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PREFACE

The Federal Radiation Council (FRC) was formed in 1959, through Executive Order 10831.
A decade later its functions were transferred to the Administrator of the newly formed
Environmental Protection Agency (EPA) as part of Reorganization Plan No. 3 of 1970. Under these
authorities it is the responsibility of the Administrator 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 this guidance to Federal Agencies is to ensure that the
regulation of exposure to ionizing radiation is adequately protective, reflects the best available
scientific information, and is carried out in a consistent manner.

Since the mid-1980s, EPA has issued a series of Federal guidance documents for the purpose
of providing the Federal and State agencies technical information to assist their implementation of
radiation protection programs. The first report in this series, Federal Guidance Report No. 10 (EPA,
1984a), presented derived concentrations of radioactivity in air and water corresponding to the
limiting annual doses recommended for workers in 1960. That report was superseded in 1988 by
Federal Guidance Report No. 11 (EPA, 1988), which provided updated dose coefficients for internal
exposure of members of the general public and limiting values of radionuclide intake and air
concentrations for implementation of the 1987 Radiation Protection Guidance for Occupational
Exposure (EPA, 1987). Federal Guidance Report No. 12 (EPA, 1993) tabulated dose coefficients
for external exposure to radionuclides in air, water, and soil.

This report, Cancer Risk Coefficients for Environmental Exposure to Radionuclides, Federal
Guidance Report No. 13, provides numerical factors for use in estimating the risk of cancer from
low-level exposure to radionuclides. A risk coefficient for a radionuclide that exposes persons
through a given environmental medium is an estimate of the probability of radiogenic cancer
mortality or morbidity per unit activity inhaled or ingested, for internal exposure, or per unit time-
integrated activity concentration in air or soil, for external exposure. A risk coefficient may be
interpreted either as the average risk per unit exposure for persons exposed throughout life to a
constant activity concentration of a radionuclide in an environmental medium, or as the average risk
per unit exposure for persons exposed for a brief period to the radionuclide in an environmental
medium. The risk coefficients given in this document apply to populations that approximate the age,
gender, and mortality experience characterized by the 1989-91 U.S. decennial life tables. These
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coefficients are tabulated using the SI unit of activity (becquerel), as are the dose coefficients in
Federal Guidance Report No. 11 and Report No. 12.

An interim version of this report was published for public comment in January 1998. That
version described the methodology used for derivation of a risk coefficient and provided risk
coefficients for exposure to any of approximately 100 important radionuclides through various
environmental media. This final version includes the background information given in the interim
version, extends the tabulation of risk coefficients to more than 800 radionuclides, and provides
additional discussion of the sources and extent of uncertainty in estimates of cancer risk from
exposure to radionuclides.

The tabulated risk coefficients are based on state-of-the-art methods and models that take into
account age and gender dependence of intake, metabolism, dosimetry, radiogenic risk, and
competing causes of death in estimating the risks to health from internal or external exposure to
radionuclides. Although many of the biokinetic and dosimetric models used here are updates of
models used in Federal Guidance Report No. 11, the present report does not replace either that
document or Federal Guidance Report No. 12 or affect their use for radiation protection purposes.
The dose coefficients given in Federal Guidance Report No. 11 and Report No. 12 continue to be
recommended for determining conformance with the radiation protection guidance to Federal
agencies issued by the President and will be updated in the future as warranted. The risk coefficients
tabulated in the present report have a different purpose — they are intended for use in assessing risks
from radionuclide exposure, in a variety of applications ranging from analyses of specific sites to the
general analyses that support rule making. Although the application of these risk coefficients for
purposes such as cost/benefit analysis, environmental impact statements (EISs), and environmental
assessments (EAs) — especially by Federal agencies — is encouraged to promote consistency in
risk assessment, such use is discretionary.

The tabulated risk coefficients are intended mainly for prospective assessments of potential
cancer risks from long-term exposure to radionuclides in environmental media. While it is
recognized that the tabulations are also likely to be used in retrospective analyses of radiation
exposures of populations, it is emphasized that such analyses should be limited to estimation of total
or average risks in large populations. The risk coefficients are not intended for application to
specific individuals, ages, or genders and should not be used for that purpose. Also, the coefficients
are based on radiation risk models developed for application either to low acute doses or low dose
rates and should not be applied to accident cases involving high doses and dose rates, either in

prospective or retrospective analyses.
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Some risk assessment procedures are established as a matter of policy, and additional
guidance may be needed before using these risk coefficients in such policy matters. For example,
EPA recommends that radiation risk assessments for sites on the National Priorities List under the
Comprehensive Environmental Response, Compensation, and Liability Act be performed using the
Health Effects Assessment Summary Tables (HEAST), which are periodically updated to reflect new
information, such as that contained in this report.

In using Federal Guidance Report No. 13, the cancer risk associated with a radionuclide
intake or external exposure is calculated as the product of the appropriate cancer risk coefficient and
the corresponding radionuclide intake or exposure. This calculation presumes that risk is directly
proportional to intake or exposure, i.e., it follows a linear, no-threshold (LNT) model. Current
scientific evidence does not rule out the possibility that the calculated risk at environmental exposure
levels may be overestimates or underestimates. However, several recent expert panels (UNSCEAR,
1993, 1994; NRPB, 1993; NCRP, 1997) have concluded that the LNT model is sufficiently
consistent with current information on carcinogenic effects of radiation that its use is scientifically
justifiable for purposes of estimating risks from low doses of radiation. As a practical matter, the
LNT approach is universally used for assessing the risk from environmental exposure to
radionuclides as well as other carcinogens. Within the LNT context, sources of uncertainty in the
radionuclide cancer risk coefficients are discussed in the report, and judgments of uncertainty in the
risk coefficients are given in Chapter 2 for a number of radionuclides. As new scientific evidence
becomes available, we shall consider its effect on the information presented in this report and shall
update the report as needed.

The risk coefficients were calculated using the DCAL (Dose and Risk Calculation) software,
developed at Oak Ridge National Laboratory for the EPA. DCAL is a comprehensive system for
calculating dose and risk coefficients using age-dependent models. A manual describing the DCAL
software and the quality assurance procedures for this software will be published separately.

This report would not have been possible without the contributions of the many investigators
who produced the building blocks that provided the basis for the results presented here. These
include: Jerome S. Puskin and Christopher B. Nelson, who assembled the models for age-dependent,
organ-specific cancer risks; Richard W. Leggett and Keith F. Eckerman, who developed many of the
age-specific biokinetic and dosimetric models published by the International Commission on
Radiological Protection and who provided the basis for calculation of doses from internal and
external exposure; and Robert Armstrong, who supplied pre-publication values for the 1989-91 U.S.
decennial life tables. The major effort required to prepare the report itself was carried out by Keith
F. Eckerman, Richard W. Leggett, Christopher B. Nelson, Jerome S. Puskin, and Allan C.B.



Richardson. Preparation of the report was funded by the U.S. Environmental Protection Agency, the
U.S. Department of Energy (DOE), and the U.S. Nuclear Regulatory Commission (NRC).

Technical reviews for the draft interim version of the report were contributed by William J.
Bair, Bernd Kahn, Charles E. Land, John R. Mauro, and Alan Phipps. Review comments on the
interim version (EPA, 1998) were provided by Federal agencies (including NRC and DOE), State
agencies, and members of the public. The EPA Science Advisory Board (SAB) formally reviewed
and commented on the interim report. This final version of Federal Guidance Report No. 13 reflects
consideration of all these comments.

We gratefully acknowledge the work of the authors, the agencies that contributed funding
for this work, and the helpful comments of the technical reviewers, the Science Advisory Board, and
the public. We would appreciate notice of any errors or suggestions for improvements so that they
may be taken into account in future editions. You may address comments to Michael A. Boyd,
Radiation Protection Division (6608J), U.S. Environmental Protection Agency, Washington, DC
20460.

Stephen D. Page, Director
Office of Radiation and Indoor Air
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CHAPTER 1. INTRODUCTION

Since the mid-1980s, a series of Federal guidance documents has been issued by the
Environmental Protection Agency (EPA) for the purpose of providing Federal and State agencies
with technical information to assist their implementation of radiation protection programs. Previous
reports have dealt with numerical factors, called “dose factors” or “dose coefficients”, for estimating
radiation dose due to exposure to radionuclides. The present report is intended as the first of a series
of documents that will provide numerical factors, called “risk coefficients”, for estimating risks to
health from exposure to radionuclides. These reports will apply state-of-the-art methods and models
that take into account age and gender dependence of intake, metabolism, dosimetry, radiogenic risk,
and competing causes of death in estimating the risks to health from internal or external exposure
to radionuclides. The present report provides tabulations of cancer risk coefficients for internal or
external exposure to any of more than 800 radionuclides through various environmental media.
Subsequent reports may expand the exposure pathways and health endpoints considered.

