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PREFACE

Federal radiation protection guidance is developed by the Administrator of the
Environmental Protection Agency as part of his or her responsibility, under Executive Order 10831,
to "... advise the President with respect to radiation matters, directly or indirectly affecting health,
including guidance for all Federal agencies in the formulation of radiation standards and in the
establishment and execution of programs of cooperation with States." The purpose of Federal
guidance is to provide a common framework to ensure that the regulation of exposure to ionizing
radiation is carried out in a consistent and adequately protective manner.

This Federal guidance report is the third of a series designed to provide technical information
useful in implementing radiation protection programs. It is our hope that it will help ensure that
regulation of exposure to radiation is carried out in a consistent manner that makes use of the best
available information for relating concentrations of radioisotopes in environmental media to dose
in human populations due to external radiation. The dose coefficients in this report are intended for
use by Federal agencies having regulatory responsibilities for protection of members of the public
and/or workers, such as the Environmental Protection Agency, the Nuclear Regulatory Commission,
and Occupational Health and Safety Administration, as well as by those Federal agencies with
responsibilities related to the management of their own and their contractor operations, such as the
Department of Energy and the Department of Defense. We also encourage their use by State and
local authorities.

Exposure to external radiation from contaminated soil, which is a central focus of the
calculations carried out to produce this report, is a particularly timely subject. The Nation is at the
beginning of perhaps the largest cleanup operation in its history, at the large collection of sites
involved in the development of nuclear weapons and commercial nuclear power during the past half
century. An accurate assessment of this exposure pathway is essential to the decisions that will be
required to regulate, manage, and verify this cleanup.

The principal dose quantity, effective dose equivalent, has been calculated with the
weighting factors used in Federal Guidance Report No. 11, which were those recommended in
Radiation Protection Guidance to Federal Agencies for Occupational Exposure (EPA, 1987).
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New estimates of radiation risk to the organs and tissues have been published since then
(UNSCEAR, 1988; NAS, 1990) and updated weighting factors have been recommended by the
International Commission on Radiological Protection (ICRP, 1991). However, new weighting
factors have not yet been adopted for use in the United States and would require a number of
adjustments to existing regulations. As the report notes, for most radionuclides these dose
coefficients are not very sensitive to the choice of weighting factors. We are reviewing new
weighting factors, as well as EPA's own estimates of organ-specific risk factors, and we will propose
changes in the weighting factors as soon as it appears necessary and reasonable to do so. At that
time, we will also publish revised versions of this report and of Federal Guidance Report No. 11.

The tables in this report are also available as computer files so that they may be more easily
used in programs for assessing dose. We are simultaneously making the tables for internal exposure
contained in Federal Guidance Report No. 11 available in the same format. Instructions for
obtaining both of these sets of computer files may be found at the back of this report.

We gratefully acknowledge the work of the authors, Keith F. Eckerman and Jeffrey C.
Ryman, without whose outstanding contributions over the past several decades tables such as these
would not exist. This project was made possible through joint funding from three Federal agencies:
the Department of Energy (DOE), the Nuclear Regulatory Commission (NRC), and the
Environmental Protection Agency. We appreciate the consistent support of the DOE and NRC
project officers, C. Welty and N. Varma, and S. Yaniv and R. Meck, respectively, throughout the
lengthy term of this work. We also are indebted to H. Beck, S. Y. Chen, C. M. Eisenhauer, P. Jacob,
G. D. Kerr, D. C. Kocher, and C. B. Nelson for their technical reviews. The report has been clarified
and strengthened through their efforts. We would appreciate being informed of any errors or
suggestions for improvements so that these may be taken into account in future editions. Comments
should be addressed to Allan C. B. Richardson, Deputy Director for Federal Guidance, Criteria and
Standards Division (6602J), U. S. Environmental Protection Agency, Washington, DC 20460.

Margo T. Oge, Director
Office of Radiation and Indoor Air
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I. INTRODUCTION

This report tabulates dose coefficients for external exposure to photons and electrons emitted
by radionuclides distributed in air, water, and soil. It is intended to be a companion to Federal
Guidance Report No. 11 (Eckerman et al., 1988), which tabulated dose coefficients for the
committed dose equivalent to tissues of the body per unit activity of inhaled or ingested
radionuclides. The dose coefficients for exposure to external radiation presented here are intended
for the use of Federal agencies in calculating the dose equivalent to organs and tissues of the body,
as were those in Federal Guidance Report No. 11. Note that the dose coefficients for air submersion
in this report update those given in Federal Guidance Report No. 11.

These dose coefficients are based on previously developed dosimetric methodologies, but
include the results of new calculations of the energy and angular distributions of the radiations
incident upon the body and the transport of these radiations within the body. Particular effort was
devoted to expanding the information available for the assessment of the radiation dose from
radionuclides distributed on or below the surface of the ground. Details of the underlying
calculations and of changes from previous work are presented in Section Il and in the appendices.

Dose coefficients for external exposure relate the doses to organs and tissues of the body to
the concentrations of radionuclides in environmental media. Since the radiations arise outside the
body, this is referred to as external exposure. This situation is in contrast to the intake of
radionuclides by inhalation or ingestion, where the radiations are emitted inside the body. In either
circumstance, the dosimetric quantities of interest are the radiation doses received by the more
radiosensitive organs and tissues of the body. For external exposures, the kinds of radiation of
concern are those sufficiently penetrating to traverse the overlying tissues of the body and deposit
ionizing energy in radiosensitive organs and tissues. Penetrating radiations are limited to photons,
including bremsstrahlung, and electrons. The radiation dose depends strongly on the temporal and
spatial distribution of the radionuclide to which a human is exposed. The modes considered here
for external exposure are:

- submersion in a contaminated atmospheric cloud, i.e., air submersion,

- immersion in contaminated water, i.e., water immersion, and

- exposure to contamination on or in the ground, i.e., ground exposure.

Estimation of the dose to tissues of the body from radiations emitted by an arbitrary
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distribution of a radionuclide in an environmental medium is an extremely difficult computational
task. Therefore, it has become common practice to consider simplified and idealized exposure
geometries; i.e., the radionuclide concentration in the medium, seen from the location of an exposed
individual, is uniform and effectively infinite or semi-infinite in extent. In particular, a semi-infinite
source region is assumed for submersion in contaminated air (Poston and Snyder, 1974) and an
infinite source region is assumed for immersion in contaminated water and exposures to
contaminated soil (Kocher, 1981). Even for simplified geometries, calculation of the energy and
angular distributions of radiations incident on the body and the transport of radiation within the body
is a demanding computational problem.

If one assumes an infinite or semi-infinite source region with a uniform concentration C(t)

of a radionuclide at time t, then the dose equivalent in tissue T, H,, can be expressed as

Hy = hy fC(t) dt , 1)

where h; denotes the time-independent dose coefficient for external exposure. The coefficient h;
represents the dose to tissue T of the body per unit time-integrated exposure, expressed in terms of
the time-integrated concentration of the radionucliti&t is, h; is defined as

Hy

ho= — T |
fC(t) dt 2)

T

An alternative interpretation considers h; to represent the instantaneous dose rate in organ T per unit
activity concentration of the radionuclide in the environment. In most applications, the dose H-, not
the instantaneous dose rate, is the quantity of interest, and thus the time integral of the concentration
must be evaluated. Note that limits of integration have not been specified in Egs. (1) and (2) since
they depend upon the nature of the dose quantity H;. For example, if H; is to represent the dose
associated with a single year of exposure then the integration in Eq. (1) would range from t,to t,+ 1
years, where t, is the year of interest. However, if it were to represent the dose associated with a
particular practice, e.g., annual emissions from a facility, then the integral might range over many
years as the emitted radionuclide persists in the environment. Depending on the nature of the
application it may be advantageous to view the numerical value of the coefficient h; as either the
instantaneous dose rate per unit concentration or as the dose per unit time-integrated concentration.
In this report we follow the latter presentation.

The dose coefficient h; for a specific radionuclide is uniquely determined by the type,
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intensity, and energy of the emitted radiations, the mode of exposure, and the anatomical variables
that govern the energy deposition in organ or tissue T. The dose coefficient incorporates the
transport of emitted radiations in the environment, their subsequent transport in the body, and
estimation of the deposition of ionizing energy in the tissues of the body. Calculations of dose
coefficients, as performed for this report, involve three major steps:

(1) computation of the energy and angular distributions of the radiations incident

on the body for a range of initial energies of monoenergetic sources distributed in

environmental media of interest;

(2) evaluation of the transport and energy deposition in organs and tissues of the

body of the incident radiations, characterized above in terms of their energy and

angular distributions, for each of the initial energies considered; and

(3) calculation of the organ or tissue dose for specific radionuclides, considering

the energies and intensities of the radiations emitted during nuclear transformations

of those nuclides.

The result of the first two steps is a set of dose coefficients for monoenergetic sources of photon or
electron radiations. The last step simply scales these coefficients to the emissions of the
radionuclides of interest.

A number of reports have tabulated dose coefficients for external irradiation of the body
from radionuclides distributed in the environment (Poston and Snyder, 1974; Dillman, 1974; O'Brien
and Sanna, 1978; Koblinger and Nagy, 1985; Jacob et al., 1986, 1988a, 1988b; Kocher, 1981, 1983;
DOE, 1988; Saito et al., 1990; Chen, 1991; Petoussi et al., 1991). Because of limitations in
computational methods or available information, some of these efforts have used oversimplified
assumptions regarding the exposure conditions. For example, the radiations incident upon the body
have often been assumed to be uniformly distributed in angle (an isotropic field) or to be incident
perpendicular to the body surface while the body is uniformly rotated about its vertical axis (a
rotational exposure). Variations in the intensity of the radiations with height above the ground
frequently have been ignored in assessing the dose from radionuclides on or below the ground
surface. In addition, bremsstrahlung has generally been ignored, despite the fact that for many
radionuclides (e.g., pure beta emitters), it is the only source of radiation sufficiently penetrating in
nature to result in a dose to underlying tissues of the body. In this report, we have attempted to
address each of these aspects of the problem without the use of simplifying assumptions that would
significantly alter the results.

The report is organized as follows. Section Il describes the calculation of the dose
coefficients. It also compares our results for monoenergetic photon sources to those of other
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researchers. Tabulations of coefficients for the extensive list of 825 radionuclides contained in
Publication 38 of the International Commission on Radiological Protection (ICRP, 1983) are
presented in Section Il for each of the three exposure pathways. Section IV addresses some
practical issues regarding application of the numerical data presented in Section I11.

Further details of the computational methods are discussed in the appendices. Appendix A
contains information on the radionuclides considered in this work that is needed for proper
application of the dose coefficients. Of particular note is the information required to evaluate
radioactive decay chains. Appendix B gives details of modifications to the adult anatomical model
(Cristy and Eckerman, 1987) used in these calculations. The evaluation of bremsstrahlung yield
from distributed beta emitters is discussed in Appendix C. Appendix D provides some sample
calculations illustrating the application of external dose coefficients.



Il. CALCULATIONAL METHODS

Photons and electrons are the most important radiations emitted by radionuclides
distributed in the environment that can penetrate the body from outside to deposit ionizing
energy within its radiosensitive tissues. This section presents the methods used to calculate the
dose coefficients for external exposure to photons and electrons for submersion in contaminated
air, immersion in contaminated water, and exposure to contaminated ground surfaces and
volumes.

Some radionuclides produce bremsstrahlung that is sufficiently penetrating to be of
potential importance in the estimation of external dose. In this work, the contribution from
bremsstrahlung has been evaluated for all the exposure modes, as discussed in Appendix C.
In rather unusual circumstances, spontaneous fission might also produce penetrating radiations
of potential importance. This process has not been taken into account in calculating the dose
coefficients presented in this report, although the data of Appendix A indicate the frequency

of spontaneous fission.

Dosimetric quantities

The dose quantities addressed in this report are those used in radiation protection,
namely the dose equivalent in various tissue and organs of the body and the effective dose
equivalent as defined by the ICRP (1977) and adopted in 1987 for use in regulating
occupational exposure in the United States (EPA, 1987). Since only penetrating radiations of
low linear energy transfer (LET) are able to contribute to the dose to organs and tissues of the
body, the dose equivalent and absorbed dose quantities in a tissue are numerically equal. That
is, the radiation quality factor is unity for the radiations of concern here. The ICRP, in its 1990
radiation protection recommendations (ICRP, 1991), adopted a new dosimetric quantity’, the
effective dose, designated by E. Both the effective dose and the effective dose equivalent

!In its 1990 recommendations the ICRP introduced less cumbersome names for the dosimetric
quantities of radiation protection. The terms dose equivalent and effective dose equivalent were
replaced by equivalent dose and effective dose, respectively. Strictly speaking, the newer
guantities involve some differences from the earlier quantities in their definitions; for the most
part, these details are not of concern here.
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guantities are weighted sums of the doses to radiosensitive tissues of the body. The effective
dose equivalent Hg, and the effective dose E, are defined as:

He = Z wr Hy o, (3a)
T
and
E = Zr: W-Ii HT , (3b)

where H- is the mean dose equivalent to organ or tissue T, the w; are a specific set of weighting
factors, and the WT/ are a set of weighting factors not specified as part of the definition of E, and
can take any assigned values. Thus, the effective dose equivalent can be interpreted as a
particular example of the effective dose. Values for w; and the current recommendations of the
ICRP for w; are shown in Table 11.1. The factors w; and w; correspond to the fractional
contribution of organ or tissue T to the total risk of stochastic health effects when the entire
body is uniformly irradiated. As seen in Table Il.1, the weighting factors currently
recommended by the ICRP to compute the effective dose explicitly consider a greater number
of organs and tissues of the body. In addition the two sets of weighting factors differ in the
manner that the dose to tissues not explicitly identified (the remainder) is evaluated. Of a more
fundamental nature, it should be noted that the measures of health detriment used to derive the
two sets of weighting factors are different. The weighting factors for the effective dose
equivalent characterize the health detriment in terms of the risk of fatal cancers and hereditary
defects in the first two generations. In the case of the currently recommended factors for
effective dose, the health detriment is characterized by a weighting of the risks for both fatal
and nonfatal cancers, the risk of hereditary defects over all future generations, and the relative
loss of life expectancy, given a fatal cancer or a severe genetic disorder.

Since no decision has been made, at the time of this report, on changes in weighting
factors for use in the United States, the tabulations by radionuclide of the dose coefficients in
this report are based on the weighting factors specified for the effective dose equivalent
guantity, the quantity used in Federal Guidance Report No. 11 (Eckerman et al., 1988).
However, the effective dose, computed with the weighting factors currently recommended by
the ICRP, is included in many of the preliminary tabulations and discussions. The results
indicate that for many radionuclides of practical significance, for the exposure geometries
considered here, the differences are small - on the order of a few percent. However, in some
cases the differences can be large, so that specification of the w; is an important consideration.
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Zankl et al. (1992) have also investigated these differences for various external irradiation
geometries and a few key radionuclides and reach similar conclusions.

The coefficient relating the dose equivalent H; in organ or tissue T to the time integral
of the nuclide's concentration in the environment is denoted by h;. The notation and tabulation
of the dose coefficients presented in this report follow the conventions and format of Federal
Guidance Report No. 11. The radionuclide tabulations include the coefficients for the gonads,
breast, lung, red marrow, bone surface, thyroid, and remainder, followed by that for the
effective dose equivalent. The coefficient for the remainder group is the average of the doses
to each of the five tissues comprising the remainder and thus w; = 0.3 is applied to this
numerical value to compute the effective dose equivalent. Although skin is excluded from the
effective dose equivalent, we have included it in the tabulations since it frequently is the most
highly irradiated tissue for external exposure.

Table I1.1. Tissue Weighting Factors According to ICRP (1977, 1991).

Weighting Factors

Organ/Tissue

w, (ICRP 26) w. (ICRP 60)
Gonads 0.25 0.20
Breast 0.15 0.05
Colon 0.12
Red Marrow 0.12 0.12
Lungs 0.12 0.12
Stomach 0.12
Urinary Bladder 0.05
Liver 0.05
Esophagus 0.05
Thyroid 0.03 0.05
Bone Surface 0.03 0.01
Skin 0.01
Remainder 0.30* 0.05%°

! The value 0.30 is applied to the average dose among the five remaining organs or tissues
receiving the highest dose, excluding the skin, lens of the eye, and the extremities.

2 The remainder is composed of the following tissues and organs: adrenals, brain, small
intestine, upper large intestine, kidney, muscle, pancreas, spleen, thymus, and uterus.

® The value 0.05 is applied to the average dose to the remainder tissue group. However, if a
member of the remainder receives a dose in excess of the highest dose in any of the twelve
organs for which weighting factors are specified, a weighting factor of 0.025 is applied to
that organ and a weighting factor of 0.025 is applied to the average dose in the rest of the
remainder.
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Organ doses from monoenergetic environmental photon sources

The calculation of organ doses from irradiation of the human body by photon emitters
distributed in the environment requires the solution of a complex radiation transport problem.
It is impractical to solve this problem for the precise spectrum of photons emitted by each
radionuclide of interest. Therefore, organ doses were computed for monoenergetic photon
sources at twelve energies from 0.01 to 5.0 MeV. The results of these calculations were then
used to derive the dose coefficients in Tables I11.1 through 111.7, taking into account the detailed
photon spectrum of each radionuclide. The following pages describe the methods used to
compute organ dose coefficients for those monoenergetic sources.

Previous estimates of submersion dose (Poston and Snyder, 1974; O'Brien and Sanna,
1978; Eckerman et al., 1980; Kocher, 1981, 1983; DOE, 1988) were based on Monte Carlo
calculations with (1) poor statistics for some organ doses (due to the limitations of early
computer systems) or (2) minor errors in sampling the radiation field. It should be noted that
Saito et al. (1990) have recently published a compilation of organ doses due to air submersion
based on modern Monte Carlo methods that appears to overcome these limitations.

The seminal work of Beck and de Planque (1968) on dose due to contaminated soil,
while accurately reflecting the radiation field, was limited to calculation of air dose for energies
between 0.25 and 2.25 MeV, although the data were later used to generate a tabulation of air
exposure rates for a number of nuclides (Beck, 1980). The next generation of calculations
(Kocher, 1981, 1983; DOE, 1988; Kocher and Sjoreen, 1985) produced useful dose estimates
for many nuclides, but was limited by simplifying assumptions regarding the energy and
angular dependence of the radiation field (assumed to be equivalent to that for submersion) and
the use of the point kernel method for characterizing the field strength. More recent efforts
(Williams et al., 1985; Koblinger and Nagy, 1985; Jacob et al., 1986, 1988a, 1988b; Saito et
al., 1990; Petoussi et al., 1991) have used relatively sophisticated methods for analyzing the
energy, angular, and spatial dependence of the radiation field and computing organ doses for
both mathematical and CT-derived phantoms of various ages. These data are primarily for plane
sources at or near the air-ground interface, or for naturally-occurring radionuclides distributed
to effectively infinite depth in the soil. The calculations of Chen (1991) include volume sources
of many thicknesses as well as plane sources at the interface, but are only for effective dose
equivalent based upon rotational normal beam exposure (ICRP, 1987).

The computational methods used in this work were chosen to give an accurate
characterization of the energy and angular dependence of the radiation field incident on the
body, since dose to the body is very sensitive to the direction of incident radiation, and also to
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overcome other limitations of earlier calculations. Organ doses were computed for 25 organs
in an adult hermaphrodite phantom (Cristy and Eckerman, 1987). The mathematical phantom
was modified, as described in Appendix B, to include the esophagus, a tissue given an explicit
weighting factor in the current effective dose formulation of the ICRP (1991), and to improve
the modeling of the neck and thyroid.

General description of the calculations

Estimating organ dose in a human phantom exposed to radiation from an external source
consists of calculating an effect of interest in a geometrically complex object located in an otherwise
geometrically simple (one- or two-dimensional) system. This process is mathematically described
by the time-independent neutral-particle Boltzmann transport equation:

V-Q®(T,E,Q) + u(i,E)®(T,E,Q) =
[dE' [dQ'u(FE-EQ-Q) @(FE'Q) + S(TEQ) |, 4)

where ~ ~
®(r,E,Q)dE

angular fluence at position r with energy in dEabout E and direction
in solid angle dQ about direction Q;

linear attenuation coefficient at positionr , and energy E;

the probability per unit path length that a particle with initial energy E’
and direction Q' will undergo a scattering collision at point r and
B B emerge with energy in dE about E and in dQ about Q; and
Sr,E.Q)dEd2 =  number of source particles emitted at position r with energy in dE
about E and direction in dQ about Q.

Equation (4) is conveniently written in operator notation as

_ _W(r,E)
u(r.E~EQ-Q)dE

He(p) - S(p) | ©)

where p represents position, energy, and direction phase space.
After the solution to Eqg. (4) is obtained, the organ dose is computed from the following
integral:

Hy = [ @(PR(P)dp | ©)

Py

where
H- = the effect of interest, i.e.,the organ dose;
p; = phase space of tissue or organ T; and
R(p) = the response function, i.e., the contribution to H- due to unit angular fluence.
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In principle, Egs. (5) and (6) can be solved directly using Monte Carlo methods.
However, this direct approach involves a combination of deep penetration (i.e., transport
through many mean free paths of air and/or soil) and complex geometry (the human phantom).
Calculations of this type require the use of sophisticated variance reduction techniques to
overcome the inherent statistical nature of the Monte Carlo method. Often, the important
regions of phase space are undersampled, and the effect of interest is underestimated
(Armstrong and Stevens, 1969). To avoid the difficulties associated with a direct Monte Carlo
solution, the solution is broken into two steps, using an important property of the transport
equation.

Inaproblem involving distributed radiation sources and an effect on a target (the organ
dose), a model using a closed surface surrounding the target can be postulated to estimate the
effect (a closed surface surrounding the sources is equivalent). One can also consider a second
model in which the target and its surrounding medium are the same, but on the other side of the
closed surface is a vacuum or a perfect absorber. In the second model, an area source is
constructed on the closed surface such that the strength per unit area in each direction and at
each energy, SA(FS,Q, E), at each point r  on the surface is equal to the flow rate jn(FS,Q, E) at
the corresponding point in the first problem. It is possible to show rigorously (Chilton et al.,
1984) that the effect on the target (organ dose in this application) is the same for both problems.
Therefore, the sources for the first model may be replaced by the flow rate they create at the
closed surface bounding the second model.

The problem of computing organ dose from environmental photon sources may thus be
broken into two independent steps: (1) the calculation of the radiation field incident on a closed
surface surrounding the human phantom model, and (2) the calculation of organ dose due to a
surface source equivalent to the angular flow rate entering the boundary surrounding the
phantom. To eliminate the geometric complexity of the human phantom from the calculation
of the incident radiation field, the phantom must be removed from the problem. This may be
done if the presence of the phantom in the original problem does not significantly perturb the
incoming angular flow rate across the boundary surrounding the phantom. The phantom can
affect the incoming directions of the radiation field only for those photons which, having
interacted in the phantom, pass out of the surrounding surface, scatter in the surrounding media,
and return across the boundary. This should be, at most, a second-order effect. Saito et al.
(1990) have demonstrated that this perturbation is, as expected, not significant.

For the environmental photon sources considered in this report, the calculation of organ
dose was broken into two independent calculations, as described above. The calculation of the
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radiation field due to a unit source strength was performed by methods appropriate to the kind
of source, as described later. Then, an equivalent source was constructed on a cylindrical
surface surrounding the phantom, and the organ doses resulting from this source were computed
for all cases by the Monte Carlo method, also described later. The two steps of the calculation
are illustrated in Figs. 1.1 and 11.2 for the case of a contaminated soil source (an isotropic plane
source at depth d).

Description of the environmental sources

The source for the submersion dose calculations is a semi-infinite cloud containing a
uniformly-distributed monoenergetic photon emitter of unit strength (1 Bq m™) surrounding a
human phantom standing on the soil at the air-ground interface. The air composition, given in
Table 11.2, is for conditions of 40% relative humidity, a pressure of 760 mm Hg, a temperature
of 20 °C, and a density of 1.2 kg m™. The dose coefficients for submersion can be readily
scaled to account for a different air density.

Table 11.2. Air Composition

Element Mass Fraction
H 0.00064
C 0.00014
N 0.75086
O 0.23555
Ar 0.01281
Total 1.00000

The source for the contaminated soil calculations is an infinite isotropic plane source
of monoenergetic photons of unit strength (1 Bq m™), located at the air-ground interface or at
a specified depth in the soil. Again, a human phantom is standing on the soil at the air-ground
interface. As noted later, the organ dose due to a source in the soil that is uniformly distributed
from the surface to a specified depth may be readily computed from the doses due to a series
of plane sources at different depths. The air composition is the same as for the submersion dose
calculations (see Table I1.2). The assumed soil composition is given in Table 11.3, and is that
for a typical silty soil (Jacob et al., 1986) containing 30% water and 20% air by volume. The
soil density was taken to be 1.6 x 10° kg m™. It should be noted that the radiation field above
the air-ground interface can, in some circumstances, be scaled to account for differences in soil
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density (Beck and de Planque, 1968; Chen, 1991). While the radiation field above the air-ground
interface is relatively insensitive to soil composition for a plane surface source (Beck and de
Planque, 1968), this is not true for distributed sources within the soil, as we later show.

Table 11.3. Soil Composition

Element Mass Fraction
H 0.021
C 0.016
O 0.577
Al 0.050
Si 0.271
K 0.013
Ca 0.041
Fe 0.011
Total 1.000

The source for the water immersion calculations is an infinite pool of water containing a
uniformly-distributed monoenergetic photon emitter of unit strength (1 Bq m™). A human phantom
is assumed to be completely immersed in the pool. The water density is 1.0 x 10° kg m™ and the
composition by mass fraction is 0.112 for H and 0.888 for O; i.e., pure water.

The radiation field from a semi-infinite cloud source

The dose near the air-ground interface from a semi-infinite cloud source has been taken to
be one-half that due to an infinite cloud source, following the practice of Dillman (1974), Poston and
Snyder (1974), and Kocher (1981, 1983). This has been shown (Ryman et al., 1981) to be a good
approximation for air dose (within 20%) at energies of 20 keV or greater. At energies below 10 keV
(the lowest energy considered here), the dose at the interface should still be one-half that due to an
infinite source, but there will be an increase in dose with increasing height along the phantom. The
mean free path of these photons is so short that the upper portions of the phantom are effectively
exposed to an infinite source. Between 10 and 20 keV, there will be some increase in dose with
increasing height, but since the increase over the dimensions of the body should be fairly small, it
has not been considered here.
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Given this approximation, the radiation field may be computed as that due to an infinite
cloud source of a monoenergetic photon emitter. In this case, the transport equation (4) loses its
dependence on spatial position and angle, and may be written, for scattered photons, as (Dillman,
1970, 1974)

fE) = W(E)$(E)) = K(E'E) + [FF(E)K(E'E)dE )
E/
where
H(E") = the linear attenuation coefficient of air at energy E’;
f(E)dE’ = the number of photons per initial photon with energy in dE’ about E’;
and
K(E',E,) = the probability per unit energy that a photon of initial energy E, will

scatter and give rise to a photon of energy E’.
The scattered photon fluence is just

S, % f(E)

S(Ey = v 7/
$*(E) (E)

, (8)

where S, is the source strength per unit volume. The uncollided fluence is easily shown to be

S,

UE.) =
(&) W(E)

(9)

An updated version of the PHOFLUX computer program, developed by Dillman (1974) to solve this
Volterra-type integral equation, was used to compute the energy spectrum of scattered photons in
an infinite cloud source as well as the intensity of uncollided photons. Photoelectric and pair
production cross section data were taken from ENDF/B-V (Roussin et al., 1983). Klein-Nishina
scattering cross sections were computed analytically. The resulting energy spectrum from a 100 keV
source is shown in Fig. 11.3. The discontinuity seen in the figure occurs at the minimum possible
energy to which an initial photon may scatter. The slight bump corresponds to the minimum possible
energy for a twice-scattered initial photon.

The radiation field from an infinite water source

In this case, no approximation to the source is necessary, and Eg. (7) above is directly
applicable. The PHOFLUX program with ENDF/B-V cross sections was also used here to compute
the energy spectrum of photons in an infinite water source. The resulting energy spectrum from a
100 keV source is presented in Fig. 11.4.
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The radiation field from contaminated soil sources

In this case, the solution to the transport equation (4) is a function of only one spatial
and one angular variable. It can be seen from Eq. (4) that the transport equation is linear with
respect to the source term S(F,E,f}). Therefore, the fluence CI)(F,E,Q) due to an isotropic
infinite source uniformly distributed over a finite depth in the soil may be determined by
superposition of the fluence for a series of isotropic infinite plane sources in soil.

The radiation field due to isotropic infinite plane sources at twelve energies from 0.01
to 5.0 MeV was computed for source depths of 0, 0.04, 0.2, 1.0, 2.5, and 4.0 mean free paths
in soil (specified at the source energy). These depths were chosen to facilitate an accurate
integration during the determination of the dose coefficients for sources uniformly distributed
over specified depths. The uncollided angular photon fluence was computed analytically. A
spatial-, energy-, and angular-dependent first collision source was generated from the
uncollided angular fluence and the cross sections for scattering from the source energy into a
series of energy groups. The scattered photon fluence due to the first-collision source was
computed using the one-dimensional multigroup discrete ordinates method (Bell and Glasstone,
1970). Seventy energy groups between 5.3 and 0.00865 MeV were used. The group boundaries
were selected to satisfy two criteria: (1) arelatively narrow group was present about each source
energy of interest, and (2) photons scattering from any group could scatter to at least two other
groups. A subset of the 70 groups was used for each source energy. The highest energy group
was just that group containing the source, and the lowest group was that containing the low-
energy cutoff, determined by A  + 14, where A is the Compton wavelength (electron rest mass
energy divided by photon energy) at the source energy. Since, by conservation of energy and
momentum, the maximum change in Compton wavelength is 2 for a single scatter, a low-energy
cutoff corresponding to A + 14 ensures that a minimum of seven scatters is considered. Beck
and de Planque (1968) state that a low-energy cutoff of A  + 13.2 included over 99% of the
energy deposited in their air-dose calculations, except for the combination of very high source
energies and very large interface-to-detector distances, which is not of interest here. The only
exception to our use of the low-energy cutoff was for the 10 keV sources, in which case only
6 groups were used. At this energy, most photons are immediately absorbed, due to the high
photoelectric cross section, and the scattered photon fluence decreases quite rapidly with
decreasing energy.

In all calculations, the thickness of the air medium was three mean free paths (at the
source energy). Photons scattered in the atmosphere at a height greater than three mean free
paths must have traveled a minimum of six mean free paths from the source plane to reach the
phantom location, and therefore cannot make a significant contribution to organ dose. For the
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plane sources at depths of 0, 0.04, 0.2, and 1.0 mean free paths, the thickness of the soil
medium was taken as three mean free paths (at the source energy). For the sources at depths of
2.5 and 4 mean free paths, the soil thicknesses were taken as 3.5 and 5 mean free paths,
respectively. As in the case of air, photons scattered at depths beyond the lower soil boundary
would have to travel a minimum of six mean free paths from the source plane to reach the
phantom location, and thus make no significant contribution to organ dose.

In transport problems involving an isotropic plane source, the angular fluence has a
singularity at the source plane for directions parallel to the plane (Fano et al., 1959) which
cannot be accommodated by the discrete ordinates formulation used here, and which can also
cause problems when the Monte Carlo method is used. To avoid the numerical problems
associated with the singularity, the uncollided angular fluence is computed analytically. Then,
a first-collision source; i.e., a distributed source based on the spatial, energy, and angular
distribution of photons produced by the first collision of source photons, is calculated from the
analytic uncollided angular fluence. In photon transport, a collision which leads to secondary
photons can include pair production as well as Compton scatter. The first-collision source,
averaged over the spatial mesh cells of the discrete ordinates formulation, is taken to be the
source term in the transport equation, which is solved for the angular fluence of scattered
photons. Cell-averaged angular first-collision sources have no singularities, even in cells
adjacent to the source plane. It should also be noted that the scattered angular fluence has a
singular component at the source plane, and, at short distances from the source, will have
components of large magnitude in directions nearly parallel to the plane. It has been
demonstrated (Ryman, 1979) that discrete ordinates calculations for the scattered fluence due
to a first-collision source must use an angular mesh which has several directions nearly parallel
to the source plane. Failure to do so will give rise to scalar fluences that are depressed or
enhanced in a physically unrealistic manner in regions near the source. It is also well known
(Bell and Glasstone, 1970) that for plane geometries, the fluence near an interface is better
represented when the angular quadrature directions are chosen from a double-P, Gauss
quadrature set. Therefore, a DP,; quadrature set with 32 directions was selected for these
calculations.

A discrete ordinates solution of the transport equation in which the cross sections are
represented by truncated Legendre polynomial expansions can give rise to physically unrealistic
negative angular fluences, due to the negative oscillations in the cross section expansions. This
problem is worse for highly anisotropic sources, narrow energy groups, and highly anisotropic
scatter, e.g., Compton scatter of photons. Several studies have demonstrated (Odom and
Shultis, 1976; Mikols and Shultis, 1977; Ryman, 1979) that this problem may be eliminated
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by the use of the exact-kernel cross section representation, i.e., use of a discrete scattering
matrix rather than a polynomial representation. In this work, a one-dimensional multigroup
discrete ordinates code (KSLAB1), developed by one of the authors (Ryman, 1979), which uses
the exact-kernel representation of group-to-group transfer cross sections, was used to perform
the radiation field calculations. The group-to-group transfer cross sections, which included
Compton (Klein-Nishina) scattering and the production of annihilation radiation, when
appropriate, were generated from the data of Biggs and Lighthill (1968, 1971, 1972a, 1972b).
The spatial mesh in the air and the soil was tailored to each problem to ensure that (1) negative
angular fluences were not generated as a result of a too-coarse mesh spacing, and (2) the
angular fluence had converged with respect to mesh size.

The accuracy of the solutions was checked by comparing the energy and angular
dependence of the air kerma (i.e., dose to aiy 1 m above a 1.25 MeV plane source at the air-
ground interface with the calculations of Beck and de Planque (1968) and with the calculations
and measurements given in the Shielding Benchmark Problems report (Garrett, 1968). Excellent
agreement was found in both cases.

The angular dependence of the air kerma one meter above the air-ground interface is
shown in Figs. I1.5 through 11.8 for 100 keV sources at various depths. The ninety-degree angle
corresponds to radiation incident from the horizon. In these figures, one should note the relative
importance of the scattered and unscattered components of the kerma and the changes in the
angular distributions with increasing depth.

Organ dose from an isotropic field

The radiation fields for the submersion and water immersion sources are isotropic,
neglecting the small effect on the incoming angular current caused by the presence of the
phantom. The organ dose due to an isotropic field was computed using the continuous energy
Monte Carlo photon transport code ALGAMP (Ryman and Eckerman, 1993), which is an
updated and combined version of the original ALGAM (Warner and Craig, 1968) and
BRHGAM (Warner, 1973) codes incorporating the Cristy phantom series (Cristy and Eckerman,
1987). As described in Appendix B, a modified version of the adult hermaphrodite phantom
was used for this work. Organ doses in ALGAMP are estimated by scoring energy deposition
in all organs except skeletal tissues. A collision-density fluence estimator for the skeleton is
combined with fluence-to-dose conversion factors for active marrow and bone surface
(Eckerman, 1984; Eckerman and Cristy, 1984; Kerr and Eckerman, 1985, 1987) to estimate
doses for those organs.
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Calculations were performed for twelve monoenergetic sources ranging from 0.01 to
5.0 MeV. These were carried out using a cosine current source, which corresponds to an
isotropic fluence, sampled uniformly on the curved and end surfaces of a cylinder surrounding
the phantom. Ten million histories were sampled for each calculation. The organ doses from
the monoenergetic sources incident on the phantom were folded with the spectra generated by
the PHOFLUX code for the air submersion and water immersion sources and normalized to unit
source strength to produce the final organ dose coefficients for monoenergetic sources in
contaminated air and water, presented in Tables I1.4 and 11.5. The coefficients include those for
effective dose equivalent (hg), effective dose (e) using the ICRP 60 weighting factors, and air
kerma (k, ) or water kerma (ky,arer)- NOte that air kerma and water kerma are doses to air and
water, not to tissue free in air or water. Since the dose coefficients are inversely proportional
to the density of the source medium, scaling to a different density is straightforward.

Organ dose from contaminated soil

The uncollided and scattered angular fluences from an isotropic plane source of
radiation were computed as a function of energy, angle, and height above the air-ground
interface as described earlier. These fluence data were used to construct an angular current
source on a cylinder surrounding the phantom as a function of position, energy, and polar angle.
It may be noted that the angular current is given by the relationship j(f,E,Q) = Q- Ad(r,E,Q)
where 1 is the outward-directed normal to the surface. For the top and bottom surfaces of the
cylinder, the construction of the angular current source is obvious, since Q- is just the
absolute value of the polar angle used in the discrete ordinates calculations. On the side of the
cylinder, Q-1 is not an angle used in the calculations. Saito et al. (1990) developed two
approximations for the relationship between the angular fluence and the current, but no
approximation is necessary. The angular fluence is isotropic with respect to an azimuthal angle
about the normal to the source plane, due to the symmetry of the one-dimensional radiation
field, so the angular current, as a function of polar angle, can be computed analytically from
the angular fluence data.

A calculation of organ doses was performed using ALGAMP (Ryman and Eckerman,
1993) for each of the 72 combinations of source energy and plane source depth, sampling the
photon energy, angle, and position from cumulative distribution functions corresponding to the
angular current sources described above. As for the calculations for isotropic sources in air and
water, ten million histories were generated for each calculation. Since the discrete ordinates
calculations were performed for a first-collision source generated by a unit strength plane
source, the organ dose coefficients are computed directly by the Monte Carlo calculations; no
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further normalization is needed. For the 10, 15, and 20 keV sources (primarily at 10 keV), a few
of the organ dose coefficients were estimated to be zero, since low-energy photons are not very
penetrating, and small organs (e.g., ovaries) are often missed by those few photons which do
penetrate the body to that depth. For a few organs, the coefficients of variation were so large
that their dose coefficients were judged to be unreliable. The dose coefficients for those organs
were also set to zero. However, the procedure described below for integrating organ dose
coefficients for plane sources over source depth to obtain dose coefficients for volume sources
involves the logarithm of the dose coefficients; therefore, dose coefficients cannot be zero. Even
had there been no numerical difficulties, the prudent approach was to assign nonzero values to
all dose coefficients. Therefore, in the tabulations for monoenergetic sources, the zero values
were replaced by values from a log-log extrapolation as a function of source energy. The
dependence of the organ dose coefficients on energy shows this to be a conservative approach.
As a practical matter, the values of the dose coefficients obtained by extrapolation are so small,
compared to the dose coefficients for the other organs, that they have no observed influence on
the coefficients for effective dose equivalent.

The organ dose coefficients for isotropic plane sources at the six source depths were
integrated over source depth to compute organ dose coefficients for uniformly distributed
volume sources having thicknesses of 1, 5, and 15 cm, and for an effectively infinite source
(4 mean free paths thick). If ﬁT,P(E’T) is the dose coefficient (Sv per Bq s m™) for tissue T for
aplane isotropic source at energy Eand depth t (mean free paths), then the dose coefficient ﬁT,L (E)
(Sv per Bg-s m™®) for a volumetric source extending from the air-ground interface to depth
L (cm) is just

Ay (E) = ﬁ fO“Ldr frp(ET) | (10)

where | is the linear attenuation coefficient for soil at energy E. The dose coefficients for each
organ ﬁT,P(E’T) at the six source depths were interpolated on a fine grid using a log-linear
Hermite cubic spline (Fritsch and Carlson, 1980). The interpolated data were then numerically
integrated. The organ dose coefficients are presented in Tables I1.6 through I1.11 for plane
sources at the six source depths, and in Tables 11.12 through 11.15 for the four volumetric
sources. The coefficients for the plane sources do not need to be scaled for different soil
densities, since depths are in mean free paths. Coefficients for a source with finite thickness
expressed in cm cannot be scaled. Coefficients for a source with finite thickness expressed in
mean free paths are inversely proportional to soil density, as shown by Chen (1991), as are
those for an infinitely thick source.
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Table 11.4. Organ Dose (Gy per Bg s m_3) from a Monoenergetic Semi-infinite Cloud Source

Emitted photon energy (MeV)

Organ/Tissue 1.0E-02 1.5E-02 2.0E-02 3.0E-02 5.0E-02 7.0E-02 1.0E-01 2.0E-01 5.0E-01 1.0E+00 2.0E+00 5.0E+00
ADRENALS 2.489E-22 7.606E-20 4.213E-18 1.086E-16 8.128E-16 1.746E-15 3.092E-15 7.205E-15 1.944E-14 4.044E-14 8.798E-14 2.491E-13
B SURFACE 1.034E-18 2.736E-17 1.619E-16 1.159E-15 5.622E-15 9.896E-15 1.432E-14 2.291E-14 4.155E-14 7.265E-14 1.385E-13 3.580E-13
BRAIN 9.062E-24 1.718E-20 3.469E-18 1.502E-16 1.138E-15 2.355E-15 4.060E-15 9.270E-15 2.475E-14 5.229E-14 1.109E-13 2.938E-13
BREASTS 5.061E-18 6.567E-17 2.325E-16 7.726E-16 2.105E-15 3.398E-15 5.188E-15 1.071E-14 2.678E-14 5.502E-14 1.141E-13 2.994E-13
ESOPHAGUS 1.054E-22 2.067E-20 8.300E-19 4.694E-17 6.130E-16 1.522E-15 2.866E-15 7.008E-15 1.906E-14 4.166E-14 9.079E-14 2.577E-13
ST WALL 4.492E-21 4.577E-19 1.168E-17 1.668E-16 1.024E-15 2.078E-15 3.531E-15 7.852E-15 2.067E-14 4.327E-14 9.491E-14 2.655E-13
S1 WALL 3.176E-23 1.940E-20 1.751E-18 7.106E-17 7.021E-16 1.614E-15 2.932E-15 6.856E-15 1.834E-14 3.973E-14 8.820E-14 2.513E-13
ULl WALL 4.831E-23 3.145E-20 2.977E-18 9.688E-17 7.981E-16 1.758E-15 3.134E-15 7.214E-15 1.916E-14 4.083E-14 9.008E-14 2.549E-13
LLI WALL 4_.951E-21 3.529E-20 1.522E-18 6.946E-17 7.149E-16 1.635E-15 2.960E-15 6.934E-15 1.869E-14 4.063E-14 8.867E-14 2.578E-13
G BLADDER 8.828E-22 6.684E-20 1.365E-18 8.421E-17 7.851E-16 1.731E-15 3.020E-15 7.011E-15 1.890E-14 4.027E-14 9.090E-14 2.619E-13
HEART 1.039E-21 6.051E-19 8.347E-18 1.301E-16 9.232E-16 1.967E-15 3.442E-15 7.778E-15 2.042E-14 4.319E-14 9.432E-14 2.679E-13
KIDNEYS 1.428E-20 1.129E-18 2.415E-17 2.464E-16 1.143E-15 2.193E-15 3.643E-15 7.973E-15 2.077E-14 4.362E-14 9.472E-14 2.633E-13
LIVER 2.564E-21 3.292E-19 9.880E-18 1.653E-16 1.039E-15 2.113E-15 3.610E-15 8.028E-15 2.089E-14 4.396E-14 9.592E-14 2.651E-13
LUNGS 3.499E-21 4.348E-19 1.275E-17 2.178E-16 1.266E-15 2.487E-15 4.147E-15 9.017E-15 2.324E-14 4.852E-14 1.037E-13 2.827E-13
MUSCLE 2.003E-18 2.477E-17 9.434E-17 3.927E-16 1.400E-15 2.507E-15 4.064E-15 8.801E-15 2.271E-14 4.734E-14 1.011E-13 2.727E-13
OVARIES 6.084E-23 9.552E-21 3.260E-19 4.080E-17 6.400E-16 1.483E-15 2.768E-15 6.708E-15 1.734E-14 4.155E-14 8.910E-14 2.596E-13
PANCREAS 4.182E-23 7.920E-21 3.084E-19 4.670E-17 6.430E-16 1.546E-15 2.865E-15 6.850E-15 1.821E-14 3.897E-14 8.804E-14 2.506E-13
R MARROW 1.939E-19 4.829E-18 2.644E-17 1.721E-16 9.331E-16 1.976E-15 3.538E-15 8.341E-15 2.238E-14 4.777E-14 1.038E-13 2.873E-13
SKIN 1.138E-16 3.038E-16 5.261E-16 1.035E-15 2.235E-15 3.514E-15 5.314E-15 1.101E-14 2.774E-14 5.621E-14 1.164E-13 3.030E-13
SPLEEN 2.533E-22 1.001E-19 6.667E-18 1.518E-16 1.023E-15 2.114E-15 3.603E-15 8.028E-15 2.103E-14 4.415E-14 9.590E-14 2.674E-13
TESTES 6.587E-19 2.666E-17 1.296E-16 5.509E-16 1.689E-15 2.857E-15 4.432E-15 9.354E-15 2.341E-14 4.859E-14 1.014E-13 2.818E-13
THYMUS 1.996E-20 1.366E-18 2.640E-17 2.527E-16 1.245E-15 2.368E-15 3.930E-15 8.529E-15 2.154E-14 4.519E-14 1.015E-13 2.689E-13
THYROID 4.389E-20 1.122E-17 8.478E-17 4.311E-16 1.532E-15 2.706E-15 4.374E-15 9.394E-15 2.384E-14 4.992E-14 1.052E-13 2.979E-13
U BLADDER 8.251E-21 6.043E-19 1.220E-17 1.616E-16 9.478E-16 1.947E-15 3.337E-15 7.432E-15 1.940E-14 3.973E-14 9.174E-14 2.530E-13
UTERUS 8.773E-22 5.780E-20 1.071E-18 5.706E-17 6.562E-16 1.548E-15 2.853E-15 6.730E-15 1.787E-14 3.849E-14 8.730E-14 2.494E-13
hg 1.103E-18 2.001E-17 8.939E-17 4.229E-16 1.574E-15 2.829E-15 4.530E-15 9.561E-15 2.397E-14 4.961E-14 1.050E-13 2.858E-13

e 1.651E-18 1.436E-17 6.029E-17 3.052E-16 1.271E-15 2.395E-15 3.955E-15 8.635E-15 2.220E-14 4.651E-14 9.970E-14 2.765E-13
KAIR 6.746E-16 9.912E-16 1.305E-15 1.886E-15 2.765E-15 3.890E-15 6.356E-15 1.880E-14 5.997E-14 1.228E-13 2.384E-13 5.825E-13
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Table 11.5. Organ Dose (Gy per Bqg s m_3) from a Monoenergetic Infinite Pool Source

Emitted photon energy (MeV)

Organ/Tissue 1.0E-02 1.5E-02 2.0E-02 3.0E-02 5.0E-02 7.0E-02 1.0E-01 2.0E-01 5.0E-01 1.0E+00 2.0E+00 5.0E+00
ADRENALS 5.746E-25 1.776E-22 9.862E-21 2.533E-19 1.858E-18 3.929E-18 6.871E-18 1.578E-17 4.221E-17 8.755E-17 1.903E-16 5.430E-16
B SURFACE 2.388E-21 6.397E-20 3.804E-19 2.718E-18 1.293E-17 2.247E-17 3.216E-17 5.080E-17 9.107E-17 1.582E-16 3.005E-16 7.810E-16
BRAIN 2.092E-26 4.008E-23 8.109E-21 3.497E-19 2.602E-18 5.307E-18 9.034E-18 2.031E-17 5.376E-17 1.132E-16 2.400E-16 6.405E-16
BREASTS 1.168E-20 1.536E-19 5.474E-19 1.820E-18 4.900E-18 7.784E-18 1.170E-17 2.365E-17 5.836E-17 1.194E-16 2.471E-16 6.529E-16
ESOPHAGUS 2.434E-25 4.827E-23 1.943E-21 1.090E-19 1.392E-18 3.406E-18 6.343E-18 1.531E-17 4.133E-17 9.016E-17 1.964E-16 5.618E-16
ST WALL 1.037E-23 1.069E-21 2.737E-20 3.898E-19 2.346E-18 4.690E-18 7.866E-18 1.722E-17 4.491E-17 9.372E-17 2.054E-16 5.789E-16
S1 WALL 7.334E-26 4.527E-23 4.096E-21 1.654E-19 1.599E-18 3.622E-18 6.502E-18 1.500E-17 3.981E-17 8.599E-17 1.908E-16 5.480E-16
ULl WALL 1.116E-25 7.340E-23 6.963E-21 2.257E-19 1.822E-18 3.953E-18 6.960E-18 1.579E-17 4.159E-17 8.839E-17 1.949E-16 5.556E-16
LLI WALL 1.143E-23 8.252E-23 3.560E-21 1.615E-19 1.628E-18 3.670E-18 6.564E-18 1.517E-17 4.057E-17 8.794E-17 1.918E-16 5.620E-16
G BLADDER 2.038E-24 1.561E-22 3.198E-21 1.956E-19 1.790E-18 3.891E-18 6.708E-18 1.535E-17 4.103E-17 8.718E-17 1.967E-16 5.710E-16
HEART 2.399E-24 1.413E-21 1.958E-20 3.039E-19 2.111E-18 4.430E-18 7.653E-18 1.704E-17 4.435E-17 9.352E-17 2.041E-16 5.840E-16
KIDNEYS 3.297E-23 2.637E-21 5.663E-20 5.771E-19 2.631E-18 4.967E-18 8.138E-18 1.751E-17 4.516E-17 9.450E-17 2.050E-16 5.741E-16
LIVER 5.921E-24 7.687E-22 2.315E-20 3.861E-19 2.380E-18 4.768E-18 8.041E-18 1.761E-17 4.538E-17 9.522E-17 2.075E-16 5.780E-16
LUNGS 8.080E-24 1.015E-21 2.988E-20 5.088E-19 2.904E-18 5.621E-18 9.251E-18 1.980E-17 5.051E-17 1.051E-16 2.244E-16 6.164E-16
MUSCLE 4.624E-21 5.793E-20 2.220E-19 9.238E-19 3.237E-18 5.702E-18 9.107E-18 1.936E-17 4.941E-17 1.026E-16 2.188E-16 5.945E-16
OVARIES 1.405E-25 2.231E-23 7.630E-22 9.452E-20 1.452E-18 3.323E-18 6.130E-18 1.466E-17 3.762E-17 8.992E-17 1.927E-16 5.659E-16
PANCREAS 9.657E-26 1.849E-23 7.216E-22 1.082E-19 1.461E-18 3.463E-18 6.345E-18 1.497E-17 3.950E-17 8.434E-17 1.904E-16 5.463E-16
R MARROW 4_.478E-22 1.129E-20 6.217E-20 4.035E-19 2.140E-18 4.455E-18 7.867E-18 1.826E-17 4.860E-17 1.034E-16 2.246E-16 6.263E-16
SKIN 2.627E-19 7.113E-19 1.241E-18 2.450E-18 5.226E-18 8.080E-18 1.202E-17 2.435E-17 6.049E-17 1.220E-16 2.521E-16 6.608E-16
SPLEEN 5.849E-25 2.337E-22 1.561E-20 3.543E-19 2.341E-18 4.766E-18 8.021E-18 1.760E-17 4.570E-17 9.562E-17 2.075E-16 5.830E-16
TESTES 1.521E-21 6.233E-20 3.050E-19 1.297E-18 3.919E-18 6.522E-18 9.968E-18 2.062E-17 5.099E-17 1.054E-16 2.195E-16 6.145E-16
THYMUS 4.608E-23 3.192E-21 6.192E-20 5.919E-19 2.863E-18 5.362E-18 8.777E-18 1.873E-17 4.683E-17 9.792E-17 2.197E-16 5.862E-16
THYROID 1.013E-22 2.621E-20 1.993E-19 1.013E-18 3.543E-18 6.158E-18 9.806E-18 2.067E-17 5.187E-17 1.082E-16 2.276E-16 6.495E-16
U BLADDER 1.905E-23 1.412E-21 2.861E-20 3.778E-19 2.173E-18 4.392E-18 7.432E-18 1.630E-17 4.215E-17 8.606E-17 1.985E-16 5.516E-16
UTERUS 2.026E-24 1.350E-22 2.508E-21 1.325E-19 1.492E-18 3.471E-18 6.321E-18 1.471E-17 3.878E-17 8.331E-17 1.888E-16 5.437E-16
he 2.546E-21 4.679E-20 2.103E-19 9.942E-19 3.636E-18 6.432E-18 1.015E-17 2.105E-17 5.216E-17 1.075E-16 2.273E-16 6.232E-16
e 3.812E-21 3.358E-20 1.418E-19 7.170E-19 2.930E-18 5.430E-18 8.841E-18 1.897E-17 4.828E-17 1.008E-16 2.158E-16 6.028E-16

