed cancer mortality (or morbidity) rate in a population in the
absence of the specific radiation exposure being studied.

Becquerel (Bq): The special name for the SI unit of activity. 1 Bq=1 s,

Beta particle: A particle having the charge and mass of an electron, emitted from the nucleus of

certain radionuclides.

Biokinetic model: A mathematical description of the time-dependent distribution and translocation
of a substance in the body.

Body Tissues (BT): The entire body, minus the contents of the gastrointestinal tract, the urinary
bladder, the gall bladder, and the heart. Formerly called Whole Body (WB).

Bone Surface: The soft tissues within 10 «m of the endosteal (interior) surfaces of bone.

Bremsstrahlung: Electromagnetic radiation produced when deceleration of electrons in a medium

results in conversion of a fraction of their initial kinetic energy into photons.

Chain members: The sequence of radionuclides formed by successive nuclear transformations,
beginning with a radionuclide referred to as the parent.

Chronic exposure: In this report, protracted exposure to a constant concentration of a radionuclide

in a given environmental medium.
Committed equivalent dose: The time integral of the equivalent dose rate.

Committed effective dose: Sometimes shortened to “effective dose”; the time integral of the
effective dose rate.

Competing cause of death: Any cause of death other than radiogenic cancers attributed to the

radionuclide intake or external radiation exposure under consideration.
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Cortical bone, compact bone: Bone with a surface-to-volume ratio less than 60 cm” cm”.
Curie (Ci): The conventional unit of activity. 1 Ci=3.7x10'"Bq.

Daughter radionuclide: A radionuclide formed by the nuclear transformation of another

radionuclide referred to, in this context, as its parent.

DCAL: Acronym for DOSE CALCULATION System, the software used to compute the risk
coefficients tabulated in this document.

DDREF: A factor used to account for an apparent decrease of the risk of cancer per unit dose at low
doses or low dose rates for most cancer sites compared with observations made at high, acutely
delivered doses.

Dose coefficient, dose factor: The committed equivalent dose to a tissue, or the committed effective

dose, per unit intake of a radionuclide.
DOE: U.S. Department of Energy.

Effective dose (E): The sum over specified tissues of the products of the equivalent dose in a tissue
or organ (T) and the weighting factor for that tissue, wy, thatis, E = X w,_ H,. Lower-case e is
used in ICRP documents to denote an effective dose coefficient, that is, effective dose per unit intake
of a radionuclide at a given age. The special name for the SI unit of effective dose (J kg'l) is sievert
(Sv). The conventional unit of effective dose is the rem. 1 rem = 0.01 Sv.

EPA: U.S. Environmental Protection Agency.

Equivalent dose (H): The product of the absorbed dose (D) and the radiation weighting factor (wy).
Lower-case 4 is used in ICRP documents to denote a dose coefficient, that is, a committed equivalent
dose per unit intake of a radionuclide at a given age. The special name for the SI unit of equivalent

dose (J kg'l) is sievert (Sv). The conventional unit of equivalent dose is the rem. 1 rem = 0.01 Sv.

External exposure: Exposure to radiations emitted by radionuclides outside the body.
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f7: The fraction of a radionuclide reaching the stomach that would be absorbed to blood during
passage through the gastrointestinal tract without radiological decay.

Federal Guidance: Principles, policies, and numerical primary guides, approved by the President
upon recommendation of the Administrator of EPA, for use by Federal agencies as the basis for
developing and implementing regulatory standards.

Force of mortality: The age- and gender-specific mortality (or hazard) rate coefficient, pu (y'l), for
a cause of death. The probability that an individual alive at age x will die of that cause before

attaining age x + dx is equal to pdx.

FRC: The former U.S. Federal Radiation Council, whose functions now reside with the
Administrator of EPA.

Gamma radiation, gamma rays: Short wavelength electromagnetic radiation of nuclear origin,
similar to x rays but usually of higher energy.

Gastrointestinal tract model: A model of the translocation of swallowed material through the

stomach and intestines.

Gray (Gy): The special name for the SI unit of absorbed dose. 1 Gy =1 Jkg™.

Half-time, biological: Time required for the quantity of a radionuclide in a compartment
representing all or a portion of the body to diminish by 50% without radiological decay or any

additional input to the compartment.

Half-life, radioactive: Time required for a radionuclide to lose 50% of its activity by spontaneous
nuclear transformations (radiological decay).

HTO: Tritiated water.

ICRP: International Commission on Radiological Protection.
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Independent Kkinetics of decay chain members: The assumption that each decay chain member
produced in the body may have biokinetic behavior that is different from that of the radionuclide
taken into the body.

Internal exposure: Exposure to radiations emitted by radionuclides distributed within the body.

Ionizing radiation: Any radiation capable of removing electrons from atoms or molecules, thereby

producing ions.