The risk coefficients developed in this report apply to an average member of the public, in
the sense that estimates of risk are averaged over the age and gender distributions of a hypothetical
closed “stationary” population whose survival functions and cancer mortality rates are based on
recent data for the U.S. Specifically, the total mortality rates in this population are defined by the
1989-91 U.S. decennial life table (NCHS, 1997), and cancer mortality rates are defined by U.S.
cancer mortality data for the same period (NCHS, 1992, 1993a, 1993b). This hypothetical
population is referred to as “stationary” because the gender-specific birth rates and survival functions
are assumed to remain invariant over time.

For a given radionuclide and exposure mode, both a “mortality risk coefficient” and a
“morbidity risk coefficient” are provided. A mortality risk coefficient is an estimate of the risk to
an average member of the U.S. population, per unit activity inhaled or ingested for internal
exposures or per unit time-integrated activity concentration in air or soil for external exposures, of
dying from cancer as a result of intake of the radionuclide or external exposure to its emitted
radiations. A morbidity risk coefficient is a comparable estimate of the average total risk of
experiencing a radiogenic cancer, whether or not the cancer is fatal. The term “risk coefficient” with
no modifier should be interpreted throughout this report as “mortality or morbidity risk coefficient”.

It is a common practice to estimate the cancer risk from intake of a radionuclide or external
exposure to its emitted radiations as the simple product of a “probability coefficient” and an
estimated “effective dose” to a typical adult (see the Glossary for definitions). For example, a



“nominal cancer fatality probability coefficient” of 0.05 Sv'is given in ICRP Publication 60 (1991)
for all cancer types combined. This value is referred to as nominal because of the uncertainties
inherent in radiation risk estimates and because it is based on an idealized population receiving a
uniform dose over the whole body. It is pointed out by the ICRP (1991) that such a probability
coefficient may be a less accurate estimator in situations where the distribution of dose is
nonuniform. There are also other situations in which the product of a probability coefficient and the
effective dose may not accurately represent the risk implied by current biokinetic, dosimetric, and
radiation risk models. For example, such a product may understate the implied risk for intakes of
radionuclides for which there is an apparently multiplicative effect during childhood of elevated
organ doses and elevated risk per unit dose. Such a product may overstate the risk implied by current
models in the case of intake of a long-lived, tenaciously retained radionuclide because much of the
dose may be received during late adulthood when there is a relatively high likelihood of dying from
a competing cause before a radiogenic cancer can be expressed. Finally, the weighting factors
commonly used to calculate effective dose do not reflect the most up-to-date knowledge of the
distribution of risk among the organs and tissues of the body.

In contrast to risk estimates based on the product of a probability coefficient and effective
dose (for intake by the adult), the risk coefficients tabulated in this document take into account the
age dependence of the biological behavior and internal dosimetry of ingested or inhaled
radionuclides. Also, compared with risk estimates based on effective dose, the risk coefficients in
this document characterize more precisely the implications of age and gender dependence in
radiogenic risk models, U.S. cancer mortality rates, and competing risks from non-radiogenic causes
of death in the U.S. Finally, these risk coefficients take into account the age and gender dependence
in the usage of contaminated environmental media, which is generally not considered in risk
estimates based on the simple product of a nominal probability coefficient and an estimated effective
dose.

Radionuclides and exposure scenarios addressed

Risk coefficients are provided for the following modes of exposure to a given radionuclide:
inhalation of air, ingestion of food, ingestion of tap water, external exposure from submersion in air,
external exposure from the ground surface, and external exposure from soil contaminated to an
infinite depth.

With a few exceptions described in Chapter 6, the radionuclides addressed in the external
exposure scenarios are the same as those considered in Federal Guidance Report No. 12 (EPA,



1993), which tabulates dose coefficients for external exposure to radionuclides in air, water, and soil.
Each of the radionuclides considered in the external exposure scenarios either has a half-life of at
least 10 min or occurs in the decay chain of such a radionuclide.

With a few exceptions described in Chapter 5, the radionuclides considered in the internal
exposure scenarios are the same as those addressed in ICRP Publication 72 (1996), which is a
compilation of the ICRP’s age-dependent dose coefficients for members of the public from intake
of radionuclides. These radionuclides include most but not all of those considered in the external
exposure scenarios. Specifically, the radionuclides addressed in the external exposure scenarios but
not in the intake scenarios are those with half-lives less than 10 min and radioisotopes of radon or
other noble gases. New models and methods for assessing the risk of exposure to radon and its
short-lived progeny are under development.

For each of the internal exposure modes, the risk coefficient for a radionuclide includes the
contribution to dose from production of decay chain members in the body after intake of the parent
radionuclide, regardless of the half-lives of the decay chain members. For both internal and external
exposure, a risk coefficient for a given radionuclide is based on the assumption that this is the only
radionuclide present in the environmental medium. That is, doses due to decay chain members
produced in the environment prior to intake of, or external exposure to, the radionuclide are not
considered. However, a separate risk coefficient is provided for each decay chain member of
potential dosimetric significance. This allows the user to assess the risks from ingrowth of
radionuclides in the environment.

The risk coefficients tabulated in this report are applicable to either chronic or acute exposure
to a radionuclide. That is, a risk coefficient may be interpreted either as the average risk per unit
exposure to members of a population exposed throughout life to a constant concentration of a
radionuclide in an environmental medium, or as the average risk per unit exposure to members of
a population acutely exposed to the radionuclide in the environmental medium. For purposes of
computing the risk coefficients, it was assumed that the concentration of the radionuclide in the
environmental medium remains constant and that all persons in the population are exposed to that
environmental medium throughout their lifetimes.

Applicability to the current U.S. population
The risk coefficients are based on exposure of a hypothetical stationary population with

survival functions and cancer mortality rates similar to those of the current U.S. population, but with

steady-state gender and age distributions based on these survival functions and fixed gender-specific



birth rates. Due to uncertainty in the future composition of the U.S. population, the use of such a
stationary population is appropriate for consideration of long-term, chronic exposures. Because the
gender-specific age distributions in the current U.S. population differ considerably from those of the
hypothetical stationary population, however, the question arises as to the applicability of these risk
coefficients to short-term exposures of the U.S. population that might occur in the near future. This
question is addressed in Appendix E, where the tabulated risk coefficients are compared with values
calculated for short-term exposure of a hypothetical population with the age and gender distributions
of'the 1996 U.S. population. As is the case for the hypothetical stationary population, total mortality
rates in the hypothetical 1996 population during and after exposure are assumed to be those given
in the 1989-91 U.S. decennial life table, and cancer mortality rates are taken to be those given by
U.S. cancer mortality data for the same period. The comparison reveals only small differences in
risk coefficients for the two populations.

Computation of the risk coefficients for internal exposure

A schematic of the method of
computation of a risk coefficient is
shown in Fig. 1.1 for the case of
internal exposure to a radionuclide.
The main steps in the computation are
shown in the numbered boxes in the

figure and are summarized below.

1. Lifetime risk per unit absorbed

dose at each age

For each of 14 cancer sites in
the body, radiation risk models are
used to calculate gender-specific
values for the lifetime risk per unit
absorbed dose received at each age.
The
radiation risk models are described in

age- and gender-specific

Chapter 7. These models are taken

Cancer risk coefficients
from epidemiologic studies;
e.g.. A-bomb survivors

F

Risk model coefficients
transported to U.S. population

U.S. vital statistics
and cancer mortality data

1. Lifetime risk per unit
absorbed dose at each age

Age-specific biokinetic
and dosimetric methods

2. Absorbed dose rate as a
function of time following a
unit activity intake at each age

3. Lifetime risk per unit
activity intake at each age

M|

U.S. age- and gender-
specific usage data for
environmental medium

-

4. Lifetime cancer risk for a
constant activity concentration
in environmental medium

M|

-

5. Risk coefficient: Average
lifetime cancer risk
per unit activity intake

Fig. 1.1. Components of the risk coefficient computation.
The numbers identify key steps described in the text.

4




from a recent EPA report (EPA, 1994) that provides a methodology for calculation of radiogenic
cancer risks based on a critical review of data on the Japanese atomic bomb survivors and other
study groups and methods of transporting radiation risk estimates across populations. Parameter
values given in that EPA report have been modified in some cases to reflect updated vital statistics
and cancer mortality data for the U.S. and to achieve greater consistency in the assumptions made
in this report for different age groups and genders.