Kuarer

1.615E-18 2.403E-18 3.194E-18 4.570E-18 6.589E-18 9.384E-18 1.573E-17 4.661E-17 1.464E-16 2.978E-16 5.739E-16 1.368E-15
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Emitted photon

energy (MeV)

Organ/Tissue 1.0E-02 1.5E-02 2.0E-02 3.0E-02 5.0E-02 7.0E-02 1.0E-01 2.0E-01 5.0E-01 1.0E+00 2.0E+00 5.0E+00
ADRENALS 1.136E-20 1.378E-19 8.100E-19 9.829E-18 3.093E-17 4.905E-17 7.476E-17 1.634E-16 4.167E-16 8.407E-16 1.499E-15 3.416E-15
B SURFACE 1.888E-19 5.795E-18 2.454E-17 9.315E-17 2.074E-16 2.529E-16 2.826E-16 3.747E-16 7.253E-16 1.292E-15 2.270E-15 4.727E-15
BRAIN 9.716E-25 1.422E-21 2.505E-19 7.655E-18 3.319E-17 5.175E-17 7.818E-17 1.689E-16 4.442E-16 8.771E-16 1.627E-15 3.457E-15
BREASTS 1.066E-18 1.314E-17 3.022E-17 4.889E-17 5.724E-17 6.900E-17 9.393E-17 1.950E-16 4.989E-16 9.570E-16 1.747E-15 3.708E-15
ESOPHAGUS 4_.655E-24 6.456E-22 2.137E-20 2.964E-18 2.335E-17 4.246E-17 6.982E-17 1.501E-16 4.016E-16 8.020E-16 1.506E-15 3.335E-15
ST WALL 1.567E-21 1.045E-19 2.057E-18 1.409E-17 3.927E-17 5.722E-17 8.321E-17 1.739E-16 4.433E-16 8.868E-16 1.645E-15 3.583E-15
S1 WALL 1.029E-23 4.575E-21 3.460E-19 6.746E-18 3.023E-17 5.044E-17 7.647E-17 1.636E-16 4.321E-16 8.735E-16 1.663E-15 3.562E-15
ULl WALL 9.988E-24 5.829E-21 5.348E-19 8.882E-18 3.319E-17 5.334E-17 8.010E-17 1.687E-16 4.413E-16 8.786E-16 1.674E-15 3.588E-15
LLI WALL 7.305E-22 2.791E-20 3.701E-19 6.890E-18 3.184E-17 5.225E-17 7.958E-17 1.690E-16 4.479E-16 9.100E-16 1.700E-15 3.590E-15
G BLADDER 2.445E-21 4.739E-20 3.883E-19 7.527E-18 3.095E-17 4.853E-17 8.117E-17 1.583E-16 4.241E-16 8.253E-16 1.583E-15 3.335E-15
HEART 3.275E-21 1.132E-19 1.398E-18 1.086E-17 3.561E-17 5.463E-17 8.135E-17 1.673E-16 4.392E-16 8.748E-16 1.628E-15 3.478E-15
KIDNEYS 7.164E-21 3.061E-19 4.394E-18 2.060E-17 4.166E-17 5.769E-17 8.382E-17 1.726E-16 4.474E-16 8.966E-16 1.686E-15 3.562E-15
LIVER 9.768E-22 7.800E-20 1.745E-18 1.393E-17 3.926E-17 5.808E-17 8.366E-17 1.734E-16 4.457E-16 8.864E-16 1.664E-15 3.519E-15
LUNGS 1.387E-21 9.981E-20 2.074E-18 1.710E-17 4.455E-17 6.297E-17 8.968E-17 1.828E-16 4.732E-16 9.207E-16 1.725E-15 3.636E-15
MUSCLE 9.151E-19 7.986E-18 1.752E-17 3.289E-17 4.996E-17 6.588E-17 9.326E-17 1.962E-16 5.112E-16 9.988E-16 1.831E-15 3.780E-15
OVARIES 1.333E-19 5.101E-19 1.322E-18 5.058E-18 2.743E-17 5.160E-17 7.486E-17 1.656E-16 4.734E-16 8.337E-16 1.578E-15 3.673E-15
PANCREAS 4.673E-23 3.262E-21 6.633E-20 4.630E-18 2.761E-17 4.843E-17 7.402E-17 1.582E-16 4.087E-16 8.215E-16 1.595E-15 3.539E-15
R MARROW 3.072E-20 9.539E-19 3.647E-18 1.243E-17 3.312E-17 5.353E-17 8.327E-17 1.816E-16 4.776E-16 9.464E-16 1.777E-15 3.785E-15
SKIN 5.046E-17 8.798E-17 8.729E-17 7.545E-17 6.831E-17 7.862E-17 1.077E-16 2.278E-16 5.897E-16 1.133E-15 2.025E-15 4.090E-15
SPLEEN 6.389E-23 1.916E-20 1.096E-18 1.338E-17 3.978E-17 5.844E-17 8.483E-17 1.752E-16 4.462E-16 8.942E-16 1.641E-15 3.656E-15
TESTES 3.597E-19 9.241E-18 2.566E-17 4.481E-17 5.672E-17 6.917E-17 9.669E-17 1.996E-16 5.197E-16 1.004E-15 1.830E-15 3.965E-15
THYMUS 6.092E-21 2.602E-19 3.734E-18 1.885E-17 4.156E-17 6.113E-17 8.165E-17 1.659E-16 4.556E-16 8.417E-16 1.673E-15 3.513E-15
THYROID 7.423E-20 1.185E-18 8.460E-18 2.790E-17 4.663E-17 6.226E-17 9.072E-17 1.829E-16 4.944E-16 9.444E-16 1.597E-15 3.611E-15
U BLADDER 2.426E-21 1.360E-19 2.367E-18 1.479E-17 3.808E-17 5.672E-17 8.493E-17 1.715E-16 4.550E-16 8.783E-16 1.805E-15 4.038E-15
UTERUS 4.926E-22 1.579E-20 1.848E-19 5.923E-18 2.925E-17 4.974E-17 7.765E-17 1.649E-16 4.322E-16 8.633E-16 1.627E-15 3.705E-15
he 3.181E-19 5.147E-18 1.443E-17 3.179E-17 5.244E-17 6.915E-17 9.605E-17 1.931E-16 4.945E-16 9.610E-16 1.778E-15 3.814E-15
e 6.811E-19 4.017E-18 1.016E-17 2.367E-17 4.460E-17 6.192E-17 8.928E-17 1.841E-16 4.781E-16 9.376E-16 1.737E-15 3.731E-15
Kair 1.829E-16 2.323E-16 1.881E-16 1.256E-16 8.337E-17 8.515E-17 1.117E-16 2.415E-16 6.394E-16 1.211E-15 2.122E-15 4.194E-15
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Table 11.7. Organ Dose (Gy per Bg s m?2) from a Monoenergetic Plane Source 0.04 Mean Free Paths Deep

Emitted

photon energy (MeV)

Organ/Tissue 1.0E-02 1.5E-02 2.0E-02 3.0E-02 5.0E-02 7.0E-02 1.0E-01 2.0E-01 5.0E-01 1.0E+00 2.0E+00 5.0E+00
ADRENALS 8.084E-21 9.891E-20 5.847E-19 7.154E-18 2.352E-17 3.824E-17 5.934E-17 1.239E-16 3.085E-16 5.809E-16 9.712E-16 1.729E-15
B SURFACE 1.695E-19 4.681E-18 1.919E-17 6.739E-17 1.504E-16 1.900E-16 2.185E-16 2.876E-16 5.029E-16 8.174E-16 1.318E-15 2.461E-15
BRAIN 5.330E-25 9.947E-22 2.082E-19 6.001E-18 2.589E-17 4.162E-17 6.326E-17 1.346E-16 3.313E-16 6.097E-16 1.052E-15 1.949E-15
BREASTS 9.766E-19 1.112E-17 2.518E-17 3.864E-17 4.514E-17 5.564E-17 7.637E-17 1.538E-16 3.606E-16 6.446E-16 1.081E-15 1.987E-15
ESOPHAGUS 3.714E-23 2.198E-21 3.977E-20 2.354E-18 1.737E-17 3.394E-17 5.403E-17 1.125E-16 2.822E-16 5.139E-16 9.144E-16 1.802E-15
ST WALL 1.607E-21 9.244E-20 1.639E-18 1.077E-17 2.905E-17 4.427E-17 6.485E-17 1.292E-16 3.076E-16 5.671E-16 9.562E-16 1.843E-15
S1 WALL 6.004E-24 3.038E-21 2.519E-19 4.857E-18 2.219E-17 3.771E-17 5.858E-17 1.208E-16 2.935E-16 5.459E-16 9.467E-16 1.815E-15
ULl WALL 3.032E-23 8.078E-21 4.249E-19 6.514E-18 2.446E-17 4.035E-17 6.128E-17 1.252E-16 3.014E-16 5.530E-16 9.377E-16 1.827E-15
LLI WALL 4.715E-21 2.783E-20 2.870E-19 5.215E-18 2.294E-17 3.904E-17 6.007E-17 1.233E-16 2.979E-16 5.540E-16 9.605E-16 1.871E-15
G BLADDER 9.335E-22 2.339E-20 2.299E-19 5.760E-18 2.312E-17 3.735E-17 5.780E-17 1.227E-16 2.635E-16 5.943E-16 8.875E-16 1.774E-15
HEART 3.335E-21 9.939E-20 1.105E-18 8.399E-18 2.676E-17 4.221E-17 6.337E-17 1.288E-16 3.144E-16 5.641E-16 9.948E-16 1.887E-15
KIDNEYS 5.090E-21 2.326E-19 3.502E-18 1.533E-17 3.124E-17 4.503E-17 6.504E-17 1.321E-16 3.154E-16 5.809E-16 9.705E-16 1.886E-15
LIVER 9.393E-22 6.670E-20 1.373E-18 1.041E-17 2.961E-17 4.490E-17 6.560E-17 1.324E-16 3.140E-16 5.679E-16 9.804E-16 1.872E-15
LUNGS 1.315E-21 8.644E-20 1.684E-18 1.302E-17 3.416E-17 4.969E-17 7.140E-17 1.418E-16 3.394E-16 6.136E-16 1.040E-15 1.983E-15
MUSCLE 7.791E-19 6.263E-18 1.339E-17 2.372E-17 3.644E-17 4.920E-17 7.034E-17 1.433E-16 3.411E-16 6.133E-16 1.035E-15 1.936E-15
OVARIES 8.755E-20 3.459E-19 9.167E-19 3.621E-18 2.044E-17 3.736E-17 5.553E-17 1.156E-16 2.957E-16 5.662E-16 9.786E-16 1.926E-15
PANCREAS 7.331E-23 3.859E-21 6.423E-20 3.381E-18 2.033E-17 3.680E-17 5.728E-17 1.181E-16 2.851E-16 5.338E-16 9.196E-16 1.799E-15
R MARROW 2.765E-20 7.948E-19 2.996E-18 9.552E-18 2.518E-17 4.134E-17 6.486E-17 1.387E-16 3.358E-16 6.139E-16 1.056E-15 2.017E-15
SKIN 4.385E-17 7.001E-17 6.792E-17 5.521E-17 5.020E-17 5.947E-17 8.131E-17 1.664E-16 3.940E-16 6.949E-16 1.148E-15 2.091E-15
SPLEEN 8.197E-23 1.954E-20 9.498E-19 9.898E-18 2.934E-17 4.546E-17 6.618E-17 1.346E-16 3.174E-16 5.573E-16 9.617E-16 1.891E-15
TESTES 3.982E-19 7.400E-18 2.042E-17 3.415E-17 4.247E-17 5.295E-17 7.541E-17 1.451E-16 3.482E-16 6.099E-16 1.062E-15 2.013E-15
THYMUS 3.028E-21 1.722E-19 3.028E-18 1.493E-17 3.287E-17 4.612E-17 6.793E-17 1.295E-16 3.281E-16 5.734E-16 9.865E-16 1.850E-15
THYROID 4.991E-20 8.844E-19 6.799E-18 1.955E-17 3.581E-17 4.793E-17 7.011E-17 1.403E-16 3.614E-16 6.500E-16 1.047E-15 2.055E-15
U BLADDER 2.126E-21 1.172E-19 2.016E-18 1.067E-17 2.803E-17 4.300E-17 6.279E-17 1.301E-16 2.973E-16 5.456E-16 9.274E-16 1.768E-15
UTERUS 2.677E-22 9.508E-21 1.197E-19 4.251E-18 2.119E-17 3.739E-17 5.864E-17 1.202E-16 2.881E-16 5.429E-16 9.122E-16 1.865E-15
he 3.041E-19 4.204E-18 1.164E-17 2.418E-17 3.967E-17 5.349E-17 7.542E-17 1.465E-16 3.461E-16 6.192E-16 1.053E-15 1.990E-15
e 6.108E-19 3.240E-18 8.127E-18 1.787E-17 3.343E-17 4.770E-17 6.934E-17 1.381E-16 3.300E-16 5.956E-16 1.018E-15 1.945E-15
Kair 1.687E-16 1.945E-16 1.552E-16 9.742E-17 6.543E-17 6.827E-17 8.971E-17 1.863E-16 4.508E-16 7.847E-16 1.255E-15 2.217E-15
Hsor. (cm™) 3.201E+01 9.853E+00 4.309E+00 1.448E+00 5.094E-01 3.404E-01 2.665E-01 2.021E-01 1.419E-01 1.035E-01 7.261E-02 4.634E-02
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Table 11.8. Organ Dose (Gy per Bg s m2) from a Monoenergetic Plane Source 0.2 Mean Free Paths Deep

Emitted photon energy (MeV)

Organ/Tissue 1.0E-02 1.5E-02 2.0E-02 3.0E-02 5.0E-02 7.0E-02 1.0E-01 2.0E-01 5.0E-01 1.0E+00 2.0E+00 5.0E+00
ADRENALS 4.126E-21 5.197E-20 3.136E-19 3.950E-18 1.259E-17 2.183E-17 3.726E-17 7.526E-17 1.737E-16 2.990E-16 5.299E-16 8.074E-16
B SURFACE 1.213E-19 2.863E-18 1.067E-17 3.546E-17 8.582E-17 1.181E-16 1.469E-16 1.988E-16 3.190E-16 4.805E-16 7.264E-16 1.274E-15
BRAIN 9.963E-26 3.483E-22 1.138E-19 3.189E-18 1.512E-17 2.634E-17 4.193E-17 8.835E-17 2.017E-16 3.470E-16 5.709E-16 1.034E-15
BREASTS 7.457E-19 7.447E-18 1.526E-17 2.230E-17 2.766E-17 3.612E-17 5.173E-17 1.030E-16 2.247E-16 3.761E-16 5.988E-16 1.046E-15
ESOPHAGUS 8.055E-24 6.479E-22 1.457E-20 1.172E-18 9.428E-18 1.966E-17 3.399E-17 7.296E-17 1.747E-16 2.923E-16 5.063E-16 8.989E-16
ST WALL 1.093E-21 5.458E-20 8.752E-19 5.545E-18 1.634E-17 2.689E-17 4.161E-17 8.283E-17 1.817E-16 3.209E-16 5.186E-16 9.798E-16
S1 WALL 3.537E-24 1.615E-21 1.245E-19 2.384E-18 1.203E-17 2.221E-17 3.651E-17 7.560E-17 1.707E-16 2.996E-16 4.990E-16 9.265E-16
ULl WALL 8.502E-24 3.188E-21 2.137E-19 3.237E-18 1.334E-17 2.397E-17 3.795E-17 7.804E-17 1.760E-16 3.068E-16 5.060E-16 9.239E-16
LLI WALL 2.513E-21 1.933E-20 1.632E-19 2.544E-18 1.250E-17 2.302E-17 3.739E-17 7.775E-17 1.769E-16 3.050E-16 5.102E-16 9.591E-16
G BLADDER 6.813E-22 1.537E-20 1.403E-19 3.166E-18 1.303E-17 2.313E-17 3.717E-17 7.668E-17 1.694E-16 2.994E-16 4.721E-16 1.048E-15
HEART 2.161E-21 5.742E-20 5.884E-19 4.225E-18 1.515E-17 2.560E-17 4.017E-17 8.237E-17 1.811E-16 3.165E-16 5.091E-16 9.482E-16
KIDNEYS 2.863E-21 1.266E-19 1.862E-18 8.063E-18 1.764E-17 2.702E-17 4.160E-17 8.472E-17 1.886E-16 3.155E-16 5.373E-16 9.757E-16
LIVER 5.073E-22 3.548E-20 7.225E-19 5.424E-18 1.665E-17 2.718E-17 4.205E-17 8.446E-17 1.869E-16 3.179E-16 5.244E-16 9.497E-16
LUNGS 8.680E-22 4.956E-20 8.739E-19 6.806E-18 1.961E-17 3.064E-17 4.621E-17 9.168E-17 2.036E-16 3.457E-16 5.611E-16 1.015E-15
MUSCLE 4_.901E-19 3.590E-18 7.187E-18 1.246E-17 2.085E-17 3.029E-17 4.534E-17 9.183E-17 2.043E-16 3.465E-16 5.586E-16 9.939E-16
OVARIES 1.686E-20 8.648E-20 2.759E-19 1.415E-18 1.110E-17 2.143E-17 3.522E-17 7.568E-17 1.631E-16 3.062E-16 5.173E-16 8.736E-16
PANCREAS 3.617E-23 1.930E-21 3.245E-20 1.732E-18 1.114E-17 2.167E-17 3.626E-17 7.482E-17 1.689E-16 2.840E-16 4.993E-16 8.836E-16
R MARROW 2.001E-20 4.961E-19 1.706E-18 5.122E-18 1.438E-17 2.511E-17 4.144E-17 8.856E-17 2.000E-16 3.451E-16 5.665E-16 1.025E-15
SKIN 2.927E-17 4.244E-17 3.850E-17 3.034E-17 2.991E-17 3.779E-17 5.404E-17 1.092E-16 2.403E-16 4.017E-16 6.312E-16 1.092E-15
SPLEEN 7.964E-23 1.291E-20 4.773E-19 5.115E-18 1.686E-17 2.724E-17 4.171E-17 8.518E-17 1.885E-16 3.260E-16 5.329E-16 9.699E-16
TESTES 2.727E-19 4.750E-18 1.219E-17 1.874E-17 2.513E-17 3.401E-17 5.008E-17 9.933E-17 2.187E-16 3.674E-16 5.820E-16 1.102E-15
THYMUS 2.635E-21 1.136E-19 1.641E-18 7.683E-18 1.820E-17 2.968E-17 4.327E-17 8.618E-17 1.944E-16 3.364E-16 5.471E-16 1.035E-15
THYROID 4_.454E-20 5.475E-19 3.247E-18 9.721E-18 1.951E-17 2.948E-17 4.290E-17 8.572E-17 1.879E-16 3.098E-16 5.206E-16 1.043E-15
U BLADDER 1.994E-21 7.429E-20 9.675E-19 5.455E-18 1.531E-17 2.545E-17 3.972E-17 8.110E-17 1.787E-16 3.143E-16 5.291E-16 9.500E-16
UTERUS 1.963E-22 6.008E-21 6.806E-20 2.083E-18 1.140E-17 2.174E-17 3.601E-17 7.371E-17 1.697E-16 3.030E-16 4.812E-16 9.133E-16
he 2.176E-19 2.710E-18 6.816E-18 1.317E-17 2.308E-17 3.352E-17 4.935E-17 9.662E-17 2.107E-16 3.555E-16 5.729E-16 1.052E-15
e 4_.132E-19 2.045E-18 4.701E-18 9.592E-18 1.916E-17 2.942E-17 4.479E-17 8.976E-17 1.986E-16 3.381E-16 5.506E-16 1.016E-15
Kair 1.244E-16 1.255E-16 9.185E-17 5.539E-17 4.049E-17 4.523E-17 6.137E-17 1.246E-16 2.800E-16 4.609E-16 7.029E-16 1.173E-15
Hsor. (cm™) 3.201E+01 9.853E+00 4.309E+00 1.448E+00 5.094E-01 3.404E-01 2.665E-01 2.021E-01 1.419E-01 1.035E-01 7.261E-02 4.634E-02
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Table 11.9. Organ Dose (Gy per Bg s m2) from a Monoenergetic Plane Source 1.0 Mean Free Paths Deep

Emitted photon

energy (MeV)

Organ/Tissue 1.0E-02 1.5E-02 2.0E-02 3.0E-02 5.0E-02 7.0E-02 1.0E-01 2.0E-01 5.0E-01 1.0E+00 2.0E+00 5.0E+00
ADRENALS 4.639E-22 6.413E-21 4.134E-20 5.715E-19 2.984E-18 6.518E-18 1.175E-17 2.782E-17 5.501E-17 9.043E-17 1.248E-16 2.076E-16
B SURFACE 2.806E-20 5.271E-19 1.845E-18 6.504E-18 2.038E-17 3.512E-17 5.306E-17 8.323E-17 1.195E-16 1.539E-16 2.023E-16 3.052E-16
BRAIN 3.732E-26 7.488E-23 1.650E-20 5.517E-19 3.542E-18 7.571E-18 1.412E-17 3.198E-17 6.496E-17 9.944E-17 1.467E-16 2.321E-16
BREASTS 2.166E-19 1.694E-18 3.215E-18 4.831E-18 7.347E-18 1.143E-17 1.868E-17 3.972E-17 7.845E-17 1.134E-16 1.613E-16 2.500E-16
ESOPHAGUS 9.305E-25 8.385E-23 2.044E-21 1.842E-19 2.147E-18 5.387E-18 1.097E-17 2.585E-17 5.178E-17 8.325E-17 1.225E-16 1.964E-16
ST WALL 1.044E-22 6.787E-21 1.312E-19 9.611E-19 3.666E-18 7.563E-18 1.365E-17 2.982E-17 5.924E-17 8.885E-17 1.303E-16 2.193E-16
S1 WALL 2.815E-25 1.779E-22 1.727E-20 3.787E-19 2.616E-18 6.003E-18 1.170E-17 2.674E-17 5.376E-17 8.387E-17 1.255E-16 2.086E-16
ULl WALL 2.411E-25 2.266E-22 2.915E-20 5.062E-19 2.966E-18 6.440E-18 1.218E-17 2.747E-17 5.515E-17 8.569E-17 1.275E-16 2.107E-16
LLI WALL 3.881E-22 3.532E-21 2.453E-20 4.228E-19 2.764E-18 6.324E-18 1.209E-17 2.777E-17 5.640E-17 8.654E-17 1.275E-16 2.120E-16
G BLADDER 9.214E-23 2.103E-21 1.934E-20 4.413E-19 2.844E-18 6.418E-18 1.128E-17 2.677E-17 5.292E-17 9.240E-17 1.320E-16 2.188E-16
HEART 4.875E-14 1.044E-12 9.181E-12 7.074E-11 3.415E-10 7.179E-10 1.329E-09 2.932E-09 5.786E-09 8.908E-09 1.298E-08 2.090E-08
KIDNEYS 4.289E-22 1.892E-20 2.778E-19 1.410E-18 4.171E-18 7.817E-18 1.405E-17 3.076E-17 6.224E-17 9.147E-17 1.351E-16 2.142E-16
LIVER 6.270E-23 4.821E-21 1.050E-19 9.300E-19 3.801E-18 7.689E-18 1.395E-17 3.057E-17 6.053E-17 9.184E-17 1.339E-16 2.176E-16
LUNGS 1.054E-22 6.875E-21 1.332E-19 1.167E-18 4.538E-18 8.745E-18 1.562E-17 3.353E-17 6.622E-17 1.000E-16 1.446E-16 2.291E-16
MUSCLE 9.629E-20 6.457E-19 1.269E-18 2.370E-18 5.067E-18 8.927E-18 1.552E-17 3.402E-17 6.788E-17 1.027E-16 1.486E-16 2.334E-16
OVARIES 1.528E-21 9.705E-21 3.603E-20 2.289E-19 2.351E-18 5.650E-18 1.131E-17 2.726E-17 5.308E-17 8.095E-17 1.174E-16 1.731E-16
PANCREAS 2.357E-24 1.708E-22 3.567E-21 2.585E-19 2.419E-18 5.766E-18 1.141E-17 2.636E-17 5.269E-17 8.152E-17 1.240E-16 2.064E-16
R MARROW 4_.523E-21 9.205E-20 3.004E-19 9.501E-19 3.353E-18 7.129E-18 1.368E-17 3.199E-17 6.526E-17 9.974E-17 1.468E-16 2.392E-16
SKIN 6.885E-18 8.823E-18 7.717E-18 6.377E-18 7.825E-18 1.188E-17 1.942E-17 4.174E-17 8.288E-17 1.229E-16 1.729E-16 2.649E-16
SPLEEN 1.119E-24 6.945E-22 6.655E-20 8.524E-19 3.758E-18 7.783E-18 1.395E-17 3.071E-17 6.060E-17 9.151E-17 1.367E-16 2.219E-16
TESTES 7.712E-20 1.102E-18 2.603E-18 4.099E-18 6.548E-18 1.067E-17 1.767E-17 3.799E-17 7.649E-17 1.121E-16 1.671E-16 2.254E-16
THYMUS 2.626E-22 1.470E-20 2.556E-19 1.390E-18 4.419E-18 8.538E-18 1.473E-17 3.259E-17 6.287E-17 9.807E-17 1.292E-16 2.282E-16
THYROID 2.522E-21 4.544E-20 3.535E-19 1.432E-18 4.487E-18 8.053E-18 1.442E-17 3.107E-17 6.039E-17 9.222E-17 1.416E-16 1.919E-16
U BLADDER 3.012E-22 1.092E-20 1.395E-19 9.184E-19 3.539E-18 7.122E-18 1.330E-17 2.992E-17 5.822E-17 9.204E-17 1.278E-16 2.198E-16
UTERUS 3.039E-23 9.130E-22 1.021E-20 3.068E-19 2.474E-18 5.746E-18 1.125E-17 2.633E-17 5.309E-17 8.168E-17 1.270E-16 2.039E-16
he 5.913E-20 6.007E-19 1.375E-18 2.665E-18 5.705E-18 1.003E-17 1.710E-17 3.635E-17 7.118E-17 1.055E-16 1.533E-16 2.331E-16
e 1.005E-19 4.440E-19 9.353E-19 1.894E-18 4.621E-18 8.597E-18 1.520E-17 3.316E-17 6.580E-17 9.894E-17 1.448E-16 2.241E-16
Karr 3.447E-17 2.826E-17 1.940E-17 1.217E-17 1.117E-17 1.500E-17 2.315E-17 4.931E-17 9.966E-17 1.472E-16 2.019E-16 2.937E-16
Hsor. (cm™) 3.201E+01 9.853E+00 4.309E+00 1.448E+00 5.094E-01 3.404E-01 2.665E-01 2.021E-01 1.419E-01 1.035E-01 7.261E-02 4.634E-02
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Table 11.10. Organ Dose (Gy per Bg s m?) from a Monoenergetic Plane Source 2.5 Mean Free Paths Deep

Emitted photon

energy (MeV)

Organ/Tissue 1.0E-02 1.5E-02 2.0E-02 3.0E-02 5.0E-02 7.0E-02 1.0E-01 2.0E-01 5.0E-01 1.0E+00 2.0E+00 5.0E+00
ADRENALS 7.717E-24 2.193E-22 2.357E-21 6.698E-20 4.181E-19 1.138E-18 2.588E-18 6.634E-18 1.304E-17 1.676E-17 2.304E-17 2.991E-17
B SURFACE 2.878E-21 4.992E-20 1.797E-19 7.099E-19 2.929E-18 6.298E-18 1.163E-17 2.214E-17 2.988E-17 3.312E-17 3.680E-17 4.646E-17
BRAIN 4.277E-27 7.183E-24 1.395E-21 5.594E-20 5.051E-19 1.322E-18 2.979E-18 7.783E-18 1.473E-17 1.953E-17 2.497E-17 3.418E-17
BREASTS 2.880E-20 1.982E-19 3.785E-19 5.995E-19 1.130E-18 2.127E-18 4.091E-18 1.012E-17 1.853E-17 2.377E-17 2.914E-17 3.832E-17
ESOPHAGUS 6.409E-26 6.548E-24 1.745E-22 1.783E-20 2.796E-19 9.122E-19 2.213E-18 6.266E-18 1.145E-17 1.567E-17 2.115E-17 2.711E-17
ST WALL 8.501E-24 5.731E-22 1.137E-20 9.840E-20 5.231E-19 1.304E-18 2.855E-18 7.347E-18 1.334E-17 1.777E-17 2.263E-17 3.183E-17
S1 WALL 2.203E-26 1.330E-23 1.250E-21 3.715E-20 3.525E-19 1.015E-18 2.405E-18 6.430E-18 1.199E-17 1.626E-17 2.096E-17 3.077E-17
ULl WALL 7.947E-24 2.020E-22 2.006E-21 5.099E-20 4.053E-19 1.106E-18 2.551E-18 6.748E-18 1.229E-17 1.698E-17 2.176E-17 3.212E-17
LLI WALL 9.592E-23 5.813E-22 2.521E-21 4.422E-20 3.920E-19 1.092E-18 2.488E-18 6.739E-18 1.271E-17 1.674E-17 2.231E-17 3.160E-17
G BLADDER 3.384E-24 1.120E-22 1.342E-21 4.443E-20 3.653E-19 1.081E-18 2.476E-18 6.363E-18 1.251E-17 1.533E-17 2.233E-17 3.224E-17
HEART 2.130E-23 6.564E-22 7.474E-21 7.360E-20 4.673E-19 1.226E-18 2.734E-18 7.131E-18 1.311E-17 1.714E-17 2.173E-17 3.203E-17
KIDNEYS 1.915E-23 1.256E-21 2.444E-20 1.518E-19 5.865E-19 1.373E-18 2.934E-18 7.467E-18 1.392E-17 1.837E-17 2.338E-17 3.260E-17
LIVER 3.307E-24 3.284E-22 8.575E-21 9.444E-20 5.328E-19 1.336E-18 2.906E-18 7.501E-18 1.365E-17 1.821E-17 2.312E-17 3.211E-17
LUNGS 6.907E-24 5.113E-22 1.084E-20 1.199E-19 6.370E-19 1.536E-18 3.286E-18 8.267E-18 1.492E-17 1.968E-17 2.514E-17 3.415E-17
MUSCLE 9.253E-21 6.363E-20 1.303E-19 2.700E-19 7.399E-19 1.598E-18 3.316E-18 8.425E-18 1.565E-17 2.081E-17 2.625E-17 3.580E-17
OVARIES 1.008E-22 7.597E-22 3.183E-21 2.398E-20 3.053E-19 9.616E-19 2.250E-18 6.296E-18 1.193E-17 1.824E-17 1.992E-17 3.214E-17
PANCREAS 5.134E-26 6.435E-24 1.982E-22 2.484E-20 3.219E-19 9.836E-19 2.360E-18 6.218E-18 1.159E-17 1.531E-17 2.065E-17 3.023E-17
R MARROW 4_.368E-22 8.677E-21 2.948E-20 1.041E-19 4.752E-19 1.243E-18 2.857E-18 7.793E-18 1.477E-17 1.971E-17 2.537E-17 3.549E-17
SKIN 8.167E-19 1.013E-18 8.966E-19 7.929E-19 1.203E-18 2.214E-18 4.286E-18 1.057E-17 1.961E-17 2.589E-17 3.182E-17 4.137E-17
SPLEEN 1.884E-25 7.374E-23 5.096E-21 8.673E-20 5.367E-19 1.338E-18 2.942E-18 7.539E-18 1.352E-17 1.786E-17 2.333E-17 3.286E-17
TESTES 1.120E-20 1.338E-19 3.242E-19 5.284E-19 1.026E-18 2.053E-18 4.044E-18 9.760E-18 1.828E-17 2.257E-17 2.991E-17 3.916E-17
THYMUS 1.763E-23 1.091E-21 2.037E-20 1.464E-19 6.243E-19 1.479E-18 3.198E-18 8.076E-18 1.495E-17 2.007E-17 2.307E-17 3.142E-17
THYROID 1.873E-22 3.630E-21 2.974E-20 1.538E-19 6.265E-19 1.435E-18 3.026E-18 7.454E-18 1.344E-17 1.757E-17 2.301E-17 3.174E-17
U BLADDER 5.465E-24 4.844E-22 1.167E-20 9.632E-20 5.048E-19 1.231E-18 2.853E-18 7.361E-18 1.346E-17 1.779E-17 2.517E-17 3.396E-17
UTERUS 5.570E-25 3.129E-23 5.453E-22 3.063E-20 3.378E-19 9.897E-19 2.377E-18 6.210E-18 1.187E-17 1.627E-17 2.190E-17 3.062E-17
he 7.830E-21 6.992E-20 1.608E-19 3.206E-19 8.473E-19 1.825E-18 3.723E-18 9.132E-18 1.658E-17 2.128E-17 2.709E-17 3.640E-17
e 1.237E-20 5.164E-20 1.095E-19 2.253E-19 6.791E-19 1.547E-18 3.264E-18 8.247E-18 1.514E-17 1.965E-17 2.550E-17 3.462E-17
Kair 4 _595E-18 3.456E-18 2.355E-18 1.564E-18 1.772E-18 2.875E-18 5.243E-18 1.271E-17 2.399E-17 3.159E-17 3.823E-17 4.785E-17
Hsor. (cm™) 3.201E+01 9.853E+00 4.309E+00 1.448E+00 5.094E-01 3.404E-01 2.665E-01 2.021E-01 1.419E-01 1.035E-01 7.261E-02 4.634E-02
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Table 11.11. Organ Dose (Gy per Bg s m?) from a Monoenergetic Plane Source 4.0 Mean Free Paths Deep

Emitted photon energy (MeV)

Organ/Tissue 1.0E-02 1.5E-02 2.0E-02 3.0E-02 5.0E-02 7.0E-02 1.0E-01 2.0E-01 5.0E-01 1.0E+00 2.0E+00 5.0E+00
ADRENALS 6.527E-25 2.217E-23 2.704E-22 9.184E-21 6.958E-20 2.119E-19 5.700E-19 1.668E-18 3.144E-18 4.094E-18 4.412E-18 5.594E-18
B SURFACE 3.792E-22 6.509E-21 2.436E-20 1.050E-19 5.207E-19 1.304E-18 2.783E-18 6.144E-18 7.958E-18 7.881E-18 7.798E-18 8.780E-18
BRAIN 2.545E-25 1.174E-23 1.779E-22 8.205E-21 8.814E-20 2.709E-19 6.958E-19 2.096E-18 3.743E-18 4.487E-18 5.128E-18 6.179E-18
BREASTS 4_.595E-21 3.053E-20 5.796E-20 9.526E-20 2.067E-19 4.450E-19 9.894E-19 2.699E-18 4.733E-18 5.567E-18 6.227E-18 7.350E-18
ESOPHAGUS 2.796E-26 1.917E-24 3.849E-23 2.639E-21 5.104E-20 1.852E-19 5.165E-19 1.703E-18 2.858E-18 3.363E-18 4.059E-18 5.228E-18
ST WALL 6.130E-25 5.375E-23 1.285E-21 1.408E-20 9.262E-20 2.649E-19 6.661E-19 1.974E-18 3.388E-18 4.018E-18 4.719E-18 5.787E-18
SI WALL 1.115E-27 1.097E-24 1.458E-22 5.191E-21 6.172E-20 2.082E-19 5.609E-19 1.714E-18 3.050E-18 3.708E-18 4.350E-18 5.630E-18
ULl WALL 9.136E-25 2.489E-23 2.596E-22 7.072E-21 7.018E-20 2.252E-19 5.965E-19 1.807E-18 3.172E-18 3.752E-18 4.389E-18 5.812E-18
LLI WALL 1.737E-23 6.034E-23 3.691E-22 6.120E-21 6.708E-20 2.229E-19 5.878E-19 1.805E-18 3.251E-18 3.868E-18 4.528E-18 5.867E-18
G BLADDER 3.614E-25 1.260E-23 1.565E-22 5.455E-21 6.803E-20 2.102E-19 5.770E-19 1.775E-18 3.064E-18 3.980E-18 5.004E-18 5.944E-18
HEART 2.172E-24 7.574E-23 9.413E-22 1.041E-20 8.324E-20 2.533E-19 6.391E-19 1.906E-18 3.364E-18 3.965E-18 4.587E-18 5.674E-18
KIDNEYS 1.754E-24 1.330E-22 2.868E-21 2.183E-20 1.036E-19 2.847E-19 7.000E-19 2.014E-18 3.531E-18 4.242E-18 4.806E-18 6.140E-18
LIVER 2.869E-25 3.516E-23 1.066E-21 1.344E-20 9.335E-20 2.723E-19 6.842E-19 1.991E-18 3.476E-18 4.157E-18 4.748E-18 6.023E-18
LUNGS 6.744E-25 5.638E-23 1.303E-21 1.717E-20 1.123E-19 3.166E-19 7.705E-19 2.220E-18 3.845E-18 4.530E-18 5.142E-18 6.420E-18
MUSCLE 1.201E-21 8.621E-21 1.833E-20 4.092E-20 1.325E-19 3.311E-19 7.851E-19 2.265E-18 4.010E-18 4.822E-18 5.481E-18 6.749E-18
OVARIES 7.942E-24 7.258E-23 3.488E-22 3.187E-21 5.175E-20 1.827E-19 5.390E-19 1.702E-18 3.069E-18 3.769E-18 4.988E-18 5.802E-18
PANCREAS 9.672E-27 1.060E-24 2.969E-23 3.254E-21 5.617E-20 1.962E-19 5.426E-19 1.644E-18 2.991E-18 3.506E-18 4.249E-18 5.514E-18
R MARROW 5.447E-23 1.121E-21 4.002E-21 1.543E-20 8.424E-20 2.544E-19 6.692E-19 2.077E-18 3.765E-18 4.549E-18 5.254E-18 6.605E-18
SKIN 1.223E-19 1.519E-19 1.366E-19 1.264E-19 2.215E-19 4.665E-19 1.027E-18 2.873E-18 5.091E-18 6.077E-18 6.738E-18 7.975E-18
SPLEEN 2.412E-26 8.916E-24 5.916E-22 1.192E-20 9.381E-20 2.724E-19 6.898E-19 1.994E-18 3.479E-18 4.056E-18 4.790E-18 6.321E-18
TESTES 1.958E-21 2.207E-20 5.004E-20 8.711E-20 1.929E-19 4.282E-19 9.262E-19 2.613E-18 4.628E-18 5.916E-18 6.400E-18 7.654E-18
THYMUS 2.494E-24 1.393E-22 2.418E-21 2.114E-20 1.099E-19 3.038E-19 7.500E-19 2.151E-18 3.616E-18 4.255E-18 4.887E-18 6.610E-18
THYROID 1.801E-23 4.068E-22 3.715E-21 2.249E-20 1.123E-19 3.064E-19 7.343E-19 2.003E-18 3.406E-18 4.038E-18 4.318E-18 5.556E-18
U BLADDER 3.916E-25 4.663E-23 1.385E-21 1.361E-20 9.084E-20 2.564E-19 6.538E-19 1.944E-18 3.421E-18 4.156E-18 4.970E-18 6.272E-18
UTERUS 1.265E-25 5.808E-24 8.773E-23 4.027E-21 5.990E-20 2.021E-19 5.459E-19 1.684E-18 3.089E-18 3.721E-18 4.407E-18 5.825E-18
he 1.271E-21 1.099E-20 2.426E-20 5.050E-20 1.538E-19 3.785E-19 8.755E-19 2.449E-18 4.224E-18 5.079E-18 5.673E-18 6.937E-18
e 1.912E-21 8.094E-21 1.649E-20 3.534E-20 1.228E-19 3.198E-19 7.641E-19 2.211E-18 3.858E-18 4.661E-18 5.269E-18 6.515E-18
Kair 7.372E-19 5.391E-19 3.686E-19 2.539E-19 3.297E-19 6.126E-19 1.271E-18 3.473E-18 6.246E-18 7.520E-18 8.276E-18 9.390E-18
Hsor. (cm™) 3.201E+01 9.853E+00 4.309E+00 1.448E+00 5.094E-01 3.404E-01 2.665E-01 2.021E-01 1.419E-01 1.035E-01 7.261E-02 4.634E-02
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Table 11.12. Organ Dose (Gy per Bg s m3) from a Monoenergetic Source Uniformly Distributed to a Depth of 1 cm

Emitted photon energy (MeV)

Organ/Tissue 1.0E-02 1.5E-02 2.0E-02 3.0E-02 5.0E-02 7.0E-02 1.0E-01 2.0E-01 5.0E-01 1.0E+00 2.0E+00 5.0E+00
ADRENALS 8.506E-25 3.554E-23 5.007E-22 1.824E-20 1.284E-19 2.616E-19 4.636E-19 1.033E-18 2.782E-18 5.679E-18 1.055E-17 2.295E-17
B SURFACE 3.060E-23 2.189E-21 1.859E-20 1.758E-19 8.597E-19 1.367E-18 1.768E-18 2.513E-18 4.676E-18 8.222E-18 1.475E-17 3.220E-17
BRAIN 6.026E-29 3.216E-25 1.874E-22 1.551E-20 1.500E-19 3.019E-19 5.074E-19 1.152E-18 3.034E-18 6.016E-18 1.143E-17 2.465E-17
BREASTS 2.099E-22 6.149E-21 2.834E-20 1.137E-19 2.729E-19 4.104E-19 6.191E-19 1.327E-18 3.327E-18 6.409E-18 1.189E-17 2.568E-17
ESOPHAGUS 2.133E-27 5.209E-25 2.602E-23 5.643E-21 9.559E-20 2.336E-19 4.229E-19 9.622E-19 2.610E-18 5.141E-18 1.011E-17 2.323E-17
ST WALL 2.114E-25 3.719E-23 1.464E-21 2.717E-20 1.636E-19 3.136E-19 5.124E-19 1.101E-18 2.819E-18 5.673E-18 1.069E-17 2.422E-17
S1 WALL 6.754E-28 1.090E-24 2.062E-22 1.157E-20 1.217E-19 2.625E-19 4.566E-19 1.020E-18 2.687E-18 5.465E-18 1.064E-17 2.398E-17
ULl WALL 5.139E-27 2.426E-24 3.500E-22 1.559E-20 1.348E-19 2.822E-19 4.761E-19 1.056E-18 2.761E-18 5.536E-18 1.059E-17 2.415E-17
LLI WALL 5.872E-25 1.507E-23 2.718E-22 1.249E-20 1.264E-19 2.720E-19 4.682E-19 1.045E-18 2.746E-18 5.575E-18 1.082E-17 2.448E-17
G BLADDER 1.446E-25 1.065E-23 2.243E-22 1.450E-20 1.302E-19 2.676E-19 4.594E-19 1.033E-18 2.495E-18 5.762E-18 1.002E-17 2.293E-17
HEART 5.276E-25 4.340E-23 9.939E-22 2.062E-20 1.514E-19 2.987E-19 4.977E-19 1.094E-18 2.857E-18 5.629E-18 1.095E-17 2.428E-17
KIDNEYS 6.279E-25 9.143E-23 3.114E-21 3.944E-20 1.770E-19 3.168E-19 5.132E-19 1.123E-18 2.892E-18 5.771E-18 1.089E-17 2.450E-17
LIVER 1.074E-25 2.509E-23 1.199E-21 2.645E-20 1.669E-19 3.175E-19 5.179E-19 1.124E-18 2.877E-18 5.671E-18 1.092E-17 2.428E-17
LUNGS 1.771E-25 3.482E-23 1.474E-21 3.315E-20 1.954E-19 3.550E-19 5.661E-19 1.209E-18 3.110E-18 6.090E-18 1.151E-17 2.545E-17
MUSCLE 1.175E-22 2.757E-21 1.272E-20 6.240E-20 2.090E-19 3.520E-19 5.579E-19 1.222E-18 3.148E-18 6.178E-18 1.166E-17 2.551E-17
OVARIES 4.943E-24 7.537E-23 5.274E-22 7.337E-21 1.120E-19 2.564E-19 4.373E-19 9.973E-19 2.704E-18 5.580E-18 1.074E-17 2.520E-17
PANCREAS 6.734E-27 1.246E-24 5.045E-23 8.193E-21 1.123E-19 2.559E-19 4.497E-19 1.001E-18 2.613E-18 5.290E-18 1.031E-17 2.381E-17
R MARROW 4.982E-24 3.791E-22 2.977E-21 2.534E-20 1.436E-19 2.929E-19 5.114E-19 1.178E-18 3.078E-18 6.120E-18 1.173E-17 2.615E-17
SKIN 7.546E-21 3.426E-20 7.091E-20 1.549E-19 2.977E-19 4.339E-19 6.549E-19 1.431E-18 3.650E-18 7.018E-18 1.293E-17 2.757E-17
SPLEEN 1.129E-26 7.296E-24 7.895E-22 2.481E-20 1.677E-19 3.195E-19 5.182E-19 1.139E-18 2.904E-18 5.621E-18 1.073E-17 2.482E-17
TESTES 7.714E-23 3.982E-21 2.289E-20 9.674E-20 2.503E-19 3.886E-19 6.062E-19 1.269E-18 3.245E-18 6.200E-18 1.188E-17 2.659E-17
THYMUS 5.176E-25 7.710E-23 2.759E-21 3.807E-20 1.839E-19 3.386E-19 5.338E-19 1.115E-18 2.997E-18 5.694E-18 1.099E-17 2.405E-17
THYROID 7.722E-24 3.363E-22 5.117E-21 4.618E-20 1.975E-19 3.419E-19 5.413E-19 1.172E-18 3.211E-18 6.313E-18 1.131E-17 2.592E-17
U BLADDER 4.235E-25 5.153E-23 1.637E-21 2.660E-20 1.551E-19 3.002E-19 4.938E-19 1.095E-18 2.754E-18 5.496E-18 1.076E-17 2.491E-17
UTERUS 4.186E-26 4.219E-24 1.114E-22 9.927E-21 1.156E-19 2.582E-19 4.540E-19 1.008E-18 2.651E-18 5.439E-18 1.030E-17 2.479E-17
he 5.975E-23 2.224E-21 1.252E-20 6.654E-20 2.302E-19 3.864E-19 6.015E-19 1.259E-18 3.188E-18 6.178E-18 1.168E-17 2.591E-17
e 1.081E-22 1.670E-21 8.609E-21 4.827E-20 1.917E-19 3.413E-19 5.498E-19 1.182E-18 3.038E-18 5.966E-18 1.135E-17 2.542E-17
Kair 3.437E-20 1.039E-19 1.717E-19 2.844E-19 3.995E-19 5.102E-19 7.313E-19 1.608E-18 4.166E-18 7.859E-18 1.398E-17 2.881E-17
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Table 11.13. Organ Dose (Gy per Bg s m3) from a Monoenergetic Source Uniformly Distributed to a Depth of 5 cm

Emitted photon

energy (MeV)