In utero exposure: Radiation exposure received in the womb, that is, before birth.
In vivo: In the living organism.

I-S: Inorganic sulfur.

Isotopes: Nuclides that have the same number of protons in their nuclei and hence the same atomic

number but differ in the number of neutrons and therefore in mass number.

Kerma: The kinetic energy transferred to charged particles per unit mass of irradiated medium when
indirectly ionizing (uncharged) particles such as photons or neutrons traverse the medium. The
special name for the SI unit of kerma (J kg'l) is gray (Gy).

LET: Average amount of energy lost per unit track length of an ionizing charged particle. Low LET
refers to radiation characteristic of light charged particles such as electrons produced by x rays and
gamma rays where the distance between ionizing events is large on the scale of a cellular nucleus.
High LET refers to radiation characteristic of heavy charged particles such as protons and alpha

particles where the distance between ionizing events is small on the scale of a cellular nucleus.
Lethality fraction: The fraction of radiogenic cancers of a given type that are fatal.

Life Table: A table showing the number of persons who, for a given number of live born, survive
to successively higher ages.

Lifetime risk coefficient (LRC): The risk per unit dose of a subsequent cancer death due to
radiation received at a given age.
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Linear model, Linear dose-effect relationship: A model describing a radiogenic effect as a linear
function of dose.

Linear-quadratic model, Linear-quadratic dose-effect relationship: A model describing a
radiogenic effect as a quadratic function of dose, D (that is, as a*D + b-D’, where a and b are
constants).

Low dose rate: In this report, an hourly averaged absorbed dose rate less than 0.1 mGy min™.

Low dose: In this report, an acute absorbed dose less than 0.2 Gy.

Minimal latency period: The minimal time following a radiation dose before expression of a
radiogenic cancer.

Mortality rate: The age- and gender-specific or total rate at which people die from a specified cause
of death, or all causes combined.

MIRD: Medical Internal Radiation Dose; a committee of the Society of Nuclear Medicine.
Morbidity: The age- and gender-specific or total incidence of a specified disease in the population.

Multiplicative transport model: The assumption that the excess relative risk coefficient for a

radiogenic cancer is the same across populations.
NCHS: U.S. National Center for Health Statistics.
NCRP: U.S. National Council on Radiation Protection and Measurements.

Neutron: Uncharged subatomic particle capable of producing ionization in matter by collision with

protons and through nuclear reactions.

NHANES III: A national dietary, health, and nutrition survey conducted by the National Center for
Health Statistics (NCHS) during the period 1988-1994.

GL-6



NIH: U. S. National Institutes of Health.

NIH transport model: The assumption that the relative risk model coefficients for the target
population should yield the same risks as those calculated with the additive risk model coefficients
from the original population over the period of epidemiological follow-up, excluding the minimal
latency period.

Nominal uncertainty: A lower bound on the uncertainty in a given quantity, based on consideration
of selected sources of uncertainty. As applied in this document to the uncertainty associated with
a risk coefficient, the term “nominal” reflects the fact that the statement of uncertainty is based on
an idealized population and exposure scenario and does not include the uncertainty associated with
the assumption that the probability of inducing a radiogenic cancer is proportional to absorbed dose.

NRC: U.S. Nuclear Regulatory Commission.

Nuclear transformation: The spontaneous transformation of one radionuclide into a different
nuclide or into a different energy state of the same nuclide.

OBT: Organically bound tritium.

OBS: Organically bound sulfur.

Other: In internal radiation dosimetry, an implicit source region, defined as the complement of the
set of explicitly identified regions, that is, Body Tissues minus the explicit source organs identified

in the biokinetic model.

Parent radionuclide: The first member of a chain of radionuclides. In an internal exposure
scenario, the radionuclide assumed to be taken into the body.

Per capita: Averaged over the population.

Phantom: A mathematical model of the human body, used in radiation dosimetry to derive specific
absorbed fractions for penetrating radiations.
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Plateau period: The time period following a radiation dose during which radiogenic cancers are
likely to occur.

Probability coefficient (for radiological risk): A multiplicative factor used to convert a measure
of cumulative dose to a probability of a detrimental effect of radiation. As used by the ICRP, an
estimate of the radiation risk per unit effective dose. A probability coefficient is generally based on
an idealized population receiving a uniform dose over the whole body.

Rad: The conventional unit for absorbed dose of ionizing radiation. 1 rad = 0.01 Gy.

Radiation risk model: A mathematical model used to estimate the probability of experiencing a
radiogenic cancer as a function of time after a radiation dose is received.

Radiation weighting factor (wg): The principal modifying factor employed in deriving equivalent
dose, H, from absorbed dose, D; chosen to account for the relative biological effectiveness (RBE)
of the radiation in question, but to be independent of the tissue or organ under consideration, and of
the biological endpoint.