The cancer sites considered are esophagus, stomach, colon, liver, lung, bone, skin, breast,
ovary, bladder, kidney, thyroid, red marrow (leukemia), and residual (all remaining cancer sites
combined). An absolute risk model is applied to bone, skin, and thyroid; that is, it is assumed for
these sites that the radiogenic cancer risk is independent of the baseline cancer mortality rate (the
cancer mortality rate for that site in an unexposed population). For the other cancer sites, a relative
risk model is used; that is, it is assumed that the likelihood of a radiogenic cancer is proportional to
its baseline cancer mortality rate. The baseline cancer mortality rates are calculated from U.S. cancer
mortality data for 1989-91 (NCHS, 1992, 1993a, 1993b).

The computation of gender- and cancer site-specific values for the lifetime risk per unit
absorbed dose involves an integration over age, beginning at the age at which the dose is received,
of the product of the age-specific risk model coefficient (times the baseline mortality rate of the
cancer in the case of a relative risk model) and the survival function. The survival function accounts
for the possibility that the exposed person may die from a competing cause before a radiogenic
cancer is expressed. The computation is described in detail in Chapter 7.

The estimates of lifetime risk per unit absorbed dose are independent of the radionuclide and
exposure pathway. They are calculated only once and are used as input for the calculation of each
risk coefficient.

2. Absorbed dose rates as a function of time post acute intake at each age

Age-specific biokinetic models are used to calculate the time-dependent inventories of
activity in various regions of the body following acute intake of a unit activity of the radionuclide.
For a given radionuclide and intake mode, this calculation is performed for each of six “basic” ages
at intake: infancy (100 days); 1, 5, 10, and 15 years; and maturity (usually 20 years, but 25 years in
the biokinetic models for some elements). The biokinetic models used in this document are
described in Chapter 4. With a few exceptions described in that chapter, these biokinetic models are
the same as those applied by the ICRP in its development of age-specific dose coefficients for



inhalation or ingestion of radionuclides by members of the public (ICRP, 1989, 1993, 1995a, 1995b,
1996).

Age-specific dosimetric models are used to convert the calculated time-dependent regional
activities in the body to absorbed dose rates (per unit intake) to radiosensitive tissues as a function
of age at intake and time after intake. Absorbed dose rates for intake ages intermediate to the six
basic ages at intake (infancy; 1, 5, 10, and 15 years; and maturity) are determined by interpolation.
The dosimetric models used in this document are the models used in the ICRP’s series of documents
on age-specific doses to members of the public from intake of radionuclides (ICRP, 1989, 1993,
1995a, 1995b, 1996). These models are described in Chapter 5.

3. Lifetime cancer risk per unit intake at each age

For each cancer site, the gender-specific values of lifetime risk per unit absorbed dose
received at each age (derived in the first step) are used to convert the calculated absorbed dose rates
to lifetime cancer risks, for the case of acute intake of one unit of activity at each age x;. This
calculation involves integration over age of the product of the absorbed dose rate at age x for a unit
intake at age x;, the lifetime risk per unit absorbed dose received at age x, and the value of the
survival function at age x divided by the value at age x;. The survival function is used to account for
the probability that a person exposed at age x; is still alive at age x to receive the absorbed dose. It
is assumed that the radiation dose is sufficiently low that the survival function is not significantly
affected by the number of radiogenic cancer deaths at any age. The calculation is described in
Chapter 7.

4. Lifetime cancer risk for chronic intake

The risk coefficients in this document are applicable to either chronic or acute exposures.
However, for purposes of computing a risk coefficient, it is assumed that the concentration of the
radionuclide in the environmental medium remains constant and that all persons in the population
are exposed to that environmental medium throughout their lifetimes.

The usage of environmental media may vary considerably with age and gender. Such
variation is taken into account in the calculation of risk coefficients for the internal exposure
scenarios. The age- and gender-specific models of usage of environmental media (air, food, or tap
water) are described in Chapter 3. Daily ingestion of a given radionuclide in food is assumed to be
proportional to age- and gender-specific daily energy intake. For radioisotopes of iodine, alternate



risk coefficients are calculated for food under the assumption that daily ingestion is proportional to
age- and gender-specific daily usage of cow’s milk. The age- and gender-specific ventilation rates
applied here are reference values given by the ICRP. Age- and gender-specific usage rates for tap
water, food energy, and cow’s milk are average values estimated from recent data for the U.S.
For each cancer site and each gender, the lifetime cancer risk for chronic exposure is obtained
by integration over age x of the product of the lifetime cancer risk per unit intake at age x and the
expected intake of the environmental medium at age x. The expected intake at a given age is the
product of the usage rate of the medium and the value of the survival function at that age.

5. Average lifetime cancer risk per unit activity intake

Because a risk coefficient is the estimated radiogenic cancer risk per unit activity intake, the
calculated lifetime cancer risk from chronic intake of the environmental medium must be divided
by the expected lifetime intake. The expected lifetime intake is given by the integral over age of the
product of the usage rate and the survival function.

Therefore, in the calculation of a gender- and cancer site-specific risk coefficient, usage of
the environmental medium appears both in the numerator (see Step 4) and the denominator. This
makes the risk coefficient independent of the concentration of the radionuclide in the medium and
of the population-averaged usage rate of the medium but does not diminish the importance of the
usage rate in the derivation of the risk coefficient. For example, the risk coefficient for a given
radionuclide in food may differ considerably from the coefficient for the same radionuclide in tap
water because the assumed age-specific patterns of consumption are substantially different for food
and tap water.

Except for the calculations of the time-dependent organ activities and absorbed dose rates,
each of the steps described above is performed separately for each gender and each cancer site. A
total risk coefficient is derived by first adding the risk estimates for the different cancer sites in each
gender and then calculating a weighted mean of the coefficients for males and females. The
weighted mean of coefficients for males and females reflects the gender ratio at birth, the gender-
specific risk per unit intake at each age, and the gender-specific survival function at each age.

Computation of the risk coefficients for external exposure

The computation of risk coefficients for external exposure scenarios is similar to that for

internal exposure scenarios but involves fewer steps because the absorbed dose rates are taken



directly from Federal Guidance Report No. 12 (EPA, 1993). The methods and models used in that
report are summarized in Chapter 6. As in the internal exposure scenarios, it is assumed that the
concentration of the radionuclide in the environmental medium remains constant and that all persons
in the population are exposed to that environmental medium throughout their lifetimes.

The external dose rates used in the calculation were based on a reference adult, standing
outside with no shielding (EPA, 1993). Although there is expected to be some variation with age
in organ dose rates from uniform external exposure (usually less than 30%), comprehensive
tabulations of age-specific organ dose rates due to external exposure are not yet available. In the
present document, the dose rates calculated for the adult are applied to all ages, and no adjustments
are made to account for potential reduction in dose rates due to shielding by buildings during time
spent indoors.

How to apply a risk coefficient

The risk coefficients in this report may be used to assess per capita (population-averaged)
risk due to the acute exposure of a population or, equivalently, to assess the risk due to the chronic
lifetime exposure of an average individual to a constant environmental concentration. They also may
be used to assess the per capita lifetime risk in a population from a lifetime exposure to a time
varying environmental radionuclide exposure (or intake) rate, using the product of the risk
coefficient and the lifetime exposure (or intake) due to that time varying rate.

A risk coefficient, 7, is specific to the radionuclide, the environmental medium, and the mode
of exposure through that medium. For a given exposure scenario, the computation of lifetime cancer
risk, R, associated with intake of, or external exposure to, a given radionuclide involves
multiplication of the applicable risk coefficient » by the per capita activity intake I or external
exposure X. Thus, R = r -I for intake by inhalation or ingestion and R = r - X for external exposure,
where [ is the activity inhaled or ingested per capita and X is the time-integrated activity
concentration of the radionuclide in air, on the ground surface, or within the soil.

For external exposure, estimation of the time-integrated activity concentration X requires
information on the constant or time-dependent concentration of the radionuclide in the medium and
the length of the exposure period. For an internal exposure scenario, estimation of the per capita
activity intake / of the radionuclide requires the same information, plus an estimate of the average
usage rate of the medium by members of the population during the exposure period. The user may
apply the per capita usage rate of air, food, or tap water given in Chapter 3 (see the “combined
lifetime average” usage rates in Table 3.1) or, because the risk coefficients are independent of the



average usage rate of the medium, may apply an average usage rate better suited to the exposure
scenario. For example, if the exposure scenario involves acute inhalation of a radionuclide in a
rapidly passing cloud, the average inhalation rate in the exposed population during the exposure
period may differ from the 24-h average rate given in Chapter 3. However, the assumptions
described in Chapter 3 concerning relative age- and gender-specific usage of the environmental
media are inherent in the risk coefficients for internal exposure and hence cannot be changed by the
user.