Organ/Tissue 1.0E-02 1.5E-02 2.0E-02 3.0E-02 5.0E-02 7.0E-02 1.0E-01 2.0E-01 5.0E-01 1.0E+00 2.0E+00 5.0E+00
ADRENALS 8.506E-25 3.554E-23 5.007E-22 1.959E-20 2.084E-19 5.513E-19 1.123E-18 2.816E-18 7.613E-18 1.564E-17 3.165E-17 6.471E-17
B SURFACE 3.060E-23 2.189E-21 1.859E-20 1.906E-19 1.409E-18 2.944E-18 4.616E-18 7.568E-18 1.404E-17 2.433E-17 4.370E-17 9.566E-17
BRAIN 6.026E-29 3.216E-25 1.874E-22 1.670E-20 2.458E-19 6.455E-19 1.285E-18 3.244E-18 8.717E-18 1.751E-17 3.425E-17 7.588E-17
BREASTS 2.099E-22 6.149E-21 2.834E-20 1.259E-19 4.713E-19 9.178E-19 1.623E-18 3.840E-18 9.800E-18 1.893E-17 3.575E-17 7.751E-17
ESOPHAGUS 2.133E-27 5.209E-25 2.602E-23 6.026E-21 1.528E-19 4.788E-19 1.034E-18 2.670E-18 7.444E-18 1.480E-17 3.020E-17 6.876E-17
ST WALL 2.114E-25 3.719E-23 1.464E-21 2.926E-20 2.631E-19 6.572E-19 1.269E-18 3.050E-18 7.936E-18 1.624E-17 3.133E-17 7.255E-17
S1 WALL 6.754E-28 1.090E-24 2.062E-22 1.236E-20 1.921E-19 5.373E-19 1.109E-18 2.781E-18 7.446E-18 1.533E-17 3.056E-17 7.036E-17
ULl WALL 5.139E-27 2.426E-24 3.500E-22 1.667E-20 2.147E-19 5.779E-19 1.154E-18 2.867E-18 7.663E-18 1.564E-17 3.073E-17 7.056E-17
LLI WALL 5.872E-25 1.507E-23 2.718E-22 1.342E-20 2.013E-19 5.604E-19 1.140E-18 2.865E-18 7.703E-18 1.563E-17 3.116E-17 7.247E-17
G BLADDER 1.446E-25 1.065E-23 2.243E-22 1.544E-20 2.064E-19 5.609E-19 1.105E-18 2.809E-18 7.258E-18 1.578E-17 2.891E-17 7.274E-17
HEART 5.276E-25 4.340E-23 9.939E-22 2.217E-20 2.435E-19 6.250E-19 1.231E-18 3.023E-18 7.919E-18 1.607E-17 3.142E-17 7.218E-17
KIDNEYS 6.279E-25 9.143E-23 3.114E-21 4.261E-20 2.892E-19 6.688E-19 1.283E-18 3.126E-18 8.229E-18 1.621E-17 3.221E-17 7.319E-17
LIVER 1.074E-25 2.509E-23 1.199E-21 2.846E-20 2.695E-19 6.662E-19 1.288E-18 3.115E-18 8.137E-18 1.619E-17 3.184E-17 7.202E-17
LUNGS 1.771E-25 3.482E-23 1.474E-21 3.569E-20 3.179E-19 7.516E-19 1.423E-18 3.384E-18 8.851E-18 1.754E-17 3.390E-17 7.636E-17
MUSCLE 1.175E-22 2.757E-21 1.272E-20 6.798E-20 3.456E-19 7.534E-19 1.404E-18 3.411E-18 8.936E-18 1.767E-17 3.393E-17 7.515E-17
OVARIES 4_.943E-24 7.537E-23 5.274E-22 7.841E-21 1.753E-19 5.163E-19 1.069E-18 2.786E-18 7.264E-18 1.560E-17 3.137E-17 7.113E-17
PANCREAS 6.734E-27 1.246E-24 5.045E-23 8.726E-21 1.774E-19 5.212E-19 1.092E-18 2.744E-18 7.322E-18 1.468E-17 3.016E-17 6.868E-17
R MARROW 4.982E-24 3.791E-22 2.977E-21 2.751E-20 2.341E-19 6.161E-19 1.268E-18 3.265E-18 8.717E-18 1.754E-17 3.435E-17 7.763E-17
SKIN 7.546E-21 3.426E-20 7.091E-20 1.709E-19 5.089E-19 9.610E-19 1.698E-18 4.079E-18 1.053E-17 2.040E-17 3.806E-17 8.173E-17
SPLEEN 1.129E-26 7.296E-24 7.895E-22 2.665E-20 2.699E-19 6.710E-19 1.284E-18 3.142E-18 8.199E-18 1.638E-17 3.190E-17 7.331E-17
TESTES 7.714E-23 3.982E-21 2.289E-20 1.074E-19 4.276E-19 8.634E-19 1.562E-18 3.691E-18 9.551E-18 1.845E-17 3.512E-17 8.037E-17
THYMUS 5.176E-25 7.710E-23 2.759E-21 4.116E-20 3.022E-19 7.267E-19 1.338E-18 3.199E-18 8.459E-18 1.686E-17 3.267E-17 7.419E-17
THYROID 7.722E-24 3.363E-22 5.117E-21 4.937E-20 3.181E-19 7.117E-19 1.329E-18 3.185E-18 8.428E-18 1.662E-17 3.244E-17 7.861E-17
U BLADDER 4.235E-25 5.153E-23 1.637E-21 2.863E-20 2.504E-19 6.233E-19 1.224E-18 3.019E-18 7.792E-18 1.591E-17 3.160E-17 7.134E-17
UTERUS 4.186E-26 4.219E-24 1.114E-22 1.058E-20 1.823E-19 5.227E-19 1.087E-18 2.729E-18 7.380E-18 1.538E-17 2.953E-17 7.123E-17
he 5.975E-23 2.224E-21 1.252E-20 7.309E-20 3.842E-19 8.365E-19 1.531E-18 3.586E-18 9.192E-18 1.797E-17 3.451E-17 7.773E-17
e 1.081E-22 1.670E-21 8.609E-21 5.288E-20 3.165E-19 7.289E-19 1.382E-18 3.323E-18 8.664E-18 1.717E-17 3.331E-17 7.589E-17
Kair 3.437E-20 1.039E-19 1.717E-19 3.159E-19 7.014E-19 1.170E-18 1.956E-18 4.683E-18 1.227E-17 2.331E-17 4.197E-17 8.676E-17
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Table 11.14. Organ Dose (Gy per Bg s m3) from a Monoenergetic Source Uniformly Distributed to a Depth of 15 cm

Emitted photon energy (MeV)

Organ/Tissue 1.0E-02 1.5E-02 2.0E-02 3.0E-02 5.0E-02 7.0E-02 1.0E-01 2.0E-01 5.0E-01 1.0E+00 2.0E+00 5.0E+00
ADRENALS 8.506E-25 3.554E-23 5.007E-22 1.959E-20 2.137E-19 6.185E-19 1.408E-18 4.013E-18 1.153E-17 2.485E-17 5.172E-17 1.120E-16
B SURFACE 3.060E-23 2.189E-21 1.859E-20 1.906E-19 1.447E-18 3.317E-18 5.913E-18 1.136E-17 2.265E-17 4.008E-17 7.427E-17 1.696E-16
BRAIN 6.026E-29 3.216E-25 1.874E-22 1.670E-20 2.522E-19 7.239E-19 1.620E-18 4.629E-18 1.331E-17 2.779E-17 5.710E-17 1.350E-16
BREASTS 2.099E-22 6.149E-21 2.834E-20 1.259E-19 4.861E-19 1.044E-18 2.079E-18 5.606E-18 1.539E-17 3.062E-17 6.046E-17 1.383E-16
ESOPHAGUS 2.133E-27 5.209E-25 2.602E-23 6.026E-21 1.564E-19 5.331E-19 1.285E-18 3.786E-18 1.109E-17 2.341E-17 4.978E-17 1.193E-16
ST WALL 2.114E-25 3.719E-23 1.464E-21 2.926E-20 2.698E-19 7.347E-19 1.590E-18 4.349E-18 1.211E-17 2.547E-17 5.179E-17 1.285E-16
S1 WALL 6.754E-28 1.090E-24 2.062E-22 1.236E-20 1.966E-19 5.977E-19 1.380E-18 3.931E-18 1.123E-17 2.401E-17 5.022E-17 1.230E-16
ULl WALL 5.139E-27 2.426E-24 3.500E-22 1.667E-20 2.199E-19 6.435E-19 1.440E-18 4.061E-18 1.154E-17 2.452E-17 5.072E-17 1.232E-16
LLI WALL 5.872E-25 1.507E-23 2.718E-22 1.342E-20 2.063E-19 6.252E-19 1.421E-18 4.066E-18 1.168E-17 2.457E-17 5.117E-17 1.267E-16
G BLADDER 1.446E-25 1.065E-23 2.243E-22 1.544E-20 2.112E-19 6.251E-19 1.378E-18 3.952E-18 1.103E-17 2.513E-17 4.879E-17 1.326E-16
HEART 5.276E-25 4.340E-23 9.939E-22 2.217E-20 2.495E-19 6.980E-19 1.540E-18 4.291E-18 1.200E-17 2.529E-17 5.157E-17 1.255E-16
KIDNEYS 6.279E-25 9.143E-23 3.114E-21 4.261E-20 2.967E-19 7.503E-19 1.614E-18 4.457E-18 1.261E-17 2.563E-17 5.348E-17 1.283E-16
LIVER 1.074E-25 2.509E-23 1.199E-21 2.846E-20 2.763E-19 7.455E-19 1.615E-18 4.445E-18 1.241E-17 2.567E-17 5.271E-17 1.262E-16
LUNGS 1.771E-25 3.482E-23 1.474E-21 3.569E-20 3.261E-19 8.427E-19 1.792E-18 4.847E-18 1.352E-17 2.786E-17 5.637E-17 1.341E-16
MUSCLE 1.175E-22 2.757E-21 1.272E-20 6.798E-20 3.552E-19 8.480E-19 1.776E-18 4.899E-18 1.374E-17 2.825E-17 5.674E-17 1.324E-16
OVARIES 4.943E-24 7.537E-23 5.274E-22 7.841E-21 1.791E-19 5.731E-19 1.326E-18 3.938E-18 1.100E-17 2.408E-17 5.050E-17 1.177E-16
PANCREAS 6.734E-27 1.246E-24 5.045E-23 8.726E-21 1.815E-19 5.795E-19 1.357E-18 3.868E-18 1.102E-17 2.306E-17 4.975E-17 1.192E-16
R MARROW 4.982E-24 3.791E-22 2.977E-21 2.751E-20 2.402E-19 6.898E-19 1.589E-18 4.651E-18 1.332E-17 2.784E-17 5.711E-17 1.365E-16
SKIN 7.546E-21 3.426E-20 7.091E-20 1.709E-19 5.247E-19 1.092E-18 2.174E-18 5.927E-18 1.643E-17 3.303E-17 6.434E-17 1.454E-16
SPLEEN 1.129E-26 7.296E-24 7.895E-22 2.665E-20 2.768E-19 7.505E-19 1.614E-18 4.478E-18 1.246E-17 2.589E-17 5.327E-17 1.287E-16
TESTES 7.714E-23 3.982E-21 2.289E-20 1.074E-19 4.411E-19 9.841E-19 2.005E-18 5.386E-18 1.501E-17 2.999E-17 6.009E-17 1.417E-16
THYMUS 5.176E-25 7.710E-23 2.759E-21 4.116E-20 3.103E-19 8.146E-19 1.694E-18 4.627E-18 1.294E-17 2.701E-17 5.349E-17 1.337E-16
THYROID 7.722E-24 3.363E-22 5.117E-21 4.937E-20 3.262E-19 7.968E-19 1.669E-18 4.522E-18 1.267E-17 2.601E-17 5.386E-17 1.342E-16
U BLADDER 4.235E-25 5.153E-23 1.637E-21 2.863E-20 2.570E-19 6.965E-19 1.542E-18 4.324E-18 1.192E-17 2.541E-17 5.203E-17 1.262E-16
UTERUS 4.186E-26 4.219E-24 1.114E-22 1.058E-20 1.867E-19 5.814E-19 1.352E-18 3.852E-18 1.112E-17 2.389E-17 4.904E-17 1.226E-16
he 5.975E-23 2.224E-21 1.252E-20 7.309E-20 3.953E-19 9.444E-19 1.945E-18 5.189E-18 1.425E-17 2.883E-17 5.800E-17 1.375E-16
e 1.081E-22 1.670E-21 8.609E-21 5.288E-20 3.253E-19 8.204E-19 1.746E-18 4.776E-18 1.332E-17 2.738E-17 5.564E-17 1.334E-16
Kair 3.437E-20 1.039E-19 1.717E-19 3.159E-19 7.247E-19 1.340E-18 2.536E-18 6.891E-18 1.939E-17 3.837E-17 7.217E-17 1.559E-16
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Table 11.15. Organ Dose (Gy per Bg s m3) from a Monoenergetic Source Uniformly Distributed to an Infinite Depth

Emitted photon energy (MeV)

Organ/Tissue 1.0E-02 1.5E-02 2.0E-02 3.0E-02 5.0E-02 7.0E-02 1.0E-01 2.0E-01 5.0E-01 1.0E+00 2.0E+00 5.0E+00
ADRENALS 8.506E-25 3.554E-23 5.007E-22 1.959E-20 2.137E-19 6.185E-19 1.408E-18 4.141E-18 1.267E-17 2.876E-17 6.452E-17 1.622E-16
B SURFACE 3.060E-23 2.189E-21 1.859E-20 1.906E-19 1.447E-18 3.317E-18 5.913E-18 1.182E-17 2.531E-17 4.757E-17 9.511E-17 2.447E-16
BRAIN 6.026E-29 3.216E-25 1.874E-22 1.670E-20 2.522E-19 7.239E-19 1.620E-18 4.786E-18 1.461E-17 3.226E-17 7.161E-17 1.916E-16
BREASTS 2.099E-22 6.149E-21 2.834E-20 1.259E-19 4.861E-19 1.044E-18 2.079E-18 5.809E-18 1.703E-17 3.601E-17 7.698E-17 2.000E-16
ESOPHAGUS 2.133E-27 5.209E-25 2.602E-23 6.026E-21 1.564E-19 5.331E-19 1.285E-18 3.913E-18 1.209E-17 2.702E-17 6.193E-17 1.663E-16
ST WALL 2.114E-25 3.719E-23 1.464E-21 2.926E-20 2.698E-19 7.347E-19 1.590E-18 4.497E-18 1.329E-17 2.952E-17 6.480E-17 1.818E-16
S1 WALL 6.754E-28 1.090E-24 2.062E-22 1.236E-20 1.966E-19 5.977E-19 1.380E-18 4.060E-18 1.229E-17 2.774E-17 6.249E-17 1.739E-16
ULl WALL 5.139E-27 2.426E-24 3.500E-22 1.667E-20 2.199E-19 6.435E-19 1.441E-18 4.196E-18 1.263E-17 2.839E-17 6.333E-17 1.750E-16
LLI WALL 5.872E-25 1.507E-23 2.718E-22 1.342E-20 2.063E-19 6.252E-19 1.421E-18 4.201E-18 1.280E-17 2.842E-17 6.393E-17 1.786E-16
G BLADDER 1.446E-25 1.065E-23 2.243E-22 1.544E-20 2.112E-19 6.251E-19 1.378E-18 4.082E-18 1.213E-17 2.880E-17 6.189E-17 1.862E-16
HEART 5.276E-25 4.340E-23 9.939E-22 2.217E-20 2.495E-19 6.980E-19 1.540E-18 4.434E-18 1.316E-17 2.923E-17 6.430E-17 1.771E-16
KIDNEYS 6.279E-25 9.143E-23 3.114E-21 4.261E-20 2.967E-19 7.503E-19 1.614E-18 4.607E-18 1.384E-17 2.982E-17 6.694E-17 1.811E-16
LIVER 1.074E-25 2.509E-23 1.199E-21 2.846E-20 2.763E-19 7.455E-19 1.615E-18 4.595E-18 1.361E-17 2.983E-17 6.604E-17 1.793E-16
LUNGS 1.771E-25 3.482E-23 1.474E-21 3.569E-20 3.261E-19 8.427E-19 1.792E-18 5.013E-18 1.484E-17 3.237E-17 7.083E-17 1.902E-16
MUSCLE 1.175E-22 2.757E-21 1.272E-20 6.798E-20 3.552E-19 8.480E-19 1.776E-18 5.068E-18 1.513E-17 3.299E-17 7.176E-17 1.900E-16
OVARIES 4_.943E-24 7.537E-23 5.274E-22 7.841E-21 1.791E-19 5.731E-19 1.326E-18 4.064E-18 1.206E-17 2.811E-17 6.205E-17 1.630E-16
PANCREAS 6.734E-27 1.246E-24 5.045E-23 8.726E-21 1.815E-19 5.795E-19 1.357E-18 3.991E-18 1.204E-17 2.660E-17 6.184E-17 1.694E-16
R MARROW 4.982E-24 3.791E-22 2.977E-21 2.751E-20 2.402E-19 6.898E-19 1.589E-18 4.807E-18 1.463E-17 3.235E-17 7.175E-17 1.949E-16
SKIN 7.546E-21 3.426E-20 7.091E-20 1.709E-19 5.247E-19 1.092E-18 2.175E-18 6.141E-18 1.817E-17 3.890E-17 8.224E-17 2.111E-16
SPLEEN 1.129E-26 7.296E-24 7.895E-22 2.665E-20 2.768E-19 7.505E-19 1.614E-18 4.628E-18 1.366E-17 2.998E-17 6.681E-17 1.830E-16
TESTES 7.714E-23 3.982E-21 2.289E-20 1.074E-19 4.411E-19 9.841E-19 2.005E-18 5.582E-18 1.663E-17 3.518E-17 7.718E-17 1.997E-16
THYMUS 5.176E-25 7.710E-23 2.759E-21 4.116E-20 3.103E-19 8.146E-19 1.694E-18 4.789E-18 1.425E-17 3.155E-17 6.654E-17 1.884E-16
THYROID 7.722E-24 3.363E-22 5.117E-21 4.937E-20 3.262E-19 7.968E-19 1.669E-18 4.672E-18 1.385E-17 3.006E-17 6.755E-17 1.827E-16
U BLADDER 4.235E-25 5.153E-23 1.637E-21 2.863E-20 2.570E-19 6.965E-19 1.542E-18 4.470E-18 1.311E-17 2.950E-17 6.564E-17 1.806E-16
UTERUS 4.186E-26 4.219E-24 1.114E-22 1.058E-20 1.867E-19 5.814E-19 1.352E-18 3.977E-18 1.217E-17 2.760E-17 6.170E-17 1.726E-16
he 5.975E-23 2.224E-21 1.252E-20 7.309E-20 3.953E-19 9.444E-19 1.946E-18 5.373E-18 1.571E-17 3.369E-17 7.345E-17 1.953E-16
e 1.081E-22 1.670E-21 8.609E-21 5.288E-20 3.253E-19 8.204E-19 1.746E-18 4.942E-18 1.466E-17 3.188E-17 7.024E-17 1.889E-16
Kair 3.437E-20 1.039E-19 1.717E-19 3.159E-19 7.247E-19 1.340E-18 2.536E-18 7.149E-18 2.152E-17 4.553E-17 9.346E-17 2.297E-16
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Discussion

In this section we compare our results for effective dose equivalent to published results
of other researchers. Unless specifically stated otherwise, all values of effective dose equivalent
discussed in this section are normalized to air kerma free in air, at a distance of one meter above
the air-ground interface, or to water kerma free in water within an infinite pool.

Effective dose equivalent, as a function of energy, is shown in Fig. 11.9 for an isotropic
plane source at the air-ground interface, for submersion in a semi-infinite cloud source, and for
immersion in an infinite water pool, as calculated for this report. In previous calculations
performed at ORNL (DOE, 1988; Kocher, 1981, 1983; Kocher and Sjoreen, 1985), normalized
organ doses for a plane surface source and for water immersion were assumed to be those for
submersion in a semi-infinite cloud. Values of effective dose equivalent for a plane isotropic
surface source and for water immersion are compared to those for submersion in Fig. 11.10. For
water immersion, the differences are small (less than 10 percent), and are due solely to
differences in the photon spectra in water and air (see Figs. 11.3 and 11.4). However, the
differences for a plane surface source can be as large as 33 percent, and illustrate one of the
primary reasons that new calculations were performed.

Effective dose equivalent for submersion in a semi-infinite cloud source, from Table 11.4,
is compared to that from Zankl et al. (1992) at the Gesellschaft fiir Strahlen- und
Umweltforschung (GSF), in Figs. 11.11 and 11.12. Comparisons for an infinite plane isotropic
source at an effective depth of 0.5 g cm™ are shown in Figs. 11.13 and 11.14. The values for the
upper curve were derived by interpolation, using a log-linear Hermite cubic spline fit to the data
of Tables 1.6 to I11.11. The different values are traceable to differences in the adult
hermaphrodite phantom used in this work and the gender-specific phantoms used at GSF, and
will be explained in detail later.

Effective dose equivalent for an infinite plane isotropic source at the air-ground interface
is shown in Fig. 11.15, as derived by two different procedures. The lower curve in Fig. 11.15
shows values from Table 11.6. The upper curve represents values derived using fluence-to-dose
equivalent conversion factors for rotational normal beam exposure (ROT) computed for the adult
hermaphrodite phantom of Cristy (Cristy and Eckerman, 1987), which was used throughout this
work. The two curves illustrate the difference due to assuming all photons are normally incident
(upper curve), as compared to using the actual angular distribution of photons on the body (lower
curve). The differences in effective dose equivalent for plane isotropic sources at the surface and
at depths of one and four mean free paths are shown in Fig. 11.16. It can be seen that the
differences between the values for rotational exposure and those for the actual field are
significant, and increase with increasing source depth.



36

1.0 T T T

081 b
—_
& 0.6 -
>
w
v Surface
ﬁm 0.4 b
- O  Submersion

O Immersion
0.2 b

0.0 E— — *
10-2 10 10° 10!

Photon Energy (MeV)
Fig. 11.9. Normalized effective dose equivalent for an isotropic

plane surface source, submersion in a semi-infinite cloud, and
immersion in an infinite water pool (this work).

1.4 T T T
1.3 1 ® Surfacef b
Submersion
—_ O  Immersion/
{ 1.2 Submersion 1
L
<
CEERE: -
]
e
TUl .0 Frmmmmm
o
1 m ]
0.8 =+ S S

10 10 10° 10"
Photon Energy (MeV)
Fig. 11.10. Comparison of normalized effective dose equivalent

for an isotropic plane surface source and for water immersion to
that for submersion (this work).



37

1.0
0.8 r b
>
S osf 1
>
@
c
< 047 1
X
=
w
K= This work
0.2r ©  Zankl et al. b
0.0 & e E— e
102 107 10° 10°

Photon Energy (MeV)

Fig. 11.11. Effective dose equivalent for submersion normalized
to air kerma 1 m above the air-ground interface.

1.4

FGR 12/Zankl et al.

LR

0.9 L 1 1
102 10 10° 10’

Photon Energy (MeV)
Fig. 11.12. Comparison of normalized effective dose equivalent

for submersion from this work (FGR 12) to that of Zankl et al.
(1992).



38

1.0
0.8 r b
>
S osf 1
>
@
c
< 047 1
X
=
w
K= This work
0.2r ©  Zankl et al. b
oolbw . ... e e
102 107 10° 10°

Photon Energy (MeV)

Fig. 11.13. Effective dose equivalent normalized to air kerma 1
m above the air-ground interface for an infinite plane source 0.5
g cm™ deep.

13 .

1.2 i

11T ]

FGR 12/Zankl et al.

LV

0.9 L L NP L
10-2 10 10° 10’

Photon Energy (MeV)
Fig. 11.14. Comparison of normalized effective dose equivalent

from this work to that of Zankl et al. (1992) for an infinite plane
source 0.5 g cm™ deep.



39

1.0 T T r
0.8 b
>
S o6t .
>
@
o
< 0.4 b
v
= Table I1.6
<
O Rotational
0.2 (ORNL ROT) 1
0.0 L=t
102 101 10° 10!

Photon Energy (MeV)

Fig. 11.15. Effective dose equivalent normalized to air kerma 1
m above the air-ground interface for an infinite plane source at
the interface.

1.4 T T T T
1.3 1 b
® Surface

E O 1.0 mfp
E 1.2 Deep
ui + 4.0mfp
E Deep
=
e}
T o11F b
[
c

1.0 oo mmmmm o mmmm s s s mm oo o oo oo m o m

o9 b i i e .

102 1071 10° 10’ 102

Photon Energy (MeV)

Fig. 11.16. Ratio of effective dose equivalent for rotational
exposure to that for the actual field.



40

Effective dose equivalent for a plane isotropic source at the air-ground interface is
compared to Chen (1991) in Fig. 11.17. Chen used the rotational fluence-to-effective dose
equivalent conversion factors from ICRP Publication 51 (ICRP, 1987) to compute dose
equivalent for exposure to contaminated soil. Effective dose equivalent computed from the
photon spectra of this work, using the same ICRP 51 rotational conversion factors as Chen, is
seen to be in excellent agreement with his values. Figure 11.18 shows the difference between the
values from Table 11.6 and the values based on rotational exposure of Fig. 11.15, as compared to
Chen's values. Effective dose equivalent for the adult Cristy phantom is compared to the ICRP
Publication 51 data (ICRP, 1987) in Figs. 11.19 and 11.20. The ICRP 51 data were computed at
GSF (Williams et al., 1985). A comparison of individual organ dose equivalent conversion
factors which contribute to the effective dose equivalent differences are shown in Table 11.16.

The differences seen in Figs. 11.19 and 11.20 are due to the same factors that contribute to
the differences seen in Figs. 11.11 to 11.14. The organ dose coefficients computed here use the 73
kg hermaphrodite phantom of Cristy (Cristy and Eckerman, 1987). At GSF, organ dose
coefficients were computed separately for adult male and female phantoms (Williams et al.,
1985; Zankl et al., 1992). Prior to calculating effective dose equivalent coefficients, the organ
dose coefficients for the male and female phantoms were averaged, and the ICRP 26 weighting
factors were applied to the arithmetic mean of the male and female organ dose coefficients. The
GSF 59 kg female phantom is smaller than the 70 kg male phantom. The female has a height of
160 cm, a body width of 37.6 cm, and a body depth of 18.7 cm, as compared to 170 cm, 40 cm,
and 20 cm, respectively, for the male phantom (Saito et al., 1990). Therefore, organ dose
coefficients will tend to be greater for internal organs of the female phantom, since there is less
shielding from photons incident on the body surface, and the gender-averaged coefficients used
in computing the effective dose equivalent will be higher than those derived from the
hermaphrodite phantom, all other factors being equal. The dose equivalent for remainder in the
male and female from Williams et al. (1985) in Table 11.16 illustrate the tendency for female
organ doses to be higher for deeply-seated internal organs. The differences in doses to other
organs do not always exhibit this tendency because they are more directly affected by gender
differences (e.g., ovaries versus testes) or are more distributed in nature (e.g., red marrow and
bone surfaces). Comparison of organ doses between the hermaphrodite phantom of this work
and the GSF phantoms shows that competing factors contribute to the differences in effective
dose equivalents. The doses to red marrow, bone surface, and thyroid are consistently higher in
the hermaphrodite phantom. The differences in red marrow and bone surface doses are due
to different methods of estimating those doses. In the hermaphrodite phantom,
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Table 11.16. Organ Dose Equivalent Conversion Factors for Rotational Exposure (pSv cm?)

Organ Ephoton This Work Williams et al. (1985)
(MeV) Hermaphrodite Male Female Average
Gonads 0.015 0.105 0.140 0.000 0.070
0.05 0.226 0.207 0.174 0.191
0.1 0.335 0.341 0.335 0.338
0.5 1.866 1.913 1.812 1.862
1.0 3.431 3.733 3.518 3.626
Breasts 0.015 0.214 - 0.287 0.287
0.05 0.255 - 0.243 0.243
0.1 0.345 - 0.344 0.344
0.5 1.981 - 1.940 1.940
1.0 3.837 - 3.718 3.718
R Marrow 0.015 0.021 0.011 0.011 0.011
0.05 0.170 0.151 0.151 0.151
0.1 0.341 0.324 0.336 0.330
0.5 1.971 1.907 1.916 1.911
1.0 3.838 3.682 3.682 3.682
Lungs 0.015 0.003 0.007 0.007 0.007
0.05 0.236 0.238 0.248 0.243
0.1 0.365 0.375 0.368 0.372
0.5 2.003 2.057 1.995 2.026
1.0 3.863 3.928 3.856 3.892
Thyroid 0.015 0.086 0.072 0.072 0.072
0.05 0.323 0.281 0.281 0.281
0.1 0.465 0.443 0.443 0.443
0.5 2.485 2.251 2.251 2.251
1.0 4.924 4.282 4.282 4.282
B Surface 0.015 0.117 0.090 0.090 0.090
0.05 0.952 0.562 0.601 0.582
0.1 0.935 0.580 0.607 0.594
0.5 2.550 2.019 2.019 2.019
1.0 4.676 3.764 3.764 3.764
Remainder 0.015 0.025 0.011 0.011 0.011
0.05 0.212 0.211 0.224 0.217
0.1 0.344 0.350 0.357 0.353
0.5 1.952 1.967 2.016 1.992
0.1 3.750 3.754 3.831 3.792
he 0.015 0.075 0.071
0.05 0.245 0.222
0.1 0.366 0.357
0.5 1.977 1.955

1.0 3.771 3.752
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fluence-to-dose conversion factors (Cristy and Eckerman, 1987) which take into account the
heterogeneity of the marrow and endosteal tissue structures are used to estimate doses. In the GSF
calculations, the marrow dose is estimated by a mass-weighted partitioning of the dose to skeleton,
with a correction for the difference in energy absorption coefficients between skeleton and marrow,
and the skeletal dose is taken as a surrogate for bone surface dose. The thyroid doses in the
hermaphrodite phantom are higher because the neck region, modified for this work, provides less
shielding than the neck region of the GSF phantoms. There are also differences in doses to the
remainder organs. The reasons for these differences are difficult to quantify, since data for all the
organs which contribute to the remainder have not been published by GSF. However, one difference
may be that in this work, "remaining tissue" was used as a surrogate for muscle, and was included in
the list of organs which can contribute to the remainder. It appears that muscle was not included in
the list for the GSF calculations. In using the hermaphrodite phantom for internal emitters, it has been
the practice to assign the gonadal tissue the higher dose of either the testes or the ovaries. We have
continued that practice here; which, for external radiation, means the dose to testes is used, since it is
always higher than the dose to ovaries. Since the gonadal dose has a high weighting factor (0.25), it
has a large influence on effective dose equivalent. The combination of the competing effects is clearly
illustrated in Fig. 11.20. At higher photon energies (above 100 keV), photons are relatively penetrating,
so the dose to the ovaries, in the female, is not much lower than the dose to the testes, in the male, and
the lower gonadal average dose is compensated for by the increase in average dose to other organs.
In the energy range from 100 keV down to 15 keV, the ovaries receive significantly more shielding
than the testes, and the lower gonadal dose more than compensates for the increase in average dose to
other organs, resulting in a noticeably lower effective dose equivalent than is computed for the
hermaphrodite phantom. Finally, at the lowest energy (10 keV), the shielding of the testes in the male
phantom increases significantly, and the difference in dose between the male and female phantoms is
again not as large. At 10 keV, the average doses to other organs of the male and female phantoms now
dominate the effective dose equivalent, and are larger than those for the hermaphrodite phantom.
Therefore, the effective dose equivalent for the hermaphrodite phantom at 10 keV is lower than that
for the average of the GSF phantoms.

The effective dose equivalent for exposure to an infinite volume source in the soil is compared
to the work of Chen (1991) in Fig. 11.21. Since Chen used the ICRP 51 rotational fluence-to-dose
equivalent conversion factors, the differences in the phantoms discussed above also explain part of the
differences shown in this figure. In addition, there is some difference attributable to the use of
rotational exposure factors instead of the actual angular distributions
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Fig. 11.21. Effective dose equivalent normalized to air kerma 1
m above the air-ground interface, from an infinitely thick
uniformly distributed soil source.

used in this work, as shown in Fig. 11.15. However, when the dose equivalent is not normalized to
air kerma, there remain significant differences between the results of this work and those of Chen.
It has been determined that these differences, which are present for all volumetric sources in the soil,
are due to use of different soil compositions. The effect of soil composition was investigated by
computing air kerma 1 m above the air-ground interface for a series of uniformly distributed,
isotropic, 10 cm thick volume sources at the air-ground interface, for slabs of varying soil
compositions. The calculations were performed for the 12 source energies used for the
monoenergetic environmental photon sources, using a one-dimensional Monte Carlo transport code
based on the ALGAMP transport routines (Ryman and Eckerman, 1993). The soils used in the
calculations were (a) a dry sandy soil similar in composition to Nevada Test Site soil (Garrett, 1968),
(b) the typical silty soil used in this work, (c) a soil composed of the average components of the
earth's crust (Chen, 1991), and (c) Nipe clay soil, a ferruginous laterite soil with a high concentration
of iron (Lawton, 1955). The volume fractions of air and water in the Nipe clay were assumed to be
0.2 and 0.3, respectively. All soils were assumed to have a density of 1.6 x 10° kg m™®. The
compositions of the soils are given in Table I1.17. The air composition is given in Table I1.2, and

is the same used throughout this work.
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Table I11.17. Soil Compositions

Element Mass Fraction
Dry Sandy Soil Earth's Crust Nipe Clay Silty Soil

H 0.0124 0.02109 0.021
C 0.001628 0.016
N 0.0002483
0 0.5236 0.4658 0.4510 0.577
Na 0.0275 0.0002013

Mg 0.0208 0.001472

Al 0.0782 0.0806 0.07037 0.050
Si 0.3858 0.2925 0.03382 0.271
P 0.0001579
S 0.0008694

Ar 0.000001922
K 0.0258 0.013
Ca 0.0364 0.002650 0.041
Ti 0.003958

Mn 0.007636
Fe 0.0506 0.4049 0.011

Total 1.0000 1.0000 1.00000 1.000

In the Monte Carlo calculations, the thickness of the air above the interface was three
mean free paths (at the source energy). The soil depth was the greater of one mean free path
beneath the 10 cm slab source or three mean free paths plus 5 cm.

The effect of soil composition is shown in Fig. 11.22, which shows air kerma 1 m above
the 10 cm slab source, normalized to the air kerma 1 m above typical silty soil. It is seen that the
air kerma at low energies is strongly influenced by the composition, with lighter soil (in terms of
average atomic number) producing a greater kerma, and heavier soils resulting in a lower

kerma. The curve for earth's crust explains the remaining differences between the
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Fig. 11.22. Ratio of air kerma 1 m above 10 cm thick sources in
soils of varying composition to that above the typical silty soil
used in this report.

results of this work and those of Chen (1991). The shape of the curves is explained by Fig. 11.23,
which gives the ratio of the linear attenuation coefficient for silty soil to that of the other soils.
Although not shown, the ratios of the uncollided contribution to the kermas of Fig. 11.22 lie exactly
on the curves of Fig. 11.23.

Insummary, the discussion above illustrates the sensitivity of the dose coefficients to certain
features of the computational models. For example, the coefficients at lower photon energies are
sensitive to the elemental composition of the soil. Differences in the treatment of energy deposition
in red marrow and bone surface are evident in the coefficients for those radiosensitive tissues of the
skeleton. The effective dose equivalent coefficient is sensitive, again at the lower photon energies,
to the choice of an anatomical model; i.e., to the use of a hermaphrodite phantom versus the
averaging of doses from gender-specific phantoms. For the purpose of establishing dose coefficients
for use in radiation protection, the choice of an anatomical model appears to be more of a public
policy than a technical issue. We have continued the traditional use of a hermaphrodite phantom,

as specified in current Federal guidance for workers (EPA, 1987).
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Fig. 11.23. Ratio of linear attenuation coefficient for the typical
silty soil used in this report to that of other soils.

Many of the features of the computational models interact in a complex manner, making
an a priori assessment of their contributions to the dose coefficients difficult to assess. The
analyses of the computational models used to produce this report have been sufficiently detailed
to account, we believe, for the dependence of the dose coefficients on all significant features
of the models. The resulting tabulations of coefficients reflect the current state of the art in
environmental dosimetric calculations.

Skin doses from monoenergetic environmental electron sources

In this section we discuss the calculation of the skin dose from electrons for air
submersion, water immersion, and ground-surface and volume exposures. The contribution of
electrons to dose to organs and tissues of the body other than skin need not be considered, due
to the short range in tissue of electrons emitted by radionuclides. However, bremsstrahlung
produced by electrons slowing down in environmental media are sufficiently penetrating to
contribute to the dose to underlying tissues. Bremsstrahlung production is discussed in
Appendix C. The DOSFACTER code developed by Kocher (DOE, 1988) was used to calculate
skin dose coefficients for a series of monoenergetic electron emissions, that were convoluted
to the spectra of the various radionuclides, using the energy and intensity of beta and electron
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emissions of radionuclides tabulated in ICRP Publication 38 (ICRP, 1983; Eckerman et al.,
1993). The discussion of the computational details, presented below, is taken from that of
Kocher (DOE, 1988).

Immersion in contaminated water

For immersion in an infinite, uniformly contaminated water medium, the skin dose
coefficient at a depth of 70 um, for a unit concentration of a monoenergetic electron emitter of
energy E, can be expressed as

hyiE) = £ R¥(E) a(E) Gyi(E) (11)
Pw

where p,, is the density of water, R" is the ratio of the energy absorption in tissue to energy

absorption in water at energy E, g is a leakage correction factor, and G, is a geometrical

skin
reduction factor defined as the ratio of the absorbed dose at the depth of interest into a semi-

infinite tissue medium to the absorbed dose in the contaminated water for the energy E. The

energy-absorption ratio R" is obtained from the mass stopping powers, 1 dE i tissue (t) and

p dx

R (L GE) (L dE) (12)
p dx), (p dx/,

water (w) as

Since the stopping powers in tissue and water are nearly independent of energy, the ratio in
Eq. (12) is evaluated at the emitted energy. The mass stopping powers in tissue and water used
in the DOSFACTER code were those reported in National Academy of Sciences-National
Research Council Publication 113 (NAS, 1964).

The geometrical reduction factor G, relates the dose to skin (at a depth of 70 um) to

skin
the dose in water. This factor is obtained from electron specific absorbed fractions in water
calculated using Monte Carlo methods, as described by Berger (1974). In calculations of the
geometrical reduction factors it is assumed that a half-space occupied by water (as a surrogate
for tissue) is in contact with a uniformly-contaminated half-space containing water (the source).
Thus, G

increasing depth into the body. The geometrical reduction factors used in the present

has a value of one-half at the interface (i.e., the body surface) and decreases with

skin

calculations were derived by Berger (1974).
The leakage correction factor g accounts for the finite lateral extent of the body surface
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and is given by the empirical formula (Berger, 1974)
ax,E) =1 - q(E) g,(x/a) , (13)

where X is the depth of interest, here taken as 70 um, and the parameter a depends only on the
emitted energy E. Values of q,, &, and g, used in the DOSFACTER code were those given by
Berger (1974). The DOSFACTER code was used to tabulate the dose coefficient for the skin,
hg, (dose per unit volume source), in water. The results are shown graphically in Fig. 11.24.
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Fig. 11.24. Electron skin dose coefficient for immersion
in contaminated water.

Submersion in contaminated air.

For an exposed individual standing at the boundary of a semi-infinite, uniformly
contaminated atmospheric cloud, we assume that the electron range in air is less than the
average height of the body, which is taken to be 1 m. Therefore, the source region is assumed
to be effectively infinite in extent, and the electron dose coefficient at the depth of interest into
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tissue (70 pm) is given in terms of the geometrical reduction factor G, for immersion in
contaminated water, noted above, as (Berger, 1974)

E

NyoE) = = 2 GKE) GyyfE) (14)

a

where p, is the density of air, R*/ « is the ratio of energy absorption in tissue to that in air at the
emitted energy E, and the leakage correction factor g and the geometrical reduction factor G,
are as discussed above.

The energy-absorption rate R* « consists of two factors. The first factor is the ratio of
the mass stopping powers in tissue and air (NAS, 1964):

Ra:(i E) /[1 E) | (15)
p dx), (p dxJ,

which is evaluated at the emitted energy E. The second factor, «, also depends on the emitted
energy and accounts for the variations in mass stopping powers in tissue and air over the
continuous energy spectrum of electrons incident on the body for a monoenergetic source of
energy E in an infinite, uniformly-contaminated atmospheric cloud (Berger, 1974). Dose
coefficients for skin calculated using the DOSFACTER code for submersion are shown in
Fig. 11.25.
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Fig. 11.25. Electron skin dose coefficient for submersion in
contaminated air.
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Exposure to contaminated soil

The geometrical reduction factor G, identified above cannot be used to calculate skin

skin
dose coefficients for exposure to contaminated soil, since it applies only to the situation where
the source region occupies one half-space and tissue the other. Therefore, the coefficients for
exposure to contaminated ground must be obtained by explicit consideration of the radiation
transport.

In the calculations performed by DOSFACTER, the transport of energy through air and
into the body was reduced to consideration of an equivalent thickness in air alone. Thus, for
a height z of the body surface above the ground and depth x into the body, the effective height
2’ in air above the ground is given by

2z 4114 Py, (16)

Pa

where p, and p, are the densities of tissue and air, respectively, and the factor 1.14 approximates
the ratio of mass stopping powers in tissue and air for any electron energy (NAS, 1964).

The electron dose coefficient for skin at the height z’ in air above ground defined by
Eq. (16) then is given by

hskin(E) = % E R® f(‘) q)a(r,E) do , (17)

where R? is the ratio of mass stopping powers in tissue and air evaluated at the emitted energy
E, o denotes the ground surface, @® is the specific absorbed fraction for electrons in air, and
r is the distance from any point on the ground surface to the receptor located at height z'in air
above the ground. The factor 1/2 accounts for the impenetrability of the body by electrons, so
that any point on the body surface is irradiated by only half of the source region.

The DOSFACTER code evaluates Eq. (17) numerically using the electron scaled point
kernel, F, developed by Berger (1974). The scaled point kernel is defined in terms of the
specific absorbed fraction @ as

F(rlr,,E) d(r/r) = 4np®@(r,E) r? dr , (18)
where r, is the electron range for energy E in a medium of density p. Thus, the scaling of the

specific absorbed fraction is accomplished by expressing distances in units of electron range.
The DOSFACTER code uses the scaled point kernels in water, F", given by Berger
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(1973). The scaled point kernels in air, F? are obtained from those for water according to
Berger (1974) as

Farir & E) = «/FYarIr & E) (19)

where «' is a scaling parameter that depends on the energy E. By expressing Eq. (17) in terms
of the scaled point kernel in air, the electron dose coefficient for skin is

hy, (E) = —— £ Ra f: LrauE)du | (20)

a2 P, e u

where u is the scaled distance r/r .

The above formulations, as implemented in the DOSFACTER code, are not directly
applicable to the situation where the source is uniformly distributed within the soil. To
approximate this situation, an additional term was added to Eq. (16) to convert the depth of a
planar source into its equivalent air thickness. Because of the limited range of electrons in the
soil, the source may be regarded as infinitely thick. Calculations were performed for a series
of planar sources ranging from the surface to a depth beyond the range of the electrons and the
results for a source distributed in the volume was then approximated by superposition of the
results for the planar sources. The resulting coefficients for monoenergetic electron emitters
on the surface and in the volume are seen in Fig. 11.26.
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Fig. 11.26. Electron skin dose coefficients for exposure to
contaminated soil.
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Dose coefficient formulation for radionuclides

The energies and intensities of the radiations emitted in spontaneous nuclear
transformations of radionuclides have been reported in Publication 38 of the International
Commission on Radiological Protection (ICRP, 1983). That publication, a report of the Task
Group on Dose Calculations of ICRP Committee 2, was assembled at ORNL during the
preparation of ICRP Publication 30 (ICRP, 1979). The nuclear decay data of Publication 38
are based on the Evaluated Nuclear Structure Data Files (ENSDF) (Ewbank and Schmorak,
1978) of the Department of Energy's Nuclear Data Project as processed by the EDISTR code
(Dillman, 1980). The processed data files retained in the ICRP/ORNL dosimetric data base
(Eckerman et al., 1993) include not only the full tabulations of the energies (average or unique)
and intensities of the radiations, but also the beta spectra. The dose coefficients presented here
are based on these data.

When electrons slow down in a medium, a small fraction of their initial kinetic energy
is converted into energy in the form of photons called bremsstrahlung (from the German word
for braking radiation). Bremsstrahlung energy is distributed from zero up to the initial electron
energy. Although the bremsstrahlung yield is rather small (only about 0.2% for a 1.0 MeV
electron in air), for pure beta emitters it can be the only source of radiations that are sufficiently
penetrating to irradiate deeper-lying radiosensitive tissues. Appendix C discusses the manner
in which the bremsstrahlung spectra were evaluated in this work.

Only photons, including bremsstrahlung, and electrons emitted by the radionuclides are
sufficiently penetrating to contribute to the dose to tissues and organs of the body. The energy
spectra of emitted radiations are either (1) discrete, as in the case of gamma emissions, or
(2) continuous, as in the case of beta particles and bremsstrahlung. The beta spectra, from the
ICRP/ORNL dosimetric data file, are used here to evaluate the contribution of the beta particles
to the skin dose and to determine the yield of bremsstrahlung.

The dose coefficient h for tissue T for any exposure mode Scan be expressed as

= X X ()RS (E) + [Ty (E) b (E) dE 21)
i=ey ! °

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 other summation is over all electron and photon radiations. Note that each radiation

potentially has two components: (1) the discrete energy emissions, and (2) the continuous

emissions. The contribution of the radiations to the dose in tissue or organ T is defined by the
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quantity ﬁTS( E) which is tabulated as a function of energy for tissue and organ T for each
exposure mode. In the case of the discrete emissions, a value appropriate to the energy of the
discrete radiation being evaluated is obtained by interpolation. For photons, these data are
tabulated for 25 target tissues of the body at each of 12 monoenergetic photon energies, while
for electrons, values are tabulated only for the skin.

Relationship to Federal Guidance Report No. 11

Federal Guidance Report No. 11 (Eckerman, et al., 1988) contains dose coefficients for
submersion exposure to noble gas radionuclides and elemental tritium. Those data, given in
Table 2.3 of that report, were based on the dosimetric analysis of ICRP Publication 30 and are
now replaced by the values in Table I11.1 of this report. Below, we briefly discuss some of the
differences between these two tabulations of dose coefficients.

The submersion coefficients for elemental tritium (*H) and *'Ar present in Table I11.1
are taken from Table 2.3 of Federal Guidance Report No. 11. The coefficient for elemental
tritium is based on the dose equivalent received by the lung due to elemental tritium within the
airways of the lung after equilibration with the atmosphere. Inasimilar manner, the coefficient
for ¥ Ar is based on the activity in the airways. The elemental form of tritium and the noble gas
"Ar do not deposit on the airways and thus do not represent an intake by inhalation. They also
do not emit radiations sufficiently penetrating to irradiate the body as an external source. Note
that the coefficient in Table I11.1 is only for elemental tritium. For tritiated water vapor, the
inhalation intake should be evaluated using the inhalation coefficients of Table 2.1 of Federal
Guidance Report No. 11.

The methods used to compute the submersion coefficients of Table Ill.1 are an
improvement upon those used to derive the values in Table 2.3 of Federal Guidance Report 11,
although the numerical differences in the coefficients, particularly for the effective dose, are
rather minor. We note the following differences in the computational methods:

Breast Tissue In the earlier analysis, breast tissue was not represented in the
anatomical model used to derive the submersion dose coefficients. The dose coefficient for
muscle was used as a surrogate for breast tissue. This appears to have slightly underestimated
the breast dose. The presence of breast tissue does increase the body's shielding of the lungs
and therefore lowers the dose to the lung at low photon energies.

Skeletal TissuesThe dose coefficients for the skeletal tissues (red marrow and bone
surfaces) in this work explicitly consider the deposition of energy in the skeletal tissues of
interest by the secondary electrons liberated by photon interactions in the skeleton. In contrast,
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the earlier calculations assumed that the energy given to secondary electrons was partitioned
among the various tissues of the skeleton according to their mass fractions. Consideration of
energy deposition by secondary electrons results in lower dose estimates for the red marrow at
low photon energies since the electrons are largely liberated by photoelectric interactions in the
bone mineral and deposit much of their energy in this region rather than in the marrow spaces.
For example, the ***Xe coefficient for the active marrow in this report is more than a factor of
three lower than the value in Federal Guidance Report No. 11.

Thyroid The anatomical model has been modified to include a neck region and the
thyroid has been moved to an appropriate position for external dosimetry. These changes
obviously alter the amount of overlaying tissues shielding the thyroid. See Appendix B for
further details.

Radiation Transport The present coefficients are based on Monte Carlo radiation
transport calculations with many more histories than the calculations for Federal Guidance
Report No. 11. The new calculations have substantially reduced the statistical errors that were
present in the earlier data for some organs of the body.



I11. TABLES OF DOSE COEFFICIENTS

TABLE I11.1

Dose Coefficients for Air Submersion”

Explanation of Entries
For each radionuclide, values for the organ dose equivalent coefficients h;, and the effective
dose equivalent coefficient h., based upon the weighting factors of Table I1.1, are given in
Sl units. The coefficients are for air at a density of 1.2 kg m™.

hy: The tissue dose equivalent coefficient for organ or tissue T (Sv per Bq s m?), i.e., the dose
equivalent per unit time-integrated exposure to a radionuclide.

he: The effective dose equivalent coefficient (Sv per Bqs m™), i.e., the effective dose equivalent
per unit time-integrated exposure to a radionuclide:

he = XT:WThT

Note that skin is not included in the summation.

To convert to a source per unit mass basis (Sv per Bq s kg™), multiply table entries by
1.2 (kg m™).

To convert to conventional units (mrem per uCi y cm’®), multiply table entries by
1.168 x 10%.

To convert to conventional units for a source per unit mass basis (mrem per uCiy g*),
multiply table entries by 1.401 x 10%.

To derive coefficients for an air density other than 1.2 kg m™, multiply coefficients (in any
units) by (1.2/p), where p is the air density in kg m*.