Radioisotope: A radioactive atomic species of an element with the same atomic number and usually
identical chemical properties.

Radionuclide: A radioactive species of atom characterized by the number of protons and neutrons

in its nucleus.

RBE: The relative biological effectiveness of a given type of radiation in producing a specified
biological effect, compared with 200-kV x rays.

Reference Man: A hypothetical average adult person with the anatomical and physiological
characteristics defined in the report of the ICRP Task Group on Reference Man (ICRP Publication
23).

Relative risk hypothesis: The assumption that the age-specific force of mortality or morbidity due
to a radiation dose is the product of an exposure-age-specific excess relative risk coefficient and the
corresponding baseline cancer mortality or morbidity rate.
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Rem: The conventional unit of equivalent dose. 1 rem = 0.01 Sv.

RERF: Radiation Effects Research Foundation; a bi-nationally funded Japanese foundation
chartered by the Japanese Welfare Ministry under an agreement between the U.S. and Japan.

Residual cancers: A composite of all primary and secondary cancers not explicitly identified in a
radiogenic risk model.

Respiratory tract model: A model of the deposition, retention, and translocation of particles in the
respiratory tract.

Risk model coefficient: An age- and gender-specific multiplicative factor appearing in a radiogenic
risk model and indicating the magnitude of the risk of dying from or experiencing a given type of
cancer at any given time after the dose is received.

Risk coefficient: For a given radionuclide, environmental medium, and mode of exposure, the
estimated probability of radiogenic cancer mortality or morbidity, per unit activity intake for internal
exposures or per unit exposure for external exposures.

SEECAL: A computer code used to calculate age-dependent specific energies based on standard
nuclear decay data files, libraries of specific absorbed fractions for photons and non-penetrating

radiations, and organ masses of reference humans of different ages.

Shared kinetics of decay chain members: The assumption that decay chain members produced
in the body have the same biokinetic behavior as the radionuclide taken into the body.

Shielding: Material between a radiation source and a potentially exposed person that reduces the
radiation field incident on the exposed person.

Short-lived radionuclide: In this report, a radionuclide having a half-life less than 1 h.
Sievert (Sv): The special name for the SI unit of equivalent dose. 1 Sv=1] kg'l.

Soft Tissues: Body Tissues minus cortical and trabecular bone.
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Source organ, source region, source tissue (S): Any tissue or organ of the body, or the contents
of any organ, which contains a sufficient amount of a radionuclide to irradiate a target tissue (7)

significantly.
Specific energy SE(T -S),: The energy per unit mass of target tissue (7)), deposited in that tissue as
a consequence of the emission of a specified radiation (R) per nuclear transformation of a specified

radionuclide occurring in a source tissue ().

Stationary population, Steady-state population: A hypothetical closed population whose
gender-specific birth rates and survival functions remain invariant over time.

Submersion: External exposure to a radionuclide uniformly distributed in the air surrounding the

exposed person.

Surface-seeking radionuclides: Radionuclides that deposit on and remain for a considerable period
on the surface of bone structure.

Survival function: The fraction S(x) of live-born individuals in an unexposed population expected

to survive to age x.

Systemic biokinetic model: A model describing the distribution and translocation of a substance
after its absorption or injection into the systemic circulation.

Tap water: Drinking water, water added to beverages, and water added to foods during preparation

but not including water intrinsic in food as purchased.

Target organ, target region, target tissue (7): Any tissue or organ of the body in which radiation
is absorbed.

Threshold hypothesis: The assumption that no radiation injury occurs below a specified dose.

Time-since-exposure (7SE) function: A function that defines the period during which radiogenic
risk is expressed and any changes in the level of response during that period.
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Tissue (organ) weighting factor (w;): A factor indicating the relative level of risk of cancer
induction or heredity defects from irradiation of a given tissue or organ; used in calculation of
effective dose and committed effective dose.

Trabecular bone, cancellous bone: Bone with a surface-to-volume ratio greater than 60 cm”*cm™.

Transportation of risk estimates: Extrapolation of radiogenic dose-response data from one

population to another.

Transfer coefficient: In the context of a compartmental model, fractional flow per unit time from

one compartment to another.

Time-since-response function: A function describing the likely pattern of response as a function

of time after irradiation of a large population.

Usage rate: The age- and gender-specific average intake rate of a specified environmental medium

(air, food energy, tap water, or milk).

Volume-seeking radionuclides: Radionuclides that enter bone and exchange with bone mineral

over the entire mass of bone.
Volume source: Relative to a given biokinetic model, a source region that has non-zero volume.
x radiation, x rays: Penetrating electromagnetic radiation, usually produced by bombarding a

metallic target with fast electrons in a high vacuum, or emitted during rearrangement of the electrons

about the nucleus following nuclear transformation of a radionuclide.
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