To ensure consistent risk calculations, the risk coefficients given in this document
(Chapter 2) are tabulated to three figures. No indication of the level of uncertainty is intended or
should be inferred from this practice. A calculated risk should be rounded appropriately.
Appendix F provides sample calculations that illustrate how the tabulated risk coefficients may be
applied to different types of exposure.

Limitations on use of the risk coefficients

Analyses involving the risk coefficients tabulated in this report should be limited to
estimation of prospective risks in hypothetical or large existing populations, or retrospective analyses
of risks to large actual populations. The tabulations are not intended for application to specific
individuals and should not be used for that purpose.

In contrast to situations involving representative population samples, the coefficients
tabulated in this report may not be appropriate for assessing the risk to an average individual in an
age-specific cohort due to chronic exposure to an environmental concentration that varies
substantially over the life of the cohort. In such special cases, the time-varying environmental
concentration must be incorporated explicitly into the calculations described in Chapter 7. Such
applications are beyond the scope of this report.

The risk coefficients for external exposure scenarios are based on estimated dose rates for
a reference adult male, standing outdoors with no shielding (EPA, 1993). Activity distributions in
air, on the ground surface, or in soil are assumed to be of an infinite extent. It is left to the user to
decide whether a reduction factor is appropriate for a given application to account for the finite
nature of the activity distribution in the environment, shielding by buildings during time spent
indoors, or other factors encountered in the real world.

The risk coefficients are based on radiation risk models developed for application either to
low doses, defined as acute absorbed doses less than 0.2 Gy, or to low dose rates, defined as dose
rates less than 0.1 mGy min™ (EPA, 1994). The assumption is made that the absorbed dose is



sufficiently low that the survival function is not significantly affected by the number of radiogenic
cancer deaths at any age. Thus, these risk coefficients should be applied with care to cases involving
large cumulative risks, either in prospective or retrospective analyses.

Uncertainties associated with risk coefficients

The risk coefficients tabulated in this document are derived from models representing
characteristics of the U.S. population, the biological behavior of elements in the human body, the
doses to radiosensitive tissues from radiation originating either inside the body or in an external
medium, and the lifetime cancer risk per unit dose to these tissues. The models representing the U.S.
population, including its usage of air, food, and water, are based on reasonably detailed information.
The biokinetic, dosimetric, and radiation risk models generally have been derived from much less
detailed and sometimes inconsistent data bases and in many cases have substantial uncertainties
associated with their predictions. These uncertainties are propagated in the derivation of a risk
coefficient, with the result that a risk coefficient is an uncertain representation of the cancer risk per
unit intake of, or external exposure to, a radionuclide.

The level of uncertainty associated with a given risk coefficient may vary considerably from
one application to another. For example, the uncertainty assigned to an inhalation risk coefficient
for a radionuclide may depend strongly on the availability of information on the chemical and
physical form of the inhaled radionuclide because the accuracy of the estimated doses to the lungs
and other radiosensitive tissues often depends strongly on such information. As a second example,
a risk coefficient that is considered to be a reasonably reliable predictor for a relatively high, acute
external exposure to a radionuclide may be appreciably less certain for a lower, prolonged exposure
due to uncertainty in the shape of the dose-response curve at low dose and dose rate.

On the other hand, each risk coefficient involves important uncertainties, stemming from
limitations in the underlying biokinetic, dosimetric, and radiation risk models, that are largely
independent of the exposure scenario. For example, there are important gaps in current
understanding of the typical biological behavior of many radionuclides. Also, there are substantial
uncertainties associated with interpretation of available epidemiological data for radiogenic cancer
and extrapolation of that data to other populations and other radiation types, regardless of the
assumptions used to extrapolate from high to low dose and dose rate.

In Chapter 2, selected risk coefficients are assigned to “uncertainty categories” that represent
different levels of uncertainty associated with estimates of cancer mortality due to intake of, or
external exposure to, radionuclides. Essentially, an uncertainty category is intended to reflect the
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precision with which an estimate of radiogenic cancer mortality can be made for an ideal population
and exposure scenario, assuming that the probability of inducing a radiogenic cancer is proportional
to absorbed dose. Thus, an uncertainty category does not reflect uncertainties associated with the
use of a linear, no-threshold model for estimating radiogenic cancer at low doses, absorbed dose as
a measure of radiogenic cancer risk, or idealized representations of the population and exposure. The
selection of an uncertainty category for a given risk coefficient was based on subjective judgments
by the authors of this report but was guided by an analysis of the sensitivity of the risk coefficient
to major uncertainties in the underlying biokinetic, dosimetric, and radiation risk models.

Appendix D provides a general discussion of current understanding of the biological behavior
of radionuclides in the human body, conversion from internally or externally distributed
radioactivity to absorbed dose to tissues, and extrapolation from tissue dose to cancer risk. A
systematic procedure is proposed for deriving quantitative statements of uncertainty for risk
coefficients in the form of “nominal uncertainty intervals”. The term “nominal” is used to reflect
the fact that the uncertainty interval for a risk coefficient would be based on a fixed set of typically
dominant sources of uncertainty in radiogenic cancer risk estimates, an idealized population and
exposure scenario, and the assumption that the probability of inducing a radiogenic cancer is
proportional to absorbed dose.

A major source of uncertainty, and controversy, in radiogenic cancer risk estimation is the
use of a linear, no-threshold model to calculate risks for low, acute doses or low dose rates. The
uncertainty in the cancer risk per unit dose at low dose and dose rate is difficult to quantify and can
only be characterized through a broad examination and synthesis of diverse sources of information
from molecular, cellular, animal, and human studies.

Arguments for and against the existence of an effective threshold for radiogenic cancer have
been made on the basis of epidemiological data, but conclusions appear to depend on the population
and cancer type considered and the assumptions underlying the analysis. It is doubtful that human
epidemiological data can be used to determine the existence or absence of a threshold for radiogenic
cancer, due to the statistical uncertainties inherent in such data. Molecular, cellular, and animal
studies can furnish important information but, so far, have not provided definitive evidence regarding
the existence of thresholds for radiogenic cancers in man.

Carcinogenesis is understood to be a multistage process in which a single cell gives rise to
a tumor, with mutation of DNA required in one or more of the steps leading to malignancy. Since
cancer is a common disease, the background rates for each of these steps must be greater than zero,
and any filtration mechanism for removing precancerous cells must be imperfect. Traversal of a

single ionizing track through a cell appears to be capable of causing DNA damage that cannot always
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be faithfully repaired. Until there is more definitive information on the effects of radiation at low
doses and dose rates, it seems reasonable to assume that any exposure that increases the rate of
mutation of DNA has a nonzero probability of causing cancer (EPA, 1999).

In recent years, various expert panels have concluded that use of a linear, no-threshold model
is reasonably consistent with much of the available information on carcinogenic effects of radiation
and is scientifically justifiable for purposes of estimating risks from low doses of radiation
(UNSCEAR, 1993, 1994; NRPB, 1993; NCRP, 1997). Nevertheless, current scientific evidence
does not rule out the possibility that the resulting risk calculated at environmental exposure levels
may be substantially over- or underestimated or even that there may be a net beneficial effect of low
dose radiation (Luckey, 1990; Jaworowski, 1995; Goldman, 1996). Clearly, further efforts are
needed to clarify the dose-response relationship for low dose and dose rates.

Evidence that low dose radiation may induce or activate cellular DNA repair mechanisms
through an adaptive response or some stimulatory mechanism has led to speculation that low doses
may be protective against cancer. The stimulatory effects seen to date have been short term and may
not provide a significant reduction in cancer risk (Puskin, 1997). A detailed review of possible
radiation induced adaptive responses can be found in the UNSCEAR (1994) report. At this time,
too little is known about the adaptive response to influence EPA’s estimates of risk at low doses.

Although the risk coefficients in this document are based on a linear, no-threshold model,
their derivation includes a dose and dose-rate effectiveness factor (DDREF) to account for the
apparent decrease in cancer risk of low-LET radiation at low dose or dose rate compared with the
observed risks due to a much higher acute dose (NCRP, 1980). Reported values of the DDREF
generally have been based on comparisons of radiogenic effects at high and moderately low doses
or dose rates. Differences in reported DDREFs must be considered when assessing the uncertainty
associated with application of a risk coefficient, but consideration of such differences does not
address the uncertainty in the linear, no-threshold hypothesis, per se.