“These coefficients replace those presented in Table 2.3 of Federal Guidance Report No. 11
(Eckerman et al., 1988).

o7
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Table 111.1. Dose Coefficients for Air Submersion
Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Hydrogen
H-31-2 0.0 0.0 2_.75E-18 0.0 0.0 0.0 0.0 3.31E-19 0.0
Beryllium
Be-7 2.31E-15 2.64E-15 2.29E-15 2.20E-15 4.16E-15 2.35E-15 2.19E-15 2.36E-15 2.74E-15
Be-10 1.16E-17 1.40E-17 9.69E-18 8.24E-18 3.37E-17 1.10E-17 9.19E-18 1.12E-17 1.29E-14
Carbon
Cc-11 4_78E-14 5.47E-14 4.75E-14 4_.57E-14 8.43E-14 4.87E-14 4_.53E-14 4.89E-14 7.91E-14
C-14 2.59E-19 3.52E-19 1.53E-19 1.21E-19 7.06E-19 2.19E-19 1.54E-19 2.24E-19 2.43E-16
Nitrogen
N-13 4_78E-14 5.47E-14 4.75E-14 4_.58E-14 8.44E-14 4.87E-14 4_.54E-14 4.90E-14 8.68E-14
Oxygen
0-15 4_79E-14 5.48E-14 4.76E-14 4_.59E-14 8.46E-14 4.88E-14 4_.54E-14 4.91E-14 1.04E-13
Fluorine
F-18 4_79E-14 5.48E-14 4.76E-14 4_.58E-14 8.45E-14 4.88E-14 4_.54E-14 4.90E-14 6.94E-14
Neon
Ne-19 4_81E-14 5.50E-14 4.77E-14 4.60E-14 8.49E-14 4.90E-14 4_.56E-14 4.92E-14 1.21E-13
Sodium
Na-22 1.06E-13 1.20E-13 1.06E-13 1.04E-13 1.66E-13 1.08E-13 1.02E-13 1.08E-13 1.33E-13
Na-24 2_.12E-13 2.36E-13 2.16E-13 2.16E-13 2.87E-13 2.20E-13 2.10E-13 2.18E-13 2.75E-13
Magnesium
Mg-28 6.64E-14 7_.53E-14 6.64E-14 6.55E-14 9.97E-14 6.82E-14 6.40E-14 6.79E-14 8.33E-14
Aluminum
Al-26 1.32E-13 1.49E-13 1.33E-13 1.32E-13 1.97E-13 1.36E-13 1.29E-13 1.36E-13 1.81E-13
Al-28 8.97E-14 1.01E-13 9.15E-14 9.13E-14 1.24E-13 9.28E-14 8.90E-14 9.28E-14 1.88E-13
Silicon
Si-31 1.16E-16 1.35E-16 1.10E-16 1.03E-16 2.50E-16 1.16E-16 1.05E-16 1.17E-16 3.78E-14
Si-32 5.84E-19 7.66E-19 3.88E-19 3.10E-19 1.68E-18 5.11E-19 3.80E-19 5.24E-19 8.27E-16
Phosphorus
P-30 4_83E-14 5.53E-14 4.80E-14 4.62E-14 8.53E-14 4.92E-14 4_.58E-14 4.94E-14 1.56E-13
P-32 9.89E-17 1.16E-16 9.08E-17 8.19E-17 2.48E-16 9.73E-17 8.60E-17 9.90E-17 4.49E-14
P-33 9.02E-19 1.17E-18 6.30E-19 5.06E-19 2.64E-18 8.01E-19 6.11E-19 8.23E-19 1.38E-15
Sulphur
S-35 2_.78E-19 3.76E-19 1.68E-19 1.34E-19 7.67E-19 2.37E-19 1.68E-19 2.43E-19 2.92E-16
Chlorine
Cl1-36 2.24E-17 2.66E-17 2.02E-17 1.81E-17 5.63E-17 2.19E-17 1.92E-17 2.23E-17 1.47E-14
Cl1-38 7.61E-14 8.56E-14 7.77E-14 7.77E-14 1.05E-13 7.89E-14 7.56E-14 7.87E-14 1.94E-13
C1-39 7.09E-14 8.03E-14 7.14E-14 7.06E-14 1.06E-13 7.30E-14 6.90E-14 7.29E-14 1.36E-13
Argon
Ar-372 0.0 0.0 1.06E-18 0.0 0.0 0.0 0.0 1.27E-19 0.0
Ar-39 9.38E-18 1.14E-17 7.82E-18 6.63E-18 2.74E-17 8.87E-18 7.42E-18 9.10E-18 1.07E-14
Ar-41 6.33E-14 7.16E-14 6.38E-14 6.32E-14 9.08E-14 6.52E-14 6.16E-14 6.50E-14 1.01E-13
Potassium
K-38 1.59E-13 1.79E-13 1.61E-13 1.60E-13 2.35E-13 1.64E-13 1.56E-13 1.64E-13 2.66E-13
K-40 7.81E-15 8.84E-15 7.91E-15 7.86E-15 1.11E-14 8.07E-15 7.66E-15 8.05E-15 4.20E-14
K-42 1.42E-14 1.60E-14 1.44E-14 1.43E-14 2_.03E-14 1.46E-14 1.39E-14 1.46E-14 1.15E-13
K-43 4 _57E-14 5.22E-14 4_.53E-14 4.36E-14 8.13E-14 4.65E-14 4_32E-14 4.67E-14 7.11E-14
K-44 1.16E-13 1.30E-13 1.17E-13 1.17E-13 1.61E-13 1.20E-13 1.14E-13 1.19E-13 2.35E-13
K-45 9.37E-14 1.06E-13 9.51E-14 9.45E-14 1.37E-13 9.68E-14 9.23E-14 9.67E-14 1.74E-13
Calcium
Ca-41 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ca-45 9.44E-19 1.22E-18 6.64E-19 5.34E-19 2.77E-18 8.40E-19 6.43E-19 8.63E-19 1.46E-15
Ca-47 5.22E-14 5.91E-14 5.26E-14 5.21E-14 7.59E-14 5.38E-14 5.07E-14 5.36E-14 8.02E-14
Ca-49 1.68E-13 1.85E-13 1.71E-13 1.73E-13 2.20E-13 1.76E-13 1.67E-13 1.73E-13 2.46E-13
Scandium
Sc-43 5.13E-14 5.87E-14 5.09E-14 4_89E-14 9.30E-14 5.23E-14 4.86E-14 5.26E-14 7.91E-14
Sc-44m 1.32E-14 1.51E-14 1.30E-14 1.23E-14 2.73E-14 1.34E-14 1.23E-14 1.35E-14 1.72E-14
Sc-44 1.03E-13 1.17E-13 1.03E-13 1.00E-13 1.64E-13 1.05E-13 9.84E-14 1.05E-13 1.58E-13
Sc-46 9.77E-14 1.11E-13 9.76E-14 9.62E-14 1.46E-13 1.00E-13 9.38E-14 9.98E-14 1.17E-13
Sc-47 5.03E-15 5.78E-15 4.82E-15 4.36E-15 1.35E-14 5.03E-15 4.53E-15 5.14E-15 1.28E-14
Sc-48 1.64E-13 1.85E-13 1.64E-13 1.62E-13 2.41E-13 1.68E-13 1.58E-13 1.68E-13 2.01E-13
Sc-49 1.91E-16 2.21E-16 1.82E-16 1.70E-16 4.10E-16 1.91E-16 1.74E-16 1.93E-16 5.43E-14
1 Elemental form of tritium

2 Taken from Table 2.3, Federal Guidance Report No. 11 (Eckerman et al., 1988)
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Dose Coefficients for Air Submersion

Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Titanium

Ti-44 5.55E-15 6.58E-15 4.89E-15 3.93E-15 1.91E-14 5.29E-15 4.54E-15 5.53E-15 6.79E-15
Ti-45 4_.08E-14 4.67E-14 4.05E-14 3.91E-14 7.20E-14 4.16E-14 3.87E-14 4.18E-14 7.07E-14
Vanadium

V-47 4_.68E-14 5.35E-14 4.65E-14 4.48E-14 8.24E-14 4.77E-14 4.44E-14 4.79E-14 1.08E-13
V-48 1.42E-13 1.61E-13 1.42E-13 1.40E-13 2.14E-13 1.46E-13 1.37E-13 1.45E-13 1.72E-13
V-49 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Chromium

Cr-48 2_.02E-14 2.32E-14 1.96E-14 1.82E-14 4.70E-14 2_.03E-14 1.86E-14 2_.06E-14 2_40E-14
Cr-49 4_.92E-14 5.64E-14 4.86E-14 4.64E-14 9.30E-14 5.00E-14 4.63E-14 5.03E-14 9.65E-14
Cr-51 1.47E-15 1.69E-15 1.45E-15 1.37E-15 3.04E-15 1.49E-15 1.38E-15 1.51E-15 1.75E-15
Manganese

Mn-51 4_.69E-14 5.37E-14 4.66E-14 4.49E-14 8.28E-14 4.78E-14 4.45E-14 4.80E-14 1.18E-13
Mn-52m 1.17E-13 1.33E-13 1.17E-13 1.15E-13 1.82E-13 1.20E-13 1.13E-13 1.20E-13 2.13E-13
Mn-52 1.68E-13 1.91E-13 1.69E-13 1.66E-13 2.53E-13 1.73E-13 1.62E-13 1.72E-13 1.99E-13
Mn-53 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mn-54 4.01E-14 4.55E-14 4.00E-14 3.91E-14 6.23E-14 4.11E-14 3.83E-14 4.09E-14 4.67E-14
Mn-56 8.37E-14 9.46E-14 8.45E-14 8.37E-14 1.22E-13 8.64E-14 8.17E-14 8.61E-14 1.51E-13
Iron

Fe-52 3.46E-14 3.96E-14 3.41E-14 3.25E-14 6.77E-14 3.51E-14 3.25E-14 3.54E-14 5.17E-14
Fe-55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fe-59 5.83E-14 6.59E-14 5.85E-14 5.79E-14 8.51E-14 6.00E-14 5.64E-14 5.97E-14 7.13E-14
Fe-60 2_.28E-19 3.13E-19 1.29E-19 1.02E-19 6.07E-19 1.90E-19 1.31E-19 1.95E-19 1.64E-16
Cobalt

Co-55 9.56E-14 1.09E-13 9.54E-14 9.31E-14 1.54E-13 9.79E-14 9.15E-14 9.78E-14 1.39E-13
Co-56 1.78E-13 2.01E-13 1.80E-13 1.79E-13 2.57E-13 1.84E-13 1.74E-13 1.83E-13 2.13E-13
Co-57 5.47E-15 6.36E-15 5.21E-15 4_.59E-15 1.63E-14 5.46E-15 4_.87E-15 5.61E-15 6.63E-15
Co-58m  1.22E-19 1.88E-19 2.91E-20 3.10E-20 2.03E-19 9.01E-20 4.30E-20 8.77E-20 3.05E-19
Co-58 4_.66E-14 5.30E-14 4.64E-14 4.53E-14 7.41E-14 4.77E-14 4.44E-14 4.76E-14 5.58E-14
Co-60m 2_.14E-16 2.46E-16 2.07E-16 1.97E-16 3.99E-16 2.16E-16 1.98E-16 2.17E-16 3.46E-16
Co-60 1.23E-13 1.39E-13 1.24E-13 1.23E-13 1.78E-13 1.27E-13 1.20E-13 1.26E-13 1.45E-13
Co-61 3.94E-15 4.61E-15 3.60E-15 3.14E-15 1.06E-14 3.84E-15 3.39E-15 3.94E-15 3.24E-14
Co-62m 1.34E-13 1.51E-13 1.35E-13 1.34E-13 1.92E-13 1.38E-13 1.30E-13 1.37E-13 2.25E-13
Nickel

Ni-56 8.22E-14 9.35E-14 8.17E-14 7.92E-14 1.40E-13 8.40E-14 7.82E-14 8.41E-14 9.61E-14
Ni-57 9.42E-14 1.07E-13 9.51E-14 9.39E-14 1.41E-13 9.70E-14 9.18E-14 9.69E-14 1.17E-13
Ni-59 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ni-63 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ni-65 2_.72E-14 3.07E-14 2_.74E-14 2_.72E-14 3.93E-14 2_.80E-14 2_.65E-14 2.79E-14 7_.18E-14
Ni-66 6.80E-19 8.86E-19 4.64E-19 3.71E-19 1.98E-18 6.00E-19 4.52E-19 6.16E-19 1.01E-15
Copper

Cu-60 1.92E-13 2.17E-13 1.94E-13 1.92E-13 2.86E-13 1.98E-13 1.87E-13 1.98E-13 2.82E-13
Cu-61 3.90E-14 4.45E-14 3.87E-14 3.73E-14 6.82E-14 3.97E-14 3.70E-14 3.99E-14 6.50E-14
Cu-62 4_.75E-14 5.44E-14 4.72E-14 4_.55E-14 8.38E-14 4.84E-14 4.51E-14 4.86E-14 1.44E-13
Cu-64 8.89E-15 1.02E-14 8.84E-15 8.52E-15 1.56E-14 9.06E-15 8.44E-15 9.10E-15 1.64E-14
Cu-66 4_.37E-15 4.95E-15 4.35E-15 4.27E-15 6.68E-15 4.48E-15 4.18E-15 4.46E-15 7.69E-14
Cu-67 5.30E-15 6.10E-15 5.06E-15 4_.59E-15 1.40E-14 5.29E-15 4.77E-15 5.41E-15 1.18E-14
Zinc

Zn-62 2_.03E-14 2.32E-14 2_.00E-14 1.93E-14 3.58E-14 2_.06E-14 1.91E-14 2_.07E-14 2_.52E-14
Zn-63 5.19E-14 5.93E-14 5.16E-14 4_.99E-14 9.00E-14 5.30E-14 4.93E-14 5.32E-14 1.23E-13
Zn-65 2_.84E-14 3.21E-14 2_.84E-14 2_.80E-14 4_.18E-14 2_.92E-14 2.73E-14 2_.90E-14 3.29E-14
Zn-69m 1.95E-14 2.23E-14 1.93E-14 1.85E-14 3.60E-14 1.98E-14 1.84E-14 1.99E-14 2_44E-14
Zn-69 2_.19E-17 2.62E-17 1.91E-17 1.66E-17 6.09E-17 2_.11E-17 1.81E-17 2.16E-17 1.81E-14
Zn-71m 7.33E-14 8.36E-14 7.27E-14 7.03E-14 1.28E-13 7.47E-14 6.95E-14 7.50E-14 1.21E-13
Zn-72 6.74E-15 7.79E-15 6.44E-15 5.78E-15 1.88E-14 6.74E-15 6.05E-15 6.90E-15 1.00E-14
Gallium

Ga-65 5.52E-14 6.32E-14 5.47E-14 5.25E-14 1.01E-13 5.62E-14 5.22E-14 5.65E-14 1.19E-13
Ga-66 1.26E-13 1.40E-13 1.27E-13 1.26E-13 1.82E-13 1.30E-13 1.23E-13 1.29E-13 2.11E-13
Ga-67 7.05E-15 8.12E-15 6.79E-15 6.22E-15 1.75E-14 7.06E-15 6.41E-15 7.20E-15 8.50E-15
Ga-68 4_.47E-14 5.11E-14 4.44E-14 4_.29E-14 7.84E-14 4.56E-14 4.24E-14 4.58E-14 1.01E-13
Ga-70 4 _.55E-16 5.19E-16 4.46E-16 4.31E-16 7.93E-16 4.63E-16 4.27E-16 4.62E-16 4.17E-14
Ga-72 1.35E-13 1.52E-13 1.36E-13 1.35E-13 1.95E-13 1.39E-13 1.32E-13 1.39E-13 1.86E-13
Ga-73 1.45E-14 1.66E-14 1.42E-14 1.35E-14 3.01E-14 1.47E-14 1.35E-14 1.48E-14 4_37E-14
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Germanium

Ge-66 3.18E-14 3.64E-14 3.13E-14 3.00E-14 5.98E-14 3.23E-14 2_.99E-14 3_.25E-14 4.26E-14
Ge-67 6.70E-14 7.64E-14 6.65E-14 6.42E-14 1.19E-13 6.83E-14 6.36E-14 6.86E-14 1.68E-13
Ge-68 4_77E-20 3.33E-19 2.59E-22 1.33E-20 7.11E-20 3.74E-21 2.68E-20 7.37E-20 6.62E-18
Ge-69 4.17E-14 4.74E-14 4.16E-14 4.06E-14 6.72E-14 4.27E-14 3.99E-14 4.27E-14 5.96E-14
Ge-71 4_83E-20 3.37E-19 2.62E-22 1.35E-20 7.20E-20 3.78E-21 2.71E-20 7.47E-20 6.71E-18
Ge-75 1.64E-15 1.88E-15 1.60E-15 1.50E-15 3.60E-15 1.65E-15 1.52E-15 1.68E-15 2.71E-14
Ge-77 5.20E-14 5.92E-14 5.16E-14 4_.99E-14 9.28E-14 5.31E-14 4_.94E-14 5.32E-14 1.02E-13
Ge-78 1.31E-14 1.49E-14 1.27E-14 1.20E-14 2_.83E-14 1.32E-14 1.21E-14 1.34E-14 2_75E-14
Arsenic

As-69 4.77E-14 5.46E-14 4.74E-14 4_.56E-14 8.51E-14 4.86E-14 4.52E-14 4.89E-14 1.43E-13
As-70 1.99E-13 2.26E-13 2.00E-13 1.97E-13 3.06E-13 2.05E-13 1.92E-13 2.04E-13 2.89E-13
As-71 2_.68E-14 3.06E-14 2_.64E-14 2_.52E-14 5.24E-14 2_.72E-14 2_.51E-14 2_.74E-14 3.78E-14
As-72 8.58E-14 9.77E-14 8_.55E-14 8.33E-14 1.41E-13 8.78E-14 8.19E-14 8.78E-14 1.70E-13
As-73 2_00E-16 2.48E-16 1.56E-16 1.17E-16 6.79E-16 1.83E-16 1.46E-16 1.90E-16 2.78E-16
As-74 3.56E-14 4.07E-14 3.54E-14 3.43E-14 6.10E-14 3.64E-14 3.39E-14 3.65E-14 5.80E-14
As-76 2_.08E-14 2_.37E-14 2_.08E-14 2_.03E-14 3.39E-14 2_.13E-14 1.99E-14 2_.13E-14 9.61E-14
As-77 4_.22E-16 4.84E-16 4.11E-16 3.88E-16 9.01E-16 4.26E-16 3.91E-16 4.31E-16 1.20E-14
As-78 6.16E-14 6.97E-14 6.19E-14 6.09E-14 9.35E-14 6.33E-14 5.96E-14 6.32E-14 1.65E-13
Selenium

Se-70 4_.63E-14 5.30E-14 4.57E-14 4.38E-14 8.50E-14 4.70E-14 4.36E-14 4.73E-14 8.36E-14
Se-73m 1.14E-14 1.30E-14 1.13E-14 1.09E-14 2.02E-14 1.16E-14 1.08E-14 1.17E-14 2_39E-14
Se-73 5.05E-14 5.78E-14 4_.97E-14 4_.74E-14 9.59E-14 5.12E-14 4_.74E-14 5.16E-14 8_.31E-14
Se-75 1.81E-14 2.08E-14 1.75E-14 1.63E-14 4_.26E-14 1.82E-14 1.66E-14 1.85E-14 2_16E-14
Se-77m  3.94E-15 4_53E-15 3.77E-15 3.43E-15 1.05E-14 3.94E-15 3.55E-15 4.03E-15 6.99E-15
Se-79 3.47E-19 4.67E-19 2.11E-19 1.67E-19 9.60E-19 2.96E-19 2.10E-19 3.03E-19 3.71E-16
Se-81m  6.05E-16 7.10E-16 5.67E-16 4.88E-16 1.91E-15 5.97E-16 5.29E-16 6.18E-16 1.40E-15
Se-81 5.15E-16 5.90E-16 5.02E-16 4.77E-16 1.02E-15 5.21E-16 4.78E-16 5.24E-16 3.94E-14
Se-83 1.18E-13 1.34E-13 1.18E-13 1.16E-13 1.86E-13 1.21E-13 1.14E-13 1.21E-13 1.69E-13
Bromine

Br-74m  2.02E-13 2.28E-13 2.03E-13 2.01E-13 3.07E-13 2.09E-13 1.96E-13 2.08E-13 3.31E-13
Br-74 2.32E-13 2.58E-13 2.34E-13 2.33E-13 3.36E-13 2.41E-13 2.27E-13 2.38E-13 3.40E-13
Br-75 5.71E-14 6.53E-14 5.65E-14 5.42E-14 1.05E-13 5.81E-14 5.39E-14 5.84E-14 1.01E-13
Br-76 1.30E-13 1.47E-13 1.31E-13 1.29E-13 1.97E-13 1.34E-13 1.26E-13 1.34E-13 1.97E-13
Br-77 1.48E-14 1.69E-14 1.46E-14 1.40E-14 2.78E-14 1.51E-14 1.39E-14 1.51E-14 1.77E-14
Br-80m 3.71E-16 5.00E-16 2.06E-16 1.49E-16 9.82E-16 3.10E-16 2.07E-16 3.11E-16 7.13E-16
Br-80 3.76E-15 4.30E-15 3.74E-15 3.62E-15 6.40E-15 3.84E-15 3.58E-15 3.85E-15 2.02E-14
Br-82 1.27E-13 1.44E-13 1.27E-13 1.24E-13 1.99E-13 1.30E-13 1.22E-13 1.30E-13 1.54E-13
Br-83 3.74E-16 4.29E-16 3.69E-16 3.54E-16 6.75E-16 3.80E-16 3.52E-16 3.82E-16 1.85E-14
Br-84 9.16E-14 1.02E-13 9.27E-14 9.26E-14 1.28E-13 9.50E-14 8.99E-14 9.41E-14 1.88E-13
Krypton

Kr-74 5.46E-14 6.26E-14 5.39E-14 5.15E-14 1.04E-13 5.55E-14 5.14E-14 5.59E-14 1.16E-13
Kr-76 1.99E-14 2.28E-14 1.95E-14 1.85E-14 4_.04E-14 2_.01E-14 1.85E-14 2.03E-14 2_.37E-14
Kr-77 4.74E-14 5.44E-14 4.68E-14 4.46E-14 9.25E-14 4.82E-14 4.46E-14 4.86E-14 9.74E-14
Kr-79 1.18E-14 1.35E-14 1.17E-14 1.12E-14 2_.18E-14 1.20E-14 1.12E-14 1.21E-14 1.50E-14
Kr-81m 6.01E-15 6.89E-15 5.78E-15 5.32E-15 1.50E-14 6.03E-15 5.46E-15 6.14E-15 9.42E-15
Kr-81 2.62E-16 3.06E-16 2.53E-16 2.39E-16 5.66E-16 2.62E-16 2.41E-16 2.67E-16 4.04E-16
Kr-83m  1.71E-18 5.05E-18 1.64E-19 3.83E-19 2.25E-18 6.43E-19 5.30E-19 1.50E-18 3.56E-17
Kr-85m 7.31E-15 8.41E-15 7.04E-15 6.43E-15 1.88E-14 7.33E-15 6.64E-15 7.48E-15 2_.24E-14
Kr-85 1.17E-16 1.34E-16 1.14E-16 1.09E-16 2.20E-16 1.18E-16 1.09E-16 1.19E-16 1.32E-14
Kr-87 4_.00E-14 4.50E-14 4.04E-14 4.00E-14 6.02E-14 4.13E-14 3.91E-14 4.12E-14 1.37E-13
Kr-88 9.90E-14 1.11E-13 1.01E-13 1.00E-13 1.39E-13 1.03E-13 9.79E-14 1.02E-13 1.35E-13
Rubidium

Rb-79 6.36E-14 7.28E-14 6.31E-14 6.06E-14 1.15E-13 6.48E-14 6.02E-14 6.51E-14 1.28E-13
Rb-80 5.93E-14 6.78E-14 5.89E-14 5.68E-14 1.04E-13 6.05E-14 5.63E-14 6.07E-14 2_.11E-13
Rb-81m 1.87E-16 2.30E-16 1.66E-16 1.38E-16 6.17E-16 1.78E-16 1.55E-16 1.88E-16 4.01E-16
Rb-81 2_.89E-14 3.31E-14 2_.85E-14 2.72E-14 5.53E-14 2_.93E-14 2.72E-14 2_.96E-14 4_46E-14
Rb-82m 1.40E-13 1.59E-13 1.40E-13 1.37E-13 2.19E-13 1.43E-13 1.34E-13 1.43E-13 1.68E-13
Rb-82 5.18E-14 5.92E-14 5.14E-14 4_.96E-14 9.03E-14 5.28E-14 4_.91E-14 5.30E-14 1.58E-13
Rb-83 2_.33E-14 2.67E-14 2_.32E-14 2_.24E-14 4_06E-14 2_.38E-14 2_.21E-14 2_.39E-14 2_.77E-14
Rb-84 4_.37E-14 4.97E-14 4.36E-14 4.25E-14 6.99E-14 4.48E-14 4.17E-14 4.47E-14 5.71E-14
Rb-86 4.71E-15 5.34E-15 4.71E-15 4.64E-15 7.05E-15 4.84E-15 4.52E-15 4.81E-15 4.85E-14
Rb-87 1.96E-18 2.48E-18 1.45E-18 1.18E-18 5.84E-18 1.77E-18 1.39E-18 1.82E-18 3.15E-15
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Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Rubidium, cont*d

Rb-88 3.26E-14 3.67E-14 3.31E-14 3.30E-14 4.62E-14 3.37E-14 3.21E-14 3.36E-14 1.83E-13
Rb-89 1.03E-13 1.17E-13 1.04E-13 1.04E-13 1.48E-13 1.07E-13 1.01E-13 1.06E-13 1.87E-13
Strontium

Sr-80 7.92E-18 2.31E-17 9.28E-20 1.48E-18 8.27E-18 2.63E-18 1.90E-18 6.53E-18 1.44E-16
Sr-81 6.53E-14 7.46E-14 6.46E-14 6.20E-14 1.20E-13 6.64E-14 6.16E-14 6.68E-14 1.44E-13
Sr-82 7.79E-18 2_.27E-17 9.13E-20 1.46E-18 8.13E-18 2_.58E-18 1.87E-18 6.43E-18 1.42E-16
Sr-83 3.77E-14 4_.29E-14 3.75E-14 3.65E-14 6.25E-14 3.85E-14 3.60E-14 3.86E-14 5.20E-14
Sr-85m 1.02E-14 1.17E-14 9.91E-15 9.24E-15 2_.41E-14 1.03E-14 9.39E-15 1.05E-14 1.23E-14
Sr-85 2_.36E-14 2_.70E-14 2_.34E-14 2_.26E-14 4_.16E-14 2_41E-14 2_.24E-14 2_.42E-14 2_.83E-14
Sr-87m 1.49E-14 1.71E-14 1.47E-14 1.40E-14 2_.87E-14 1.51E-14 1.40E-14 1.52E-14 2_15E-14
Sr-89 7.73E-17 9.08E-17 7.08E-17 6.39E-17 1.94E-16 7.60E-17 6.71E-17 7.73E-17 3.69E-14
Sr-90 7.78E-18 9.49E-18 6.44E-18 5.44E-18 2_.28E-17 7.33E-18 6.11E-18 7.53E-18 9.20E-15
Sr-91 3.38E-14 3.83E-14 3.37E-14 3.31E-14 5.20E-14 3.47E-14 3.24E-14 3.45E-14 8.14E-14
Sr-92 6.61E-14 7.48E-14 6.67E-14 6.62E-14 9.49E-14 6.82E-14 6.45E-14 6.79E-14 8_.56E-14
Yttrium

Y-86m 1.03E-14 1.18E-14 1.00E-14 9.35E-15 2.39E-14 1.04E-14 9.50E-15 1.06E-14 1.28E-14
Y-86 1.75E-13 1.98E-13 1.76E-13 1.73E-13 2.65E-13 1.80E-13 1.69E-13 1.79E-13 2.17E-13
Y-87 2_.10E-14 2_.40E-14 2_.08E-14 2_.00E-14 3.76E-14 2_.14E-14 1.99E-14 2_.15E-14 2_.51E-14
Y-88 1.33E-13 1.51E-13 1.35E-13 1.34E-13 1.90E-13 1.38E-13 1.31E-13 1.37E-13 1.54E-13
Y-90m 2_.94E-14 3.36E-14 2_.89E-14 2_.75E-14 5.86E-14 2_.98E-14 2_.75E-14 3.01E-14 3.75E-14
Y-90 1.89E-16 2.20E-16 1.77E-16 1.62E-16 4.44E-16 1.87E-16 1.68E-16 1.90E-16 6.24E-14
Y-91m 2_.49E-14 2_.85E-14 2_.48E-14 2_.39E-14 4_.28E-14 2_.54E-14 2_.37E-14 2_.55E-14 3.11E-14
Y-91 2_.56E-16 2.93E-16 2.50E-16 2.41E-16 4.56E-16 2.60E-16 2.39E-16 2.60E-16 3.85E-14
Y-92 1.27E-14 1.44E-14 1.27E-14 1.25E-14 1.95E-14 1.30E-14 1.22E-14 1.30E-14 1.14E-13
Y-93 4_.67E-15 5.30E-15 4.68E-15 4.58E-15 7.58E-15 4.79E-15 4.51E-15 4.80E-15 8.50E-14
Y-94 5.49E-14 6.21E-14 5.50E-14 5.42E-14 8.22E-14 5.65E-14 5.30E-14 5.62E-14 1.80E-13
Y-95 4_.65E-14 5.19E-14 4.72E-14 4.73E-14 6.41E-14 4.84E-14 4_.59E-14 4.79E-14 1.59E-13
Zirconium

Zr-86 1.26E-14 1.44E-14 1.22E-14 1.14E-14 2_.76E-14 1.26E-14 1.16E-14 1.28E-14 1.56E-14
Zr-88 1.84E-14 2_.11E-14 1.81E-14 1.73E-14 3.52E-14 1.86E-14 1.73E-14 1.88E-14 2.26E-14
Zr-89 5.56E-14 6.32E-14 5.54E-14 5.43E-14 8.73E-14 5.70E-14 5.31E-14 5.68E-14 7.07E-14
Zr-93 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Zr-95 3.53E-14 4.01E-14 3.51E-14 3.43E-14 5.62E-14 3.61E-14 3.36E-14 3.60E-14 4.50E-14
Zr-97 8.80E-15 9.99E-15 8.81E-15 8.64E-15 1.38E-14 9.03E-15 8.48E-15 9.02E-15 5.55E-14
Niobium

Nb-88 1.98E-13 2.25E-13 1.97E-13 1.92E-13 3.20E-13 2.02E-13 1.88E-13 2.02E-13 3.12E-13
Nb-89b! 6.80E-14 7.70E-14 6.82E-14 6.69E-14 1.08E-13 6.99E-14 6.57E-14 6.98E-14 1.56E-13
Nb-89a? 9.05E-14 1.03E-13 8.99E-14 8.69E-14 1.57E-13 9.23E-14 8.59E-14 9.26E-14 1.63E-13
Nb-90 2.11E-13 2.37E-13 2.13E-13 2.12E-13 3.08E-13 2.18E-13 2.07E-13 2.17E-13 2.66E-13
Nb-93m 6.33E-18 1.31E-17 2.55E-19 1.18E-18 6.92E-18 3.43E-18 1.36E-18 4.44E-18 4_.28E-17
Nb-94 7.54E-14 8_.57E-14 7.51E-14 7.34E-14 1_.19E-13 7.72E-14 7.19E-14 7.70E-14 9.52E-14
Nb-95m 2_.88E-15 3.31E-15 2.77E-15 2_.59E-15 6.60E-15 2.89E-15 2.63E-15 2.93E-15 1.12E-14
Nb-95 3.66E-14 4.16E-14 3.65E-14 3.56E-14 5.79E-14 3.75E-14 3.49E-14 3.74E-14 4.30E-14
Nb-96 1.19E-13 1.35E-13 1.19E-13 1.16E-13 1.87E-13 1.22E-13 1.14E-13 1.21E-13 1.52E-13
Nb-97m 3.47E-14 3.95E-14 3.46E-14 3.38E-14 5.54E-14 3.56E-14 3.31E-14 3.55E-14 4.16E-14
Nb-97 3.11E-14 3.55E-14 3.10E-14 3.01E-14 5.11E-14 3.18E-14 2.96E-14 3.18E-14 6.51E-14
Nb-98 1.18E-13 1.34E-13 1.18E-13 1.16E-13 1.81E-13 1.21E-13 1.13E-13 1.21E-13 1.96E-13
Molybdenum

Mo-90 3.85E-14 4.40E-14 3.79E-14 3.61E-14 7.50E-14 3.91E-14 3.61E-14 3.93E-14 5.52E-14
Mo-93m 1.10E-13 1.24E-13 1.10E-13 1.09E-13 1.67E-13 1.13E-13 1.07E-13 1.13E-13 1.32E-13
Mo-93 3.59E-17 7.46E-17 1.44E-18 6.69E-18 3.93E-17 1.95E-17 7.74E-18 2.52E-17 2.43E-16
Mo-99 7.13E-15 8.13E-15 7.06E-15 6.82E-15 1.24E-14 7.27E-15 6.74E-15 7.28E-15 3.14E-14
Mo-101 6.69E-14 7_.58E-14 6.72E-14 6.62E-14 1.02E-13 6.88E-14 6.48E-14 6.87E-14 1.14E-13
Technetium

Tc-93m 3.62E-14 4.07E-14 3.66E-14 3.63E-14 5.47E-14 3.75E-14 3.55E-14 3.73E-14 4.62E-14
Tc-93 7.17E-14 8.12E-14 7.25E-14 7.21E-14 1.02E-13 7.40E-14 7.02E-14 7.38E-14 8.30E-14
Tc-94m 8.96E-14 1.02E-13 8.96E-14 8.77E-14 1.42E-13 9.19E-14 8.60E-14 9.18E-14 1.55E-13
Tc-94 1.28E-13 1.45E-13 1.27E-13 1.24E-13 2.00E-13 1.31E-13 1.22E-13 1.30E-13 1.51E-13
Tc-95m 3.16E-14 3.60E-14 3.12E-14 3.02E-14 5.55E-14 3.22E-14 2.98E-14 3.23E-14 3.76E-14
1T, =122 m

2T, =66m
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Technetium, cont*"d

Tc-95 3.76E-14 4_.28E-14 3.74E-14 3.66E-14 5.93E-14 3.85E-14 3.58E-14 3.84E-14 4_42E-14
Tc-96m 2.20E-15 2.52E-15 2.17E-15 2.13E-15 3.36E-15 2.24E-15 2.08E-15 2.24E-15 2.68E-15
Tc-96 1.20E-13 1.36E-13 1.19E-13 1.17E-13 1.87E-13 1.23E-13 1.14E-13 1.22E-13 1.40E-13
Tc-97m 6.10E-17 1.05E-16 1.60E-17 1.99E-17 1.00E-16 4.26E-17 2.26E-17 4.64E-17 5.55E-16
Tc-97 4_79E-17 9.44E-17 2.66E-18 9.13E-18 5.43E-17 2.79E-17 1.08E-17 3.33E-17 2.71E-16
Tc-98 6.72E-14 7.65E-14 6.69E-14 6.52E-14 1.09E-13 6.87E-14 6.40E-14 6.86E-14 8.53E-14
Tc-99m 5.75E-15 6.65E-15 5.49E-15 4_.91E-15 1.63E-14 5.75E-15 5.15E-15 5.89E-15 7.14E-15
Tc-99 1.74E-18 2.20E-18 1.29E-18 1.05E-18 5.17E-18 1.57E-18 1.24E-18 1.62E-18 2.74E-15
Tc-101 1.57E-14 1.80E-14 1.54E-14 1.46E-14 3_.21E-14 1.59E-14 1.47E-14 1.61E-14 4.77E-14
Tc-104 9.83E-14 1.11E-13 9.90E-14 9.76E-14 1.51E-13 1.01E-13 9.55E-14 1.01E-13 2.25E-13
Ruthenium

Ru-94 2.49E-14 2_84E-14 2.46E-14 2_.38E-14 4.33E-14 2.53E-14 2.35E-14 2_.54E-14 2_.95E-14
Ru-97 1.07E-14 1.23E-14 1.03E-14 9.65E-15 2.46E-14 1.08E-14 9.79E-15 1.09E-14 1.32E-14
Ru-103 2.19E-14 2_.51E-14 2.18E-14 2.10E-14 3.89E-14 2.24E-14 2.08E-14 2_.25E-14 2.77E-14
Ru-105 3.72E-14 4.24E-14 3.70E-14 3.59E-14 6.28E-14 3.80E-14 3.54E-14 3.81E-14 6.73E-14
Ru-106 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhodium

Rh-99m 3.22E-14 3.67E-14 3.19E-14 3.10E-14 5.52E-14 3.28E-14 3.06E-14 3.29E-14 3.94E-14
Rh-99 2.79E-14 3.19E-14 2.74E-14 2.62E-14 5.24E-14 2.83E-14 2.62E-14 2_.85E-14 3.42E-14
Rh-100 1.37E-13 1.54E-13 1.38E-13 1.37E-13 2.00E-13 1.41E-13 1.34E-13 1.41E-13 1.63E-13
Rh-101m 1.38E-14 1.59E-14 1.35E-14 1.28E-14 2.85E-14 1.40E-14 1.28E-14 1.41E-14 1.71E-14
Rh-101 1.18E-14 1.37E-14 1.13E-14 1.04E-14 3.00E-14 1.18E-14 1.07E-14 1.21E-14 1.49E-14
Rh-102m 2.26E-14 2.58E-14 2.24E-14 2.16E-14 3.92E-14 2_.30E-14 2.14E-14 2.31E-14 3.68E-14
Rh-102 1.02E-13 1.16E-13 1.01E-13 9.85E-14 1.65E-13 1.04E-13 9.67E-14 1.04E-13 1.19E-13
Rh-103m 1.25E-17 2.15E-17 1.87E-18 2.82E-18 1.76E-17 8.55E-18 3.68E-18 8.80E-18 4.49E-17
Rh-105 3.64E-15 4.16E-15 3.57E-15 3.38E-15 7.53E-15 3.68E-15 3.39E-15 3.72E-15 1.07E-14
Rh-106m 1.41E-13 1.60E-13 1.41E-13 1.38E-13 2.22E-13 1.44E-13 1.35E-13 1.44E-13 1.81E-13
Rh-106 1.01E-14 1.16E-14 1.01E-14 9.75E-15 1.72E-14 1.03E-14 9.63E-15 1.04E-14 1.09E-13
Rh-107 1.47E-14 1.68E-14 1.44E-14 1.37E-14 2_.99E-14 1.49E-14 1.37E-14 1.50E-14 4.42E-14
Palladium

Pd-100 4_67E-15 5.60E-15 4.09E-15 3.40E-15 1.53E-14 4.47E-15 3.83E-15 4.65E-15 6.11E-15
Pd-101 1.50E-14 1.72E-14 1.47E-14 1.42E-14 2_.61E-14 1.52E-14 1.41E-14 1.53E-14 1.94E-14
Pd-103 1.08E-16 1.86E-16 1.74E-17 2.66E-17 1.46E-16 7.45E-17 3.30E-17 7.68E-17 3.90E-16
Pd-107 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pd-109 2.71E-16 3.52E-16 1.94E-16 1.74E-16 7.02E-16 2.46E-16 1.92E-16 2.51E-16 2.15E-14
Silver

Ag-102 1.63E-13 1.85E-13 1.64E-13 1.61E-13 2.54E-13 1.67E-13 1.57E-13 1.67E-13 2.45E-13
Ag-103 3.59E-14 4.10E-14 3.56E-14 3.44E-14 6.35E-14 3.66E-14 3.41E-14 3.68E-14 5.84E-14
Ag-104m 5.67E-14 6.43E-14 5.68E-14 5.56E-14 9.14E-14 5.82E-14 5.46E-14 5.82E-14 1.00E-13
Ag-104 1.29E-13 1.46E-13 1.29E-13 1.26E-13 2.02E-13 1.32E-13 1.23E-13 1.32E-13 1.56E-13
Ag-105 2.40E-14 2_.75E-14 2.36E-14 2_.26E-14 4.54E-14 2_.44E-14 2_.25E-14 2_45E-14 2_90E-14
Ag-106m 1.35E-13 1.54E-13 1.35E-13 1.32E-13 2.14E-13 1.38E-13 1.30E-13 1.38E-13 1.58E-13
Ag-106 3.32E-14 3.80E-14 3.29E-14 3.17E-14 5.84E-14 3.38E-14 3.14E-14 3.39E-14 7.27E-14
Ag-108m 7.63E-14 8.71E-14 7.57E-14 7.34E-14 1.29E-13 7.78E-14 7.24E-14 7._.80E-14 9.05E-14
Ag-108 9.10E-16 1.04E-15 8.96E-16 8.63E-16 1.61E-15 9.25E-16 8.56E-16 9.28E-16 4.00E-14
Ag-109m 2.13E-16 2.85E-16 1.40E-16 1.23E-16 5.72E-16 1.88E-16 1.40E-16 1.92E-16 5.59E-16
Ag-110m 1.33E-13 1.51E-13 1.33E-13 1.30E-13 2.05E-13 1.36E-13 1.27E-13 1.36E-13 1.57E-13
Ag-110 1.75E-15 2.00E-15 1.73E-15 1.67E-15 3.05E-15 1.78E-15 1.65E-15 1.78E-15 8.22E-14
Ag-111 1.26E-15 1.44E-15 1.23E-15 1.17E-15 2.59E-15 1.27E-15 1.17E-15 1.29E-15 2.19E-14
Ag-112 3.25E-14 3.68E-14 3.27E-14 3.22E-14 4_.98E-14 3.34E-14 3.15E-14 3.34E-14 1.33E-13
Ag-115 3.51E-14 3.97E-14 3.53E-14 3.47E-14 5.57E-14 3.61E-14 3.41E-14 3.61E-14 1.11E-13
Cadmium

Cd-104 1.12E-14 1.30E-14 1.09E-14 1.03E-14 2_.15E-14 1.13E-14 1.03E-14 1.14E-14 1.38E-14
Cd-107 6.64E-16 8.78E-16 4.56E-16 4.35E-16 1.37E-15 5.98E-16 4.61E-16 6.02E-16 1.50E-15
Cd-109 3.58E-16 5.21E-16 1.65E-16 1.57E-16 7.87E-16 2.91E-16 1.83E-16 2.94E-16 9.95E-16
Cd-113m 7.17E-18 8.76E-18 5.93E-18 5.01E-18 2.10E-17 6.76E-18 5.63E-18 6.94E-18 8.48E-15
Cd-113 1.56E-18 1.98E-18 1.16E-18 9.42E-19 4.63E-18 1.41E-18 1.11E-18 1.45E-18 2.41E-15
Cd-115m 1.15E-15 1.30E-15 1.14E-15 1.12E-15 1.80E-15 1.18E-15 1.10E-15 1.17E-15 3.99E-14
Cd-115 1.09E-14 1.25E-14 1.08E-14 1.04E-14 1.93E-14 1.11E-14 1.03E-14 1.12E-14 2.97E-14
Cd-117m 1.02E-13 1.15E-13 1.03E-13 1.02E-13 1.46E-13 1.05E-13 9.95E-14 1.05E-13 1.29E-13
Cd-117 5.31E-14 6.02E-14 5.33E-14 5.24E-14 8.23E-14 5.46E-14 5.14E-14 5.45E-14 8.79E-14
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Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Indium

In-109 3.15E-14 3.59E-14 3.10E-14 3.00E-14 5.63E-14 3.20E-14 2.97E-14 3.21E-14 3.91E-14
In-110b* 1.46E-13 1.66E-13 1.45E-13 1.42E-13 2.28E-13 1.49E-13 1.39E-13 1.49E-13 1.71E-13
In-110a? 7.44E-14 8_.46E-14 7.43E-14 7.24E-14 1.22E-13 7.62E-14 7.12E-14 7.62E-14 1.29E-13
In-111 1.82E-14 2.10E-14 1.75E-14 1.62E-14 4_.37E-14 1.83E-14 1.66E-14 1.86E-14 2_.29E-14
In-112 1.24E-14 1.42E-14 1.22E-14 1.18E-14 2.16E-14 1.26E-14 1.17E-14 1.26E-14 2_88E-14
In-113m 1.18E-14 1.36E-14 1.16E-14 1.11E-14 2_.27E-14 1.20E-14 1.11E-14 1.21E-14 2_.18E-14
In-114m 4_13E-15 4.76E-15 3.98E-15 3.80E-15 7.98E-15 4.16E-15 3.80E-15 4.18E-15 1.05E-14
In-114 1.36E-16 1.55E-16 1.36E-16 1.34E-16 2.00E-16 1.40E-16 1.31E-16 1.39E-16 2.95E-15
In-115m 7.25E-15 8.34E-15 7.05E-15 6.70E-15 1.46E-14 7.32E-15 6.72E-15 7.39E-15 1.81E-14
In-115 4.69E-18 5.78E-18 3.78E-18 3.16E-18 1.39E-17 4.38E-18 3.59E-18 4.50E-18 6.18E-15
In-116m 1.22E-13 1.38E-13 1.23E-13 1.21E-13 1.78E-13 1.25E-13 1.18E-13 1.25E-13 1.58E-13
In-117m 4_.12E-15 4_.74E-15 3.96E-15 3.71E-15 9.24E-15 4_14E-15 3.76E-15 4_.19E-15 3.17E-14
In-117 3.23E-14 3.70E-14 3.19E-14 3.05E-14 6.19E-14 3.29E-14 3.04E-14 3.31E-14 5.16E-14
In-119m 6.18E-16 7.28E-16 5.66E-16 5.40E-16 1.20E-15 6.12E-16 5.45E-16 6.14E-16 7.11E-14
In-119 3.67E-14 4.17E-14 3.65E-14 3.56E-14 5.82E-14 3.75E-14 3.49E-14 3.74E-14 8.20E-14
Tin

Sn-110 1.35E-14 1.55E-14 1.30E-14 1.23E-14 2.90E-14 1.36E-14 1.24E-14 1.37E-14 1.66E-14
Sn-111 2_.39E-14 2.73E-14 2_.38E-14 2_.32E-14 3.95E-14 2_.45E-14 2_.29E-14 2_.45E-14 4_22E-14
Sn-113  4_.40E-16 5.90E-16 2.68E-16 2.58E-16 8.59E-16 3.84E-16 2.78E-16 3.82E-16 8.20E-16
Sn-117m 6.73E-15 7.83E-15 6.29E-15 5.70E-15 1.79E-14 6.68E-15 5.94E-15 6.82E-15 1.25E-14
Sn-119m 1.40E-16 2.14E-16 3.58E-17 3.65E-17 2.40E-16 1.04E-16 5.07E-17 1.01E-16 3.42E-16
Sn-121m 7.92E-17 1.14E-16 2.91E-17 2.45E-17 1.62E-16 6.15E-17 3.41E-17 6.02E-17 1.07E-15
Sn-121 2_.51E-18 3.14E-18 1.93E-18 1.59E-18 7.46E-18 2_.30E-18 1.85E-18 2.37E-18 3.71E-15
Sn-123m 6.42E-15 7.40E-15 6.12E-15 5.55E-15 1.71E-14 6.41E-15 5.77E-15 6.55E-15 3.58E-14
Sn-123  3.96E-16 4.51E-16 3.91E-16 3.80E-16 6.50E-16 4.04E-16 3.75E-16 4.03E-16 3.28E-14
Sn-125 1.55E-14 1.75E-14 1.55E-14 1.53E-14 2_.31E-14 1.59E-14 1.49E-14 1.58E-14 7.13E-14
Sn-126 2_.13E-15 2.55E-15 1.85E-15 1.53E-15 6.94E-15 2_.03E-15 1.73E-15 2.11E-15 6.65E-15
Sn-127 9.35E-14 1.06E-13 9.39E-14 9.25E-14 1.41E-13 9.62E-14 9.04E-14 9.59E-14 1_.41E-13
Sn-128 2_.96E-14 3.41E-14 2_.87E-14 2_.74E-14 5.46E-14 2_.98E-14 2_.74E-14 3.00E-14 4_.50E-14
Antimony

Sb-115 4_.23E-14 4.84E-14 4.19E-14 4.04E-14 7.42E-14 4.30E-14 4.00E-14 4.32E-14 6.52E-14
Sb-116m 1.51E-13 1.72E-13 1.51E-13 1.48E-13 2.37E-13 1.55E-13 1.45E-13 1.55E-13 1.82E-13
Sb-116 1.05E-13 1.19E-13 1.06E-13 1.05E-13 1.58E-13 1.08E-13 1.02E-13 1.08E-13 1.50E-13
Sb-117 7.88E-15 9.16E-15 7.40E-15 6.79E-15 1.96E-14 7.84E-15 7.01E-15 7.97E-15 1.03E-14
Sb-118m 1.25E-13 1.41E-13 1.24E-13 1.22E-13 1.92E-13 1.28E-13 1.19E-13 1.27E-13 1.46E-13
Sb-119 2_.98E-16 4.50E-16 7.87E-17 7.82E-17 5.17E-16 2.22E-16 1.09E-16 2.16E-16 7.09E-16
Sb-120b® 1.19E-13 1.35E-13 1.18E-13 1.16E-13 1.89E-13 1.22E-13 1.14E-13 1.22E-13 1.39E-13
Sb-120a* 2.09E-14 2.39E-14 2.06E-14 1.99E-14 3.65E-14 2.12E-14 1.97E-14 2.13E-14 4.46E-14
Sb-122 2_.09E-14 2_.38E-14 2.07E-14 2_.01E-14 3.54E-14 2_.13E-14 1.98E-14 2_.13E-14 6.03E-14
Sb-124n° 9.41E-19 1.44E-18 2.27E-19 2.39E-19 1.57E-18 6.94E-19 3.33E-19 6.75E-19 2.33E-18
Sb-124m® 1.66E-14 1.89E-14 1.65E-14 1.60E-14 2_.81E-14 1.69E-14 1.58E-14 1.70E-14 2.46E-14
Sb-124 8.89E-14 1.01E-13 8.97E-14 8.85E-14 1.34E-13 9.15E-14 8.66E-14 9.15E-14 1.26E-13
Sb-125 1.98E-14 2.27E-14 1.95E-14 1.87E-14 3.53E-14 2.01E-14 1.86E-14 2.02E-14 2.65E-14
Sb-126m 7.33E-14 8.36E-14 7.29E-14 7.07E-14 1.24E-13 7.49E-14 6.97E-14 7_.50E-14 1.24E-13
Sb-126 1.35E-13 1.53E-13 1.34E-13 1.30E-13 2.22E-13 1.37E-13 1.28E-13 1.37E-13 1.73E-13
Sb-127 3.26E-14 3.72E-14 3.24E-14 3.14E-14 5.52E-14 3.33E-14 3.09E-14 3.33E-14 5.58E-14
Sb-128b” 1.47E-13 1.68E-13 1.47E-13 1.43E-13 2.42E-13 1.51E-13 1.40E-13 1.51E-13 1.99E-13
Sb-128a® 9.49E-14 1.08E-13 9.42E-14 9.17E-14 1.57E-13 9.70E-14 9.02E-14 9.69E-14 1.73E-13
Sb-129 6.97E-14 7.91E-14 6.98E-14 6.86E-14 1.07E-13 7.16E-14 6.71E-14 7.14E-14 1_.05E-13
Sb-130 1.57E-13 1.78E-13 1.56E-13 1.52E-13 2.55E-13 1.61E-13 1.50E-13 1.60E-13 2.29E-13
Sb-131 9.14E-14 1.03E-13 9.18E-14 9.06E-14 1.36E-13 9.40E-14 8.85E-14 9.37E-14 1.40E-13
Tellurium

Te-116 2_.37E-15 2.89E-15 1.97E-15 1.75E-15 6.20E-15 2.26E-15 1.89E-15 2.29E-15 3.37E-15
Te-121m 9.76E-15 1.12E-14 9.33E-15 8.74E-15 2.20E-14 9.79E-15 8.87E-15 9.90E-15 1.23E-14
1T, =4.9h