Software used to compute the risk coefficients

All computations of dose and risk were performed using the DCAL (DOSE
CALCULATION) software (Eckerman et al., 1999). DCAL is a comprehensive biokinetics,
dosimetry, and risk computational system designed to serve current needs in radiation dosimetry and
risk analysis. It performs biokinetic and dosimetric calculations for acute intake of a radionuclide
by inhalation, ingestion, or injection into blood at a user-specified age. DCAL couples the generated
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absorbed dose rates with radiation risk estimators and mortality data to predict organ-specific risk
of radiogenic cancer mortality or morbidity from intake of a radionuclide.

DCAL has been extensively tested and has been compared with several widely used solvers
for biokinetic models and systems of differential equations. DCAL was used by a task group of the
ICRP to derive or check the dose coefficients given in its series of documents on age-specific doses
to members of the public from intake of radionuclides (ICRP, 1989, 1993, 1995a, 1995b, 1996).

Organization of the report

Risk coefficients for intake of, or external exposure to, environmental radionuclides are
tabulated in Chapter 2. The tables of risk coefficients are followed by a summary of subjective
judgments concerning the extent of uncertainties in risk coefficients for selected radionuclides and
exposure modes.

The assumptions and models used to derive the risk coefficients tabulated in Chapter 2 are
described in Chapters 3 through 7. The exposure scenarios, including assumptions concerning the
vital statistics of the exposed population and the age- and gender-specific usage rates of
environmental media by the population, are described in Chapter 3. Biokinetic models, dosimetric
models for internal exposure, dosimetric models for external exposure, and radiation risk models are
described in Chapters 4, 5, 6, and 7, respectively.

Some additional details concerning the models used in the calculations are given in
Appendices A and B. Appendix C provides a detailed illustration of the models and computational
steps involved in the derivation of a risk coefficient for ingestion or inhalation of a radionuclide.
The sources of uncertainty in the biokinetic, dosimetric, and radiation risk models are discussed in
Appendix D. Appendix E compares the tabulated risk coefficients with values calculated for
short-term exposure of a non-stationary population with age and gender distributions similar to those
of the current U.S. population. Appendix F provides several sample calculations that illustrate how
the tabulated risk coefficients may be applied to different types of exposure. Appendix G provides
a summary of information on the nuclear decay characteristics of each radionuclide and gives details
of its decay chain when indicated. A glossary of terms is provided at the end of the appendices.
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CHAPTER 2. TABULATIONS OF RISK COEFFICIENTS

The risk coefficients tabulated here are based on a hypothetical stationary population with
total mortality rates defined by the 1989-91 U.S. decennial life table (NCHS, 1997) and cancer
mortality rates defined by U.S. cancer mortality data for the same period (NCHS, 1992, 1993a,
1993b). These coefficients may be interpreted in terms of either acute or chronic exposure to
environmental radionuclides. That is, a risk coefficient may be interpreted as the risk per unit
exposure for a typical person exposed throughout life to a constant concentration of a radionuclide
in an environmental medium, or as the average risk per unit exposure to members of a stationary
population that experiences an acute exposure to that radionuclide in that environmental medium.
Risk coefficients are tabulated for the following modes of exposure:

1. inhalation of a radionuclide in air (Table 2.1);

2. ingestion of a radionuclide in tap water (Table 2.2a);

3. ingestion of a radionuclide in food (Table 2.2a; an alternate set of risk coefficients for
radioisotopes of iodine in food is given in Table 2.2b);

4. external exposure to radiation from a radionuclide in air (Table 2.3);

5. external exposure to radiation from a radionuclide on the ground surface (Table 2.3);

6. external exposure to radiation from a radionuclide in soil, assuming contamination to an

infinite depth (Table 2.3).

Subjective judgments concerning the extent of the uncertainties associated with selected risk
coefficients are summarized in Table 2.4.

A risk coefficient for a given radionuclide is based on the assumption that this is the only
radionuclide present in the environmental medium. In particular, growth of chain members in the
environmental medium is not considered. For each radionuclide addressed, however, a separate risk
coefficient is provided for each subsequent member of the chain that is of potential dosimetric
significance. Also, in the derivation of risk coefficients for inhalation or ingestion of a radionuclide,
ingrowth of chain members inside the body is considered.

With a few exceptions described in Chapter 5, the radionuclides addressed in the internal
exposure scenarios are the same as those considered in ICRP Publication 72 (1996), which is a
compilation of the ICRP’s age-dependent dose coefficients for members of the public from intake
of radionuclides. With a few exceptions described in Chapter 6, the radionuclides addressed in the
external exposure scenarios are the same as those considered in Federal Guidance Report No. 12
(EPA, 1993), which tabulates dose coefficients for external exposure to radionuclides in air, water,
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and soil. Some of the radionuclides addressed here may be of little practical importance with regard
to radiogenic cancer risk from environmental exposure.

For some of the radionuclides addressed in Table 2.1 (inhalation) or 2.2a (ingestion of tap
water or food), the hypothetical radiogenic cancer risk may be of less concern than other potential
toxicological hazards. For example, for ingestion of soluble forms of ***U, the possibility of
chemically induced damage to the kidneys may be a more important consideration than the
hypothetical radiogenic cancer risk (cf. Wrenn et al., 1985). The reference information for
assessment of non-radiological risks from intake of radionuclides is beyond the scope of this report.

In a few cases, the half-life of a radionuclide is sufficiently long that the mass intake of the
element becomes an important consideration in a prospective risk assessment, in that an extremely
small radiogenic cancer risk would result from the mass of the radionuclide that might be inhaled
or ingested under any plausible environmental exposure scenario. The mass per unit activity of a
radionuclide (kg Bq') can be calculated from the expression, m = 7.56x10%° A T,,,, where A is the
atomic mass number and T,, is the radionuclide’s half-life in years. As an illustration, the
radiological half-life of ""*Inis 5.1x10"° y, and the mass per unit activity of ""*In is 7.56x10 x 115
x 5.1x10"° kg Bq"' = 4.4x10” kg Bq''; that is, 1 Bq of ""*In has a mass of 44 g.

For radioisotopes of elements that are under tight homeostatic control by the human body,
the inhalation or ingestion risk coefficients given in this document may not be appropriate for
application to some exposure scenarios. For example, the ingestion risk coefficient for “’K would
not be appropriate for application to ingestion of “’K in conjunction with an elevated intake of
natural potassium. This is because the biokinetic model for potassium used in this document
represents the relatively slow removal of potassium (biological half-time of 30 d) that is estimated
to occur for typical intakes of potassium, whereas an elevated intake of potassium would result in
excretion of a nearly equal mass of natural potassium, and hence of *’K, over a short period.

Risk coefficients for inhalation

Risk coefficients for inhalation of radionuclides in air are given in Table 2.1. These
coefficients are expressed as the risk of cancer mortality or morbidity per unit activity intake (Bq'l).

The intake rate of a radionuclide in air is assumed to depend on age and gender. The age-
and gender-specific inhalation rates used in this report are given in Chapter 3, Table 3.1.

The form of the inhaled material is classified in terms of the rate of absorption from the lungs
to blood, using the classification scheme of ICRP Publication 66 (ICRP, 1994a). Type F, Type M,
and Type S represent, respectively, fast, medium, and slow rates of absorption of material inhaled
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in particulate form. Material-specific deposition and absorption models are used for vapors and
gases (ICRP, 1995b).

ICRP Publication 71 (1995a) critically reviews inhalation data for 31 elements and provides
dose coefficients for members of the public for environmentally important radioisotopes of those
elements. In that document, inhalation dose coefficients for a radionuclide are provided for all three
absorption types, and a default type is recommended for situations where no specific information is
available. ICRP Publication 72 (1996), which is a compilation of ingestion and inhalation dose
coefficients for members of the public, lists the effective dose coefficients given in ICRP
Publication 71 and provides coefficients for 60 additional elements. For each of these 60 elements,
attention is restricted in ICRP Publication 72 to those absorption types considered in an earlier
document on occupational intakes of radionuclides (ICRP, 1994a). The absorption types addressed
in ICRP Publication 72 are summarized in Table 4.1 of this report.

The information underlying the selection of an appropriate absorption type for a radionuclide
usually is very limited. In many cases, the selection must be based on occupational rather than
environmental experience. Due to the uncertainty in the form of a radionuclide likely to be inhaled
by members of the public, inhalation risk coefficients for a radionuclide are provided here for all
three absorption types. In cases where a default absorption type is recommended by the ICRP
(1995a, 1996), that type is identified in the table of inhalation risk coefficients (Table 2.1).

Inhalation of a radionuclide in the form of a vapor or gas has also been considered for
selected cases. In particular, risk coefficients are provided for tritium as a vapor (HTO) or gas (HT),
carbon in gaseous form as carbon monoxide (CO) or carbon dioxide (CO,), sulfur as a vapor (SO,
or CS,), nickel as a vapor, ruthenium as a vapor (RuQ,), iodine as a vapor or gas (methyl iodide,
CH;]), tellurium as a vapor, and mercury as a vapor.

Risk coefficients for inhalation of radionuclides in particulate form are based on an assumed
activity median aerodynamic diameter (AMAD) of 1 um. This particle size is recommended by the
ICRP for consideration of environmental exposures in the absence of specific information about the
physical characteristics of the aerosol (ICRP, 1994a).

Risk coefficients for ingestion
Separate risk coefficients are calculated for ingestion of radionuclides in tap water and

ingestion of radionuclides in food. Both sets of coefficients are given in Table 2.2a. These risk
coefficients are expressed as the risk of cancer mortality or morbidity per unit activity intake (Bq'l).
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The age- and gender-specific usage rates for tap water are given in Chapter 3, Table 3.1. Tap
water usage is defined as water drunk directly as a beverage and water added to foods and beverages
during preparation. It does not include water that is intrinsic in foods as purchased.

Food usage is defined as the total dietary intake, excluding tap water. The risk coefficients
for food in Table 2.2a are based on the assumption that the intake rate of the radionuclide is
proportional to food energy usage (kcal d'l). Age- and gender-specific values for daily usage of total
food energy are given in Chapter 3, Table 3.1.

The assessment of the intake of a radionuclide in food typically is based on its activity
concentration in food (for example, Bq kg'l) and an average usage rate (kg d'l). The relation
between food energy usage and food mass usage is discussed in Chapter 3.

The biokinetic model used to derive risk coefficients for ingestion of radiocarbon was based
on balance considerations involving daily intake and total-body content of carbon and was designed
mainly for dosimetry of '*C-labeled metabolites (ICRP, 1981, 1989). Observations of the short- and
intermediate-term behavior of radiocarbon in human subjects and laboratory animals indicate that
this model may yield substantial overestimates of tissue doses from ingestion of some commonly
encountered forms of radiocarbon. For example, the model may overestimate doses from ingestion
of '*C-labeled bicarbonate by an order of magnitude or more.

Table 2.2b gives a second set of risk coefficients for ingestion of radioisotopes of iodine in
food, based on the assumption that intake of radioiodine is proportional to intake of milk. Age- and
gender-specific values for the assumed daily intake of cow’s milk are given in Chapter 3, Table 3.1.

Risk coefficients for external exposure

Risk coefficients are provided in Table 2.3 for each of three external exposure scenarios:
external exposure from submersion in contaminated air, external exposure from contamination on
the ground surface, and external exposure from soil contaminated to an infinite depth. A risk
coefficient for a given radionuclide is expressed as the probability of radiogenic cancer mortality or
morbidity per unit time integrated activity concentration in air, on the ground surface, or in soil. The
coefficients for submersion in air are given in units of m’ Bq'l s™!, those for exposure to radiation
from the ground surface are given in units of m’ Bq'1 s'!, and those for exposure to radiation from
soil contaminated to an infinite depth are given in units of kg Bq'1 s,

The risk coefficients in Table 2.3 are based on external dose rates tabulated in Federal
Guidance Report No. 12 (EPA, 1993). Those dose rates were calculated for a reference adult male,

standing outdoors with no shielding. Activity distributions in air, on the ground surface, or in soil
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were assumed to be of an infinite extent. In this report, no adjustments are made to account for
potential differences with age and gender in the external doses received, potential reduction in dose
due to shielding by buildings during time spent indoors, or the finite nature of the activity
distribution in the environment.

Adjustments for current age and gender distributions in the U.S.

The risk coefficients tabulated in this chapter were developed for a stationary population with
gender and age distributions that would eventually occur in a closed population with male-to-female
birth ratios indicated by recent U.S. data and with time-invariant survival functions defined by the
1989-91 U.S. decennial life tables. Due to the uncertainty in the future composition of the U.S.
population, the use of a stationary population based on recent U.S. vital statistics is judged to be
appropriate for consideration of long-term, chronic exposures to the U.S. population. Because the
gender-specific age distributions in the current U.S. population differ considerably from those of the
hypothetical stationary population, however, the question arises as to the applicability of these risk
coefficients to short-term exposures of the U.S. population that might occur in the near future. In
Appendix E, risk coefficients for the stationary population are compared with coefficients derived
for short-term exposure of a population with gender and age distributions based on the 1996 U.S.
population, but with the same survival functions and cancer mortality rates as the stationary
population. The comparisons show that the risk coefficients for the stationary population are
reasonably good approximations of the corresponding risk coefficients for short-term exposure of
the 1996 U.S. population and that, for a given exposure scenario, the ratio of risk coefficients for the
two populations varies little from one radionuclide to another. Scaling factors are provided in
Appendix E for conversion of risk coefficients for the stationary population to more precise risk
coefficients for a hypothetical short-term exposure to the 1996 U.S. population.
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Table 2.1. Mortality and morbidity risk coefficients for inhalation.

Explanation of Entries

Risk coefficients for inhalation of radionuclides are expressed as the probability of radiogenic
cancer mortality or morbidity per unit intake, where the intake is averaged over all ages and both
genders. The form of an inhaled radionuclide is classified in terms of the rate of absorption from
the lungs to blood, using the classification scheme of ICRP Publication 66 (ICRP, 1994a). For each
radionuclide, separate risk coefficients are provided for particulate aerosols of Type F, Type M, and
Type S representing, respectively, fast, medium, and slow absorption to blood. For some elements,
the ICRP recommends a default absorption type for particulate aerosols when no specific information
is available (Table 4.1). A default type for an element is indicated by an asterisk. Risk coefficients
are also provided for tritium as a vapor (HTO) or gas (HT), carbon in gaseous form as carbon
monoxide (CO) or carbon dioxide (CO,), sulfur as a vapor (SO, or CS,), nickel as a vapor,
ruthenium as a vapor (RuQO,), iodine as a vapor or gas (methyl iodide, CH;I), tellurium as a vapor,
and mercury as a vapor. The f; (gastrointestinal uptake) values shown are the values for the adult
and may differ from the values applied to infants and children (see Chapter 4).

Entries under the heading “Chain” indicate whether the radionuclide is in the same decay
chain as other radionuclides addressed in the table (see Appendix G for details concerning decay
chains). An entry “Y” (yes) under the subheading “P” (parent) indicates that the radionuclide is the
parent of a decay chain containing at least one other radionuclide in the table. An entry “Y” under
the subheading “D” (daughter) indicates that the radionuclide is formed in the decay chain of at least
one other radionuclide in the table. These entries are included as an aid in the estimation of cancer
risk from intake of decay chain members that form in the environment. The risk coefficient for
intake of a radionuclide already includes the contribution to dose from production of decay chain
members in the body after intake of the parent.

To facilitate application of the risk coefficients, including conversion to other units, the
coefficients are tabulated to three figures. No indication of the level of uncertainty is intended or
should be inferred from this practice. Calculated risks should be rounded appropriately.

To express a risk coefficient in conventional units (pCi'1), multiply by 3.7x10* Bq pCi'1.

To express a risk coefﬂment in terms of a constant activity concentration in air (Bqm’ ) multiply
the coeff|C|ent by 2. 75x10* Uy, where U, is the lifetime average inhalation rate (for example,
17.8 m>d " in Table 3. 1) and 2. 75x10* d is the average life span. Note that the relative age- and
gender-specific inhalation rates indicated in Table 3.1 are inherent in the risk coefficient.

21



Table 2.1. Mortality and morbidity risk coefficients for inhalation.