2T,=69.1m

T, =5.76 d

4T, =15.89m

5T, =20.2m

T, =93 s

7T, =9.01 h

8

T, = 10.4

m
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Tellurium, cont"d

Te-121 2_.65E-14 3.04E-14 2_.61E-14 2_.53E-14 4_.55E-14 2_.69E-14 2_.50E-14 2.70E-14 3.18E-14
Te-123m 6.43E-15 7.46E-15 6.02E-15 5.45E-15 1.71E-14 6.38E-15 5.68E-15 6.51E-15 8.48E-15
Te-123 2_.91E-16 4.27E-16 9.01E-17 8.12E-17 5.42E-16 2.20E-16 1.14E-16 2.15E-16 6.32E-16
Te-125m 5.96E-16 8.48E-16 2.23E-16 1.86E-16 1.22E-15 4.64E-16 2.59E-16 4.53E-16 1.94E-15
Te-127m 1.90E-16 2.69E-16 7.62E-17 6.43E-17 3.94E-16 1.50E-16 8.64E-17 1.47E-16 8.49E-16
Te-127 2_.37E-16 2.73E-16 2.32E-16 2.21E-16 4.65E-16 2.40E-16 2.21E-16 2.42E-16 1.14E-14
Te-129m 1.56E-15 1.81E-15 1.46E-15 1.42E-15 2.60E-15 1.56E-15 1.41E-15 1.55E-15 1.49E-14
Te-129 2_.71E-15 3.12E-15 2.64E-15 2_.54E-15 4_.88E-15 2.74E-15 2_.52E-15 2.75E-15 3.57E-14
Te-131m 6.85E-14 7.78E-14 6.83E-14 6.68E-14 1.09E-13 7.02E-14 6.55E-14 7.01E-14 8.85E-14
Te-131 1.99E-14 2_.28E-14 1.96E-14 1.88E-14 3.80E-14 2.03E-14 1.87E-14 2.04E-14 6.89E-14
Te-132 1.02E-14 1.18E-14 9.65E-15 8.95E-15 2.42E-14 1.02E-14 9.16E-15 1.03E-14 1.39E-14
Te-133m 1.12E-13 1.27E-13 1.12E-13 1.09E-13 1.75E-13 1.15E-13 1.07E-13 1.14E-13 1.74E-13
Te-133 4_.49E-14 5.10E-14 4.47E-14 4.36E-14 7.50E-14 4.59E-14 4.29E-14 4.60E-14 1.06E-13
Te-134 4.16E-14 4.75E-14 4.10E-14 3.94E-14 7.56E-14 4.23E-14 3.91E-14 4.24E-14 6.35E-14
lodine

1-120m  2.58E-13 2.93E-13 2.59E-13 2.55E-13 3.99E-13 2.66E-13 2.50E-13 2.65E-13 3.86E-13
1-120 1.34E-13 1.52E-13 1.35E-13 1.33E-13 2.08E-13 1.38E-13 1.30E-13 1.38E-13 2.55E-13
1-121 1.91E-14 2.19E-14 1.85E-14 1.76E-14 3.87E-14 1.92E-14 1.76E-14 1.94E-14 2_72E-14
1-122 4_.46E-14 5.10E-14 4.43E-14 4.28E-14 7.78E-14 4.55E-14 4.23E-14 4.56E-14 1.25E-13
1-123 7.22E-15 8.42E-15 6.70E-15 6.11E-15 1.85E-14 7.15E-15 6.35E-15 7.28E-15 9.40E-15
1-124 5.25E-14 5.97E-14 5.25E-14 5.14E-14 8.31E-14 5.38E-14 5.05E-14 5.38E-14 7.39E-14
1-125 6.92E-16 9.90E-16 2.48E-16 2.07E-16 1.39E-15 5.34E-16 2.93E-16 5.22E-16 1.39E-15
1-126 2_.11E-14 2_.42E-14 2_.09E-14 2_.02E-14 3.66E-14 2_.15E-14 1.99E-14 2_.15E-14 3.37E-14
1-128 4_.07E-15 4.67E-15 4.01E-15 3.85E-15 7.47E-15 4.13E-15 3.83E-15 4.16E-15 5.38E-14
1-129 4_83E-16 6.66E-16 2.14E-16 1.64E-16 1.10E-15 3.86E-16 2.30E-16 3.80E-16 1.10E-15
1-130 1.01E-13 1.16E-13 1.01E-13 9.82E-14 1.68E-13 1.04E-13 9.66E-14 1.04E-13 1.36E-13
1-131 1.78E-14 2.04E-14 1.76E-14 1.68E-14 3.45E-14 1.81E-14 1.67E-14 1.82E-14 2_.98E-14
1-132m 1.50E-14 1.71E-14 1.48E-14 1.43E-14 2_.54E-14 1.52E-14 1.41E-14 1.53E-14 2_.22E-14
1-132 1.09E-13 1.24E-13 1.09E-13 1.07E-13 1.73E-13 1.12E-13 1.05E-13 1.12E-13 1.58E-13
1-133 2_.87E-14 3.28E-14 2_.86E-14 2_.77E-14 4_.87E-14 2_.93E-14 2_.73E-14 2.94E-14 5.83E-14
1-134 1.27E-13 1.44E-13 1.27E-13 1.25E-13 1.96E-13 1.30E-13 1.22E-13 1.30E-13 1.87E-13
1-135 7.77E-14 8_.79E-14 7_.84E-14 7.76E-14 1_.13E-13 8.01E-14 7.57E-14 7.98E-14 1.11E-13
Xenon

Xe-120 1.92E-14 2.21E-14 1.85E-14 1.78E-14 3.49E-14 1.94E-14 1.77E-14 1.94E-14 2_40E-14
Xe-121 8.90E-14 1.01E-13 8.93E-14 8.79E-14 1.39E-13 9.15E-14 8.62E-14 9.14E-14 1.40E-13
Xe-122 2_.51E-15 2.99E-15 2.22E-15 2.07E-15 5.31E-15 2.45E-15 2.13E-15 2.46E-15 3.36E-15
Xe-123 2_.97E-14 3.39E-14 2_.93E-14 2.83E-14 5.30E-14 3.02E-14 2.80E-14 3.03E-14 4_.52E-14
Xe-125 1.18E-14 1.37E-14 1.12E-14 1.05E-14 2.62E-14 1.18E-14 1.06E-14 1.19E-14 1.50E-14
Xe-127 1.23E-14 1.42E-14 1.17E-14 1.08E-14 2.88E-14 1.23E-14 1.11E-14 1.25E-14 1.57E-14
Xe-129m 1.23E-15 1.60E-15 7.55E-16 6.45E-16 2.84E-15 1.07E-15 7.60E-16 1.06E-15 8.29E-15
Xe-131m 4.57E-16 6.02E-16 2.67E-16 2.27E-16 1.06E-15 3.91E-16 2.71E-16 3.89E-16 4.82E-15
Xe-133m 1.42E-15 1.70E-15 1.19E-15 1.10E-15 3.23E-15 1.36E-15 1.15E-15 1.37E-15 1.04E-14
Xe-133 1.61E-15 1.96E-15 1.32E-15 1.07E-15 5.13E-15 1.51E-15 1.24E-15 1.56E-15 4_.97E-15
Xe-135m 2.00E-14 2.29E-14 1.98E-14 1.91E-14 3.50E-14 2.04E-14 1.89E-14 2.04E-14 2.97E-14
Xe-135 1.17E-14 1.33E-14 1.13E-14 1.07E-14 2.57E-14 1.18E-14 1.08E-14 1.19E-14 3.12E-14
Xe-138 5.59E-14 6.32E-14 5.66E-14 5.60E-14 8.46E-14 5.77E-14 5.49E-14 5.77E-14 1.07E-13
Cesium

Cs-125 3.15E-14 3.61E-14 3.12E-14 3.01E-14 5.54E-14 3.21E-14 2.98E-14 3.22E-14 5.97E-14
Cs-126 5.13E-14 5.87E-14 5.08E-14 4_.89E-14 9.18E-14 5.22E-14 4_.85E-14 5.24E-14 1.62E-13
Cs-127 1.90E-14 2_.19E-14 1.85E-14 1.77E-14 3.59E-14 1.92E-14 1.77E-14 1.93E-14 2_.38E-14
Cs-128 4.23E-14 4.83E-14 4.19E-14 4.04E-14 7.46E-14 4.30E-14 4.00E-14 4.32E-14 1.07E-13
Cs-129 1.22E-14 1.42E-14 1.17E-14 1.11E-14 2_.36E-14 1.23E-14 1.12E-14 1.24E-14 1.52E-14
Cs-130 2_.40E-14 2_.75E-14 2_.37E-14 2_.29E-14 4_20E-14 2_.44E-14 2_.26E-14 2_.45E-14 5_.48E-14
Cs-131 4_.25E-16 5.92E-16 1.75E-16 1.36E-16 9.15E-16 3.35E-16 1.93E-16 3.28E-16 7.84E-16
Cs-132 3.28E-14 3.75E-14 3.24E-14 3.15E-14 5.38E-14 3.34E-14 3.10E-14 3.34E-14 3.92E-14
Cs-134m 9.30E-16 1.12E-15 7.84E-16 6.81E-16 2.61E-15 8.88E-16 7.45E-16 9.05E-16 2.88E-15
Cs-134 7.40E-14 8.43E-14 7.37E-14 7.19E-14 1_.20E-13 7.57E-14 7.06E-14 7.57E-14 9_.45E-14
Cs-135m 7.60E-14 8.64E-14 7.57E-14 7.41E-14 1.19E-13 7.79E-14 7.25E-14 7.76E-14 9.10E-14
Cs-135 6.28E-19 8.23E-19 4.19E-19 3.34E-19 1.81E-18 5.50E-19 4.09E-19 5.65E-19 9.06E-16
Cs-136 1.04E-13 1.18E-13 1.04E-13 1.01E-13 1.66E-13 1.07E-13 9.95E-14 1.06E-13 1.25E-13
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Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Cesium, cont-"d

Cs-137 7.96E-18 9.67E-18 6.68E-18 5.70E-18 2_.29E-17 7.55E-18 6.34E-18 7.74E-18 8.63E-15
Cs-138 1.17E-13 1.33E-13 1.19E-13 1.18E-13 1.70E-13 1.21E-13 1.15E-13 1.21E-13 2.17E-13
Barium

Ba-126 6.99E-15 8.10E-15 6.62E-15 6.27E-15 1.39E-14 6.98E-15 6.32E-15 7.03E-15 9.26E-15
Ba-128 2.91E-15 3.44E-15 2.58E-15 2.39E-15 6.38E-15 2.84E-15 2.47E-15 2.86E-15 3.85E-15
Ba-131m 3.05E-15 3.62E-15 2.72E-15 2.33E-15 9.32E-15 2.96E-15 2_.55E-15 3.04E-15 3.94E-15
Ba-131 2.06E-14 2_.38E-14 2.00E-14 1.90E-14 4.08E-14 2.08E-14 1.90E-14 2_.10E-14 2.55E-14
Ba-133m 2.64E-15 3.10E-15 2.39E-15 2.22E-15 5.81E-15 2.60E-15 2.28E-15 2.62E-15 1.36E-14
Ba-133 1.76E-14 2.04E-14 1.68E-14 1.58E-14 3.75E-14 1.76E-14 1.60E-14 1.78E-14 2.19E-14
Ba-135m 2.35E-15 2.77E-15 2.10E-15 1.94E-15 5.22E-15 2.30E-15 2.01E-15 2.32E-15 1.30E-14
Ba-137m 2.82E-14 3.22E-14 2.80E-14 2.73E-14 4_.63E-14 2.88E-14 2.68E-14 2.88E-14 3.73E-14
Ba-139 2.13E-15 2.45E-15 2.03E-15 1.87E-15 5.29E-15 2.13E-15 1.92E-15 2.17E-15 6.16E-14
Ba-140 8.41E-15 9.64E-15 8.27E-15 7.93E-15 1.55E-14 8.53E-15 7.89E-15 8.58E-15 2.52E-14
Ba-141 4_06E-14 4.63E-14 4.03E-14 3.91E-14 7.17E-14 4.15E-14 3.87E-14 4.16E-14 1.07E-13
Ba-142 5.04E-14 5.73E-14 5.02E-14 4.91E-14 8.09E-14 5.17E-14 4_.81E-14 5.15E-14 8.37E-14
Lanthanum

La-131 3.08E-14 3.54E-14 3.02E-14 2.89E-14 5.81E-14 3.12E-14 2.88E-14 3.14E-14 4_.87E-14
La-132 9.75E-14 1.11E-13 9.78E-14 9.59E-14 1.54E-13 1.00E-13 9.41E-14 1.00E-13 1.49E-13
La-134 3.27E-14 3.74E-14 3.24E-14 3.13E-14 5.72E-14 3.33E-14 3.10E-14 3.35E-14 8.88E-14
La-135 1.02E-15 1.28E-15 7.33E-16 6.52E-16 2.11E-15 9.28E-16 7.22E-16 9.21E-16 1.49E-15
La-137 5.10E-16 6.93E-16 2.40E-16 1.79E-16 1.20E-15 4.13E-16 2.52E-16 4.06E-16 8.68E-16
La-138 6.04E-14 6.85E-14 6.08E-14 6.02E-14 8.78E-14 6.22E-14 5.88E-14 6.20E-14 7.09E-14
La-140 1.14E-13 1.29E-13 1.15E-13 1.14E-13 1.69E-13 1.18E-13 1.11E-13 1.17E-13 1.66E-13
La-141 2.33E-15 2.64E-15 2.34E-15 2.31E-15 3.49E-15 2.39E-15 2.26E-15 2.39E-15 6.58E-14
La-142 1.40E-13 1.57E-13 1.42E-13 1.42E-13 1.95E-13 1.45E-13 1.38E-13 1.44E-13 2.16E-13
La-143 5.04E-15 5.70E-15 5.07E-15 5.01E-15 7.59E-15 5.19E-15 4_.90E-15 5.18E-15 9.64E-14
Cerium

Ce-134 5.83E-16 7.84E-16 2.92E-16 2.15E-16 1.43E-15 4.78E-16 3.00E-16 4.71E-16 9.60E-16
Ce-135 8.35E-14 9.54E-14 8.28E-14 7.98E-14 1.48E-13 8.51E-14 7.91E-14 8.54E-14 1.10E-13
Ce-137m 2.01E-15 2.39E-15 1.76E-15 1.61E-15 4.51E-15 1.95E-15 1.68E-15 1.96E-15 1.20E-14
Ce-137 9.85E-16 1.25E-15 6.86E-16 5.93E-16 2.16E-15 8.86E-16 6.76E-16 8.81E-16 1.45E-15
Ce-139 6.72E-15 7.85E-15 6.16E-15 5.55E-15 1.76E-14 6.61E-15 5.82E-15 6.73E-15 8.94E-15
Ce-141  3.38E-15 3.93E-15 3.17E-15 2.83E-15 9.41E-15 3.35E-15 2.98E-15 3.43E-15 1.02E-14
Ce-143 1.28E-14 1.47E-14 1.23E-14 1.17E-14 2_.52E-14 1.28E-14 1.17E-14 1.29E-14 3.96E-14
Ce-144  8.53E-16 1.01E-15 7.69E-16 6.68E-16 2.49E-15 8.33E-16 7.23E-16 8.53E-16 2.93E-15
Praseodymium

Pr-136 1.01E-13 1.15E-13 1.01E-13 9.85E-14 1.63E-13 1.03E-13 9.69E-14 1.03E-13 1.69E-13
Pr-137 2.32E-14 2.65E-14 2.28E-14 2.20E-14 4.03E-14 2.35E-14 2.18E-14 2.36E-14 4_.01E-14
Pr-138m 1.18E-13 1.35E-13 1.18E-13 1.15E-13 1.91E-13 1.21E-13 1.13E-13 1.21E-13 1.52E-13
Pr-138 3.84E-14 4_.39E-14 3.80E-14 3.67E-14 6.74E-14 3.91E-14 3.63E-14 3.92E-14 1.25E-13
Pr-139 5.17E-15 6.02E-15 4.87E-15 4.64E-15 9.34E-15 5.17E-15 4.67E-15 5.17E-15 8.75E-15
Pr-142m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pr-142 3.06E-15 3.46E-15 3.10E-15 3.07E-15 4.43E-15 3.16E-15 3.00E-15 3.15E-15 5.67E-14
Pr-143 2.13E-17 2.55E-17 1.86E-17 1.62E-17 5.93E-17 2.05E-17 1.76E-17 2.10E-17 1.76E-14
Pr-144m 3.25E-16 4.20E-16 2.00E-16 1.56E-16 8.16E-16 2.81E-16 1.98E-16 2.79E-16 5.08E-16
Pr-144 1.90E-15 2.15E-15 1.90E-15 1.87E-15 2.99E-15 1.95E-15 1.84E-15 1.95E-15 8.43E-14
Pr-145 7.24E-16 8.27E-16 7.11E-16 6.88E-16 1.23E-15 7.37E-16 6.81E-16 7.36E-16 4.44E-14
Pr-147 4_07E-14 4_.65E-14 4.02E-14 3.89E-14 7.01E-14 4.14E-14 3.85E-14 4.15E-14 9.75E-14
Neodymium

Nd-136 1.26E-14 1.47E-14 1.19E-14 1.11E-14 2_.63E-14 1.26E-14 1.13E-14 1.27E-14 1.71E-14
Nd-138 1.37E-15 1.69E-15 1.04E-15 8.93E-16 3.29E-15 1.26E-15 1.01E-15 1.27E-15 1.92E-15
Nd-139m 7.48E-14 8.51E-14 7.42E-14 7.23E-14 1.20E-13 7.65E-14 7.11E-14 7.63E-14 9.17E-14
Nd-139 1.87E-14 2.14E-14 1.83E-14 1.77E-14 3.26E-14 1.90E-14 1.75E-14 1.90E-14 3.50E-14
Nd-141m 3.62E-14 4.12E-14 3.60E-14 3.52E-14 5.76E-14 3.71E-14 3.45E-14 3.70E-14 4.67E-14
Nd-141 2.94E-15 3.48E-15 2.63E-15 2.47E-15 5.50E-15 2.89E-15 2.53E-15 2.88E-15 4.24E-15
Nd-147 6.13E-15 7.12E-15 5.82E-15 5.40E-15 1.32E-14 6.12E-15 5.53E-15 6.19E-15 1.95E-14
Nd-149 1.78E-14 2.04E-14 1.72E-14 1.62E-14 3.74E-14 1.79E-14 1.64E-14 1.81E-14 4.99E-14
Nd-151 4_39E-14 4_.99E-14 4_.35E-14 4.21E-14 7.57E-14 4.48E-14 4_.17E-14 4.48E-14 9.12E-14
Promethium

Pm-141 3.52E-14 4.02E-14 3.50E-14 3.39E-14 5.94E-14 3.59E-14 3.35E-14 3.60E-14 8.42E-14
Pm-142 4_12E-14 4_.71E-14 4.09E-14 3.95E-14 7.18E-14 4.20E-14 3.91E-14 4.22E-14 1.44E-13
Pm-143 1.44E-14 1.65E-14 1.40E-14 1.36E-14 2_.38E-14 1.46E-14 1.34E-14 1.46E-14 1.72E-14
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Promethium, cont®"d

Pm-144 7.33E-14 8.37E-14 7.26E-14 7.04E-14 1_.23E-13 7.47E-14 6.94E-14 7_.48E-14 8.71E-14
Pm-145 8.23E-16 1.07E-15 5.04E-16 3.69E-16 2.32E-15 7.07E-16 4.94E-16 7.09E-16 1.22E-15
Pm-146 3.52E-14 4.03E-14 3.48E-14 3.37E-14 5.99E-14 3.59E-14 3.33E-14 3.59E-14 4.64E-14
Pm-147 7.48E-19 9.56E-19 5.45E-19 4_.46E-19 2_.18E-18 6.75E-19 5.26E-19 6.93E-19 8.11E-16
Pm-148m 9.47E-14 1.08E-13 9.42E-14 9.14E-14 1.58E-13 9.68E-14 9.01E-14 9.68E-14 1.18E-13
Pm-148 2_.81E-14 3.19E-14 2_.83E-14 2.79E-14 4_24E-14 2_.89E-14 2_.73E-14 2_.89E-14 7.97E-14
Pm-149 5.30E-16 6.07E-16 5.17E-16 4.89E-16 1.10E-15 5.36E-16 4.91E-16 5.41E-16 2.19E-14
Pm-150 6.99E-14 7.92E-14 7.01E-14 6.89E-14 1.09E-13 7.18E-14 6.75E-14 7.17E-14 1_.34E-13
Pm-151 1.48E-14 1.70E-14 1.44E-14 1.37E-14 2_.99E-14 1.50E-14 1.37E-14 1.51E-14 3.32E-14
Samarium

Sm-141m 9.49E-14 1.08E-13 9.44E-14 9.19E-14 1.57E-13 9.70E-14 9.06E-14 9.71E-14 1.39E-13
Sm-141 6.70E-14 7.64E-14 6.68E-14 6.50E-14 1.12E-13 6.85E-14 6.41E-14 6.87E-14 1.27E-13
Sm-142 3.83E-15 4.50E-15 3.51E-15 3.27E-15 7.52E-15 3.78E-15 3.36E-15 3.79E-15 6.44E-15
Sm-145 1.83E-15 2.35E-15 1.18E-15 8.62E-16 5.39E-15 1.59E-15 1.14E-15 1.61E-15 2.64E-15
Sm-146 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sm-147 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sm-151  5.20E-20 8.80E-20 7.08E-21 1.13E-20 7.09E-20 3.58E-20 1.49E-20 3.61E-20 1.90E-19
Sm-153 2_.33E-15 2.82E-15 1.97E-15 1.62E-15 7.29E-15 2_.22E-15 1.85E-15 2.28E-15 1.45E-14
Sm-155 4 _.58E-15 5.36E-15 4.26E-15 3.71E-15 1.37E-14 4.52E-15 3.99E-15 4.65E-15 4.01E-14
Sm-156 5.36E-15 6.20E-15 5.05E-15 4.57E-15 1.40E-14 5.32E-15 4.76E-15 5.43E-15 1.46E-14
Europium

Eu-145 7.05E-14 8.01E-14 7.06E-14 6.95E-14 1.07E-13 7.24E-14 6.80E-14 7.22E-14 8.33E-14
Eu-146 1.20E-13 1.36E-13 1.20E-13 1.17E-13 1.89E-13 1.23E-13 1.15E-13 1.23E-13 1.43E-13
Eu-147 2_.29E-14 2_.62E-14 2_.23E-14 2_.14E-14 4_.12E-14 2_.32E-14 2_.13E-14 2_.32E-14 2_.77E-14
Eu-148 1.03E-13 1.18E-13 1.03E-13 9.99E-14 1.69E-13 1.05E-13 9.84E-14 1.06E-13 1.22E-13
Eu-149 2_.33E-15 2.80E-15 1.97E-15 1.75E-15 5.55E-15 2.23E-15 1.89E-15 2.25E-15 3.09E-15
Eu-150b* 7.02E-14 8.02E-14 6.94E-14 6.69E-14 1.24E-13 7.15E-14 6.63E-14 7.17E-14 8.50E-14
Eu-150a? 2.18E-15 2.50E-15 2.12E-15 2.03E-15 4.01E-15 2.20E-15 2.03E-15 2.21E-15 2.05E-14
Eu-152m 1.40E-14 1.59E-14 1.38E-14 1.35E-14 2_.26E-14 1.43E-14 1.32E-14 1.42E-14 4_.85E-14
Eu-152 5.53E-14 6.29E-14 5.50E-14 5.37E-14 8.89E-14 5.66E-14 5.28E-14 5.65E-14 6.90E-14
Eu-154 6.00E-14 6.81E-14 5.99E-14 5.87E-14 9.43E-14 6.15E-14 5.75E-14 6.14E-14 8_.29E-14
Eu-155 2_.49E-15 2_.95E-15 2.22E-15 1.85E-15 8.09E-15 2.41E-15 2.07E-15 2.49E-15 3.39E-15
Eu-156 6.57E-14 7.42E-14 6.63E-14 6.56E-14 9.58E-14 6.78E-14 6.41E-14 6.75E-14 9.98E-14
Eu-157 1.16E-14 1.34E-14 1.11E-14 1.04E-14 2_.37E-14 1.16E-14 1.06E-14 1.17E-14 3.57E-14
Eu-158 5.15E-14 5.84E-14 5.15E-14 5.06E-14 7.82E-14 5.29E-14 4_.95E-14 5.27E-14 1.21E-13
Gadolinium

Gd-145 1.12E-13 1.26E-13 1.13E-13 1.12E-13 1.64E-13 1.15E-13 1.09E-13 1.15E-13 1.66E-13
Gd-146 1.00E-14 1.19E-14 8.87E-15 7.60E-15 2.96E-14 9.72E-15 8.34E-15 9.95E-15 1.33E-14
Gd-147 6.32E-14 7.21E-14 6.24E-14 6.04E-14 1.09E-13 6.44E-14 5.97E-14 6.45E-14 7.67E-14
Gd-148 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gd-149 1.90E-14 2.18E-14 1.82E-14 1.72E-14 3.89E-14 1.91E-14 1.73E-14 1.92E-14 2_42E-14
Gd-151 2_.29E-15 2.76E-15 1.89E-15 1.62E-15 6.16E-15 2.17E-15 1.80E-15 2.20E-15 3.25E-15
Gd-152 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gd-153 3.83E-15 4.66E-15 3.16E-15 2.56E-15 1.21E-14 3.61E-15 2.97E-15 3.71E-15 5.00E-15
Gd-159 2_.19E-15 2.55E-15 2.07E-15 1.92E-15 4.74E-15 2_.19E-15 1.97E-15 2.21E-15 1.91E-14
Terbium

Th-147 7.61E-14 8.66E-14 7.57E-14 7.39E-14 1_.23E-13 7.79E-14 7_.26E-14 7.78E-14 1.27E-13
Th-149 7.82E-14 8.87E-14 7.82E-14 7.67E-14 1.24E-13 8.02E-14 7.53E-14 8.02E-14 1.02E-13
Th-150 8.06E-14 9.17E-14 8.06E-14 7.87E-14 1_.30E-13 8.26E-14 7.74E-14 8.26E-14 1.31E-13
Th-151 4.12E-14 4.73E-14 4.03E-14 3.85E-14 7.78E-14 4.18E-14 3.85E-14 4.20E-14 5.07E-14
Th-153 9.87E-15 1.15E-14 9.16E-15 8.37E-15 2.31E-14 9.77E-15 8.69E-15 9.89E-15 1.23E-14
Th-154 1.17E-13 1.32E-13 1.18E-13 1.18E-13 1.69E-13 1.21E-13 1.15E-13 1.21E-13 1.38E-13
Th-155 5.62E-15 6.66E-15 4_.98E-15 4_.30E-15 1.58E-14 5.44E-15 4_.69E-15 5.56E-15 7.29E-15
Tb-156m® 8.33E-16 1.04E-15 6.21E-16 4.58E-16 2.77E-15 7.55E-16 5.86E-16 7.75E-16 1.11E-15
Tb-156n* 1.23E-16 1.52E-16 9.56E-17 7.39E-17 3.98E-16 1.13E-16 9.02E-17 1.16E-16 3.56E-16
Th-156 8.74E-14 9.95E-14 8.70E-14 8.49E-14 1_.42E-13 8.95E-14 8.36E-14 8.94E-14 1.04E-13
Th-157 7.57E-17 9.64E-17 5.13E-17 3.72E-17 2.35E-16 6.68E-17 4_.91E-17 6.78E-17 1.06E-16
Th-158 3.78E-14 4.30E-14 3.73E-14 3.63E-14 6.10E-14 3.86E-14 3.57E-14 3.84E-14 4.70E-14
1T,=34.2y

2T, =12.62 h

3T,=24.4y

4T, =5.0h
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Terbium, cont®"d

Th-160 5.42E-14 6.16E-14 5.40E-14 5.28E-14 8.59E-14 5.56E-14 5.18E-14 5.54E-14 7.34E-14
Tb-161  1.09E-15 1.36E-15 8.20E-16 6.36E-16 3.46E-15 9.90E-16 7.79E-16 1.02E-15 7.69E-15
Dysprosium

Dy-155 2.72E-14 3.11E-14 2.66E-14 2_.55E-14 5.01E-14 2.76E-14 2.55E-14 2.77E-14 3.27E-14
Dy-157 1.61E-14 1.85E-14 1.54E-14 1.45E-14 3.42E-14 1.61E-14 1.47E-14 1.63E-14 1.94E-14
Dy-159 1.38E-15 1.74E-15 9.66E-16 7.04E-16 4.37E-15 1.23E-15 9.20E-16 1.25E-15 1.89E-15
Dy-165 1.19E-15 1.38E-15 1.13E-15 1.05E-15 2.58E-15 1.19E-15 1.07E-15 1.20E-15 2.82E-14
Dy-166 1.45E-15 1.77E-15 1.20E-15 9.60E-16 4.55E-15 1.36E-15 1.13E-15 1.40E-15 5.79E-15
Holmium

Ho-155 1.76E-14 2_.03E-14 1.71E-14 1.62E-14 3.42E-14 1.78E-14 1.63E-14 1.79E-14 3.46E-14
Ho-157 2.21E-14 2_.55E-14 2.12E-14 2.00E-14 4.50E-14 2.22E-14 2.02E-14 2.24E-14 2_.90E-14
Ho-159 1.59E-14 1.85E-14 1.49E-14 1.35E-14 3.86E-14 1.58E-14 1.41E-14 1.60E-14 1.98E-14
Ho-161 1.87E-15 2.35E-15 1.38E-15 1.05E-15 5.89E-15 1.70E-15 1.31E-15 1.73E-15 2.59E-15
Ho-162m 2.70E-14 3.08E-14 2.64E-14 2_.55E-14 4_68E-14 2.74E-14 2_.53E-14 2_.74E-14 3.22E-14
Ho-162 7.32E-15 8.49E-15 6.92E-15 6.51E-15 1.42E-14 7.32E-15 6.62E-15 7.35E-15 1.01E-14
Ho-164m 1.44E-15 1.80E-15 1.05E-15 7.72E-16 4.67E-15 1.29E-15 9.92E-16 1.32E-15 1.93E-15
Ho-164  9.71E-16 1.21E-15 7.29E-16 5.47E-16 3.16E-15 8.83E-16 6.88E-16 9.05E-16 8.33E-15
Ho-166m 8.28E-14 9.43E-14 8.19E-14 7.92E-14 1.44E-13 8.44E-14 7.82E-14 8.45E-14 9.90E-14
Ho-166 1.40E-15 1.62E-15 1.34E-15 1.26E-15 2.84E-15 1.41E-15 1.28E-15 1.42E-15 4_46E-14
Ho-167 1.69E-14 1.94E-14 1.65E-14 1.56E-14 3.50E-14 1.71E-14 1.57E-14 1.73E-14 2_95E-14
Erbium

Er-161 4_33E-14 4.94E-14 4_.28E-14 4.17E-14 7.09E-14 4.42E-14 4_.11E-14 4.42E-14 5.23E-14
Er-165 1.21E-15 1.51E-15 8.86E-16 6.52E-16 3.96E-15 1.09E-15 8.38E-16 1.11E-15 1.61E-15
Er-169 1.86E-18 2.34E-18 1.40E-18 1.14E-18 5.52E-18 1.69E-18 1.34E-18 1.74E-18 2.83E-15
Er-171 1.75E-14 2.01E-14 1.69E-14 1.58E-14 3.90E-14 1.76E-14 1.61E-14 1.78E-14 4.22E-14
Er-172 2.42E-14 2_.78E-14 2.39E-14 2_.29E-14 4.44E-14 2_.46E-14 2_.28E-14 2_.47E-14 3.21E-14
Thulium

Tm-162 8.78E-14 9.91E-14 8.82E-14 8.70E-14 1.33E-13 9.04E-14 8.52E-14 9.01E-14 1.24E-13
Tm-166 9.11E-14 1.03E-13 9.14E-14 9.00E-14 1.40E-13 9.37E-14 8.82E-14 9.35E-14 1.08E-13
Tm-167 6.08E-15 7.13E-15 5.53E-15 4.90E-15 1.60E-14 5.95E-15 5.22E-15 6.06E-15 1.17E-14
Tm-170 2_.27E-16 2.72E-16 1.94E-16 1.56E-16 7.53E-16 2.15E-16 1.81E-16 2.23E-16 1.81E-14
Tm-171 2_.26E-17 2.76E-17 1.80E-17 1.36E-17 7.68E-17 2_.08E-17 1.68E-17 2.15E-17 3.17E-17
Tm-172 2.35E-14 2_.66E-14 2.36E-14 2_.34E-14 3.47E-14 2_.42E-14 2.28E-14 2_.41E-14 5.76E-14
Tm-173 1.81E-14 2.07E-14 1.78E-14 1.70E-14 3.47E-14 1.83E-14 1.70E-14 1.85E-14 3.89E-14
Tm-175 5.01E-14 5.71E-14 4_.99E-14 4_.85E-14 8.25E-14 5.13E-14 4_.78E-14 5.13E-14 9.10E-14
Ytterbium

Yb-162 5.66E-15 6.67E-15 5.10E-15 4.38E-15 1.67E-14 5.51E-15 4.79E-15 5.66E-15 6.99E-15
Yb-166 3.00E-15 3.68E-15 2.38E-15 1.81E-15 1.01E-14 2.77E-15 2.23E-15 2.86E-15 3.88E-15
Yb-167 1.09E-14 1.29E-14 9.82E-15 8.41E-15 3.21E-14 1.06E-14 9.23E-15 1.09E-14 1.38E-14
Yb-169 1.29E-14 1.52E-14 1.17E-14 1.01E-14 3.64E-14 1.26E-14 1.10E-14 1.29E-14 1.73E-14
Yb-175 1.83E-15 2.10E-15 1.78E-15 1.67E-15 3.86E-15 1.84E-15 1.69E-15 1.87E-15 6.93E-15
Yb-177 9.03E-15 1.03E-14 8.93E-15 8.64E-15 1.59E-14 9.22E-15 8.55E-15 9.23E-15 3.60E-14
Yb-178 1.63E-15 1.87E-15 1.60E-15 1.52E-15 3.22E-15 1.65E-15 1.53E-15 1.67E-15 1.07E-14
Lutetium

Lu-169 4_.98E-14 5.67E-14 4.94E-14 4.82E-14 8.12E-14 5.09E-14 4.75E-14 5.09E-14 5.90E-14
Lu-170 1.24E-13 1.40E-13 1.26E-13 1.25E-13 1.78E-13 1.29E-13 1.22E-13 1.28E-13 1.46E-13
Lu-171 3.20E-14 3.67E-14 3.13E-14 3.01E-14 5.64E-14 3.25E-14 2.99E-14 3.25E-14 3.80E-14
Lu-172 9.06E-14 1.03E-13 9.01E-14 8.80E-14 1.45E-13 9.28E-14 8.64E-14 9.25E-14 1.07E-13
Lu-173 5.17E-15 6.13E-15 4_.55E-15 3.89E-15 1.45E-14 4_.98E-15 4.29E-15 5.10E-15 6.45E-15
Lu-174m 2.26E-15 2.72E-15 1.88E-15 1.52E-15 6.88E-15 2.12E-15 1.77E-15 2.18E-15 2.89E-15
Lu-174 5.45E-15 6.33E-15 5.11E-15 4.74E-15 1.12E-14 5.42E-15 4_.88E-15 5.46E-15 6.53E-15
Lu-176m 5.91E-16 7.05E-16 5.19E-16 4.22E-16 1.97E-15 5.66E-16 4.83E-16 5.87E-16 2.72E-14
Lu-176 2_.27E-14 2_.60E-14 2_.20E-14 2_.05E-14 5.18E-14 2_.28E-14 2_.08E-14 2_.32E-14 3.74E-14
Lu-177m 4_.59E-14 5.28E-14 4_42E-14 4_10E-14 1.06E-13 4.60E-14 4_18E-14 4_.67E-14 5.89E-14
Lu-177 1.59E-15 1.84E-15 1.51E-15 1.37E-15 4.17E-15 1.58E-15 1.42E-15 1.62E-15 7.13E-15
Lu-178m 5.12E-14 5.88E-14 4_.98E-14 4_.67E-14 1.11E-13 5.16E-14 4_.73E-14 5.23E-14 9.06E-14
Lu-178 6.92E-15 7.85E-15 6.92E-15 6.78E-15 1.09E-14 7.10E-15 6.67E-15 7.09E-15 5.68E-14
Lu-179 1.49E-15 1.71E-15 1.43E-15 1.33E-15 3.50E-15 1.50E-15 1.36E-15 1.52E-15 2.99E-14
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Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Hafnium

Hf-170 2_.48E-14 2_.86E-14 2_.39E-14 2_.24E-14 5.22E-14 2_.49E-14 2_.27E-14 2_.52E-14 3.00E-14
Hf-172 4_.18E-15 5.07E-15 3.47E-15 2.75E-15 1.38E-14 3.93E-15 3.25E-15 4.06E-15 5.46E-15
Hf-173 1.82E-14 2_.11E-14 1.73E-14 1.58E-14 4_.53E-14 1.82E-14 1.64E-14 1.85E-14 2_.23E-14
Hf-175 1.67E-14 1.92E-14 1.60E-14 1.50E-14 3.60E-14 1.67E-14 1.52E-14 1.69E-14 2_15E-14
Hf-177m 1.04E-13 1.19E-13 1.01E-13 9.45E-14 2_.28E-13 1.05E-13 9.57E-14 1.06E-13 1.39E-13
Hf-178m 1.10E-13 1.25E-13 1.07E-13 1.02E-13 2.18E-13 1.11E-13 1.02E-13 1.12E-13 1.36E-13
Hf-179m 4_.13E-14 4_.74E-14 4_01E-14 3.75E-14 8.92E-14 4_.16E-14 3.80E-14 4_.21E-14 5.26E-14
Hf-180m 4.64E-14 5.33E-14 4_.52E-14 4_.26E-14 9.71E-14 4_69E-14 4_30E-14 4.74E-14 5.82E-14
Hf-181 2_.57E-14 2_.95E-14 2_.52E-14 2_.39E-14 5.12E-14 2_.60E-14 2_.40E-14 2_.62E-14 3.62E-14
Hf-182m 4_.35E-14 4_.97E-14 4_26E-14 4_05E-14 8.39E-14 4_.40E-14 4_05E-14 4_.43E-14 5.82E-14
Hf-182 1.11E-14 1.28E-14 1.08E-14 1.01E-14 2.52E-14 1.12E-14 1.02E-14 1.14E-14 1.46E-14
Hf-183 3.56E-14 4.06E-14 3.52E-14 3.40E-14 6.08E-14 3.62E-14 3.36E-14 3.63E-14 6.83E-14
Hf-184 1.12E-14 1.29E-14 1.07E-14 9.87E-15 2.66E-14 1.12E-14 1.01E-14 1.14E-14 3.12E-14
Tantalum

Ta-172 7.42E-14 8.45E-14 7.38E-14 7.18E-14 1.24E-13 7.59E-14 7_.08E-14 7.59E-14 1.16E-13
Ta-173 2_.70E-14 3.10E-14 2.64E-14 2_.51E-14 5.11E-14 2_.73E-14 2_.52E-14 2.75E-14 5.08E-14
Ta-174 2_.91E-14 3.34E-14 2_.85E-14 2_.71E-14 5.70E-14 2_.95E-14 2_.71E-14 2_.97E-14 5.36E-14
Ta-175 4_.45E-14 5.07E-14 4.41E-14 4.28E-14 7.62E-14 4.54E-14 4.24E-14 4_.55E-14 5.32E-14
Ta-176 1.06E-13 1.20E-13 1.07E-13 1.06E-13 1.56E-13 1.09E-13 1.03E-13 1.09E-13 1.25E-13
Ta-177 2_.58E-15 3.09E-15 2.22E-15 1.81E-15 7.97E-15 2_.45E-15 2_.08E-15 2.53E-15 3.36E-15
Ta-178b' 4.67E-14 5.37E-14 4.51E-14 4.20E-14 1.04E-13 4.69E-14 4.28E-14 4_.75E-14 5.87E-14
Ta-178a? 4.61E-15 5.39E-15 4.27E-15 3.86E-15 1.07E-14 4_.55E-15 4.06E-15 4.61E-15 5.65E-15
Ta-179 1.14E-15 1.39E-15 9.19E-16 6.96E-16 3.90E-15 1.05E-15 8.57E-16 1.09E-15 1.45E-15
Ta-180m 1.76E-15 2.14E-15 1.45E-15 1.12E-15 6.02E-15 1.64E-15 1.35E-15 1.71E-15 3.67E-15
Ta-180 2_.55E-14 2_.93E-14 2_.45E-14 2_.28E-14 5.83E-14 2_.56E-14 2_.33E-14 2.59E-14 3.26E-14
Ta-182m 1.10E-14 1.28E-14 1.03E-14 9.16E-15 3.01E-14 1.09E-14 9.69E-15 1.11E-14 1.93E-14
Ta-182 6.26E-14 7.11E-14 6.24E-14 6.10E-14 9.94E-14 6.42E-14 5.99E-14 6.40E-14 7.85E-14
Ta-183 1.30E-14 1.50E-14 1.23E-14 1.11E-14 3.27E-14 1.29E-14 1.16E-14 1.31E-14 2.62E-14
Ta-184 7.63E-14 8.70E-14 7.54E-14 7.27E-14 1_.37E-13 7.78E-14 7.20E-14 7.80E-14 1.16E-13
Ta-185 8.63E-15 9.99E-15 8.14E-15 7.37E-15 2.17E-14 8.57E-15 7.69E-15 8.73E-15 5.20E-14
Ta-186 7.37E-14 8_.41E-14 7.27E-14 6.98E-14 1.36E-13 7.49E-14 6.94E-14 7.53E-14 1.49E-13
Tungsten

W-176 7.06E-15 8.41E-15 6.20E-15 5.04E-15 2.36E-14 6.76E-15 5.78E-15 7.02E-15 8.74E-15
W-177 4_.18E-14 4.79E-14 4.08E-14 3.87E-14 8.11E-14 4.23E-14 3.89E-14 4.26E-14 5.11E-14
W-178 4_.79E-16 5.81E-16 3.92E-16 2.99E-16 1.65E-15 4.45E-16 3.65E-16 4.62E-16 6.09E-16
W-179 1.94E-15 2.39E-15 1.51E-15 1.15E-15 6.42E-15 1.77E-15 1.42E-15 1.83E-15 2.58E-15
W-181 1.45E-15 1.76E-15 1.19E-15 9.10E-16 5.00E-15 1.35E-15 1.11E-15 1.40E-15 1.84E-15
W-185 5.53E-18 6.72E-18 4_.61E-18 3.83E-18 1.70E-17 5.21E-18 4_.35E-18 5.37E-18 4_.52E-15
W-187 2_.24E-14 2_.56E-14 2_.21E-14 2_.12E-14 4_.00E-14 2_.27E-14 2_.11E-14 2_.28E-14 4_09E-14
W-188 8.89E-17 1.02E-16 8.52E-17 7.90E-17 2.07E-16 8.90E-17 8.08E-17 9.04E-17 2.91E-15
Rhenium

Re-177 2_.90E-14 3.32E-14 2.86E-14 2.74E-14 5.31E-14 2_.94E-14 2_.74E-14 2_.96E-14 5.17E-14
Re-178 5.95E-14 6.72E-14 5.93E-14 5.78E-14 9.91E-14 6.10E-14 5.70E-14 6.09E-14 1.04E-13
Re-180 5.62E-14 6.40E-14 5.56E-14 5.40E-14 9.29E-14 5.74E-14 5.32E-14 5.72E-14 7.11E-14
Re-181 3.58E-14 4.10E-14 3.51E-14 3.35E-14 6.73E-14 3.63E-14 3.35E-14 3.65E-14 4.76E-14
Re-182b® 8.98E-14 1.02E-13 8.86E-14 8.54E-14 1.60E-13 9.14E-14 8_.48E-14 9.16E-14 1.08E-13
Re-182a* 5.66E-14 6.43E-14 5.62E-14 5.48E-14 9.20E-14 5.79E-14 5.40E-14 5.78E-14 6.71E-14
Re-184m 1.79E-14 2_.05E-14 1.74E-14 1.64E-14 3.62E-14 1.81E-14 1.65E-14 1.82E-14 2.19E-14
Re-184 4_.22E-14 4.80E-14 4.16E-14 4.03E-14 7.07E-14 4.30E-14 3.98E-14 4.29E-14 5.00E-14
Re-186m 5.20E-16 6.35E-16 4.21E-16 3.23E-16 1.75E-15 4.82E-16 3.93E-16 5.00E-16 7.24E-16
Re-186 9.09E-16 1.06E-15 8.40E-16 7.27E-16 2.72E-15 8.93E-16 7.87E-16 9.19E-16 2.03E-14
Re-187 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Re-188m 3.06E-15 3.65E-15 2_.65E-15 2.12E-15 1.04E-14 2_.90E-15 2.46E-15 3.02E-15 3.91E-15
Re-188 2_.81E-15 3.23E-15 2.74E-15 2_.58E-15 6.02E-15 2.84E-15 2.61E-15 2.87E-15 5.35E-14
Re-189 3.17E-15 3.65E-15 3.03E-15 2.79E-15 7.74E-15 3.17E-15 2.87E-15 3.22E-15 2.15E-14
Osmium

0s-180 2_.34E-15 2_.80E-15 2.02E-15 1.65E-15 7.32E-15 2.22E-15 1.89E-15 2.30E-15 3.19E-15
1T, =2.2h

2T,=9.31m

3T, =64.0 h

4T,=12.7 h
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Dose Coefficients for Air Submersion

Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Osmium, cont®d

0s-181 5.82E-14 6.63E-14 5.76E-14 5.58E-14 1.01E-13 5.94E-14 5.52E-14 5.94E-14 7.03E-14
0s-182 1.97E-14 2_.27E-14 1.91E-14 1.79E-14 4_18E-14 1.99E-14 1.82E-14 2.01E-14 2_46E-14
0s-185 3.36E-14 3.84E-14 3.32E-14 3.20E-14 5.82E-14 3.42E-14 3.17E-14 3.43E-14 4.01E-14
0s-189m 8.32E-20 4.53E-19 1.28E-21 2.06E-20 1.12E-19 1.21E-20 3.69E-20 1.06E-19 7.16E-18
0s-190m 7.43E-14 8.50E-14 7.35E-14 7.05E-14 1.37E-13 7.56E-14 7.01E-14 7.60E-14 9.12E-14
0s-191m 2.81E-16 3.37E-16 2.38E-16 1.86E-16 9.73E-16 2.63E-16 2.21E-16 2.75E-16 3.67E-16
0s-191 3.20E-15 3.77E-15 2.89E-15 2.41E-15 1.03E-14 3.10E-15 2.69E-15 3.21E-15 4.35E-15
0s-193 3.34E-15 3.85E-15 3.22E-15 2.99E-15 7.45E-15 3.35E-15 3.05E-15 3.40E-15 2.44E-14
0s-194 3.08E-17 3.97E-17 2.06E-17 1.49E-17 9.43E-17 2.70E-17 1.98E-17 2.75E-17 5.22E-17
Iridium

1r-182 6.35E-14 7.25E-14 6.29E-14 6.05E-14 1.14E-13 6.47E-14 6.01E-14 6.50E-14 1.35E-13
1r-184 9.16E-14 1.04E-13 9.12E-14 8.86E-14 1.55E-13 9.37E-14 8.75E-14 9.38E-14 1.21E-13
1r-185 2_.87E-14 3.27E-14 2_.85E-14 2_.77E-14 4_.94E-14 2_.93E-14 2_.75E-14 2_.94E-14 3.52E-14
Ir-186a! 7.87E-14 8.95E-14 7.83E-14 7.60E-14 1.35E-13 8.04E-14 7.51E-14 8.06E-14 9.55E-14
1r-186b? 4.56E-14 5.20E-14 4.51E-14 4_.35E-14 7.97E-14 4.64E-14 4_.31E-14 4.65E-14 6.41E-14
1r-187 1.66E-14 1.90E-14 1.61E-14 1.52E-14 3.23E-14 1.67E-14 1.53E-14 1.68E-14 2.03E-14
1r-188 7.78E-14 8_.81E-14 7.83E-14 7.72E-14 1.20E-13 8.01E-14 7.57E-14 8.01E-14 9.18E-14
1r-189 3.23E-15 3.81E-15 2.87E-15 2.41E-15 9.89E-15 3.11E-15 2.69E-15 3.21E-15 4.14E-15
Ir-190n® 7.23E-14 8.28E-14 7.12E-14 6.80E-14 1.37E-13 7.34E-14 6.79E-14 7.39E-14 8.89E-14
Ir-190m* 1.06E-19 5.36E-19 7.98E-22 2.50E-20 1.35E-19 1.58E-20 4.29E-20 1.27E-19 7.52E-18
1r-190 6.71E-14 7.69E-14 6.60E-14 6.30E-14 1.28E-13 6.81E-14 6.29E-14 6.86E-14 8.24E-14
Ir-191m 3.01E-15 3.55E-15 2.73E-15 2.29E-15 9.62E-15 2.92E-15 2.54E-15 3.02E-15 4.07E-15
Ir-192m 7.46E-15 8.59E-15 7.15E-15 6.49E-15 2.00E-14 7.47E-15 6.74E-15 7.63E-15 8.81E-15
1r-192 3.83E-14 4.38E-14 3.76E-14 3.59E-14 7.50E-14 3.88E-14 3.59E-14 3.91E-14 5.53E-14
Ir-194m 1.10E-13 1.25E-13 1.09E-13 1.05E-13 1.97E-13 1.12E-13 1.04E-13 1.12E-13 1.34E-13
1r-194 4.44E-15 5.06E-15 4.38E-15 4.21E-15 8.19E-15 4.51E-15 4.19E-15 4.54E-15 5.85E-14
Ir-195m 1.90E-14 2_.18E-14 1.84E-14 1.72E-14 4_05E-14 1.91E-14 1.75E-14 1.93E-14 3.53E-14
1r-195 2_.32E-15 2.75E-15 2.06E-15 1.70E-15 7.63E-15 2.23E-15 1.92E-15 2.32E-15 2.19E-14
Platinum