Chain AMAD a Mortality Morbidity

Nuclide Tis P D (um)Type f, (Bq'l) (Bq'l)

Hydrogen (particulate)

H-3 12.35 y - - 1.00 F 1. 3.61E-13  5.28E-13
*M 0.1 4,58E-12  5.38E-12
S 0.01 2.12E-11  2.30E-11

Hy%rogen (water vapor)

H-3 12.35 y - - - vV 1.0 1.04E-12  1.52E-12

Hydrogen (elemental)

H-3 12.35 y - - - G 1.0 1.04E-16  1.52E-16

Hydrogen (organic)

H-3 12.35 y - - - G 1.0 2.37E-12  3.47E-12

Beryllium

Be-7 53.3 d - - 1,00 F 0.005 2.17E-12  3.12E-12
M 0.005 3.68E-12 4.72E-12
S 0.005 4.60E-12 5.77E-12

Be-10 1.6E6 y - - 1,00 F 0.005 3.01E-10  3.59E-10
M 0.005 7.30E-10  8.05E-10
S 0.005 2.38E-09 2.54E-09

Carbon (particulate)

C-11 20.38 m - - 1.00 F 1.0 3.23E-13  3.74E-13
*M 0.1 6.76E-13  7.52E-13
S 0.01 7.14E-13  7.92E-13

C-14 5730 y - - 1.00 F 1.0 1.15e-11  1.68E-11
*M 0.1 1.76E-10  1.91E-10
S 0.01 4,29E-10 4.58E-10

Carbon (monoxide)

Cc-11 20.38 m - - - G 1.0 8.30E-14  1.22E-13

C-14 5730 y - - - G 1.0 6.14E-14  9.09E-14

Carbon (dioxide)

C-11 20.38 m - - - G 1.0 1.52E-13  2.23E-13

C-14 5730 y - - - G 1.0 3.68E-13  5.39E-13

Fluorine

F-18 109.77 m - - 1,00 F 1.0 7.78E-13  9.11E-13
M 1.0 2.78E-12  3.04E-12
S 1.0 3.00E-12  3.28E-12

Sodium

Na-22 2.602 y - - 1.00 F 1.0 7.21E-11  1.05E-10
M 1.0 8.28E-10  9.46E-10
S 1.0 2.31E-09 2.63E-09

Na-24 15.00 h - - 1.00 F 1.0 8.94E-12 1.28E-11
M 1.0 2.59E-11  3.05E-11
S 1.0 2.79E-11  3.25E-11
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Table 2.1, continued

Chain AMAD Mortality Morbidity

Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)

Magnesium

Mg-28 20.91 h - - 1.00 FO0.5 4.21E-11  6.95E-11
M 0.5 9.94E-11 1.39E-10
S 0.5 1.06E-10 1.47E-10

Aluminum

A1-26 7.16E5 y - - 1.00 FO0.01 7.49E-10 1.08E-09
M 0.01 1.58E-09 1.87E-09
S 0.01 7.03E-09  7.85E-09

Silicon

Si-31 157.3 m - - 1.00 FO0.01 1.94E-12  3.03E-12
M 0.01 5.82E-12 7.71E-12
S 0.01 6.24E-12 8.23E-12

Si-32 450 y Y - 1.00 F 0.01 2.50E-10  3.83E-10
M 0.01 1.41E-09  1.55E-09
S 0.01 7.48E-09  7.91E-09

Phosphorus

P-32 14.29 d - Y 1.00 FO0.8 5.88E-11 8.00E-11
MO0.8 2.93E-10  3.29E-10
S 0.8 3.39E-10 3.77E-10

P-33 25.4 d - - 1.00 FO.8 6.12E-12 8.91E-12
MO0.8 1.28E-10 1.38E-10
S 0.8 1.55E-10 1.65E-10

Sulfur (inorganic)

S-35 87.44 d - - 1.00 FO.8 3.93E-12 6.28E-12
*M 0.1 1.25E-10 1.36E-10
S 0.01 1.63E-10 1.77E-10

Sulfur (dioxide)

S-35 87.44 d - - - vV 0.8 8.63E-12  1.34E-11

Sulfur (carbon disulfide)