Pt-186 3.46E-14 3.96E-14 3.42E-14 3.30E-14 6.00E-14 3.53E-14 3.27E-14 3.53E-14 4.10E-14
Pt-188 8.77E-15 1.02E-14 8.22E-15 7.34E-15 2_.30E-14 8.66E-15 7.74E-15 8.86E-15 1.18E-14
Pt-189 1.46E-14 1.68E-14 1.40E-14 1.30E-14 3.16E-14 1.46E-14 1.33E-14 1.48E-14 1.82E-14
Pt-191 1.33E-14 1.54E-14 1.26E-14 1.14E-14 3.20E-14 1.32E-14 1.19E-14 1.34E-14 1.71E-14
Pt-193m 4.20E-16 5.01E-16 3.63E-16 2.88E-16 1.45E-15 3.97E-16 3.37E-16 4.15E-16 3.07E-15
Pt-193  3.58E-19 1.63E-18 2.61E-21 7.99E-20 4.34E-19 6.58E-20 1.30E-19 3.98E-19 2.07E-17
Pt-195m 2.85E-15 3.39E-15 2.51E-15 2.03E-15 9.64E-15 2.72E-15 2.33E-15 2.84E-15 5.92E-15
Pt-197m 3.46E-15 4_.03E-15 3.24E-15 2.89E-15 8.95E-15 3.41E-15 3.05E-15 3.49E-15 1.86E-14
Pt-197 1.00E-15 1.18E-15 9.18E-16 7.81E-16 3.10E-15 9.76E-16 8.57E-16 1.01E-15 1.06E-14
Pt-199 9.52E-15 1.09E-14 9.41E-15 9.03E-15 1.75E-14 9.68E-15 8.97E-15 9.73E-15 4_.38E-14
Pt-200 2_.53E-15 2.95E-15 2.34E-15 2.04E-15 7.22E-15 2.48E-15 2_.19E-15 2.55E-15 1.13E-14
Gold

Au-193  6.79E-15 7.92E-15 6.28E-15 5.49E-15 1.90E-14 6.65E-15 5.90E-15 6.83E-15 9.16E-15
Au-194 5.16E-14 5.86E-14 5.15E-14 5.02E-14 8.58E-14 5.28E-14 4_.96E-14 5.29E-14 6.19E-14
Au-195m 9.19E-15 1.05E-14 8.88E-15 8.26E-15 2.12E-14 9.23E-15 8.41E-15 9.37E-15 1.35E-14
Au-195 3.24E-15 3.85E-15 2.83E-15 2.27E-15 1.11E-14 3.08E-15 2.63E-15 3.21E-15 4.12E-15
Au-198m 2.61E-14 3.01E-14 2.49E-14 2.26E-14 6.81E-14 2.60E-14 2_.34E-14 2.66E-14 3.75E-14
Au-198 1.89E-14 2.17E-14 1.87E-14 1.79E-14 3.58E-14 1.92E-14 1.78E-14 1.94E-14 4_08E-14
Au-199 4_.00E-15 4.62E-15 3.80E-15 3.42E-15 1.09E-14 3.98E-15 3.57E-15 4.08E-15 8.23E-15
Au-200m 9.84E-14 1.12E-13 9.73E-14 9.36E-14 1.78E-13 1.00E-13 9.28E-14 1.01E-13 1.27E-13
Au-200 1.33E-14 1.51E-14 1.33E-14 1.31E-14 2_.11E-14 1.37E-14 1.28E-14 1.37E-14 6.36E-14
Au-201 2_.51E-15 2.88E-15 2.48E-15 2.37E-15 4.63E-15 2_.55E-15 2_.36E-15 2.57E-15 2.78E-14
Mercury

Hg-193m 4.94E-14 5.64E-14 4_.89E-14 4_.71E-14 8.88E-14 5.03E-14 4_.68E-14 5.05E-14 6.21E-14
Hg-193 8.61E-15 1.00E-14 8.00E-15 7.04E-15 2.40E-14 8.46E-15 7.52E-15 8.69E-15 1.26E-14
Hg-194 7.05E-19 2.69E-18 6.10E-21 1.46E-19 7.98E-19 1.67E-19 2_.16E-19 6.92E-19 2.65E-17
Hg-195m 9.47E-15 1.09E-14 9.14E-15 8.52E-15 2.08E-14 9.50E-15 8.67E-15 9.63E-15 1.38E-14
Hg-195 9.08E-15 1.05E-14 8.73E-15 8.13E-15 1.93E-14 9.11E-15 8.29E-15 9.20E-15 1.11E-14
1T, =15.8 h

2T,=1.75h

T, =3.1h

4T, =1.2h
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Dose Coefficients for Air Submersion

Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Mercury, cont®d

Hg-197m 3.99E-15 4.64E-15 3.73E-15 3.26E-15 1.17E-14 3.93E-15 3.49E-15 4_.05E-15 1.02E-14
Hg-197 2.68E-15 3.18E-15 2.35E-15 1.88E-15 9.18E-15 2.55E-15 2.18E-15 2.66E-15 3.35E-15
Hg-199m 8.22E-15 9.52E-15 7.80E-15 7.00E-15 2.18E-14 8.17E-15 7.34E-15 8.36E-15 2.71E-14
Hg-203 1.11E-14 1.27E-14 1.08E-14 1.01E-14 2_.45E-14 1.12E-14 1.02E-14 1.13E-14 1.56E-14
Thallium

TI-194m 1.09E-13 1.24E-13 1.08E-13 1.04E-13 1.92E-13 1.11E-13 1.03E-13 1.11E-13 1.47E-13
TI-194 3.62E-14 4.15E-14 3.57E-14 3.41E-14 6.76E-14 3.68E-14 3.40E-14 3.70E-14 4.41E-14
TI-195 6.17E-14 7.00E-14 6.19E-14 6.08E-14 9.72E-14 6.34E-14 5.97E-14 6.34E-14 7.52E-14
TI-197 1.89E-14 2_.17E-14 1.85E-14 1.76E-14 3.72E-14 1.91E-14 1.77E-14 1.93E-14 2_43E-14
TI-198m 5.57E-14 6.37E-14 5.49E-14 5.26E-14 1.03E-13 5.66E-14 5.24E-14 5.69E-14 7.40E-14
TI-198 9.81E-14 1.11E-13 9.87E-14 9.71E-14 1.52E-13 1.01E-13 9.53E-14 1.01E-13 1.16E-13
TI-199 1.11E-14 1.28E-14 1.07E-14 9.79E-15 2.61E-14 1.11E-14 1.01E-14 1.13E-14 1.49E-14
TI1-200 6.27E-14 7.13E-14 6.24E-14 6.06E-14 1.05E-13 6.41E-14 5.98E-14 6.42E-14 7.50E-14
TI-201 3.77E-15 4.44E-15 3.39E-15 2.81E-15 1.23E-14 3.63E-15 3.16E-15 3.78E-15 4.89E-15
TI1-202 2_.14E-14 2_.46E-14 2_.09E-14 1.97E-14 4_.33E-14 2_.16E-14 1.99E-14 2_.18E-14 2_.63E-14
TI-204 5.64E-17 6.72E-17 4.92E-17 4_.01E-17 1.86E-16 5.37E-17 4_.59E-17 5.59E-17 1.24E-14
TI1-206 6.74E-17 7.93E-17 6.13E-17 5.49E-17 1.74E-16 6.60E-17 5.81E-17 6.73E-17 3.36E-14
TI1-207 1.60E-16 1.84E-16 1.55E-16 1.47E-16 3.03E-16 1.62E-16 1.47E-16 1.62E-16 3.06E-14
TI1-208 1.72E-13 1.92E-13 1.75E-13 1.74E-13 2.42E-13 1.78E-13 1.70E-13 1.77E-13 2.34E-13
TI-209 9.95E-14 1.13E-13 1.00E-13 9.86E-14 1.55E-13 1.02E-13 9.69E-14 1.02E-13 1.59E-13
Lead

Pb-195m 7.51E-14 8.58E-14 7.43E-14 7.15E-14 1_.34E-13 7.65E-14 7_.09E-14 7.68E-14 9.97E-14
Pb-198 2_.00E-14 2_.30E-14 1.94E-14 1.81E-14 4_.42E-14 2_.01E-14 1.84E-14 2_.04E-14 2_.66E-14
Pb-199 7.13E-14 8.10E-14 7.13E-14 6.96E-14 1.16E-13 7.31E-14 6.85E-14 7.31E-14 8.55E-14
Pb-200 9.07E-15 1.05E-14 8.51E-15 7.52E-15 2.53E-14 8.96E-15 7.99E-15 9.20E-15 1.31E-14
Pb-201 3.55E-14 4.06E-14 3.50E-14 3.34E-14 6.68E-14 3.61E-14 3.33E-14 3.63E-14 4.43E-14
Pb-202m 9.75E-14 1.11E-13 9.70E-14 9.45E-14 1.59E-13 9.98E-14 9.29E-14 9.96E-14 1.17E-13
Pb-202 3.86E-19 1.88E-18 2.77E-21 8.91E-20 4.82E-19 6.67E-20 1.51E-19 4.52E-19 2.72E-17
Pb-203 1.41E-14 1.62E-14 1.35E-14 1.24E-14 3.37E-14 1.41E-14 1.28E-14 1.44E-14 1.87E-14
Pb-205 4.44E-19 2.09E-18 3.36E-21 1.01E-19 5.47E-19 8.26E-20 1.68E-19 5.06E-19 2.92E-17
Pb-209 8.37E-18 1.02E-17 6.98E-18 5.93E-18 2.43E-17 7.91E-18 6.62E-18 8.12E-18 9.35E-15
Pb-210 6.19E-17 8.18E-17 4.25E-17 3.14E-17 1.95E-16 5.42E-17 4_.09E-17 5.64E-17 1.28E-16
Pb-211 2_.44E-15 2_.79E-15 2_.42E-15 2.34E-15 4_.19E-15 2_.49E-15 2_.31E-15 2.49E-15 3.06E-14
Pb-212 6.75E-15 7.76E-15 6.46E-15 5.92E-15 1.68E-14 6.75E-15 6.10E-15 6.87E-15 1.35E-14
Pb-214 1.16E-14 1.33E-14 1.13E-14 1.06E-14 2_.44E-14 1.17E-14 1.07E-14 1.18E-14 2_.77E-14
Bismuth

Bi-200 1.14E-13 1.29E-13 1.12E-13 1.09E-13 1.97E-13 1.16E-13 1.08E-13 1.16E-13 1.43E-13
Bi-201 6.38E-14 7.26E-14 6.33E-14 6.16E-14 1.05E-13 6.52E-14 6.07E-14 6.51E-14 8.99E-14
Bi-202 1.30E-13 1.48E-13 1.30E-13 1.26E-13 2.12E-13 1.33E-13 1.24E-13 1.33E-13 1.57E-13
Bi-203 1.17E-13 1.32E-13 1.17E-13 1.16E-13 1.77E-13 1.20E-13 1.13E-13 1.20E-13 1.39E-13
Bi-205 8.26E-14 9.36E-14 8.32E-14 8.19E-14 1.26E-13 8.50E-14 8.03E-14 8.49E-14 9.70E-14
Bi-206 1.58E-13 1.79E-13 1.57E-13 1.54E-13 2.53E-13 1.62E-13 1.51E-13 1.61E-13 1.90E-13
Bi-207 7.37E-14 8.38E-14 7.35E-14 7.17E-14 1_.19E-13 7.55E-14 7.04E-14 7.54E-14 9_.31E-14
Bi-210m 1.20E-14 1.37E-14 1.17E-14 1.10E-14 2_.59E-14 1.21E-14 1.11E-14 1.22E-14 1.63E-14
Bi-210 3.32E-17 3.95E-17 2.95E-17 2.60E-17 8.98E-17 3.22E-17 2.79E-17 3.29E-17 2.30E-14
Bi-211 2_.17E-15 2_.49E-15 2_.13E-15 2.01E-15 4.44E-15 2_.19E-15 2_.02E-15 2.22E-15 3.07E-15
Bi-212 9.02E-15 1.02E-14 9.03E-15 8.87E-15 1.39E-14 9.26E-15 8.69E-15 9.24E-15 4_.05E-14
Bi-213 6.25E-15 7.16E-15 6.17E-15 5.91E-15 1.17E-14 6.35E-15 5.89E-15 6.39E-15 3.39E-14
Bi-214 7.44E-14 8_.42E-14 7.51E-14 7.43E-14 1.09E-13 7.67E-14 7.26E-14 7.65E-14 1_.28E-13
Polonium

Po-203 7.93E-14 9.00E-14 7.91E-14 7.74E-14 1_.27E-13 8.13E-14 7.60E-14 8.12E-14 1.00E-13
Po-205 7.62E-14 8.65E-14 7.60E-14 7.44E-14 1_.21E-13 7.81E-14 7.30E-14 7.80E-14 9.10E-14
Po-207 6.38E-14 7.25E-14 6.34E-14 6.18E-14 1.03E-13 6.53E-14 6.08E-14 6.51E-14 7.67E-14
Po-210 4.08E-19 4.63E-19 4.06E-19 3.97E-19 6.39E-19 4.18E-19 3.89E-19 4.16E-19 4.81E-19
Po-211 3.73E-16 4.24E-16 3.71E-16 3.62E-16 5.97E-16 3.82E-16 3.56E-16 3.81E-16 4.47E-16
Po-212 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Po-213 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Po-214 4_.00E-18 4.54E-18 3.98E-18 3.89E-18 6.27E-18 4.09E-18 3.81E-18 4.08E-18 4.71E-18
Po-215 8.24E-18 9.43E-18 8.15E-18 7.81E-18 1.53E-17 8.37E-18 7.77E-18 8.43E-18 1.01E-17
Po-216 8.12E-19 9.23E-19 8.09E-19 7.91E-19 1.27E-18 8.32E-19 7.75E-19 8.29E-19 9.57E-19
Po-218 4_.39E-19 4.98E-19 4.37E-19 4.28E-19 6.81E-19 4.50E-19 4.19E-19 4.48E-19 7.56E-19
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Astatine

At-207 6.37E-14 7.23E-14 6.35E-14 6.20E-14 1.04E-13 6.52E-14 6.10E-14 6.52E-14 7.76E-14
At-211 1.58E-15 1.87E-15 1.44E-15 1.19E-15 5.22E-15 1.53E-15 1.33E-15 1.59E-15 1.96E-15
At-215 9.02E-18 1.03E-17 8.90E-18 8.50E-18 1.72E-17 9.15E-18 8.48E-18 9.22E-18 1.12E-17
At-216 6.19E-17 7.29E-17 5.62E-17 4.65E-17 2.06E-16 5.99E-17 5.22E-17 6.24E-17 8.03E-17
At-217 1.45E-17 1.65E-17 1.43E-17 1.37E-17 2.67E-17 1.47E-17 1.36E-17 1.48E-17 1.86E-17
At-218 1.26E-16 1.60E-16 9.67E-17 7.25E-17 4_.23E-16 1.14E-16 9.12E-17 1.19E-16 2.12E-16
Radon

Rn-218 3.57E-17 4.08E-17 3.55E-17 3.45E-17 6.00E-17 3.65E-17 3.40E-17 3.65E-17 4.30E-17
Rn-219 2.62E-15 3.00E-15 2.56E-15 2.43E-15 5.44E-15 2.65E-15 2.44E-15 2.68E-15 3.38E-15
Rn-220 1.81E-17 2.07E-17 1.80E-17 1.74E-17 3.13E-17 1.85E-17 1.72E-17 1.85E-17 2.20E-17
Rn-222 1.87E-17 2.14E-17 1.86E-17 1.79E-17 3.31E-17 1.90E-17 1.77E-17 1.91E-17 2.28E-17
Francium

Fr-219 1.62E-16 1.86E-16 1.60E-16 1.52E-16 3.21E-16 1.65E-16 1.52E-16 1.66E-16 2.04E-16
Fr-220 4_82E-16 5.61E-16 4.56E-16 4.07E-16 1.36E-15 4.79E-16 4.29E-16 4.92E-16 8.53E-16
Fr-221 1.43E-15 1.64E-15 1.38E-15 1.27E-15 3.48E-15 1.44E-15 1.30E-15 1.46E-15 2.02E-15
Fr-222 1.17E-16 1.37E-16 1.08E-16 9.80E-17 2.86E-16 1.15E-16 1.02E-16 1.17E-16 4.76E-14
Fr-223 2.30E-15 2.72E-15 2.07E-15 1.80E-15 6.29E-15 2.24E-15 1.95E-15 2.29E-15 2.30E-14
Radium

Ra-222  4.29E-16 4.91E-16 4.21E-16 3.99E-16 8.87E-16 4.35E-16 4.00E-16 4.39E-16 5.51E-16
Ra-223 5.97E-15 6.91E-15 5.70E-15 5.16E-15 1.54E-14 5.96E-15 5.37E-15 6.09E-15 8.87E-15
Ra-224 4_61E-16 5.28E-16 4.47E-16 4.17E-16 1.07E-15 4.64E-16 4.24E-16 4.71E-16 6.35E-16
Ra-225 3.24E-16 4.24E-16 1.96E-16 1.42E-16 9.20E-16 2.77E-16 1.93E-16 2.79E-16 3.01E-15
Ra-226  3.08E-16 3.54E-16 2.95E-16 2.70E-16 7.95E-16 3.09E-16 2.79E-16 3.15E-16 4.79E-16
Ra-227 7.28E-15 8.38E-15 7.07E-15 6.69E-15 1.49E-14 7.34E-15 6.73E-15 7.41E-15 3.19E-14
Ra-228 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Actinium

Ac-223 2.03E-16 2.37E-16 1.94E-16 1.79E-16 4.87E-16 2.03E-16 1.84E-16 2.07E-16 3.05E-16
Ac-224 8.82E-15 1.02E-14 8.37E-15 7.49E-15 2.44E-14 8.78E-15 7.87E-15 9.00E-15 1.08E-14
Ac-225  7.08E-16 8.28E-16 6.64E-16 5.83E-16 2.07E-15 6.99E-16 6.22E-16 7.21E-16 9.40E-16
Ac-226 5.91E-15 6.79E-15 5.67E-15 5.20E-15 1.49E-14 5.91E-15 5.35E-15 6.03E-15 2.15E-14
Ac-227 5.78E-18 6.98E-18 5.22E-18 4.59E-18 1.68E-17 5.60E-18 4.92E-18 5.82E-18 1.10E-17
Ac-228 4_67E-14 5.30E-14 4.66E-14 4.56E-14 7.39E-14 4.79E-14 4_48E-14 4.78E-14 7.88E-14
Thorium

Th-226  3.52E-16 4.10E-16 3.33E-16 2.97E-16 9.97E-16 3.50E-16 3.13E-16 3.59E-16 6.37E-16
Th-227 4 _80E-15 5.53E-15 4.61E-15 4.27E-15 1.12E-14 4.81E-15 4.36E-15 4.88E-15 6.50E-15
Th-228 9.12E-17 1.09E-16 8.33E-17 7.32E-17 2.64E-16 8.88E-17 7.84E-17 9.20E-17 1.50E-16
Th-229 3.77E-15 4.42E-15 3.50E-15 3.03E-15 1.15E-14 3.70E-15 3.27E-15 3.83E-15 5.41E-15
Th-230 1.80E-17 2.38E-17 1.43E-17 1.22E-17 5.29E-17 1.63E-17 1.37E-17 1.74E-17 4.51E-17
Th-231 5.39E-16 6.79E-16 4.35E-16 3.70E-16 1.63E-15 5.00E-16 4.15E-16 5.22E-16 2.52E-15
Th-232 9.34E-18 1.36E-17 6.37E-18 5.52E-18 2.60E-17 7.90E-18 6.34E-18 8.72E-18 3.44E-17
Th-234 3.38E-16 4.03E-16 3.01E-16 2.49E-16 1.12E-15 3.25E-16 2.81E-16 3.38E-16 7.50E-16
Protactinium

Pa-227 8.46E-16 1.00E-15 7.68E-16 6.43E-16 2.78E-15 8.21E-16 7.16E-16 8.54E-16 1.08E-15
Pa-228 5.41E-14 6.16E-14 5.38E-14 5.23E-14 9.14E-14 5.53E-14 5.15E-14 5.54E-14 6.56E-14
Pa-230 3.07E-14 3.50E-14 3.04E-14 2.94E-14 5.27E-14 3.13E-14 2.90E-14 3.13E-14 3.73E-14
Pa-231 1.71E-15 1.99E-15 1.62E-15 1.52E-15 3.64E-15 1.70E-15 1.54E-15 1.72E-15 2.44E-15
Pa-232 4_47E-14 5.08E-14 4.44E-14 4.34E-14 7.19E-14 4.57E-14 4_.26E-14 4.56E-14 5.57E-14
Pa-233 9.16E-15 1.05E-14 8.88E-15 8.27E-15 2.08E-14 9.21E-15 8.42E-15 9.35E-15 1.66E-14
Pa-234m 7.05E-16 8.05E-16 6.94E-16 6.70E-16 1.24E-15 7.18E-16 6.64E-16 7.19E-16 5.48E-14
Pa-234 9.14E-14 1.04E-13 9.09E-14 8.86E-14 1.50E-13 9.35E-14 8.71E-14 9.34E-14 1.24E-13
Uranium

U-230 5.31E-17 6.66E-17 4.52E-17 4.03E-17 1.45E-16 5.00E-17 4.32E-17 5.23E-17 1.07E-16
U-231 2.91E-15 3.46E-15 2.65E-15 2.27E-15 9.26E-15 2.84E-15 2.48E-15 2.95E-15 3.82E-15
U-232 1.55E-17 2.32E-17 9.84E-18 8.99E-18 3.86E-17 1.29E-17 1.00E-17 1.42E-17 5.92E-17
U-233 1.69E-17 2.22E-17 1.35E-17 1.24E-17 4_.12E-17 1.55E-17 1.31E-17 1.63E-17 4.57E-17
U-234 8.79E-18 1.44E-17 4.38E-18 4.20E-18 1.99E-17 6.69E-18 4.80E-18 7.63E-18 4.25E-17
U-235 7.05E-15 8.11E-15 6.75E-15 6.15E-15 1.84E-14 7.05E-15 6.37E-15 7.20E-15 8.64E-15
U-236 6.10E-18 1.10E-17 2.18E-18 2.33E-18 1.19E-17 4.19E-18 2.70E-18 5.01E-18 3.57E-17
U-237 5.90E-15 6.90E-15 5.48E-15 4.82E-15 1.69E-14 5.81E-15 5.15E-15 5.97E-15 9.97E-15
U-238 4_39E-18 8.54E-18 9.96E-19 1.24E-18 7.40E-18 2.72E-18 1.51E-18 3.41E-18 2.91E-17
U-239 2.18E-15 2.57E-15 1.96E-15 1.67E-15 6.50E-15 2.11E-15 1.84E-15 2.17E-15 2.61E-14
U-240 4_92E-17 8.04E-17 1.84E-17 1.71E-17 1.05E-16 3.61E-17 2.17E-17 3.93E-17 3.12E-15
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Neptunium

Np-232 5.68E-14 6.47E-14 5.62E-14 5.43E-14 9.95E-14 5.79E-14 5.37E-14 5.80E-14 6.94E-14
Np-233 3.78E-15 4.43E-15 3.54E-15 3.07E-15 1.16E-14 3.73E-15 3.31E-15 3.85E-15 4.78E-15
Np-234 7.06E-14 8_.00E-14 7.12E-14 7.04E-14 1.05E-13 7.27E-14 6.89E-14 7.26E-14 8.41E-14
Np-235 5.63E-17 8.36E-17 3.47E-17 3.22E-17 1.40E-16 4.69E-17 3.57E-17 5.10E-17 1.82E-16
Np-236a®l 5.26E-15 6.18E-15 4.91E-15 4.29E-15 1.58E-14 5.19E-15 4.60E-15 5.36E-15 9.17E-15
Np-236b? 2.10E-15 2.45E-15 1.97E-15 1.73E-15 6.11E-15 2.08E-15 1.85E-15 2.14E-15 5.76E-15
Np-237  1.04E-15 1.26E-15 9.02E-16 7.69E-16 3.20E-15 9.94E-16 8.50E-16 1.03E-15 1.54E-15
Np-238 2_.66E-14 3.02E-14 2_.65E-14 2_.61E-14 3.99E-14 2_.73E-14 2_.55E-14 2.72E-14 4_31E-14
Np-239 7.53E-15 8.73E-15 7.18E-15 6.50E-15 2.00E-14 7.52E-15 6.76E-15 7.69E-15 1.60E-14
Np-240m 1.58E-14 1.80E-14 1.57E-14 1.53E-14 2_.61E-14 1.62E-14 1.51E-14 1.62E-14 5.93E-14
Np-240 6.18E-14 7.04E-14 6.12E-14 5.94E-14 1.05E-13 6.31E-14 5.86E-14 6.31E-14 9.15E-14
Plutonium

Pu-234 2_.79E-15 3.28E-15 2.60E-15 2.23E-15 8.87E-15 2.75E-15 2_.43E-15 2.85E-15 3.46E-15
Pu-235 3.85E-15 4.51E-15 3.60E-15 3.14E-15 1.15E-14 3.80E-15 3.37E-15 3.92E-15 4.78E-15
Pu-236 8.31E-18 1.56E-17 1.89E-18 2.47E-18 1.31E-17 5.35E-18 2.88E-18 6.35E-18 4.83E-17
Pu-237 1.99E-15 2.35E-15 1.83E-15 1.57E-15 6.31E-15 1.95E-15 1.71E-15 2.02E-15 2.54E-15
Pu-238 6.56E-18 1.27E-17 1.06E-18 1.68E-18 9.30E-18 4.01E-18 1.99E-18 4.88E-18 4.09E-17
Pu-239 4_.84E-18 7.55E-18 2.65E-18 2.67E-18 9.47E-18 3.88E-18 2.86E-18 4.24E-18 1.86E-17
Pu-240 6.36E-18 1.23E-17 1.09E-18 1.65E-18 9.26E-18 3.92E-18 1.96E-18 4.75E-18 3.92E-17
Pu-241  7.19E-20 8.67E-20 6.48E-20 5.63E-20 2.19E-19 6.98E-20 6.09E-20 7.25E-20 1.17E-19
Pu-242 5.34E-18 1.03E-17 9.69E-19 1.43E-18 7.90E-18 3.32E-18 1.68E-18 4.01E-18 3.27E-17
Pu-243  1.02E-15 1.21E-15 9.28E-16 7.84E-16 3.23E-15 9.91E-16 8.66E-16 1.03E-15 8.15E-15
Pu-244  4_10E-18 8.23E-18 4.23E-19 8.80E-19 5.29E-18 2.39E-18 1.08E-18 2.97E-18 2.69E-17
Pu-245 1.95E-14 2.23E-14 1.92E-14 1.85E-14 3.57E-14 1.98E-14 1.84E-14 1.99E-14 4_00E-14
Pu-246  5.93E-15 6.91E-15 5.55E-15 4.97E-15 1.61E-14 5.88E-15 5.23E-15 6.01E-15 8.82E-15
Americium

Am-237 1.67E-14 1.92E-14 1.62E-14 1.51E-14 3.78E-14 1.68E-14 1.53E-14 1.70E-14 2_14E-14
Am-238 4.24E-14 4.82E-14 4.21E-14 4.10E-14 7.05E-14 4.34E-14 4.04E-14 4.33E-14 5.09E-14
Am-239 1.02E-14 1.18E-14 9.62E-15 8.60E-15 2.83E-14 1.01E-14 9.04E-15 1.04E-14 1.56E-14
Am-240 4_.90E-14 5.56E-14 4.87E-14 4.75E-14 7.84E-14 5.02E-14 4.66E-14 5.00E-14 5.79E-14
Am-241 8.58E-16 1.07E-15 6.74E-16 5.21E-16 2.87E-15 7.83E-16 6.34E-16 8.18E-16 1.28E-15
Am-242m 3.80E-17 6.01E-17 1.72E-17 1.72E-17 7.94E-17 2_.95E-17 1.94E-17 3.17E-17 1.36E-16
Am-242 6.09E-16 7.30E-16 5.51E-16 4.77E-16 1.88E-15 5.94E-16 5.18E-16 6.15E-16 8.20E-15
Am-243 2_.19E-15 2.61E-15 1.92E-15 1.55E-15 7.47E-15 2_.09E-15 1.79E-15 2.18E-15 2.75E-15
Am-244m 6.38E-17 8.04E-17 5.16E-17 4.69E-17 1.56E-16 5.97E-17 5.00E-17 6.13E-17 3.11E-14
Am-244 3.77E-14 4_.30E-14 3.74E-14 3.65E-14 6.17E-14 3.86E-14 3.58E-14 3.85E-14 5.25E-14
Am-245 1.43E-15 1.66E-15 1.37E-15 1.24E-15 3.75E-15 1.43E-15 1.29E-15 1.46E-15 1.62E-14
Am-246m 4_.92E-14 5_.58E-14 4_.92E-14 4_83E-14 7.46E-14 5.05E-14 4_72E-14 5.03E-14 8.56E-14
Am-246 3.21E-14 3.67E-14 3.16E-14 3.04E-14 5.82E-14 3.26E-14 3.02E-14 3.28E-14 6.42E-14
Curium

Cm-238 3.18E-15 3.74E-15 2.98E-15 2.58E-15 9.94E-15 3.15E-15 2.78E-15 3.25E-15 3.94E-15
Cm-240 8.38E-18 1.60E-17 9.64E-19 1.82E-18 1.11E-17 5.14E-18 2_.26E-18 6.00E-18 4.68E-17
Cm-241 2_.25E-14 2_.59E-14 2_.21E-14 2_.08E-14 4_.63E-14 2_.28E-14 2_.10E-14 2_.31E-14 3.14E-14
Cm-242 7.83E-18 1.48E-17 1.13E-18 1.89E-18 1.06E-17 4.91E-18 2_.27E-18 5.69E-18 4_.29E-17
Cm-243 5.77E-15 6.68E-15 5.50E-15 5.00E-15 1.50E-14 5.76E-15 5.19E-15 5.88E-15 9.79E-15
Cm-244 6.90E-18 1.33E-17 7.08E-19 1.46E-18 8.82E-18 4.19E-18 1.81E-18 4.91E-18 3.91E-17
Cm-245  3.88E-15 4.55E-15 3.63E-15 3.17E-15 1.18E-14 3.84E-15 3.40E-15 3.96E-15 5.36E-15
Cm-246 6.24E-18 1.20E-17 7.00E-19 1.35E-18 8.17E-18 3.82E-18 1.67E-18 4.46E-18 3.49E-17
Cm-247 1.47E-14 1.68E-14 1.44E-14 1.38E-14 2.83E-14 1.49E-14 1.38E-14 1.50E-14 1.79E-14
Cm-248 4_.75E-18 9.12E-18 5.17E-19 1.02E-18 6.17E-18 2.90E-18 1.26E-18 3.39E-18 2.67E-17
Cm-249 9.16E-16 1.05E-15 9.07E-16 8.74E-16 1.62E-15 9.33E-16 8.66E-16 9.36E-16 1.59E-14
Cm-250 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Berkelium

Bk-245 1.01E-14 1.18E-14 9.65E-15 8.67E-15 2.77E-14 1.01E-14 9.07E-15 1.04E-14 1.58E-14
Bk-246 4_.49E-14 5.12E-14 4.46E-14 4.34E-14 7.44E-14 4.60E-14 4.27E-14 4.59E-14 5.31E-14
Bk-247 4_.63E-15 5.38E-15 4.37E-15 3.88E-15 1.30E-14 4.59E-15 4.10E-15 4.71E-15 7.43E-15
Bk-249  9.74E-20 1.37E-19 5.21E-20 4.24E-20 2.45E-19 8.02E-20 5.38E-20 8.21E-20 4.07E-17
Bk-250 4_.29E-14 4.86E-14 4.28E-14 4.22E-14 6.42E-14 4.41E-14 4.11E-14 4.38E-14 6.43E-14

TT, = 1.1565 y
2T, =22.5h
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Californium

Cf-244 9.79E-18 1.80E-17 1.15E-18 2.09E-18 1.29E-17 6.26E-18 2.67E-18 6.91E-18 4_.65E-17
Cf-246 7.43E-18 1.31E-17 1.50E-18 2.05E-18 1.11E-17 5.02E-18 2.46E-18 5.48E-18 3.35E-17
Cf-248 6.70E-18 1.23E-17 8.04E-19 1.44E-18 8.86E-18 4.29E-18 1.84E-18 4.73E-18 3.17E-17
Cf-249 1.54E-14 1.77E-14 1.52E-14 1.44E-14 3_.06E-14 1.56E-14 1.44E-14 1.58E-14 1.91E-14
Cf-250 6.38E-18 1.17E-17 7.62E-19 1.37E-18 8.42E-18 4.08E-18 1.75E-18 4.50E-18 3.02E-17
Cf-251 5.48E-15 6.38E-15 5.18E-15 4.65E-15 1.51E-14 5.45E-15 4.87E-15 5.58E-15 1.12E-14
Cf-252 6.85E-18 1.21E-17 1.42E-18 1.91E-18 1.04E-17 4.64E-18 2.29E-18 5.06E-18 3.08E-17
Cf-253 1.20E-18 1.60E-18 7.94E-19 6.55E-19 3.35E-18 1.05E-18 7.83E-19 1.08E-18 1.66E-15
Cf-254  2.08E-20 3.81E-20 2.49E-21 4.46E-21 2.75E-20 1.33E-20 5.70E-21 1.47E-20 9.83E-20
Einsteinium

Es-250 1.86E-14 2.12E-14 1.84E-14 1.77E-14 3_.38E-14 1.90E-14 1.75E-14 1.90E-14 2.21E-14
Es-251 4 _05E-15 4.75E-15 3.80E-15 3.34E-15 1.21E-14 4.01E-15 3.56E-15 4.13E-15 5.35E-15
Es-253 1.94E-17 2.52E-17 1.50E-17 1.44E-17 3.81E-17 1.79E-17 1.48E-17 1.83E-17 4.55E-17
Es-254m 2.21E-14 2.52E-14 2.19E-14 2.13E-14 3.64E-14 2_.25E-14 2.10E-14 2.25E-14 3.76E-14
Es-254 2.19E-16 3.11E-16 1.31E-16 1.22E-16 4.88E-16 1.85E-16 1.36E-16 1.93E-16 5.65E-16
Fermium

Fm-252 7.13E-18 1.26E-17 9.95E-19 1.57E-18 9.82E-18 4.72E-18 2.05E-18 5.03E-18 2.95E-17
Fm-253  3.46E-15 4.04E-15 3.25E-15 2.88E-15 1.00E-14 3.43E-15 3.05E-15 3.53E-15 4.55E-15
Fm-254 8.79E-18 1.48E-17 2.20E-18 2.64E-18 1.44E-17 6.22E-18 3.19E-18 6.57E-18 3.43E-17
Fm-255 1.26E-16 1.86E-16 7.01E-17 6.42E-17 3.05E-16 1.03E-16 7.34E-17 1.10E-16 3.95E-16
Fm-257 4 _58E-15 5.35E-15 4.31E-15 3.84E-15 1.29E-14 4.55E-15 4.05E-15 4.66E-15 7.18E-15
Mendelevium

Md-257 4_93E-15 5.72E-15 4.71E-15 4.29E-15 1.27E-14 4.93E-15 4.44E-15 5.03E-15 6.20E-15
Md-258 6.28E-17 9.54E-17 2.66E-17 2.55E-17 1.36E-16 4.89E-17 3.02E-17 5.08E-17 1.82E-16




TABLE 111.2

Dose Coefficients for Water Immersion

Explanation of Entries

For each radionuclide, values for the organ dose equivalent coefficients h;, and the effective
dose equivalent coefficient h, based upon the weighting factors of Table 11.1, are given in

Sl units. The coefficients are for water at a density of 1 x 10° kg m™,

The tissue dose equivalent coefficient for organ or tissue T (Sv per Bq s m?), i.e., the dose

equivalent per unit time-integrated exposure to a radionuclide.

The effective dose equivalent coefficient (Sv per Bqs m™), i.e., the effective dose equivalent

per unit time-integrated exposure to a radionuclide:

he = XT:WThT

Note that skin is not included in the summation.

To convert to a source per unit mass basis (Sv per Bq s kg™), multiply table entries by
1 x 10% (kg m*).

To convert to conventional units (mrem per uCi 'y cm™ or mrem per pCi y g), multiply
table entries by 1.168 x 10,

To derive coefficients for a water density other than 1 x 10° kg m™, multiply coefficients
(in any units) by (1 x 10*/p), where p is the water density in kg m>.
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Dose Coefficients for Water Immersion

Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Hydrogen

H-3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Beryllium

Be-7 5.03E-18 5.76E-18 4_.98E-18 4.78E-18 9.12E-18 5.12E-18 4.75E-18 5.15E-18 5.97E-18
Be-10 2.24E-20 2.73E-20 1.86E-20 1.57E-20 6.52E-20 2.11E-20 1.76E-20 2.17E-20 1.37E-17
Carbon

C-11 1.04E-16 1.19E-16 1.03E-16 9.93E-17 1.85E-16 1.06E-16 9.85E-17 1.06E-16 1.47E-16
C-14 5.10E-22 6.96E-22 2.96E-22 2.35E-22 1.37E-21 4.29E-22 2.98E-22 4.39E-22 2.55E-19
Nitrogen

N-13 1.04E-16 1.19E-16 1.03E-16 9.94E-17 1.85E-16 1.06E-16 9.86E-17 1.07E-16 1.56E-16
Oxygen

0-15 1.04E-16 1.19E-16 1.03E-16 9.96E-17 1.85E-16 1.06E-16 9.87E-17 1.07E-16 1.74E-16
Fluorine

F-18 1.04E-16 1.19E-16 1.03E-16 9.95E-17 1.85E-16 1.06E-16 9.87E-17 1.07E-16 1.37E-16
Neon

Ne-19 1.05E-16 1.20E-16 1.04E-16 9.98E-17 1.86E-16 1.06E-16 9.90E-17 1.07E-16 1.92E-16
Sodium

Na-22 2_.30E-16 2.61E-16 2.30E-16 2.25E-16 3.62E-16 2.35E-16 2.21E-16 2.35E-16 2.78E-16
Na-24 4_.59E-16 5.12E-16 4.67E-16 4.68E-16 6.23E-16 4.77E-16 4.54E-16 4.73E-16 5.59E-16
Magnesium

Mg-28 1.44E-16 1.63E-16 1.44E-16 1.42E-16 2.17E-16 1.48E-16 1.39E-16 1.47E-16 1.74E-16
Aluminum

Al-26 2_.86E-16 3.24E-16 2.89E-16 2.85E-16 4.29E-16 2.94E-16 2.80E-16 2.94E-16 3.61E-16
Al-28 1.94E-16 2.19E-16 1.98E-16 1.97E-16 2.70E-16 2.01E-16 1.93E-16 2.01E-16 3.14E-16
Silicon

Si-31 2_.34E-19 2.72E-19 2.21E-19 2.06E-19 4.98E-19 2.34E-19 2.11E-19 2.36E-19 4.03E-17
Si-32 1.15E-21 1.51E-21 7.49E-22 5.97E-22 3.27E-21 9.97E-22 7.36E-22 1.02E-21 8.69E-19
Phosphorus

P-30 1.05E-16 1.20E-16 1.04E-16 1.00E-16 1.87E-16 1.07E-16 9.94E-17 1.07E-16 2.30E-16
P-32 1.90E-19 2.24E-19 1.73E-19 1.56E-19 4.79E-19 1.86E-19 1.64E-19 1.90E-19 4_79E-17
P-33 1.77E-21 2.29E-21 1.21E-21 9.73E-22 5.13E-21 1.56E-21 1.18E-21 1.60E-21 1.45E-18
Sulphur

S-35 5.46E-22 7.40E-22 3.25E-22 2.58E-22 1.49E-21 4.63E-22 3.26E-22 4.74E-22 3.06E-19
Chlorine

CI-36 4_.52E-20 5.37E-20 4.05E-20 3.63E-20 1.12E-19 4.40E-20 3.84E-20 4.48E-20 1.56E-17
CI-38 1.65E-16 1.85E-16 1.68E-16 1.68E-16 2.27E-16 1.71E-16 1.64E-16 1.70E-16 3.03E-16
CI-39 1.54E-16 1.74E-16 1.55E-16 1.53E-16 2.30E-16 1.58E-16 1.49E-16 1.58E-16 2.35E-16
Argon

Ar-37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ar-39 1.82E-20 2.23E-20 1.50E-20 1.27E-20 5.30E-20 1.71E-20 1.42E-20 1.76E-20 1.13E-17
Ar-41 1.37E-16 1.55E-16 1.38E-16 1.37E-16 1.97E-16 1.41E-16 1.33E-16 1.41E-16 1.88E-16
Potassium

K-38 3.44E-16 3.89E-16 3.49E-16 3.46E-16 5.11E-16 3.55E-16 3.38E-16 3.55E-16 4.86E-16
K-40 1.69E-17 1.91E-17 1.71E-17 1.70E-17 2_.41E-17 1.74E-17 1.66E-17 1.74E-17 5.46E-17
K-42 3.06E-17 3.46E-17 3.10E-17 3.07E-17 4.39E-17 3.15E-17 3.00E-17 3.15E-17 1.41E-16
K-43 9.95E-17 1.14E-16 9.84E-17 9.48E-17 1.78E-16 1.01E-16 9.40E-17 1.02E-16 1.36E-16
K-44 2_.51E-16 2.81E-16 2.54E-16 2.54E-16 3.50E-16 2.60E-16 2.46E-16 2.58E-16 3.97E-16
K-45 2_.03E-16 2.29E-16 2.06E-16 2.05E-16 2.99E-16 2.10E-16 2.00E-16 2.10E-16 3.04E-16
Calcium

Ca-41 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ca-45 1.85E-21 2.39E-21 1.28E-21 1.03E-21 5.38E-21 1.64E-21 1.24E-21 1.68E-21 1.53E-18
Ca-47 1.13E-16 1.28E-16 1.14E-16 1.13E-16 1.65E-16 1.17E-16 1.10E-16 1.16E-16 1.52E-16
Ca-49 3.65E-16 4.02E-16 3.72E-16 3.75E-16 4.79E-16 3.82E-16 3.62E-16 3.76E-16 4.70E-16
Scandium

Sc-43 1.12E-16 1.28E-16 1.11E-16 1.06E-16 2.04E-16 1.14E-16 1.06E-16 1.14E-16 1.52E-16
Sc-44m 2_.89E-17 3.31E-17 2.83E-17 2.68E-17 6.03E-17 2.93E-17 2.69E-17 2.96E-17 3.58E-17
Sc-44 2_.23E-16 2.54E-16 2.22E-16 2.17E-16 3.57E-16 2.28E-16 2.13E-16 2.28E-16 3.01E-16
Sc-46 2_.12E-16 2.40E-16 2.11E-16 2.08E-16 3.18E-16 2.18E-16 2.03E-16 2.16E-16 2.49E-16
Sc-47 1.11E-17 1.28E-17 1.06E-17 9.59E-18 3.00E-17 1.11E-17 9.99E-18 1.14E-17 2.04E-17
Sc-48 3.55E-16 4.02E-16 3.55E-16 3.51E-16 5.25E-16 3.65E-16 3.42E-16 3.63E-16 4.23E-16
Sc-49 3.79E-19 4.39E-19 3.60E-19 3.37E-19 8.08E-19 3.79E-19 3.44E-19 3.83E-19 5.80E-17
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Dose Coefficients for Water Immersion

Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Titanium

Ti-44 1.26E-17 1.50E-17 1.10E-17 8.84E-18 4.32E-17 1.20E-17 1.03E-17 1.25E-17 1.56E-17
Ti-45 8.89E-17 1.02E-16 8.81E-17 8.48E-17 1.58E-16 9.04E-17 8.41E-17 9.09E-17 1.29E-16
Vanadium

V-47 1.02E-16 1.17E-16 1.01E-16 9.72E-17 1.81E-16 1.04E-16 9.64E-17 1.04E-16 1.77E-16
V-48 3.07E-16 3.49E-16 3.08E-16 3.03E-16 4.67E-16 3.16E-16 2.96E-16 3.15E-16 3.65E-16
V-49 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Chromium

Cr-48 4.44E-17 5.11E-17 4.30E-17 3.98E-17 1.04E-16 4.46E-17 4.07E-17 4.54E-17 5.29E-17
Cr-49 1.07E-16 1.23E-16 1.06E-16 1.01E-16 2.04E-16 1.09E-16 1.01E-16 1.10E-16 1.68E-16
Cr-51 3.23E-18 3.69E-18 3.15E-18 2.99E-18 6.69E-18 3.26E-18 3.00E-18 3.30E-18 3.82E-18
Manganese

Mn-51 1.02E-16 1.17E-16 1.01E-16 9.75E-17 1.81E-16 1.04E-16 9.66E-17 1.04E-16 1.87E-16
Mn-52m  2_.54E-16 2.88E-16 2.55E-16 2.50E-16 3.97E-16 2.60E-16 2.45E-16 2.60E-16 3.78E-16
Mn-52 3.65E-16 4.14E-16 3.65E-16 3.60E-16 5.52E-16 3.75E-16 3.52E-16 3.74E-16 4.27E-16
Mn-53 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mn-54 8.71E-17 9.89E-17 8.66E-17 8.48E-17 1.36E-16 8.92E-17 8.30E-17 8.88E-17 1.01E-16
Mn-56 1.81E-16 2.05E-16 1.83E-16 1.81E-16 2.65E-16 1.87E-16 1.77E-16 1.86E-16 2.68E-16
Iron

Fe-52 7.56E-17 8.67E-17 7.43E-17 7.07E-17 1.49E-16 7.66E-17 7.08E-17 7.73E-17 1.01E-16
Fe-55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fe-59 1.26E-16 1.43E-16 1.27E-16 1.25E-16 1.85E-16 1.30E-16 1.22E-16 1.29E-16 1.50E-16
Fe-60 4_48E-22 6.19E-22 2.49E-22 1.98E-22 1.18E-21 3.73E-22 2_.54E-22 3.81E-22 1.73E-19
Cobalt

Co-55 2.08E-16 2.36E-16 2.07E-16 2.02E-16 3.36E-16 2.12E-16 1.98E-16 2.12E-16 2.72E-16
Co-56 3.87E-16 4.35E-16 3.90E-16 3.87E-16 5.60E-16 3.99E-16 3.77E-16 3.97E-16 4.53E-16
Co-57 1.22E-17 1.42E-17 1.16E-17 1.01E-17 3.64E-17 1.21E-17 1.08E-17 1.25E-17 1.47E-17
Co-58m  2.89E-22 4.43E-22 6.82E-23 7.29E-23 4.78E-22 2_.12E-22 1.01E-22 2.07E-22 7.22E-22
Co-58 1.01E-16 1.15E-16 1.01E-16 9.81E-17 1.62E-16 1.03E-16 9.63E-17 1.03E-16 1.20E-16
Co-60m 4.70E-19 5.41E-19 4.52E-19 4.29E-19 8.84E-19 4.73E-19 4.33E-19 4.75E-19 6.55E-19
Co-60 2.67E-16 3.02E-16 2.68E-16 2.66E-16 3.86E-16 2.75E-16 2.59E-16 2.74E-16 3.11E-16
Co-61 8.81E-18 1.03E-17 7.99E-18 6.95E-18 2.38E-17 8.57E-18 7.52E-18 8.77E-18 4.00E-17
Co-62m  2.90E-16 3.27E-16 2.92E-16 2.89E-16 4.16E-16 2.99E-16 2.82E-16 2.97E-16 4.09E-16
Nickel

Ni-56 1.79E-16 2.04E-16 1.77E-16 1.72E-16 3.07E-16 1.83E-16 1.70E-16 1.83E-16 2.09E-16
Ni-57 2.04E-16 2.32E-16 2.06E-16 2.03E-16 3.07E-16 2.10E-16 1.99E-16 2.10E-16 2.46E-16
Ni-59 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ni-63 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ni-65 5.88E-17 6.66E-17 5.93E-17 5.87E-17 8.55E-17 6.06E-17 5.73E-17 6.04E-17 1.11E-16
Ni-66 1.33E-21 1.74E-21 8.94E-22 7.15E-22 3.84E-21 1.17E-21 8.74E-22 1.20E-21 1.06E-18
Copper

Cu-60 4.17E-16 4.72E-16 4.20E-16 4.15E-16 6.24E-16 4.30E-16 4.06E-16 4.29E-16 5.47E-16
Cu-61 8.48E-17 9.70E-17 8.41E-17 8.11E-17 1.49E-16 8.64E-17 8.03E-17 8.67E-17 1.20E-16
Cu-62 1.03E-16 1.18E-16 1.02E-16 9.87E-17 1.84E-16 1.05E-16 9.78E-17 1.06E-16 2.16E-16
Cu-64 1.94E-17 2.21E-17 1.92E-17 1.85E-17 3.41E-17 1.97E-17 1.83E-17 1.98E-17 2.92E-17
Cu-66 9.41E-18 1.07E-17 9.36E-18 9.19E-18 1.44E-17 9.64E-18 8.99E-18 9.59E-18 8.75E-17
Cu-67 1.17E-17 1.35E-17 1.12E-17 1.01E-17 3.13E-17 1.17E-17 1.05E-17 1.20E-17 1.98E-17
Zinc

Zn-62 4_.42E-17 5.06E-17 4.35E-17 4.19E-17 7.85E-17 4.49E-17 4.16E-17 4.51E-17 5.37E-17
Zn-63 1.13E-16 1.29E-16 1.12E-16 1.08E-16 1.97E-16 1.15E-16 1.07E-16 1.16E-16 1.99E-16
Zn-65 6.15E-17 6.97E-17 6.15E-17 6.07E-17 9.10E-17 6.32E-17 5.92E-17 6.29E-17 7.12E-17
Zn-69m 4.24E-17 4.86E-17 4.19E-17 4.01E-17 7.90E-17 4.31E-17 4.00E-17 4.34E-17 5.18E-17
Zn-69 4_24E-20 5.10E-20 3.66E-20 3.18E-20 1.18E-19 4.07E-20 3.47E-20 4.16E-20 1.91E-17
Zn-71m 1.60E-16 1.82E-16 1.58E-16 1.53E-16 2.81E-16 1.62E-16 1.51E-16 1.63E-16 2.25E-16
n-72 1.50E-17 1.74E-17 1.42E-17 1.27E-17 4_.19E-17 1.49E-17 1.34E-17 1.53E-17 2.00E-17
Gallium

Ga-65 1.20E-16 1.38E-16 1.19E-16 1.14E-16 2.21E-16 1.22E-16 1.13E-16 1.23E-16 2.00E-16
Ga-66 2.72E-16 3.04E-16 2.75E-16 2.73E-16 3.96E-16 2.82E-16 2.66E-16 2.80E-16 3.83E-16
Ga-67 1.56E-17 1.80E-17 1.49E-17 1.36E-17 3.88E-17 1.56E-17 1.41E-17 1.59E-17 1.87E-17
Ga-68 9.74E-17 1.11E-16 9.65E-17 9.30E-17 1.72E-16 9.91E-17 9.22E-17 9.96E-17 1.67E-16
Ga-70 9.65E-19 1.10E-18 9.46E-19 9.15E-19 1.67E-18 9.82E-19 9.05E-19 9.81E-19 4.49E-17
Ga-72 2.92E-16 3.30E-16 2.95E-16 2.92E-16 4.25E-16 3.01E-16 2.85E-16 3.00E-16 3.70E-16
Ga-73 3.18E-17 3.64E-17 3.10E-17 2.93E-17 6.63E-17 3.21E-17 2.95E-17 3.25E-17 6.58E-17
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Dose Coefficients for Water Immersion

Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Germanium

Ge-66 6.95E-17 7.96E-17 6.82E-17 6.52E-17 1.31E-16 7.04E-17 6.50E-17 7.09E-17 8.76E-17
Ge-67 1.46E-16 1.67E-16 1.45E-16 1.39E-16 2.60E-16 1.49E-16 1.38E-16 1.49E-16 2.67E-16
Ge-68 1.10E-22 7.68E-22 5.99E-25 3.07E-23 1.64E-22 8.63E-24 6.19E-23 1.70E-22 1.53E-20
Ge-69 9.06E-17 1.03E-16 9.02E-17 8.80E-17 1.47E-16 9.27E-17 8.65E-17 9.26E-17 1.18E-16
Ge-71 1.12E-22 7.78E-22 6.06E-25 3.11E-23 1.66E-22 8.74E-24 6.27E-23 1.72E-22 1.55E-20
Ge-75 3_.59E-18 4.11E-18 3.48E-18 3.26E-18 7.93E-18 3.61E-18 3.30E-18 3.66E-18 3.09E-17
Ge-77 1.13E-16 1.29E-16 1.12E-16 1.08E-16 2.03E-16 1.15E-16 1.07E-16 1.16E-16 1.77E-16
Ge-78 2_.86E-17 3.28E-17 2.79E-17 2.62E-17 6.25E-17 2.89E-17 2_.65E-17 2.92E-17 4_.66E-17
Arsenic

As-69 1.04E-16 1.19E-16 1.03E-16 9.89E-17 1.86E-16 1.06E-16 9.82E-17 1.06E-16 2.16E-16
As-70 4_.32E-16 4.90E-16 4.33E-16 4.26E-16 6.67E-16 4.44E-16 4.17E-16 4.43E-16 5.64E-16
As-71 5.86E-17 6.70E-17 5.75E-17 5.48E-17 1.15E-16 5.94E-17 5.48E-17 5.99E-17 7.58E-17
As-72 1.87E-16 2.12E-16 1.86E-16 1.81E-16 3.08E-16 1.91E-16 1.78E-16 1.91E-16 2.93E-16
As-73 4_.63E-19 5.75E-19 3.57E-19 2.66E-19 1.56E-18 4.23E-19 3.36E-19 4.37E-19 6.49E-19
As-74 7.75E-17 8.86E-17 7.69E-17 7.44E-17 1.34E-16 7.90E-17 7.35E-17 7.93E-17 1.09E-16
As-76 4_.52E-17 5.14E-17 4.50E-17 4.39E-17 7.39E-17 4.62E-17 4.32E-17 4.62E-17 1.29E-16
As-77 9.22E-19 1.06E-18 8.96E-19 8.43E-19 1.98E-18 9.30E-19 8.51E-19 9.41E-19 1.32E-17
As-78 1.33E-16 1.51E-16 1.34E-16 1.32E-16 2.03E-16 1.37E-16 1.29E-16 1.37E-16 2.55E-16
Selenium

Se-70 1.01E-16 1.16E-16 9.94E-17 9.52E-17 1.87E-16 1.02E-16 9.48E-17 1.03E-16 1.51E-16
Se-73m 2_.48E-17 2.84E-17 2_.46E-17 2_.37E-17 4_.43E-17 2_.53E-17 2.35E-17 2.54E-17 4_.05E-17
Se-73 1.10E-16 1.26E-16 1.08E-16 1.03E-16 2.11E-16 1.12E-16 1.03E-16 1.13E-16 1.56E-16
Se-75 3.98E-17 4.58E-17 3.85E-17 3.56E-17 9.44E-17 4.00E-17 3.64E-17 4.07E-17 4.75E-17
Se-77m 8.72E-18 1.01E-17 8.32E-18 7.53E-18 2.34E-17 8.71E-18 7.83E-18 8.90E-18 1.28E-17
Se-79 6.82E-22 9.22E-22 4_08E-22 3.24E-22 1.87E-21 5.79E-22 4.08E-22 5.93E-22 3.90E-19
Se-81m 1.36E-18 1.60E-18 1.26E-18 1.08E-18 4.29E-18 1.34E-18 1.18E-18 1.38E-18 2.43E-18
Se-81 1.10E-18 1.26E-18 1.07E-18 1.02E-18 2.18E-18 1.11E-18 1.02E-18 1.12E-18 4.26E-17
Se-83 2_.57E-16 2.91E-16 2.57E-16 2.52E-16 4.07E-16 2.63E-16 2.47E-16 2.63E-16 3.32E-16
Bromine

Br-74m 4_.39E-16 4.95E-16 4.41E-16 4.35E-16 6.70E-16 4.53E-16 4.25E-16 4.51E-16 6.12E-16
Br-74 5.04E-16 5.61E-16 5.08E-16 5.05E-16 7.32E-16 5.22E-16 4.92E-16 5.17E-16 6.55E-16
Br-75 1.24E-16 1.42E-16 1.23E-16 1.18E-16 2.31E-16 1.26E-16 1.17E-16 1.27E-16 1.83E-16
Br-76 2.82E-16 3.18E-16 2.84E-16 2.80E-16 4.30E-16 2.91E-16 2.74E-16 2.90E-16 3.77E-16
Br-77 3.23E-17 3.70E-17 3.18E-17 3.05E-17 6.11E-17 3.28E-17 3.03E-17 3.30E-17 3.85E-17
Br-80m 8.70E-19 1.17E-18 4.77E-19 3.47E-19 2_.29E-18 7.25E-19 4_.80E-19 7.27E-19 1.68E-18
Br-80 8.18E-18 9.35E-18 8.12E-18 7.85E-18 1.40E-17 8.34E-18 7.76E-18 8.36E-18 2.64E-17
Br-82 2_.76E-16 3.14E-16 2.75E-16 2.70E-16 4.34E-16 2.83E-16 2.64E-16 2.82E-16 3.28E-16
Br-83 8.09E-19 9.27E-19 7.96E-19 7.64E-19 1.46E-18 8.21E-19 7.60E-19 8.25E-19 2.01E-17
Br-84 1.98E-16 2.22E-16 2.01E-16 2.00E-16 2.78E-16 2.06E-16 1.95E-16 2.04E-16 3.16E-16
Krypton

Kr-74 1.19E-16 1.37E-16 1.17E-16 1.12E-16 2.28E-16 1.21E-16 1.12E-16 1.22E-16 1.96E-16
Kr-76 4_.36E-17 4.99E-17 4.25E-17 4.02E-17 8.90E-17 4.40E-17 4.04E-17 4.44E-17 5.20E-17
Kr-77 1.04E-16 1.19E-16 1.02E-16 9.70E-17 2.03E-16 1.05E-16 9.71E-17 1.06E-16 1.67E-16
Kr-79 2_.58E-17 2.95E-17 2_.55E-17 2.44E-17 4_.79E-17 2_.62E-17 2.43E-17 2.64E-17 3.17E-17
Kr-81m 1.33E-17 1.52E-17 1.27E-17 1.17E-17 3.33E-17 1.33E-17 1.20E-17 1.35E-17 1.82E-17
Kr-81 5.74E-19 6.73E-19 5.53E-19 5.21E-19 1.25E-18 5.74E-19 5.27E-19 5.86E-19 8.97E-19
Kr-83m  3.99E-21 1.18E-20 3.83E-22 8.93E-22 5.24E-21 1.50E-21 1.24E-21 3.49E-21 8.31E-20
Kr-85m 1.62E-17 1.86E-17 1.55E-17 1.41E-17 4_17E-17 1.62E-17 1.46E-17 1.65E-17 3.38E-17
Kr-85 2_.51E-19 2.89E-19 2.45E-19 2.34E-19 4.72E-19 2.54E-19 2_.33E-19 2.55E-19 1.41E-17
Kr-87 8.67E-17 9.77E-17 8.75E-17 8.66E-17 1.31E-16 8.95E-17 8.47E-17 8.93E-17 1.97E-16
Kr-88 2.14E-16 2.41E-16 2.18E-16 2.18E-16 3.03E-16 2.22E-16 2.12E-16 2.21E-16 2.68E-16
Rubidium

Rb-79 1.39E-16 1.59E-16 1.37E-16 1.32E-16 2.53E-16 1.41E-16 1.31E-16 1.42E-16 2.20E-16
Rb-80 1.29E-16 1.47E-16 1.28E-16 1.23E-16 2.27E-16 1.31E-16 1.22E-16 1.32E-16 3.04E-16
Rb-81m 4.24E-19 5.24E-19 3.71E-19 3.09E-19 1.39E-18 4.02E-19 3.48E-19 4.25E-19 8.26E-19
Rb-81 6.31E-17 7.22E-17 6.21E-17 5.92E-17 1.22E-16 6.40E-17 5.91E-17 6.45E-17 8.59E-17
Rb-82m  3.03E-16 3.45E-16 3.03E-16 2.96E-16 4.79E-16 3.11E-16 2.90E-16 3.10E-16 3.60E-16
Rb-82 1.13E-16 1.29E-16 1.12E-16 1.08E-16 1.98E-16 1.15E-16 1.07E-16 1.15E-16 2.37E-16
Rb-83 5.07E-17 5.81E-17 5.03E-17 4.85E-17 8.89E-17 5.16E-17 4_.80E-17 5.19E-17 6.04E-17
Rb-84 9.50E-17 1.08E-16 9.45E-17 9.22E-17 1.52E-16 9.72E-17 9.05E-17 9.70E-17 1.18E-16
Rb-86 1.02E-17 1.15E-17 1.02E-17 1.00E-17 1.53E-17 1.05E-17 9.77E-18 1.04E-17 5.76E-17
Rb-87 3.83E-21 4.88E-21 2.79E-21 2.26E-21 1.13E-20 3.45E-21 2.69E-21 3.54E-21 3.31E-18
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Rubidium, cont*d

Rb-88 7.04E-17 7.93E-17 7.14E-17 7.11E-17 9.99E-17 7.28E-17 6.93E-17 7.26E-17 2_.38E-16
Rb-89 2.24E-16 2.53E-16 2.26E-16 2.24E-16 3.21E-16 2.31E-16 2.19E-16 2.30E-16 3.31E-16
Strontium

Sr-80 1.85E-20 5.39E-20 2.16E-22 3.46E-21 1.93E-20 6.13E-21 4.44E-21 1.52E-20 3.36E-19
Sr-81 1.42E-16 1.63E-16 1.41E-16 1.35E-16 2.63E-16 1.45E-16 1.34E-16 1.45E-16 2.40E-16
Sr-82 1.82E-20 5.30E-20 2.13E-22 3.41E-21 1.90E-20 6.03E-21 4.37E-21 1.50E-20 3.31E-19
Sr-83 8.20E-17 9.34E-17 8.15E-17 7.92E-17 1.37E-16 8.37E-17 7.81E-17 8.38E-17 1.05E-16
Sr-85m 2_.25E-17 2.58E-17 2.17E-17 2.02E-17 5.33E-17 2.26E-17 2.06E-17 2.30E-17 2.69E-17
Sr-85 5.14E-17 5.89E-17 5.10E-17 4.91E-17 9.11E-17 5.23E-17 4.87E-17 5.26E-17 6.15E-17
Sr-87m 3.25E-17 3.73E-17 3.20E-17 3.05E-17 6.31E-17 3.30E-17 3.05E-17 3.33E-17 4.27E-17
Sr-89 1.50E-19 1.76E-19 1.36E-19 1.23E-19 3.76E-19 1.47E-19 1.29E-19 1.49E-19 3.94E-17
Sr-90 1.51E-20 1.85E-20 1.23E-20 1.04E-20 4.41E-20 1.42E-20 1.17E-20 1.46E-20 9.71E-18
Sr-91 7.33E-17 8.32E-17 7.30E-17 7.16E-17 1.13E-16 7.51E-17 7.01E-17 7.48E-17 1.30E-16
Sr-92 1.43E-16 1.62E-16 1.44E-16 1.43E-16 2.06E-16 1.48E-16 1.40E-16 1.47E-16 1.75E-16
Yttrium

Y-86m 2_.27E-17 2.60E-17 2_.19E-17 2.04E-17 5.30E-17 2.29E-17 2_.08E-17 2.32E-17 2.75E-17
Y-86 3.79E-16 4.30E-16 3.81E-16 3.75E-16 5.77E-16 3.90E-16 3.67E-16 3.89E-16 4.56E-16
Y-87 4_.57E-17 5.24E-17 4.53E-17 4.35E-17 8.25E-17 4.65E-17 4.32E-17 4.68E-17 5.47E-17
Y-88 2_.89E-16 3.27E-16 2.93E-16 2.91E-16 4.13E-16 2.98E-16 2.84E-16 2.98E-16 3.34E-16
Y-90m 6.42E-17 7.36E-17 6.30E-17 5.98E-17 1.29E-16 6.50E-17 6.00E-17 6.56E-17 7.90E-17
Y-90 3.61E-19 4.22E-19 3.36E-19 3.07E-19 8.56E-19 3.58E-19 3.19E-19 3.63E-19 6.67E-17
Y-91m 5.42E-17 6.19E-17 5.38E-17 5.19E-17 9.37E-17 5.52E-17 5.14E-17 5.54E-17 6.59E-17
Y-91 5.35E-19 6.13E-19 5.22E-19 5.04E-19 9.44E-19 5.43E-19 5.01E-19 5.44E-19 4_.12E-17
Y-92 2_.74E-17 3.11E-17 2.74E-17 2_.69E-17 4_.22E-17 2.81E-17 2_.63E-17 2.81E-17 1.38E-16
Y-93 1.01E-17 1.14E-17 1.01E-17 9.86E-18 1.64E-17 1.03E-17 9.70E-18 1.03E-17 9.66E-17
Y-94 1.19E-16 1.35E-16 1.19E-16 1.17E-16 1.79E-16 1.22E-16 1.15E-16 1.22E-16 2.63E-16
Y-95 1.01E-16 1.12E-16 1.02E-16 1.02E-16 1.39E-16 1.05E-16 9.93E-17 1.04E-16 2.28E-16
Zirconium

Zr-86 2_.76E-17 3.17E-17 2.66E-17 2_.50E-17 6.11E-17 2.77E-17 2_.53E-17 2.81E-17 3.40E-17
Zr-88 4_.01E-17 4.60E-17 3.95E-17 3.76E-17 7.74E-17 4.07E-17 3.76E-17 4.10E-17 4.87E-17
Zr-89 1.21E-16 1.37E-16 1.20E-16 1.18E-16 1.90E-16 1.24E-16 1.15E-16 1.23E-16 1.47E-16
Zr-93 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Zr-95 7.66E-17 8.72E-17 7.61E-17 7.42E-17 1.23E-16 7.83E-17 7.29E-17 7.82E-17 9.36E-17
Zr-97 1.91E-17 2.17E-17 1.91E-17 1.87E-17 3.01E-17 1.96E-17 1.84E-17 1.96E-17 7.04E-17
Niobium

Nb-88 4_29E-16 4_.88E-16 4.27E-16 4.16E-16 6.99E-16 4.39E-16 4.09E-16 4.38E-16 5.89E-16
Nb-89b' 1.48E-16 1.67E-16 1.48E-16 1.45E-16 2.35E-16 1.52E-16 1.42E-16 1.51E-16 2.54E-16
Nb-89a? 1.97E-16 2.25E-16 1.95E-16 1.88E-16 3.44E-16 2.01E-16 1.87E-16 2.01E-16 2.92E-16
Nb-90 4_.57E-16 5.15E-16 4.62E-16 4.58E-16 6.71E-16 4.72E-16 4.48E-16 4.70E-16 5.52E-16
Nb-93m  1.48E-20 3.08E-20 5.97E-22 2.76E-21 1.62E-20 8.05E-21 3.20E-21 1.04E-20 1.01E-19
Nb-94 1.64E-16 1.86E-16 1.63E-16 1.59E-16 2.59E-16 1.68E-16 1.56E-16 1.67E-16 1.99E-16
Nb-95m  6.32E-18 7.30E-18 6.06E-18 5.66E-18 1.46E-17 6.33E-18 5.75E-18 6.43E-18 1.58E-17
Nb-95 7.95E-17 9.04E-17 7.90E-17 7.72E-17 1.26E-16 8.13E-17 7.57E-17 8.11E-17 9.32E-17
Nb-96 2_.58E-16 2.93E-16 2.57E-16 2.51E-16 4.08E-16 2.64E-16 2.46E-16 2.64E-16 3.15E-16
Nb-97m 7.55E-17 8.59E-17 7.50E-17 7.31E-17 1.21E-16 7.72E-17 7.18E-17 7.70E-17 8.93E-17
Nb-97 6.76E-17 7.71E-17 6.72E-17 6.53E-17 1.12E-16 6.90E-17 6.43E-17 6.91E-17 1.10E-16
Nb-98 2_55E-16 2.90E-16 2.55E-16 2.51E-16 3.93E-16 2.62E-16 2.45E-16 2.61E-16 3.60E-16
Molybdenum

Mo-90 8.41E-17 9.62E-17 8.25E-17 7.87E-17 1.65E-16 8.52E-17 7.87E-17 8.59E-17 1.10E-16
Mo-93m  2.38E-16 2.70E-16 2.39E-16 2.36E-16 3.63E-16 2.45E-16 2.31E-16 2.45E-16 2.82E-16
Mo-93 8.43E-20 1.75E-19 3.38E-21 1.57E-20 9.21E-20 4.57E-20 1.82E-20 5.92E-20 5.71E-19
Mo-99 1.55E-17 1.77E-17 1.53E-17 1.48E-17 2.71E-17 1.58E-17 1.46E-17 1.58E-17 4_.26E-17
Mo-101 1.45E-16 1.65E-16 1.46E-16 1.43E-16 2.23E-16 1.49E-16 1.40E-16 1.49E-16 2.07E-16
Technetium

Tc-93m 7.87E-17 8.84E-17 7.95E-17 7.87E-17 1.19E-16 8.13E-17 7.70E-17 8.10E-17 9.54E-17
Tc-93 1.55E-16 1.76E-16 1.57E-16 1.56E-16 2.21E-16 1.60E-16 1.52E-16 1.60E-16 1.80E-16
Tc-94m 1.95E-16 2.21E-16 1.94E-16 1.90E-16 3.11E-16 2.00E-16 1.87E-16 1.99E-16 2.81E-16
Tc-94 2_.77E-16 3.15E-16 2.76E-16 2.69E-16 4.37E-16 2.84E-16 2.64E-16 2.83E-16 3.26E-16
Tc-95m 6.88E-17 7.85E-17 6.79E-17 6.55E-17 1.22E-16 7.01E-17 6.49E-17 7.02E-17 8.16E-17
1T, =122 m

2T, =66m
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Technetium, cont*"d

Tc-95 8.17E-17 9.30E-17 8.11E-17 7.92E-17 1.29E-16 8.35E-17 7.77E-17 8.33E-17 9.60E-17
Tc-96m  4.78E-18 5.48E-18 4.69E-18 4.62E-18 7.33E-18 4.86E-18 4.52E-18 4.85E-18 5.86E-18
Tc-96 2_60E-16 2.96E-16 2_.59E-16 2.53E-16 4.07E-16 2.66E-16 2.48E-16 2.65E-16 3.04E-16
Tc-97m 1.42E-19 2.46E-19 3.61E-20 4.55E-20 2.31E-19 9.86E-20 5.17E-20 1.08E-19 9.02E-19
Tc-97 1.13E-19 2.22E-19 6.23E-21 2.14E-20 1.28E-19 6.55E-20 2.54E-20 7.82E-20 6.38E-19
Tc-98 1.46E-16 1.66E-16 1.45E-16 1.41E-16 2.37E-16 1.49E-16 1.39E-16 1.49E-16 1.78E-16
Tc-99m 1.28E-17 1.48E-17 1.21E-17 1.08E-17 3.63E-17 1.28E-17 1.14E-17 1.31E-17 1.56E-17
Tc-99 3.39E-21 4.32E-21 2.48E-21 2.01E-21 1.00E-20 3.06E-21 2.38E-21 3.14E-21 2.88E-18
Tc-101 3.43E-17 3.93E-17 3.36E-17 3.18E-17 7.07E-17 3.47E-17 3.20E-17 3.51E-17 7.16E-17
Tc-104 2.13E-16 2.41E-16 2.14E-16 2.11E-16 3.29E-16 2.19E-16 2.07E-16 2.19E-16 3.66E-16
Ruthenium

Ru-94 5.41E-17 6.18E-17 5.34E-17 5.16E-17 9.50E-17 5.51E-17 5.10E-17 5.52E-17 6.43E-17
Ru-97 2.35E-17 2.71E-17 2.26E-17 2.11E-17 5.45E-17 2.36E-17 2.14E-17 2.40E-17 2.87E-17
Ru-103 4_78E-17 5.47E-17 4.73E-17 4.56E-17 8.52E-17 4.86E-17 4.52E-17 4.89E-17 5.85E-17
Ru-105 8.10E-17 9.23E-17 8.03E-17 7.78E-17 1.37E-16 8.26E-17 7.68E-17 8.27E-17 1.20E-16
Ru-106 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhodium

Rh-99m 7.00E-17 7.99E-17 6.93E-17 6.72E-17 1.21E-16 7.14E-17 6.64E-17 7.16E-17 8.42E-17
Rh-99 6.09E-17 6.99E-17 5.97E-17 5.71E-17 1.15E-16 6.17E-17 5.70E-17 6.21E-17 7.37E-17
Rh-100 2.97E-16 3.35E-16 3.00E-16 2.97E-16 4.36E-16 3.06E-16 2.90E-16 3.05E-16 3.48E-16
Rh-101m 3.03E-17 3.48E-17 2.94E-17 2.79E-17 6.29E-17 3.05E-17 2.80E-17 3.09E-17 3.70E-17
Rh-101 2.62E-17 3.03E-17 2.49E-17 2.27E-17 6.67E-17 2.61E-17 2.35E-17 2.66E-17 3.24E-17
Rh-102m 4.92E-17 5.63E-17 4.86E-17 4.70E-17 8.58E-17 5.00E-17 4.65E-17 5.02E-17 6.91E-17
Rh-102  2.21E-16 2.51E-16 2.19E-16 2.13E-16 3.60E-16 2.25E-16 2.10E-16 2.25E-16 2.59E-16
Rh-103m 2.95E-20 5.06E-20 4.37E-21 6.63E-21 4.13E-20 2.01E-20 8.63E-21 2.07E-20 1.06E-19
Rh-105 7.97E-18 9.12E-18 7.78E-18 7.37E-18 1.66E-17 8.05E-18 7.40E-18 8.14E-18 1.62E-17
Rh-106m 3.05E-16 3.47E-16 3.05E-16 2.98E-16 4.83E-16 3.13E-16 2.93E-16 3.12E-16 3.75E-16
Rh-106 2.19E-17 2.50E-17 2.17E-17 2.11E-17 3.75E-17 2.23E-17 2.08E-17 2.24E-17 1.30E-16
Rh-107 3.21E-17 3.67E-17 3.14E-17 2.98E-17 6.58E-17 3.24E-17 2.99E-17 3.28E-17 6.64E-17
Palladium

Pd-100 1.06E-17 1.27E-17 9.19E-18 7.61E-18 3.45E-17 1.01E-17 8.61E-18 1.05E-17 1.39E-17
Pd-101 3.27E-17 3.75E-17 3.20E-17 3.09E-17 5.73E-17 3.31E-17 3.06E-17 3.32E-17 4.09E-17
Pd-103 2.54E-19 4_.37E-19 3.99E-20 6.18E-20 3.41E-19 1.74E-19 7.67E-20 1.80E-19 9.20E-19
Pd-107 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pd-109 6.09E-19 7.96E-19 4.27E-19 3.81E-19 1.56E-18 5.47E-19 4.22E-19 5.59E-19 2.34E-17
Silver

Ag-102 3.54E-16 4.01E-16 3.55E-16 3.48E-16 5.53E-16 3.63E-16 3.41E-16 3.63E-16 4.71E-16
Ag-103 7.83E-17 8.95E-17 7.74E-17 7.47E-17 1.39E-16 7.97E-17 7.41E-17 8.00E-17 1.10E-16
Ag-104m 1.23E-16 1.40E-16 1.23E-16 1.20E-16 2.00E-16 1.26E-16 1.18E-16 1.26E-16 1.80E-16
Ag-104  2.79E-16 3.18E-16 2.79E-16 2.73E-16 4.40E-16 2.86E-16 2.68E-16 2.86E-16 3.32E-16
Ag-105 5.25E-17 6.02E-17 5.13E-17 4.91E-17 9.99E-17 5.31E-17 4.89E-17 5.35E-17 6.31E-17
Ag-106m 2.93E-16 3.34E-16 2.93E-16 2.86E-16 4.68E-16 3.00E-16 2.81E-16 3.00E-16 3.44E-16
Ag-106 7.22E-17 8.27E-17 7.14E-17 6.88E-17 1.28E-16 7.34E-17 6.82E-17 7.38E-17 1.21E-16
Ag-108m 1.66E-16 1.90E-16 1.64E-16 1.59E-16 2.83E-16 1.69E-16 1.57E-16 1.69E-16 1.97E-16
Ag-108 1.96E-18 2.25E-18 1.93E-18 1.86E-18 3.47E-18 1.99E-18 1.84E-18 2.00E-18 4.37E-17
Ag-109m 4.89E-19 6.57E-19 3.15E-19 2.77E-19 1.30E-18 4.29E-19 3.16E-19 4.38E-19 1.09E-18
Ag-110m 2.88E-16 3.27E-16 2.87E-16 2.82E-16 4.46E-16 2.95E-16 2.76E-16 2.94E-16 3.38E-16
Ag-110 3.72E-18 4.26E-18 3.67E-18 3.54E-18 6.48E-18 3.79E-18 3.51E-18 3.79E-18 8.99E-17
Ag-111 2.75E-18 3.15E-18 2.68E-18 2.54E-18 5.69E-18 2.78E-18 2.55E-18 2.81E-18 2.49E-17
Ag-112 7.04E-17 7.98E-17 7.07E-17 6.96E-17 1.08E-16 7.23E-17 6.81E-17 7.23E-17 1.84E-16
Ag-115 7.61E-17 8.62E-17 7.65E-17 7.52E-17 1.22E-16 7.82E-17 7.39E-17 7.83E-17 1.63E-16
Cadmium

Cd-104 2.46E-17 2.85E-17 2.37E-17 2.25E-17 4.74E-17 2.48E-17 2.26E-17 2.49E-17 3.01E-17
Cd-107 1.50E-18 2.00E-18 1.01E-18 9.61E-19 3.10E-18 1.34E-18 1.02E-18 1.35E-18 3.09E-18
Cd-109 8.31E-19 1.21E-18 3.74E-19 3.56E-19 1.80E-18 6.71E-19 4.17E-19 6.77E-19 2.12E-18
Cd-113m 1.39E-20 1.71E-20 1.14E-20 9.57E-21 4.06E-20 1.31E-20 1.08E-20 1.34E-20 8.95E-18
Cd-113  3.05E-21 3.88E-21 2.23E-21 1.81E-21 8.99E-21 2.75E-21 2.14E-21 2.82E-21 2.53E-18
Cd-115m 2.47E-18 2.81E-18 2.46E-18 2.41E-18 3.88E-18 2.53E-18 2.36E-18 2.52E-18 4.38E-17
Cd-115 2.37E-17 2.72E-17 2.35E-17 2.26E-17 4.24E-17 2.41E-17 2.24E-17 2_.43E-17 4_.59E-17
Cd-117m 2.20E-16 2.49E-16 2.23E-16 2.21E-16 3.18E-16 2.27E-16 2.15E-16 2.27E-16 2.66E-16
Cd-117 1.15E-16 1.31E-16 1.15E-16 1.14E-16 1.79E-16 1.18E-16 1.11E-16 1.18E-16 1.62E-16
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Indium

In-109 6.86E-17 7.84E-17 6.75E-17 6.51E-17 1.23E-16 6.97E-17 6.46E-17 7.00E-17 8.32E-17
In-110b* 3.16E-16 3.60E-16 3.15E-16 3.08E-16 4.98E-16 3.24E-16 3.02E-16 3.23E-16 3.70E-16
In-110a®? 1.62E-16 1.84E-16 1.61E-16 1.57E-16 2.66E-16 1.65E-16 1.55E-16 1.66E-16 2.34E-16
In-111 4.02E-17 4.64E-17 3.84E-17 3.55E-17 9.68E-17 4.02E-17 3.63E-17 4.09E-17 4.95E-17
In-112 2_.69E-17 3.09E-17 2.66E-17 2_.56E-17 4.73E-17 2.74E-17 2_.54E-17 2.75E-17 4_.71E-17
In-113m 2.58E-17 2.97E-17 2.53E-17 2.41E-17 4_.99E-17 2.61E-17 2_.41E-17 2.64E-17 3.90E-17
In-114m 9.04E-18 1.04E-17 8.68E-18 8.28E-18 1.76E-17 9.09E-18 8.28E-18 9.14E-18 1.67E-17
In-114  2.95E-19 3.35E-19 2.94E-19 2.90E-19 4.33E-19 3.02E-19 2.84E-19 3.01E-19 3.29E-18
In-115m 1.59E-17 1.83E-17 1.54E-17 1.46E-17 3.23E-17 1.60E-17 1.46E-17 1.62E-17 2.90E-17
In-115 9.12E-21 1.13E-20 7.25E-21 6.04E-21 2.69E-20 8.47E-21 6.91E-21 8.70E-21 6.51E-18
In-116m 2.64E-16 2.99E-16 2.66E-16 2.63E-16 3.87E-16 2.72E-16 2.56E-16 2.71E-16 3.23E-16
In-117m 9.04E-18 1.04E-17 8.66E-18 8.09E-18 2.04E-17 9.06E-18 8.22E-18 9.18E-18 3.93E-17
In-117 7.06E-17 8.10E-17 6.95E-17 6.63E-17 1.36E-16 7.17E-17 6.62E-17 7.22E-17 9.78E-17
In-119m 1.29E-18 1.53E-18 1.17E-18 1.12E-18 2.49E-18 1.27E-18 1.13E-18 1.28E-18 7.67E-17
In-119 7.97E-17 9.07E-17 7.91E-17 7.72E-17 1.27E-16 8.15E-17 7.57E-17 8.12E-17 1.35E-16
Tin

Sn-110 2_.96E-17 3.41E-17 2.85E-17 2.68E-17 6.40E-17 2_.97E-17 2.71E-17 3.01E-17 3.62E-17
Sn-111 5.21E-17 5.95E-17 5.17E-17 5.03E-17 8.64E-17 5.31E-17 4.96E-17 5.33E-17 7.65E-17
Sn-113  1.00E-18 1.35E-18 5.94E-19 5.73E-19 1.95E-18 8.68E-19 6.20E-19 8.63E-19 1.88E-18
Sn-117m 1.50E-17 1.74E-17 1.39E-17 1.25E-17 3.99E-17 1.48E-17 1.31E-17 1.51E-17 2.28E-17
Sn-119m 3.31E-19 5.04E-19 8.38E-20 8.58E-20 5.63E-19 2.45E-19 1.19E-19 2.39E-19 8.09E-19
Sn-121m 1.86E-19 2.67E-19 6.78E-20 5.71E-20 3.79E-19 1.44E-19 7.97E-20 1.41E-19 1.33E-18
Sn-121 4_.89E-21 6.15E-21 3.72E-21 3.05E-21 1.45E-20 4.47E-21 3.56E-21 4.60E-21 3.90E-18
Sn-123m 1.42E-17 1.64E-17 1.35E-17 1.22E-17 3.81E-17 1.42E-17 1.27E-17 1.45E-17 4_.68E-17
Sn-123  8.44E-19 9.61E-19 8.32E-19 8.11E-19 1.38E-18 8.61E-19 7.98E-19 8.59E-19 3.53E-17
Sn-125 3.35E-17 3.79E-17 3.35E-17 3.30E-17 5.02E-17 3.44E-17 3.23E-17 3.43E-17 9.57E-17
Sn-126 4_.83E-18 5.81E-18 4.15E-18 3.43E-18 1.57E-17 4.60E-18 3.89E-18 4.76E-18 1.04E-17
Sn-127  2.03E-16 2.30E-16 2.03E-16 2.00E-16 3.08E-16 2.09E-16 1.96E-16 2.08E-16 2.70E-16
Sn-128 6.46E-17 7.46E-17 6.25E-17 5.97E-17 1.20E-16 6.51E-17 5.97E-17 6.55E-17 8.81E-17
Antimony

Sb-115 9.21E-17 1.05E-16 9.10E-17 8.77E-17 1.63E-16 9.36E-17 8.69E-17 9.41E-17 1.25E-16
Sb-116m 3.29E-16 3.73E-16 3.27E-16 3.21E-16 5.16E-16 3.37E-16 3.15E-16 3.36E-16 3.90E-16
Sb-116  2.29E-16 2.59E-16 2.29E-16 2.26E-16 3.44E-16 2.35E-16 2.21E-16 2.34E-16 2.95E-16
Sb-117 1.74E-17 2.03E-17 1.63E-17 1.49E-17 4_.37E-17 1.73E-17 1.54E-17 1.76E-17 2.22E-17
Sb-118m 2.71E-16 3.07E-16 2.69E-16 2.64E-16 4.18E-16 2.77E-16 2.59E-16 2.76E-16 3.16E-16
Sb-119 7.02E-19 1.06E-18 1.84E-19 1.84E-19 1.21E-18 5.21E-19 2.57E-19 5.08E-19 1.68E-18
Sb-120b® 2.59E-16 2.94E-16 2.57E-16 2.51E-16 4.13E-16 2.65E-16 2.47E-16 2.64E-16 3.02E-16
Sb-120a* 4.55E-17 5.22E-17 4.48E-17 4.32E-17 8.01E-17 4.62E-17 4.28E-17 4.64E-17 7.53E-17
Sb-122 4_.53E-17 5.18E-17 4.50E-17 4.36E-17 7.75E-17 4.62E-17 4.30E-17 4.64E-17 9.15E-17
Sb-124n° 2.22E-21 3.40E-21 5.32E-22 5.63E-22 3.70E-21 1.63E-21 7.82E-22 1.59E-21 5.50E-21
Sb-124m¢ 3.61E-17 4.12E-17 3.58E-17 3.47E-17 6.15E-17 3.68E-17 3.42E-17 3.69E-17 4.79E-17
Sb-124 1.93E-16 2.19E-16 1.94E-16 1.92E-16 2.91E-16 1.98E-16 1.88E-16 1.98E-16 2.49E-16
Sb-125 4_.32E-17 4.95E-17 4.23E-17 4.07E-17 7.75E-17 4.38E-17 4.04E-17 4.39E-17 5.46E-17
Sb-126m 1.60E-16 1.82E-16 1.58E-16 1.53E-16 2.70E-16 1.63E-16 1.51E-16 1.63E-16 2.28E-16
Sb-126  2.92E-16 3.33E-16 2.90E-16 2.82E-16 4.86E-16 2.99E-16 2.78E-16 2.99E-16 3.60E-16
Sb-127 7.09E-17 8.09E-17 7.02E-17 6.80E-17 1.21E-16 7.23E-17 6.71E-17 7.24E-17 1.02E-16
Sb-128b” 3.20E-16 3.65E-16 3.18E-16 3.09E-16 5.29E-16 3.27E-16 3.05E-16 3.27E-16 4.03E-16
Sb-128a® 2.06E-16 2.35E-16 2.04E-16 1.99E-16 3.43E-16 2.11E-16 1.96E-16 2.10E-16 3.07E-16
Sb-129 1.51E-16 1.72E-16 1.51E-16 1.49E-16 2.33E-16 1.55E-16 1.45E-16 1.55E-16 2.02E-16
Sb-130  3.41E-16 3.88E-16 3.39E-16 3.30E-16 5.57E-16 3.49E-16 3.25E-16 3.48E-16 4.47E-16
Sb-131  1.98E-16 2.24E-16 1.99E-16 1.96E-16 2.97E-16 2.04E-16 1.92E-16 2.03E-16 2.66E-16
Tellurium

Te-116 5.35E-18 6.55E-18 4.38E-18 3.87E-18 1.40E-17 5.06E-18 4.20E-18 5.14E-18 7.55E-18
Te-121m 2.15E-17 2.47E-17 2.04E-17 1.91E-17 4.86E-17 2.15E-17 1.94E-17 2.17E-17 2.64E-17
1T, =4.9h

2T,=69.1m

T, =5.76 d

4T, =15.89m

5T, =20.2m

T, =93 s

7T, =9.01 h

8

T, = 10.4 m
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Tellurium, cont"d

Te-121 5.77E-17 6.62E-17 5.67E-17 5.48E-17 9.97E-17 5.86E-17 5.43E-17 5.88E-17 6.91E-17
Te-123m 1.43E-17 1.66E-17 1.33E-17 1.20E-17 3.81E-17 1.41E-17 1.25E-17 1.44E-17 1.81E-17
Te-123 6.86E-19 1.01E-18 2.11E-19 1.91E-19 1.27E-18 5.19E-19 2_.69E-19 5.05E-19 1.50E-18
Te-125m 1.40E-18 2.00E-18 5.20E-19 4.35E-19 2.85E-18 1.09E-18 6.06E-19 1.06E-18 3.59E-18
Te-127m 4.47E-19 6.33E-19 1.76E-19 1.49E-19 9.20E-19 3.51E-19 2.01E-19 3.44E-19 1.38E-18
Te-127 5.16E-19 5.93E-19 5.04E-19 4.79E-19 1.01E-18 5.21E-19 4_.80E-19 5.26E-19 1.24E-17
Te-129m 3.40E-18 3.97E-18 3.18E-18 3.08E-18 5.70E-18 3.40E-18 3.06E-18 3.39E-18 1.81E-17
Te-129 5.91E-18 6.81E-18 5.73E-18 5.50E-18 1.07E-17 5.96E-18 5.48E-18 5.99E-18 4_.16E-17
Te-131m 1.49E-16 1.69E-16 1.48E-16 1.45E-16 2.38E-16 1.52E-16 1.42E-16 1.52E-16 1.83E-16
Te-131 4_.35E-17 4.98E-17 4.27E-17 4.08E-17 8.35E-17 4.42E-17 4.07E-17 4.44E-17 9.96E-17
Te-132 2.26E-17 2.62E-17 2.12E-17 1.96E-17 5.37E-17 2_.25E-17 2_.01E-17 2.28E-17 2.90E-17
Te-133m 2.43E-16 2.76E-16 2.42E-16 2.37E-16 3.81E-16 2.49E-16 2.32E-16 2.48E-16 3.30E-16
Te-133 9.75E-17 1.11E-16 9.71E-17 9.45E-17 1.64E-16 9.97E-17 9.32E-17 9.99E-17 1.71E-16
Te-134 9.06E-17 1.04E-16 8.91E-17 8.56E-17 1.66E-16 9.21E-17 8.50E-17 9.24E-17 1.22E-16
lodine

1-120m 5.61E-16 6.35E-16 5.62E-16 5.52E-16 8.70E-16 5.76E-16 5.41E-16 5.75E-16 7.44E-16
1-120 2.92E-16 3.30E-16 2.93E-16 2.88E-16 4.53E-16 3.00E-16 2.83E-16 3.00E-16 4.45E-16
1-121 4_.18E-17 4.80E-17 4.04E-17 3.83E-17 8.53E-17 4.21E-17 3.85E-17 4.24E-17 5.47E-17
1-122 9.70E-17 1.11E-16 9.61E-17 9.27E-17 1.70E-16 9.88E-17 9.19E-17 9.92E-17 1.92E-16
1-123 1.60E-17 1.87E-17 1.48E-17 1.34E-17 4_.11E-17 1.58E-17 1.40E-17 1.61E-17 2.04E-17
1-124 1.14E-16 1.30E-16 1.14E-16 1.11E-16 1.81E-16 1.17E-16 1.09E-16 1.17E-16 1.47E-16
1-125 1.63E-18 2.33E-18 5.81E-19 4.86E-19 3.26E-18 1.26E-18 6.86E-19 1.23E-18 3.29E-18
1-126 4_.60E-17 5.27E-17 4.53E-17 4.37E-17 8.02E-17 4.68E-17 4.33E-17 4.69E-17 6.38E-17
1-128 8.85E-18 1.01E-17 8.70E-18 8.33E-18 1.63E-17 8.97E-18 8.30E-18 9.02E-18 6.26E-17
1-129 1.14E-18 1.57E-18 4.99E-19 3.84E-19 2_.56E-18 9.06E-19 5.39E-19 8.91E-19 2.29E-18
1-130 2_.21E-16 2.52E-16 2.19E-16 2.13E-16 3.67E-16 2.25E-16 2.10E-16 2.25E-16 2.77E-16
1-131 3.90E-17 4.46E-17 3.83E-17 3.65E-17 7.58E-17 3.95E-17 3.64E-17 3.98E-17 5.53E-17
1-132m 3.26E-17 3.73E-17 3.21E-17 3.10E-17 5.57E-17 3.31E-17 3.07E-17 3.32E-17 4.34E-17
1-132 2.38E-16 2.70E-16 2.37E-16 2.31E-16 3.78E-16 2.43E-16 2.27E-16 2.43E-16 3.10E-16
1-133 6.25E-17 7.13E-17 6.20E-17 6.01E-17 1.06E-16 6.37E-17 5.93E-17 6.39E-17 9.96E-17
1-134 2.76E-16 3.13E-16 2.75E-16 2.70E-16 4.26E-16 2.83E-16 2.64E-16 2.82E-16 3.63E-16
1-135 1.68E-16 1.91E-16 1.70E-16 1.68E-16 2.46E-16 1.74E-16 1.64E-16 1.73E-16 2.17E-16
Xenon

Xe-120 4_.20E-17 4.84E-17 4.04E-17 3.87E-17 7.68E-17 4.23E-17 3.86E-17 4.24E-17 5.16E-17
Xe-121 1.93E-16 2.19E-16 1.94E-16 1.91E-16 3.04E-16 1.99E-16 1.87E-16 1.98E-16 2.64E-16
Xe-122 5.57E-18 6.65E-18 4_.87E-18 4_.53E-18 1.18E-17 5.40E-18 4_.68E-18 5.44E-18 7.42E-18
Xe-123 6.47E-17 7.40E-17 6.37E-17 6.14E-17 1.16E-16 6.58E-17 6.10E-17 6.61E-17 8.74E-17
Xe-125 2_.61E-17 3.02E-17 2.45E-17 2.29E-17 5.81E-17 2.60E-17 2.33E-17 2.62E-17 3.25E-17
Xe-127 2_.72E-17 3.15E-17 2.56E-17 2.37E-17 6.40E-17 2.71E-17 2_.43E-17 2.74E-17 3.38E-17
Xe-129m 2.83E-18 3.71E-18 1.71E-18 1.45E-18 6.52E-18 2.44E-18 1.72E-18 2.43E-18 1.12E-17
Xe-131m 1.06E-18 1.40E-18 6.06E-19 5.12E-19 2.43E-18 8.99E-19 6.17E-19 8.93E-19 6.02E-18
Xe-133m 3.17E-18 3.82E-18 2.63E-18 2.41E-18 7.23E-18 3.02E-18 2.54E-18 3.04E-18 1.32E-17
Xe-133 3.69E-18 4.50E-18 2.97E-18 2.41E-18 1.16E-17 3.43E-18 2.80E-18 3.54E-18 7.89E-18
Xe-135m 4.36E-17 4.99E-17 4.31E-17 4.15E-17 7.67E-17 4.43E-17 4.11E-17 4.45E-17 5.80E-17
Xe-135 2_.56E-17 2.93E-17 2.48E-17 2.33E-17 5.68E-17 2_.57E-17 2_.35E-17 2.61E-17 4_.86E-17
Xe-138 1.21E-16 1.37E-16 1.23E-16 1.21E-16 1.84E-16 1.25E-16 1.19E-16 1.25E-16 1.86E-16
Cesium

Cs-125 6.87E-17 7.87E-17 6.77E-17 6.53E-17 1.21E-16 6.98E-17 6.47E-17 7.01E-17 1.05E-16
Cs-126 1.12E-16 1.28E-16 1.10E-16 1.06E-16 2.01E-16 1.13E-16 1.05E-16 1.14E-16 2.41E-16
Cs-127 4.16E-17 4.78E-17 4.04E-17 3.85E-17 7.89E-17 4.19E-17 3.85E-17 4.22E-17 5.10E-17
Cs-128 9.20E-17 1.05E-16 9.10E-17 8.76E-17 1.63E-16 9.35E-17 8.69E-17 9.40E-17 1.70E-16
Cs-129 2_.68E-17 3.11E-17 2.56E-17 2.43E-17 5.21E-17 2.69E-17 2_.44E-17 2.70E-17 3.31E-17
Cs-130 5.22E-17 5.99E-17 5.15E-17 4_.96E-17 9.20E-17 5.31E-17 4.92E-17 5.33E-17 9.03E-17
Cs-131 9.99E-19 1.39E-18 4.07E-19 3.19E-19 2_.15E-18 7.86E-19 4_.52E-19 7.70E-19 1.85E-18
Cs-132 7.14E-17 8.16E-17 7.03E-17 6.83E-17 1.18E-16 7.26E-17 6.73E-17 7.26E-17 8.50E-17
Cs-134m 2.10E-18 2.54E-18 1.75E-18 1.51E-18 5.87E-18 2.00E-18 1.66E-18 2.03E-18 4.52E-18
Cs-134 1.61E-16 1.83E-16 1.60E-16 1.56E-16 2.62E-16 1.64E-16 1.53E-16 1.64E-16 1.97E-16
Cs-135m 1.65E-16 1.88E-16 1.64E-16 1.61E-16 2.59E-16 1.69E-16 1.57E-16 1.68E-16 1.95E-16
Cs-135 1.23E-21 1.62E-21 8.08E-22 6.44E-22 3.52E-21 1.07E-21 7.93E-22 1.10E-21 9.52E-19
Cs-136  2.27E-16 2.57E-16 2.25E-16 2.20E-16 3.62E-16 2.32E-16 2.16E-16 2.31E-16 2.68E-16
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Cesium, cont-"d

Cs-137 1.54E-20 1.88E-20 1.28E-20 1.09E-20 4.43E-20 1.46E-20 1.22E-20 1.49E-20 9.12E-18
Cs-138 2.55E-16 2.87E-16 2.57E-16 2.55E-16 3.70E-16 2.63E-16 2.49E-16 2.62E-16 3.81E-16
Barium

Ba-126 1.53E-17 1.78E-17 1.45E-17 1.37E-17 3.07E-17 1.53E-17 1.38E-17 1.54E-17 1.96E-17
Ba-128 6.46E-18 7.65E-18 5.67E-18 5.24E-18 1.42E-17 6.27E-18 5.43E-18 6.32E-18 8.45E-18
Ba-131m 6.87E-18 8.19E-18 6.06E-18 5.17E-18 2.10E-17 6.65E-18 5.70E-18 6.83E-18 8.79E-18
Ba-131 4 _52E-17 5.21E-17 4.36E-17 4.13E-17 9.00E-17 4.55E-17 4.15E-17 4.58E-17 5.52E-17
Ba-133m 5.86E-18 6.89E-18 5.25E-18 4.86E-18 1.29E-17 5.73E-18 5.02E-18 5.78E-18 1.83E-17
Ba-133 3.88E-17 4.49E-17 3.68E-17 3.44E-17 8.30E-17 3.87E-17 3.50E-17 3.91E-17 4.77E-17
Ba-135m 5.22E-18 6.16E-18 4.62E-18 4.26E-18 1.16E-17 5.08E-18 4.42E-18 5.12E-18 1.72E-17
Ba-137m 6.13E-17 6.99E-17 6.09E-17 5.91E-17 1.01E-16 6.26E-17 5.82E-17 6.26E-17 7.65E-17
Ba-139 4_66E-18 5.38E-18 4.43E-18 4.05E-18 1.16E-17 4.65E-18 4.19E-18 4.73E-18 6.85E-17
Ba-140 1.83E-17 2.10E-17 1.80E-17 1.72E-17 3.40E-17 1.86E-17 1.72E-17 1.87E-17 3.79E-17
Ba-141 8.85E-17 1.01E-16 8.76E-17 8.48E-17 1.57E-16 9.02E-17 8.40E-17 9.05E-17 1.66E-16
Ba-142 1.10E-16 1.25E-16 1.09E-16 1.06E-16 1.77E-16 1.12E-16 1.04E-16 1.12E-16 1.54E-16
Lanthanum

La-131 6.74E-17 7.74E-17 6.58E-17 6.28E-17 1.28E-16 6.82E-17 6.28E-17 6.86E-17 9.32E-17
La-132 2.12E-16 2.40E-16 2.12E-16 2.08E-16 3.36E-16 2.17E-16 2.04E-16 2.17E-16 2.85E-16
La-134 7.12E-17 8.16E-17 7.04E-17 6.79E-17 1.25E-16 7.24E-17 6.73E-17 7.27E-17 1.38E-16
La-135 2.31E-18 2.92E-18 1.63E-18 1.45E-18 4.81E-18 2.09E-18 1.61E-18 2.08E-18 3.42E-18
La-137 1.20E-18 1.63E-18 5.59E-19 4.19E-19 2.80E-18 9.67E-19 5.89E-19 9.51E-19 2.05E-18
La-138 1.31E-16 1.49E-16 1.32E-16 1.30E-16 1.91E-16 1.35E-16 1.27E-16 1.34E-16 1.53E-16
La-140 2.47E-16 2.80E-16 2.50E-16 2.47E-16 3.67E-16 2.55E-16 2.41E-16 2.54E-16 3.22E-16
La-141 4_99E-18 5.66E-18 5.01E-18 4.95E-18 7.46E-18 5.13E-18 4.84E-18 5.12E-18 7.31E-17
La-142  3.03E-16 3.40E-16 3.08E-16 3.07E-16 4.25E-16 3.14E-16 2.99E-16 3.12E-16 4.06E-16
La-143 1.08E-17 1.22E-17 1.09E-17 1.07E-17 1.63E-17 1.11E-17 1.05E-17 1.11E-17 1.09E-16
Cerium

Ce-134 1.37E-18 1.84E-18 6.78E-19 5.01E-19 3.33E-18 1.12E-18 7.00E-19 1.10E-18 2.27E-18
Ce-135 1.82E-16 2.08E-16 1.80E-16 1.73E-16 3.25E-16 1.85E-16 1.72E-16 1.86E-16 2.28E-16
Ce-137m 4.49E-18 5.34E-18 3.87E-18 3.53E-18 1.01E-17 4.33E-18 3.71E-18 4.36E-18 1.57E-17
Ce-137 2.25E-18 2.85E-18 1.54E-18 1.32E-18 4.94E-18 2.01E-18 1.52E-18 2.00E-18 3.33E-18
Ce-139 1.50E-17 1.75E-17 1.36E-17 1.22E-17 3.94E-17 1.47E-17 1.29E-17 1.49E-17 1.92E-17
Ce-141 7.52E-18 8.77E-18 7.01E-18 6.23E-18 2.10E-17 7.45E-18 6.59E-18 7.62E-18 1.55E-17
Ce-143 2.80E-17 3.22E-17 2.68E-17 2.54E-17 5.56E-17 2.81E-17 2.56E-17 2.83E-17 5.93E-17
Ce-144 1.92E-18 2.27E-18 1.71E-18 1.48E-18 5.59E-18 1.86E-18 1.61E-18 1.91E-18 4.35E-18
Praseodymium

Pr-136 2.19E-16 2.50E-16 2.19E-16 2.14E-16 3.57E-16 2.24E-16 2.10E-16 2.25E-16 3.11E-16
Pr-137 5.05E-17 5.79E-17 4.96E-17 4.78E-17 8.83E-17 5.12E-17 4.74E-17 5.14E-17 7.34E-17
Pr-138m 2.58E-16 2.93E-16 2.55E-16 2.49E-16 4.17E-16 2.63E-16 2.45E-16 2.63E-16 3.15E-16
Pr-138 8.35E-17 9.56E-17 8.26E-17 7.96E-17 1.48E-16 8.49E-17 7.89E-17 8.53E-17 1.85E-16
Pr-139 1.14E-17 1.32E-17 1.06E-17 1.01E-17 2.07E-17 1.13E-17 1.02E-17 1.13E-17 1.65E-17
Pr-142m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pr-142 6.59E-18 7.46E-18 6.66E-18 6.61E-18 9.54E-18 6.79E-18 6.46E-18 6.79E-18 6.42E-17
Pr-143 4_12E-20 4.95E-20 3.55E-20 3.08E-20 1.15E-19 3.95E-20 3.37E-20 4.04E-20 1.87E-17
Pr-144m 7.53E-19 9.78E-19 4.58E-19 3.56E-19 1.89E-18 6.49E-19 4.54E-19 6.45E-19 1.16E-18
Pr-144 4_04E-18 4.58E-18 4.05E-18 3.98E-18 6.34E-18 4.15E-18 3.91E-18 4.15E-18 9.23E-17
Pr-145 1.55E-18 1.77E-18 1.52E-18 1.47E-18 2.63E-18 1.58E-18 1.45E-18 1.57E-18 4.82E-17
Pr-147 8.86E-17 1.01E-16 8.72E-17 8.43E-17 1.54E-16 9.02E-17 8.36E-17 9.03E-17 1.57E-16
Neodymium

Nd-136 2.78E-17 3.24E-17 2.61E-17 2.43E-17 5.83E-17 2.77E-17 2.48E-17 2.79E-17 3.59E-17
Nd-138  3.11E-18 3.85E-18 2.32E-18 1.99E-18 7.49E-18 2.85E-18 2.25E-18 2.86E-18 4.36E-18
Nd-139m 1.63E-16 1.85E-16 1.61E-16 1.57E-16 2.63E-16 1.66E-16 1.54E-16 1.66E-16 1.95E-16
Nd-139 4_07E-17 4.68E-17 3.99E-17 3.84E-17 7.15E-17 4.13E-17 3.81E-17 4.14E-17 6.21E-17
Nd-141m 7.87E-17 8.95E-17 7.81E-17 7.62E-17 1.26E-16 8.04E-17 7.48E-17 8.02E-17 9.66E-17
Nd-141 6.52E-18 7.72E-18 5.77E-18 5.40E-18 1.23E-17 6.36E-18 5.56E-18 6.35E-18 8.83E-18
Nd-147 1.35E-17 1.57E-17 1.28E-17 1.18E-17 2.93E-17 1.35E-17 1.21E-17 1.36E-17 2.92E-17
Nd-149 3.89E-17 4.48E-17 3.77E-17 3.54E-17 8.26E-17 3.92E-17 3.58E-17 3.96E-17 7.69E-17
Nd-151 9.56E-17 1.09E-16 9.45E-17 9.15E-17 1.66E-16 9.75E-17 9.05E-17 9.76E-17 1.54E-16
Promethium

Pm-141 7.66E-17 8.75E-17 7.59E-17 7.36E-17 1.30E-16 7.81E-17 7.27E-17 7.83E-17 1.36E-16
Pm-142 8.96E-17 1.02E-16 8.87E-17 8.56E-17 1.57E-16 9.12E-17 8.48E-17 9.16E-17 2.08E-16
Pm-143 3.14E-17 3.60E-17 3.05E-17 2.94E-17 5.23E-17 3.18E-17 2.91E-17 3.17E-17 3.74E-17
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Promethium, cont®"d

Pm-144 1.59E-16 1.82E-16 1.58E-16 1.53E-16 2.69E-16 1.62E-16 1.51E-16 1.63E-16 1.89E-16
Pm-145 1.92E-18 2.50E-18 1.16E-18 8.52E-19 5.38E-18 1.65E-18 1.14E-18 1.65E-18 2.87E-18
Pm-146 7.67E-17 8.77E-17 7.56E-17 7.31E-17 1.31E-16 7.81E-17 7.23E-17 7.82E-17 9.58E-17
Pm-147 1.52E-21 1.94E-21 1.10E-21 9.01E-22 4_.41E-21 1.37E-21 1.06E-21 1.40E-21 8.52E-19
Pm-148m 2_.06E-16 2.35E-16 2.04E-16 1.98E-16 3.46E-16 2.10E-16 1.95E-16 2.10E-16 2.50E-16
Pm-148 6.10E-17 6.92E-17 6.12E-17 6.03E-17 9.23E-17 6.26E-17 5.90E-17 6.26E-17 1.21E-16
Pm-149 1.15E-18 1.32E-18 1.12E-18 1.06E-18 2.39E-18 1.16E-18 1.07E-18 1.17E-18 2.39E-17
Pm-150 1.52E-16 1.72E-16 1.52E-16 1.49E-16 2.37E-16 1.56E-16 1.46E-16 1.56E-16 2.32E-16
Pm-151 3.25E-17 3.73E-17 3.15E-17 2.98E-17 6.59E-17 3.27E-17 3.00E-17 3.30E-17 5.51E-17
Samarium

Sm-141m 2.06E-16 2.35E-16 2.05E-16 1.99E-16 3.44E-16 2.11E-16 1.97E-16 2.11E-16 2.71E-16
Sm-141 1.46E-16 1.66E-16 1.45E-16 1.41E-16 2.45E-16 1.49E-16 1.39E-16 1.49E-16 2.23E-16
Sm-142 8.47E-18 9.97E-18 7.68E-18 7.15E-18 1.68E-17 8.33E-18 7.36E-18 8.35E-18 1.24E-17
Sm-145 4_.26E-18 5.49E-18 2.72E-18 1.99E-18 1.25E-17 3.70E-18 2.64E-18 3.73E-18 6.19E-18
Sm-146 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sm-147 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sm-151  1.22E-22 2.07E-22 1.66E-23 2.67E-23 1.67E-22 8.42E-23 3.51E-23 8.50E-23 4.29E-22
Sm-153 5.31E-18 6.43E-18 4_.42E-18 3.62E-18 1.65E-17 5.02E-18 4.16E-18 5.15E-18 1.90E-17
Sm-155 1.02E-17 1.20E-17 9.46E-18 8.19E-18 3.08E-17 1.01E-17 8.86E-18 1.04E-17 4_91E-17
Sm-156 1.19E-17 1.38E-17 1.11E-17 1.00E-17 3.12E-17 1.18E-17 1.05E-17 1.20E-17 2.29E-17
Europium

Eu-145 1.53E-16 1.74E-16 1.53E-16 1.51E-16 2.33E-16 1.57E-16 1.47E-16 1.57E-16 1.80E-16
Eu-146 2_.61E-16 2.96E-16 2.59E-16 2.54E-16 4.13E-16 2.67E-16 2.49E-16 2.66E-16 3.07E-16
Eu-147 5.01E-17 5.74E-17 4_.85E-17 4_.65E-17 9.07E-17 5.06E-17 4_.64E-17 5.07E-17 5.99E-17
Eu-148  2.24E-16 2.56E-16 2.23E-16 2.17E-16 3.70E-16 2.29E-16 2.13E-16 2.29E-16 2.65E-16
Eu-149 5.23E-18 6.30E-18 4.38E-18 3.86E-18 1.25E-17 4.98E-18 4.19E-18 5.02E-18 6.87E-18
Eu-150b* 1.53E-16 1.75E-16 1.51E-16 1.45E-16 2.72E-16 1.56E-16 1.44E-16 1.56E-16 1.83E-16
Eu-150a% 4.75E-18 5.46E-18 4.62E-18 4.42E-18 8.82E-18 4.80E-18 4.42E-18 4.82E-18 2.46E-17
Eu-152m 3.04E-17 3.47E-17 3.00E-17 2.92E-17 4.94E-17 3.10E-17 2.87E-17 3.09E-17 6.98E-17
Eu-152 1.20E-16 1.37E-16 1.19E-16 1.16E-16 1.94E-16 1.23E-16 1.15E-16 1.23E-16 1.45E-16
Eu-154 1.30E-16 1.48E-16 1.30E-16 1.27E-16 2.06E-16 1.34E-16 1.25E-16 1.33E-16 1.66E-16
Eu-155 5.63E-18 6.70E-18 4.98E-18 4.13E-18 1.83E-17 5.43E-18 4.65E-18 5.61E-18 7.32E-18
Eu-156 1.42E-16 1.61E-16 1.44E-16 1.42E-16 2.08E-16 1.47E-16 1.39E-16 1.46E-16 1.90E-16
Eu-157 2_.56E-17 2.96E-17 2_.43E-17 2.27E-17 5.26E-17 2_.55E-17 2_.31E-17 2.58E-17 5.38E-17
Eu-158 1.12E-16 1.27E-16 1.11E-16 1.10E-16 1.70E-16 1.15E-16 1.07E-16 1.14E-16 1.95E-16
Gadolinium

Gd-145 2_.42E-16 2.74E-16 2.45E-16 2.42E-16 3.58E-16 2.49E-16 2.37E-16 2.49E-16 3.20E-16
Gd-146 2_.26E-17 2.69E-17 1.98E-17 1.69E-17 6.67E-17 2_.18E-17 1.86E-17 2.23E-17 2.91E-17
Gd-147 1.38E-16 1.57E-16 1.36E-16 1.31E-16 2.39E-16 1.40E-16 1.30E-16 1.40E-16 1.64E-16
Gd-148 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gd-149 4.17E-17 4.81E-17 3.99E-17 3.75E-17 8.61E-17 4.18E-17 3.79E-17 4.21E-17 5.15E-17
Gd-151 5.17E-18 6.27E-18 4_.23E-18 3.59E-18 1.40E-17 4_.88E-18 4_.03E-18 4.95E-18 7.05E-18
Gd-152 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gd-153 8.75E-18 1.07E-17 7.13E-18 5.76E-18 2_.75E-17 8.21E-18 6.72E-18 8.42E-18 1.14E-17
Gd-159 4_.84E-18 5.63E-18 4.54E-18 4.20E-18 1.05E-17 4.80E-18 4.31E-18 4.86E-18 2.33E-17
Terbium

Th-147 1.65E-16 1.88E-16 1.64E-16 1.60E-16 2.69E-16 1.69E-16 1.58E-16 1.69E-16 2.34E-16
Th-149 1.70E-16 1.93E-16 1.70E-16 1.66E-16 2.71E-16 1.74E-16 1.63E-16 1.74E-16 2.10E-16
Th-150 1.75E-16 1.99E-16 1.75E-16 1.71E-16 2.83E-16 1.79E-16 1.68E-16 1.79E-16 2.45E-16
Th-151 9.02E-17 1.03E-16 8.78E-17 8.37E-17 1.72E-16 9.12E-17 8.38E-17 9.17E-17 1.09E-16
Th-153 2_.19E-17 2.55E-17 2.02E-17 1.84E-17 5.16E-17 2_.16E-17 1.91E-17 2_.19E-17 2_.69E-17
Th-154 2_.54E-16 2.87E-16 2.57E-16 2.55E-16 3.69E-16 2.62E-16 2.49E-16 2.61E-16 2.96E-16
Th-155 1.26E-17 1.50E-17 1.11E-17 9.54E-18 3.57E-17 1.22E-17 1.05E-17 1.25E-17 1.61E-17
Tb-156m® 1.93E-18 2.42E-18 1.43E-18 1.05E-18 6.37E-18 1.75E-18 1.35E-18 1.79E-18 2.59E-18
Tb-156n* 2.84E-19 3.52E-19 2.18E-19 1.68E-19 9.11E-19 2.60E-19 2.06E-19 2.67E-19 5.80E-19
Th-156 1.90E-16 2.17E-16 1.89E-16 1.84E-16 3.10E-16 1.94E-16 1.81E-16 1.94E-16 2.25E-16
Th-157 1.76E-19 2.25E-19 1.18E-19 8.58E-20 5.42E-19 1.55E-19 1.14E-19 1.57E-19 2.48E-19
Th-158 8.22E-17 9.37E-17 8.09E-17 7.87E-17 1.34E-16 8.39E-17 7.75E-17 8.35E-17 9.92E-17
1T,=34.2y

2T, =12.62 h

3T,=24.4y

4T, =5.0h
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Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Terbium, cont®"d

Th-160 1.18E-16 1.34E-16 1.17E-16 1.15E-16 1.88E-16 1.21E-16 1.12E-16 1.20E-16 1.48E-16
Th-161 2_.51E-18 3.14E-18 1.87E-18 1.45E-18 7.91E-18 2_.27E-18 1.78E-18 2.33E-18 9.99E-18
Dysprosium

Dy-155 5.95E-17 6.81E-17 5.80E-17 5.55E-17 1.10E-16 6.03E-17 5.55E-17 6.05E-17 7.08E-17
Dy-157 3.53E-17 4.08E-17 3.38E-17 3.16E-17 7.58E-17 3.54E-17 3.21E-17 3.57E-17 4.26E-17
Dy-159 3.20E-18 4.06E-18 2.22E-18 1.62E-18 1.01E-17 2.84E-18 2.12E-18 2.90E-18 4.43E-18
Dy-165 2_.62E-18 3.04E-18 2.47E-18 2.28E-18 5.70E-18 2.61E-18 2.34E-18 2.63E-18 3.15E-17
Dy-166 3.32E-18 4.05E-18 2.70E-18 2.16E-18 1.04E-17 3.10E-18 2.55E-18 3.19E-18 8.42E-18
Holmium

Ho-155 3.85E-17 4.44E-17 3.73E-17 3.53E-17 7.55E-17 3.88E-17 3.55E-17 3.91E-17 6.05E-17
Ho-157 4_.87E-17 5.62E-17 4.64E-17 4.36E-17 9.98E-17 4.88E-17 4.42E-17 4.91E-17 6.11E-17
Ho-159 3.54E-17 4.12E-17 3.28E-17 2.97E-17 8.63E-17 3.50E-17 3.11E-17 3.55E-17 4.35E-17
Ho-161  4.33E-18 5.45E-18 3.14E-18 2.40E-18 1.35E-17 3.91E-18 3.00E-18 3.99E-18 6.03E-18
Ho-162m 5.89E-17 6.73E-17 5.75E-17 5.54E-17 1.03E-16 5.98E-17 5.51E-17 5.98E-17 6.98E-17
Ho-162 1.61E-17 1.87E-17 1.52E-17 1.42E-17 3.16E-17 1.61E-17 1.45E-17 1.61E-17 2.09E-17
Ho-164m 3.33E-18 4.19E-18 2_.40E-18 1.77E-18 1.08E-17 2.99E-18 2_.28E-18 3.06E-18 4.52E-18
Ho-164 2_.25E-18 2.81E-18 1.66E-18 1.25E-18 7.25E-18 2_.03E-18 1.58E-18 2.08E-18 1.05E-17
Ho-166m 1.80E-16 2.06E-16 1.78E-16 1.72E-16 3.15E-16 1.84E-16 1.70E-16 1.84E-16 2.14E-16
Ho-166  3.06E-18 3.54E-18 2.91E-18 2.72E-18 6.24E-18 3.06E-18 2.79E-18 3.09E-18 4.93E-17
Ho-167 3.71E-17 4.25E-17 3.61E-17 3.40E-17 7.71E-17 3.74E-17 3.43E-17 3.78E-17 5.41E-17
Erbium

Er-161 9.43E-17 1.08E-16 9.30E-17 9.04E-17 1.55E-16 9.62E-17 8.91E-17 9.60E-17 1.12E-16
Er-165 2_.80E-18 3.51E-18 2.03E-18 1.50E-18 9.12E-18 2.52E-18 1.93E-18 2.58E-18 3.77E-18
Er-169  3.63E-21 4.59E-21 2.69E-21 2.20E-21 1.07E-20 3.29E-21 2.59E-21 3.38E-21 2.97E-18
Er-171 3.85E-17 4.43E-17 3.71E-17 3.45E-17 8.63E-17 3.86E-17 3.51E-17 3.92E-17 6.86E-17
Er-172 5.29E-17 6.07E-17 5.20E-17 4_.97E-17 9.75E-17 5.36E-17 4_.95E-17 5.39E-17 6.64E-17
Thulium

Tm-162 1.91E-16 2.15E-16 1.91E-16 1.89E-16 2.90E-16 1.96E-16 1.85E-16 1.96E-16 2.44E-16
Tm-166  1.98E-16 2.25E-16 1.98E-16 1.95E-16 3.05E-16 2.03E-16 1.91E-16 2.03E-16 2.32E-16
Tm-167 1.36E-17 1.60E-17 1.22E-17 1.08E-17 3.58E-17 1.33E-17 1.16E-17 1.35E-17 2.12E-17
Tm-170 5.10E-19 6.14E-19 4_.33E-19 3.46E-19 1.69E-18 4.82E-19 4.04E-19 5.00E-19 1.95E-17
Tm-171  5.21E-20 6.40E-20 4.10E-20 3.09E-20 1.76E-19 4.78E-20 3.84E-20 4.95E-20 7.02E-20
Tm-172 5.09E-17 5.77E-17 5.12E-17 5.06E-17 7.56E-17 5.24E-17 4_.95E-17 5.23E-17 9.13E-17
Tm-173 3.95E-17 4.53E-17 3.88E-17 3.70E-17 7.63E-17 4.00E-17 3.70E-17 4.03E-17 6.54E-17
Tm-175 1.09E-16 1.24E-16 1.08E-16 1.05E-16 1.80E-16 1.11E-16 1.04E-16 1.11E-16 1.62E-16
Ytterbium

Yb-162 1.27E-17 1.51E-17 1.14E-17 9.73E-18 3.75E-17 1.24E-17 1.07E-17 1.27E-17 1.57E-17
Yb-166 6.92E-18 8.52E-18 5.42E-18 4.11E-18 2_.31E-17 6.36E-18 5.09E-18 6.57E-18 9.01E-18
Yb-167 2_.46E-17 2.92E-17 2.19E-17 1.87E-17 7.23E-17 2.39E-17 2_.06E-17 2.45E-17 3.08E-17
Yb-169 2.89E-17 3.42E-17 2.59E-17 2.24E-17 8.19E-17 2.81E-17 2.44E-17 2.88E-17 3.71E-17
Yb-175  4_.01E-18 4.62E-18 3.89E-18 3.65E-18 8.54E-18 4.04E-18 3.69E-18 4_.09E-18 9.78E-18
Yb-177 1.97E-17 2.24E-17 1.94E-17 1.87E-17 3.49E-17 2.01E-17 1.86E-17 2.01E-17 4.99E-17
Yb-178  3.57E-18 4.09E-18 3.49E-18 3.32E-18 7.08E-18 3.61E-18 3.32E-18 3.64E-18 1.35E-17
Lutetium

Lu-169 1.08E-16 1.24E-16 1.07E-16 1.05E-16 1.78E-16 1.11E-16 1.03E-16 1.11E-16 1.28E-16
Lu-170 2_.70E-16 3.04E-16 2.72E-16 2.71E-16 3.87E-16 2.79E-16 2.64E-16 2.77E-16 3.13E-16
Lu-171 7.00E-17 8.03E-17 6.82E-17 6.53E-17 1.24E-16 7.09E-17 6.51E-17 7.09E-17 8.30E-17
Lu-172 1.97E-16 2.24E-16 1.95E-16 1.91E-16 3.16E-16 2.02E-16 1.88E-16 2.01E-16 2.31E-16
Lu-173 1.16E-17 1.39E-17 1.02E-17 8.64E-18 3.29E-17 1.12E-17 9.58E-18 1.14E-17 1.45E-17
Lu-174m 5.14E-18 6.23E-18 4.24E-18 3.42E-18 1.57E-17 4.83E-18 4.00E-18 4.95E-18 6.59E-18
Lu-174 1.20E-17 1.40E-17 1.12E-17 1.04E-17 2.51E-17 1.20E-17 1.07E-17 1.20E-17 1.45E-17
Lu-176m 1.33E-18 1.59E-18 1.16E-18 9.37E-19 4_.42E-18 1.27E-18 1.08E-18 1.32E-18 2.98E-17
Lu-176 5.00E-17 5.74E-17 4_.81E-17 4_.48E-17 1.15E-16 5.01E-17 4_.56E-17 5.09E-17 7.03E-17
Lu-177m 1.01E-16 1.16E-16 9.69E-17 8.96E-17 2.35E-16 1.01E-16 9.18E-17 1.03E-16 1.25E-16
Lu-177 3.52E-18 4.08E-18 3.33E-18 3.00E-18 9.30E-18 3.50E-18 3.13E-18 3.58E-18 9.72E-18
Lu-178m 1.12E-16 1.29E-16 1.09E-16 1.02E-16 2.45E-16 1.13E-16 1.03E-16 1.15E-16 1.65E-16
Lu-178 1.50E-17 1.70E-17 1.50E-17 1.47E-17 2_.37E-17 1.54E-17 1.44E-17 1.54E-17 6.93E-17
Lu-179 3.26E-18 3.75E-18 3.13E-18 2.90E-18 7.72E-18 3.27E-18 2.97E-18 3.32E-18 3.37E-17
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Hafnium

Hf-170 5.45E-17 6.29E-17 5.24E-17 4_.88E-17 1.16E-16 5.47E-17 4_.97E-17 5.52E-17 6.57E-17
Hf-172 9.58E-18 1.17E-17 7.87E-18 6.21E-18 3.14E-17 8.96E-18 7.37E-18 9.25E-18 1.24E-17
Hf-173 4_.04E-17 4.69E-17 3.82E-17 3.46E-17 1.01E-16 4.02E-17 3.61E-17 4.09E-17 4.90E-17
Hf-175 3.66E-17 4.23E-17 3.51E-17 3.27E-17 7.99E-17 3.67E-17 3.33E-17 3.71E-17 4.56E-17
Hf-177m 2.28E-16 2.62E-16 2.21E-16 2.06E-16 5.05E-16 2.30E-16 2.09E-16 2.33E-16 2.88E-16
Hf-178m 2_.40E-16 2.75E-16 2.34E-16 2.22E-16 4.81E-16 2.42E-16 2.23E-16 2.44E-16 2.92E-16
Hf-179m 9.07E-17 1.04E-16 8.76E-17 8.19E-17 1.97E-16 9.11E-17 8.32E-17 9.23E-17 1.12E-16
Hf-180m 1.02E-16 1.17E-16 9.89E-17 9.29E-17 2_.15E-16 1.03E-16 9.39E-17 1.04E-16 1.24E-16
Hf-181 5.62E-17 6.46E-17 5.50E-17 5.20E-17 1.13E-16 5.68E-17 5.23E-17 5.74E-17 7.29E-17
Hf-182m 9.51E-17 1.09E-16 9.28E-17 8.82E-17 1.85E-16 9.62E-17 8.84E-17 9.68E-17 1.20E-16
Hf-182 2_.45E-17 2.81E-17 2.36E-17 2.20E-17 5.57E-17 2_.46E-17 2_.24E-17 2.49E-17 3.05E-17
Hf-183 7.75E-17 8.84E-17 7.64E-17 7.38E-17 1.33E-16 7.88E-17 7.30E-17 7.89E-17 1.19E-16
Hf-184 2_.46E-17 2.85E-17 2_.35E-17 2.16E-17 5.91E-17 2_.46E-17 2_.23E-17 2.50E-17 4.84E-17
Tantalum

Ta-172 1.62E-16 1.84E-16 1.60E-16 1.56E-16 2.71E-16 1.65E-16 1.54E-16 1.65E-16 2.20E-16
Ta-173 5.91E-17 6.78E-17 5.75E-17 5.46E-17 1.13E-16 5.97E-17 5.48E-17 6.00E-17 9.02E-17
Ta-174 6.38E-17 7.32E-17 6.21E-17 5.89E-17 1.26E-16 6.45E-17 5.92E-17 6.49E-17 9.59E-17
Ta-175 9.71E-17 1.11E-16 9.60E-17 9.29E-17 1.68E-16 9.90E-17 9.23E-17 9.92E-17 1.15E-16
Ta-176  2.30E-16 2.60E-16 2.31E-16 2.29E-16 3.40E-16 2.37E-16 2.24E-16 2.36E-16 2.69E-16
Ta-177 5.86E-18 7.04E-18 4_.99E-18 4_.06E-18 1.81E-17 5.56E-18 4_.68E-18 5.72E-18 7.51E-18
Ta-178b* 1.03E-16 1.18E-16 9.88E-17 9.18E-17 2.30E-16 1.03E-16 9.36E-17 1.04E-16 1.26E-16
Ta-178a? 1.03E-17 1.20E-17 9.43E-18 8.48E-18 2.41E-17 1.01E-17 8.97E-18 1.02E-17 1.25E-17
Ta-179 2.62E-18 3.21E-18 2.09E-18 1.59E-18 8.93E-18 2.42E-18 1.96E-18 2.51E-18 3.37E-18
Ta-180m 4.05E-18 4.94E-18 3.30E-18 2.54E-18 1.37E-17 3.77E-18 3.08E-18 3.90E-18 6.68E-18
Ta-180 5.62E-17 6.47E-17 5.38E-17 4.98E-17 1.29E-16 5.62E-17 5.10E-17 5.70E-17 6.93E-17
Ta-182m 2.45E-17 2.85E-17 2.28E-17 2.02E-17 6.73E-17 2.42E-17 2.14E-17 2.47E-17 3.59E-17
Ta-182 1.36E-16 1.55E-16 1.35E-16 1.32E-16 2.17E-16 1.39E-16 1.30E-16 1.39E-16 1.64E-16
Ta-183 2.87E-17 3.33E-17 2.70E-17 2.44E-17 7.28E-17 2.85E-17 2_.55E-17 2.90E-17 4_.58E-17
Ta-184 1.66E-16 1.90E-16 1.64E-16 1.58E-16 3.00E-16 1.69E-16 1.57E-16 1.70E-16 2.24E-16
Ta-185 1.91E-17 2.22E-17 1.79E-17 1.62E-17 4_.84E-17 1.89E-17 1.69E-17 1.93E-17 6.73E-17
Ta-186 1.61E-16 1.84E-16 1.58E-16 1.52E-16 2.99E-16 1.63E-16 1.51E-16 1.64E-16 2.56E-16
Tungsten

W-176 1.60E-17 1.92E-17 1.40E-17 1.13E-17 5.34E-17 1.53E-17 1.30E-17 1.59E-17 2.00E-17
W-177 9.16E-17 1.05E-16 8.91E-17 8.44E-17 1.79E-16 9.26E-17 8.48E-17 9.31E-17 1.10E-16
W-178 1.10E-18 1.34E-18 8.93E-19 6.80E-19 3.77E-18 1.02E-18 8.33E-19 1.06E-18 1.41E-18
W-179 4_.48E-18 5.54E-18 3.43E-18 2.62E-18 1.47E-17 4.08E-18 3.24E-18 4.21E-18 6.00E-18
W-181 3.34E-18 4.07E-18 2.71E-18 2.07E-18 1.14E-17 3.10E-18 2.53E-18 3.22E-18 4.27E-18
W-185 1.15E-20 1.40E-20 9.52E-21 7.88E-21 3.53E-20 1.08E-20 8.99E-21 1.11E-20 4.76E-18
W-187 4_.88E-17 5.58E-17 4.80E-17 4.60E-17 8.79E-17 4.95E-17 4.58E-17 4.97E-17 7.31E-17
W-188 1.95E-19 2.25E-19 1.87E-19 1.72E-19 4_.57E-19 1.95E-19 1.77E-19 1.98E-19 3.18E-18
Rhenium

Re-177 6.34E-17 7.26E-17 6.22E-17 5.96E-17 1.17E-16 6.43E-17 5.96E-17 6.47E-17 9.35E-17
Re-178 1.30E-16 1.46E-16 1.29E-16 1.26E-16 2.17E-16 1.33E-16 1.24E-16 1.33E-16 1.87E-16
Re-180 1.22E-16 1.39E-16 1.21E-16 1.17E-16 2.03E-16 1.25E-16 1.15E-16 1.25E-16 1.49E-16
Re-181 7.83E-17 8.98E-17 7.65E-17 7.29E-17 1.48E-16 7.93E-17 7.29E-17 7.97E-17 9.83E-17
Re-182b® 1.96E-16 2.23E-16 1.93E-16 1.86E-16 3.52E-16 1.99E-16 1.85E-16 2.00E-16 2.33E-16
Re-182a* 1.23E-16 1.40E-16 1.22E-16 1.19E-16 2.02E-16 1.26E-16 1.17E-16 1.26E-16 1.45E-16
Re-184m 3.93E-17 4.51E-17 3.79E-17 3.57E-17 8.01E-17 3.95E-17 3.61E-17 3.98E-17 4.73E-17
Re-184 9.19E-17 1.05E-16 9.04E-17 8.75E-17 1.55E-16 9.36E-17 8.65E-17 9.34E-17 1.08E-16
Re-186m 1.20E-18 1.47E-18 9.57E-19 7.34E-19 4_.01E-18 1.10E-18 8.96E-19 1.14E-18 1.65E-18
Re-186 2_.03E-18 2.38E-18 1.86E-18 1.61E-18 6.10E-18 1.99E-18 1.75E-18 2.05E-18 2.28E-17
Re-187 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Re-188m 6.97E-18 8.36E-18 5.98E-18 4.77E-18 2.35E-17 6.60E-18 5.57E-18 6.86E-18 8.85E-18
Re-188 6.15E-18 7.06E-18 5.96E-18 5.59E-18 1.32E-17 6.20E-18 5.66E-18 6.26E-18 6.07E-17
Re-189  6.99E-18 8.06E-18 6.66E-18 6.10E-18 1.72E-17 6.98E-18 6.29E-18 7.10E-18 2.71E-17
Osmium

0s-180 5.32E-18 6.39E-18 4.53E-18 3.69E-18 1.66E-17 5.03E-18 4.25E-18 5.20E-18 7.04E-18
1T, =2.2h

2T,=9.31m

3T, =64.0 h

4T, =12.7 h
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Dose Coefficients for Water Immersion

Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Osmium, cont®d

0s-181 1.27E-16 1.45E-16 1.25E-16 1.21E-16 2.21E-16 1.29E-16 1.20E-16 1.29E-16 1.51E-16
0s-182 4.34E-17 5.00E-17 4.18E-17 3.91E-17 9.25E-17 4.35E-17 3.97E-17 4.40E-17 5.29E-17
0s-185 7.33E-17 8.38E-17 7.22E-17 6.95E-17 1.28E-16 7.45E-17 6.89E-17 7.47E-17 8.70E-17
0s-189m 1.93E-22 1.05E-21 2.97E-24 4.78E-23 2.59E-22 2_80E-23 8.55E-23 2.46E-22 1.66E-20
0s-190m 1.62E-16 1.86E-16 1.60E-16 1.53E-16 3.02E-16 1.65E-16 1.52E-16 1.66E-16 1.96E-16
0s-191m 6.43E-19 7.76E-19 5.40E-19 4.20E-19 2.22E-18 6.02E-19 5.02E-19 6.28E-19 8.39E-19
0s-191  7.23E-18 8.55E-18 6.47E-18 5.39E-18 2.32E-17 6.98E-18 6.04E-18 7.23E-18 9.36E-18
0s-193  7.35E-18 8.49E-18 7.06E-18 6.53E-18 1.65E-17 7.36E-18 6.69E-18 7.46E-18 3.04E-17
0s-194  7.18E-20 9.28E-20 4.74E-20 3.45E-20 2.18E-19 6.28E-20 4.58E-20 6.39E-20 1.20E-19
Iridium

1r-182 1.39E-16 1.58E-16 1.37E-16 1.31E-16 2.50E-16 1.41E-16 1.31E-16 1.41E-16 2.28E-16
Ir-184  1.99E-16 2.27E-16 1.98E-16 1.92E-16 3.39E-16 2.04E-16 1.90E-16 2.04E-16 2.48E-16
1r-185 6.26E-17 7.14E-17 6.21E-17 6.02E-17 1.09E-16 6.38E-17 5.99E-17 6.42E-17 7.51E-17
Ir-186a!' 1.71E-16 1.95E-16 1.70E-16 1.65E-16 2.95E-16 1.75E-16 1.63E-16 1.75E-16 2.04E-16
Ir-186b? 9.93E-17 1.13E-16 9.80E-17 9.45E-17 1.75E-16 1.01E-16 9.38E-17 1.01E-16 1.28E-16
1r-187 3.63E-17 4.18E-17 3.52E-17 3.32E-17 7.15E-17 3.66E-17 3.35E-17 3.68E-17 4.39E-17
1r-188 1.69E-16 1.91E-16 1.70E-16 1.67E-16 2.63E-16 1.74E-16 1.64E-16 1.74E-16 1.98E-16
Ir-189  7.29E-18 8.64E-18 6.43E-18 5.37E-18 2.23E-17 6.99E-18 6.02E-18 7.22E-18 9.21E-18
Ir-190n® 1.58E-16 1.81E-16 1.55E-16 1.48E-16 3.01E-16 1.60E-16 1.48E-16 1.61E-16 1.91E-16
1r-190m* 2_46E-22 1.24E-21 1.85E-24 5.79E-23 3.13E-22 3.68E-23 9.94E-23 2.95E-22 1.74E-20
1r-190 1.47E-16 1.68E-16 1.44E-16 1.37E-16 2.81E-16 1.49E-16 1.37E-16 1.50E-16 1.77E-16
Ir-191m 6.80E-18 8.03E-18 6.10E-18 5.10E-18 2.17E-17 6.57E-18 5.70E-18 6.81E-18 8.78E-18
Ir-192m 1.65E-17 1.91E-17 1.58E-17 1.43E-17 4_.44E-17 1.65E-17 1.48E-17 1.69E-17 1.96E-17
1r-192 8.36E-17 9.57E-17 8.21E-17 7.81E-17 1.65E-16 8.47E-17 7.81E-17 8.54E-17 1.10E-16
Ir-194m 2.39E-16 2.73E-16 2.36E-16 2.27E-16 4.33E-16 2.43E-16 2.25E-16 2.44E-16 2.88E-16
1r-194 9.63E-18 1.10E-17 9.49E-18 9.12E-18 1.79E-17 9.79E-18 9.07E-18 9.84E-18 6.80E-17
Ir-195m 4_.17E-17 4_81E-17 4_.03E-17 3.76E-17 8.97E-17 4_.19E-17 3.82E-17 4.24E-17 6.33E-17
1r-195 5.26E-18 6.25E-18 4_.63E-18 3.79E-18 1.72E-17 5.03E-18 4.32E-18 5.23E-18 2.67E-17
Platinum

Pt-186 7.55E-17 8.63E-17 7.44E-17 7.16E-17 1.32E-16 7.68E-17 7.10E-17 7.69E-17 8.92E-17
Pt-188 1.95E-17 2.27E-17 1.82E-17 1.62E-17 5.14E-17 1.92E-17 1.71E-17 1.97E-17 2_49E-17
Pt-189 3.21E-17 3.71E-17 3.07E-17 2.84E-17 7.02E-17 3.21E-17 2.91E-17 3.25E-17 3.93E-17
Pt-191 2_.95E-17 3.43E-17 2.77E-17 2_.51E-17 7.14E-17 2_.92E-17 2.62E-17 2.97E-17 3.67E-17
Pt-193m 9.58E-19 1.15E-18 8.21E-19 6.49E-19 3.29E-18 9.03E-19 7.63E-19 9.43E-19 3.88E-18
Pt-193  8.32E-22 3.78E-21 6.05E-24 1.86E-22 1.01E-21 1.53E-22 3.02E-22 9.23E-22 4.79E-20
Pt-195m 6.49E-18 7.74E-18 5.65E-18 4_.56E-18 2_.18E-17 6.17E-18 5.26E-18 6.43E-18 1.06E-17
Pt-197m 7.70E-18 8.99E-18 7.16E-18 6.37E-18 2_.00E-17 7.57E-18 6.75E-18 7.75E-18 2_.46E-17
Pt-197 2_.25E-18 2.65E-18 2_.05E-18 1.74E-18 6.97E-18 2_.19E-18 1.91E-18 2.26E-18 1.26E-17
Pt-199 2_.08E-17 2.37E-17 2.05E-17 1.96E-17 3.84E-17 2_.11E-17 1.95E-17 2.12E-17 5.91E-17
Pt-200 5.65E-18 6.61E-18 5.19E-18 4_.52E-18 1.62E-17 5.52E-18 4_.87E-18 5.68E-18 1.56E-17
Gold

Au-193 1.52E-17 1.78E-17 1.39E-17 1.21E-17 4.26E-17 1.48E-17 1.31E-17 1.52E-17 1.95E-17
Au-194 1.12E-16 1.28E-16 1.12E-16 1.09E-16 1.88E-16 1.15E-16 1.08E-16 1.15E-16 1.33E-16
Au-195m 2.02E-17 2.32E-17 1.95E-17 1.81E-17 4.70E-17 2.03E-17 1.84E-17 2.06E-17 2.67E-17
Au-195  7.38E-18 8.81E-18 6.39E-18 5.12E-18 2.51E-17 7.00E-18 5.95E-18 7.30E-18 9.34E-18
Au-198m 5.79E-17 6.69E-17 5.49E-17 4_.96E-17 1.52E-16 5.76E-17 5.17E-17 5.88E-17 7.58E-17
Au-198 4.13E-17 4.73E-17 4.07E-17 3.89E-17 7.86E-17 4.19E-17 3.88E-17 4.22E-17 6.85E-17
Au-199 8.89E-18 1.03E-17 8.40E-18 7.52E-18 2.43E-17 8.83E-18 7.89E-18 9.04E-18 1.43E-17
Au-200m 2.14E-16 2.45E-16 2.12E-16 2.03E-16 3.90E-16 2.18E-16 2.02E-16 2.19E-16 2.64E-16
Au-200 2_.89E-17 3.28E-17 2.89E-17 2.83E-17 4.61E-17 2.96E-17 2_.78E-17 2.96E-17 8.48E-17
Au-201 5.47E-18 6.27E-18 5.38E-18 5.15E-18 1.01E-17 5.55E-18 5.13E-18 5.58E-18 3.28E-17
Mercury

Hg-193m 1.08E-16 1.23E-16 1.06E-16 1.02E-16 1.95E-16 1.10E-16 1.02E-16 1.10E-16 1.31E-16
Hg-193 1.92E-17 2.25E-17 1.77E-17 1.55E-17 5.37E-17 1.89E-17 1.67E-17 1.94E-17 2_.57E-17
Hg-194  1.64E-21 6.26E-21 1.42E-23 3.39E-22 1.86E-21 3.89E-22 5.02E-22 1.61E-21 6.15E-20
Hg-195m 2.08E-17 2.40E-17 2.00E-17 1.86E-17 4.62E-17 2.09E-17 1.90E-17 2.12E-17 2.75E-17
Hg-195 2_.00E-17 2.31E-17 1.91E-17 1.78E-17 4_.28E-17 2_.00E-17 1.82E-17 2.02E-17 2.42E-17
1T, =15.8h

2T,=1.75h

T, =3.1h

4T, =1.2h
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Dose Coefficients for Water Immersion

Dose Coefficient h; (Sv per Bgq s m3)

Nuclide Gonad Breast Lung R Marrow BSurface Thyroid Remainder Effective Skin
Mercury, cont®d

Hg-197m 8.92E-18 1.04E-17 8.28E-18 7.20E-18 2.62E-17 8.77E-18 7.75E-18 9.03E-18 1.65E-17
Hg-197 6.10E-18 7.27E-18 5.30E-18 4.24E-18 2_.08E-17 5.78E-18 4_.93E-18 6.04E-18 7.66E-18
Hg-199m 1.83E-17 2.12E-17 1.72E-17 1.54E-17 4_.86E-17 1.81E-17 1.62E-17 1.85E-17 4.01E-17
Hg-203 2_.44E-17 2.79E-17 2_.36E-17 2_.21E-17 5.42E-17 2_.45E-17 2_.24E-17 2_.48E-17 3.14E-17
Thallium

TI-194m 2.37E-16 2.71E-16 2.34E-16 2.26E-16 4.22E-16 2.41E-16 2.24E-16 2.42E-16 3.00E-16
TI-194 7.92E-17 9.07E-17 7.77E-17 7.42E-17 1.49E-16 8.02E-17 7.41E-17 8.07E-17 9.51E-17
TI-195 1.34E-16 1.52E-16 1.34E-16 1.32E-16 2.12E-16 1.38E-16 1.30E-16 1.38E-16 1.60E-16
TI-197 4_.15E-17 4.76E-17 4.04E-17 3.83E-17 8.21E-17 4.19E-17 3.86E-17 4.22E-17 5.11E-17
TI-198m 1.22E-16 1.39E-16 1.20E-16 1.14E-16 2.26E-16 1.23E-16 1.14E-16 1.24E-16 1.53E-16
T1-198 2.13E-16 2.42E-16 2.14E-16 2.10E-16 3.33E-16 2.19E-16 2.07E-16 2.19E-16 2.50E-16
TI-199 2_.46E-17 2.84E-17 2.34E-17 2_.15E-17 5.80E-17 2.45E-17 2_.22E-17 2.49E-17 3.12E-17
TI1-200 1.36E-16 1.55E-16 1.35E-16 1.32E-16 2.30E-16 1.39E-16 1.30E-16 1.40E-16 1.61E-16
TI-201 8.53E-18 1.01E-17 7.60E-18 6.28E-18 2.77E-17 8.20E-18 7.08E-18 8.51E-18 1.08E-17
TI1-202 4_.69E-17 5.39E-17 4.57E-17 4.30E-17 9.55E-17 4.73E-17 4.34E-17 4.78E-17 5.68E-17
TI-204 1.24E-19 1.48E-19 1.07E-19 8.70E-20 4.11E-19 1.18E-19 1.00E-19 1.22E-19 1.32E-17
TI1-206 1.31E-19 1.55E-19 1.18E-19 1.05E-19 3.39E-19 1.28E-19 1.12E-19 1.30E-19 3.58E-17
T1-207 3.34E-19 3.85E-19 3.22E-19 3.08E-19 6.27E-19 3.37E-19 3.08E-19 3.38E-19 3.27E-17
T1-208 3.73E-16 4.17E-16 3.79E-16 3.78E-16 5.27E-16 3.87E-16 3.68E-16 3.84E-16 4.66E-16
T1-209 2.16E-16 2.45E-16 2.17E-16 2.14E-16 3.39E-16 2.22E-16 2.10E-16 2.22E-16 2.97E-16
Lead

Pb-195m 1.64E-16 1.87E-16 1.62E-16 1.55E-16 2.95E-16 1.67E-16 1.54E-16 1.67E-16 2.05E-16
Pb-198 4.41E-17 5.07E-17 4.25E-17 3.95E-17 9.79E-17 4.42E-17 4.03E-17 4.48E-17 5.55E-17
Pb-199 1.55E-16 1.76E-16 1.55E-16 1.51E-16 2.54E-16 1.59E-16 1.49E-16 1.59E-16 1.83E-16
Pb-200 2_.02E-17 2.36E-17 1.89E-17 1.66E-17 5.66E-17 1.99E-17 1.77E-17 2_.05E-17 2.68E-17
Pb-201 7.77E-17 8.88E-17 7.62E-17 7.27E-17 1.47E-16 7.87E-17 7.26E-17 7.92E-17 9.42E-17
Pb-202m 2.12E-16 2.41E-16 2.11E-16 2.05E-16 3.47E-16 2.17E-16 2.02E-16 2.16E-16 2.51E-16
Pb-202  8.97E-22 4_.36E-21 6.43E-24 2.07E-22 1.12E-21 1.55E-22 3.50E-22 1.05E-21 6.29E-20
Pb-203 3.11E-17 3.59E-17 2.97E-17 2.73E-17 7.49E-17 3.11E-17 2.81E-17 3.16E-17 3.92E-17
Pb-205 1.03E-21 4.85E-21 7.81E-24 2.34E-22 1.27E-21 1.92E-22 3.89E-22 1.17E-21 6.76E-20
Pb-209 1.62E-20 1.98E-20 1.34E-20 1.13E-20 4.71E-20 1.53E-20 1.27E-20 1.57E-20 9.88E-18
Pb-210 1.44E-19 1.91E-19 9.78E-20 7.22E-20 4.50E-19 1.26E-19 9.44E-20 1.31E-19 3.00E-19
Pb-211 5.30E-18 6.05E-18 5.24E-18 5.07E-18 9.14E-18 5.40E-18 5.01E-18 5.41E-18 3.56E-17
Pb-212 1.49E-17 1.72E-17 1.42E-17 1.30E-17 3.73E-17 1.49E-17 1.34E-17 1.52E-17 2.35E-17
Pb-214 2_.54E-17 2.91E-17 2_.47E-17 2_.32E-17 5.38E-17 2_.56E-17 2.34E-17 2_.59E-17 4_.49E-17
Bismuth

Bi-200 2.47E-16 2.82E-16 2.44E-16 2.36E-16 4.31E-16 2.52E-16 2.34E-16 2.52E-16 3.01E-16
Bi-201 1.39E-16 1.58E-16 1.38E-16 1.34E-16 2.30E-16 1.42E-16 1.32E-16 1.42E-16 1.79E-16
Bi-202 2.83E-16 3.22E-16 2.81E-16 2.74E-16 4.64E-16 2.89E-16 2.69E-16 2.89E-16 3.36E-16
Bi-203 2.53E-16 2.87E-16 2.55E-16 2.51E-16 3.85E-16 2.60E-16 2.46E-16 2.60E-16 2.98E-16
Bi-205 1.79E-16 2.03E-16 1.80E-16 1.77E-16 2.74E-16 1.84E-16 1.74E-16 1.84E-16 2.09E-16
Bi-206  3.43E-16 3.90E-16 3.41E-16 3.33E-16 5.53E-16 3.51E-16 3.28E-16 3.51E-16 4.06E-16
Bi-207 1.60E-16 1.82E-16 1.59E-16 1.55E-16 2.60E-16 1.64E-16 1.53E-16 1.64E-16 1.95E-16
Bi-210m 2.63E-17 3.01E-17 2.55E-17 2.40E-17 5.72E-17 2.65E-17 2_.42E-17 2.68E-17 3.34E-17
Bi-210 6.41E-20 7.65E-20 5.64E-20 4.95E-20 1.74E-19 6.19E-20 5.34E-20 6.33E-20 2.44E-17
Bi-211 4_.75E-18 5.45E-18 4.64E-18 4.39E-18 9.79E-18 4.80E-18 4.41E-18 4.85E-18 6.17E-18
Bi-212 1.95E-17 2.22E-17 1.96E-17 1.92E-17 3.02E-17 2.00E-17 1.88E-17 2.00E-17 5.47E-17
Bi-213 1.36E-17 1.56E-17 1.34E-17 1.28E-17 2.57E-17 1.38E-17 1.28E-17 1.39E-17 4_43E-17
Bi-214 1.61E-16 1.83E-16 1.63E-16 1.61E-16 2.38E-16 1.66E-16 1.57E-16 1.66E-16 2.32E-16
Polonium

Po-203 1.72E-16 1.96E-16 1.72E-16 1.68E-16 2.77E-16 1.77E-16 1.65E-16 1.76E-16 2.09E-16
Po-205 1.66E-16 1.88E-16 1.65E-16 1.61E-16 2.65E-16 1.70E-16 1.58E-16 1.69E-16 1.95E-16
Po-207 1.39E-16 1.58E-16 1.38E-16 1.34E-16 2.26E-16 1.42E-16 1.32E-16 1.42E-16 1.64E-16
Po-210 8.86E-22 1.01E-21 8.80E-22 8.61E-22 1.39E-21 9.06E-22 8.43E-22 9.03E-22 1.04E-21
Po-211 8.10E-19 9.22E-19 8.05E-19 7.85E-19 1.30E-18 8.28E-19 7.71E-19 8.27E-19 9.59E-19
Po-212 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Po-213 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Po-214  8.68E-21 9.86E-21 8.63E-21 8.43E-21 1.37E-20 8.88E-21 8.26E-21 8.85E-21 1.02E-20
Po-215 1.80E-20 2.06E-20 1.77E-20 1.70E-20 3.36E-20 1.82E-20 1.69E-20 1.84E-20 2.17E-20
Po-216 1.76E-21 2.00E-21 1.75E-21 1.71E-21 2.77E-21 1.81E-21 1.68E-21 1.80E-21 2.07E-21
Po-218 9.52E-22 1.08E-21 9.47E-22 9.27E-22 1.49