S-35 87.44 d - - - vV 0.8 5.30E-11 7.85E-11

Chlorine

C1-36 3.01E5 y - - 1.00 F 1.0 2.37E-11  3.58E-11
M 1.0 6.32E-10 6.76E-10
S 1.0 2.58E-09 2.73E-09

C1-38 37.21m - - 1.00 F 1.0 1.06E-12 1.28E-12
M 1.0 2.29E-12  2.54E-12
S 1.0 2.42E-12 2.68E-12

C1-39 55.6 m Y - 1.00 F 1.0 9.16E-13  1.13E-12
M 1.0 2.26E-12  2.53E-12
S 1.0 2.41E-12 2.68E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Potassium
K-40 1.28E9 - - 1.00 F1.0 1.77E-10 2.78E-10
M 1.0 1.20E-09 1.35E-09
S1.0 5.61E-09 6.01E-09
K-42 12.36 - - 1.00 F1.0 8.00E-12 1.17E-11
M 1.0 2.74E-11  3.13E-11
S1.0 2.96E-11  3.36E-11
K-43 22.6 - - 1.00 F1.0 5.66E-12 8.34E-12
M 1.0 2.41E-11 2.74E-11
S1.0 2.62E-11  2.96E-11
K-44 22.13 - - 1.00 F1.0 7.72E-13  9.15E-13
M 1.0 1.43E-12  1.59E-12
S1.0 1.51E-12  1.66E-12
K-45 20 Y - 1.00 F 1.0 5.34E-13  6.30E-13
M 1.0 1.00E-12  1.11E-12
S1.0 1.06E-12 1.17E-12
Calcium
Ca-41 1.4E5 - - 1.00 FO.3 6.98E-12 7.42E-12
*M 0.1 5.13E-12  5.64E-12
S 0.01 1.27E-11  1.37E-11
Ca-45 163 - Y 1.00 FO0.3 2.68E-11 3.23E-11
*M 0.1 2.35E-10 2.54E-10
S 0.01 3.22E-10  3.47E-10
Ca-47 4.53 Y - 1.00 F 0.3 3.44E-11 5.37E-11
*M 0.1 1.73E-10 2.13E-10
S 0.01 1.96E-10 2.40E-10
Scandium
Sc-43 3.891 - - 1.00 F 0.0001 2.59E-12 4.05E-12
M 0.0001 7.14E-12 9.70E-12
S 0.0001 7.65E-12 1.03E-11
Sc-44 3.927 - Y 1.00 F 0.0001 4.82E-12 7.60E-12
M 0.0001 1.16E-11 1.64E-11
S 0.0001 1.24E-11 1.74E-11
Sc-44m 58.6 Y - 1.00 F 0.0001 5.03E-11 7.95E-11
M 0.0001 1.25E-10 1.77E-10
S 0.0001 1.35E-10 1.88E-10
Sc-46 83.83 - - 1.00 F 0.0001 3.78E-10 5.12E-10
M 0.0001 4.91E-10 5.83E-10
S 0.0001 5.79E-10 6.68E-10
Sc-47 3.351 - Y 1.00 F 0.0001 1.13E-11 1.80E-11
M 0.0001 6.09E-11 7.51E-11
S 0.0001 6.74E-11 8.25E-11
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type® f, (Bq™h) (Bq™)
Scandium, continued
Sc-48 43.7 h - - 1.00 F 0.0001 3.13E-11 4.83E-11
M 0.0001 7.32E-11 1.01E-10
S 0.0001 7.83E-11 1.07E-10
Sc-49 57.4 m - - 1.00 F 0.0001 8.74E-13 1.15E-12
M 0.0001 2.29E-12 2.72E-12
S 0.0001 2.45E-12 2.89E-12
Titanium
Ti-44 47.3 y Y - 1.00 F 0.01 3.69E-09 5.43E-09
M 0.01 2.96E-09  3.79E-09
S 0.01 8.31E-09 9.22E-09
Ti-45 3.08 h - - 1.00 F 0.01 2.05E-12  3.19E-12
M 0.01 5.86E-12 7.83E-12
S 0.01 6.29E-12 8.34E-12
Vanadium
V-47 32.6m - - 1.00 F 0.01 7.04E-13  9.11E-13
M 0.01 1.40E-12 1.61E-12
S 0.01 1.48E-12  1.69E-12
V-48 16.238 d - Y 1.00 F 0.01 5.37E-11  8.53E-11
M 0.01 2.02E-10 2.51E-10
S 0.01 2.32E-10 2.84E-10
V-49 330 d - Y 1.00 F 0.01 1.42E-12  1.98E-12
M 0.01 3.27E-12  3.96E-12
S 0.01 6.78E-12  7.63E-12
Chromium
Cr-48 22.96 h Y - 1.00 F 0.1 5.09E-12 8.04E-12
M 0.1 1.44E-11  1.83E-11
S 0.1 1.62E-11  2.03E-11
Cr-49 42.09 m Y - 1.00 F 0.1 7.02E-13  9.05E-13
M 0.1 1.62E-12  1.89E-12
S 0.1 1.72E-12  1.99E-12
Cr-51 27.704 d - Y 1.00 FO0.1 1.38E-12 2.22E-12
M 0.1 2.98E-12 3.98E-12
S 0.1 3.46E-12 4.50E-12
Manganese
Mn-51 46.2 m Y - 1.00 F 0.1 9.54E-13  1.24E-12
M 0.1 2.18E-12 2.58E-12
S 0.1 2.31E-12 2.73E-12
Mn-52 5.591 d - Y 1.00 FO0.1 4.84E-11 7.22E-11
M 0.1 8.96E-11 1.19E-10
S 0.1 9.58E-11 1.26E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Manganese, continued
Mn-52m 21.1m Y Y 1.00 F 0.1 6.64E-13 8.06E-13
MO0.1 1.20E-12  1.37E-12
S 0.1 1.26E-12  1.43E-12
Mn-53 3.7E6 y - - 1.00 FO.1 1.65E-12  2.34E-12
M 0.1 4.95E-12 5.87E-12
S 0.1 2.43E-11 2.62E-11
Mn-54 312.5 d - - 1.00 FO.1 5.33E-11  7.55E-11
MO0.1 1.26E-10  1.59E-10
S 0.1 2.67E-10  3.26E-10
Mn-56 2.5785 h - - 1.00 FO.1 3.32E-12  5.09E-12
M 0.1 8.22E-12 1.12E-11
S 0.1 8.76E-12  1.18E-11
Iron
Fe-52 8.275 h Y - 1.00 FO0.1 2.48E-11 3.72E-11
*M 0.1 4.97E-11  7.37E-11
S 0.01 5.40E-11 8.09E-11
Fe-55 2.7y - Y 1.00 FO.1 3.30E-11 4.00E-11
*M 0.1 1.81E-11 2.16E-11
S 0.01 1.59E-11 1.75E-11
Fe-59 44.529 d - - 1.00 FO.1 1.53E-10 2.15E-10
*M 0.1 3.08E-10 3.60E-10
S 0.01 3.48E-10 3.97E-10
Fe-60 1E5 y Y - 1.00 FO0.1 7.82E-09 1.00E-08
*M 0.1 3.96E-09 4.97E-09
S 0.01 2.29E-09 2.63E-09
Cobalt
Co-55 17.54 h Y - 1.00 FO0.1 1.46E-11 2.47E-11
*M 0.1 3.81E-11 5.59E-11
S 0.01 4.21E-11  6.19E-11
Co-56 78.76 d - Y 1.00 FO.1 1.11E-10 1.67E-10
*M 0.1 4.07E-10 5.01E-10
S 0.01 5.74E-10 6.91E-10
Co-57 270.9 d - Y 1.00 FO.1 1.25e-11 1.88E-11
*M 0.1 4.75E-11  5.65E-11
S 0.01 8.74E-11 1.01E-10
Co-58 70.80 d - Y 1.00 FO.1 3.12E-11 4.70E-11
*M 0.1 1.34E-10 1.62E-10
S 0.01 1.81E-10 2.15E-10
Co-58m 9.15 h Y - 1.00 FO0.1 4.67E-13  7.74E-13
*M 0.1 1.32E-12  1.86E-12
S 0.01 1.64E-12 2.26E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Coba%,conﬁnued
Co-60 5.271 y - Y 1.00 FO.1 3.16E-10 4.62E-10
*M 0.1 8.02E-10  9.68E-10
S 0.01 2.32E-09  2.72E-09
Co-60m 10.47 m Y Y 1.00 F 0.1 5.42E-14 5.87E-14
*M 0.1 1.00E-13 1.07E-13
S 0.01 1.11E-13  1.18E-13
Co-61 1.65 h - - 1.00 FO.1 9.99E-13  1.44E-12
*M 0.1 3.15E-12  3.86E-12
S 0.01 3.41E-12 4.16E-12
Co-62m 13.91 m - - 1.00 FO.1 4.66E-13  5.55E-13
*M 0.1 7.61E-13  8.57E-13
S 0.01 7.94E-13  8.91E-13
Nickel (particulate)
Ni-56 6.10 d Y - 1.00 F 0.05 2.37E-11  3.63E-11
*M 0.05 5.98E-11 7.78E-11
S 0.01 7.52E-11  9.54E-11
Ni-57 36.08 h Y - 1.00 F 0.05 1.20E-11 2.02E-11
*M 0.05 3.40E-11 4.80E-11
S 0.01 3.72E-11  5.24E-11
Ni-59 7.5E4 y - - 1.00 F 0.05 1.05e-11  1.55E-11
*M 0.05 9.73E-12 1.26E-11
S 0.01 3.16E-11  3.43E-11
Ni-63 96 y - - 1.00 F 0.05 2.52E-11  3.72E-11
*M 0.05 3.67E-11  4.43E-11
S 0.01 9.34E-11 1.01E-10
Ni-65 2.520 h - - 1.00 F 0.05 2.40E-12  3.85E-12
*M 0.05 6.14E-12 8.19E-12
S 0.01 06.59E-12 8.74E-12
Ni-66 54.6 h - - 1.00 FO0.05 5.09E-11 9.03E-11
*M 0.05 1.71E-10  2.43E-10
S 0.01 1.89E-10 2.67E-10
Nickel (vapor)
Ni-56 6.10 d Y - - V 0.05 7.87E-11  1.14E-10
Ni-57 36.08 h Y - - V 0.05 3.03E-11  3.97E-11
Ni-59 7.5E4 y - - - V 0.05 4.57E-11  6.51E-11
Ni-63 96 y - - - vV 0.05 1.09E-10 1.56E-10
Ni-65 2.520 h - - - V 0.05 1.72E-11  1.91E-11
Ni-66 54.6 h - - - V 0.05 9.35E-11 1.24E-10
Copper
Cu-60 23.2 m - - 1.00 FO0.5 7.19E-13  8.96E-13
M 0.5 1.29E-12  1.50E-12
S 0.5 1.35E-12  1.56E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Copper, continued
Cu-61 3.408 h - - 1.00 FO0.5 1.67E-12  2.55E-12
M 0.5 4.70E-12 6.12E-12
S 0.5 5.03E-12 6.51E-12
Cu-64 12.701 h - - 1.00 FO0.5 2.11E-12  3.39E-12
M 0.5 8.59E-12 1.09E-11
S 0.5 9.33E-12 1.17E-11
Cu-67 61.86 h - - 1.00 FO0.5 7.86E-12 1.26E-11
M 0.5 4.93E-11 5.77E-11
S 0.5 5.45E-11  6.34E-11
Zinc
Zn-62 9.26 h Y - 1.00 F 0.5 1.47E-11 2.42E-11
*M 0.1 4.71E-11  7.15E-11
S 0.01 5.22E-11  7.95E-11
Zn-63 38.1m - - 1.00 FO0.5 7.94E-13 1.00E-12
*M 0.1 1.75E-12  2.04E-12
S 0.01 1.86E-12 2.16E-12
Zn-65 243.9 d - Y 1.00 F 0.5 1.41E-10  2.05E-10
*M 0.1 1.20E-10  1.57E-10
S 0.01 1.66E-10 2.02E-10
Zn-69 57 m - Y 1.00 F 0.5 4.33E-13  5.35E-13
*M 0.1 1.46E-12  1.65E-12
S 0.01 1.57E-12  1.78E-12
Zn-69m 13.76 h Y - 1.00 F 0.5 5.60E-12  9.25E-12
*M 0.1 2.45E-11  3.45E-11
S 0.01 2.73E-11  3.86E-11
Zn-71m 3.92 h - - 1.00 FO0.5 3.37E-12  5.18E-12
*M 0.1 1.04E-11 1.44E-11
S 0.01 1.13E-11 1.57E-11
Zn-72 46.5 h Y - 1.00 F 0.5 3.10E-11  4.84E-11
*M 0.1 1.11E-10  1.48E-10
S 0.01 1.23E-10 1.65E-10
Gallium
Ga-65 15.2 m Y - 1.00 F 0.001 3.91E-13  4.55E-13
M 0.001 6.92E-13  7.68E-13
S 0.001 7.29E-13  8.06E-13
Ga-66 9.40 h - Y 1.00 F 0.001 1.81E-11  3.04E-11
M 0.001 3.82E-11 5.89E-11
S 0.001 4.04E-11 6.21E-11
Ga-67 78.26 h - Y 1.00 F 0.001 4.17E-12  6.84E-12
M 0.001 2.13E-11 2.58E-11
S 0.001 2.35E-11 2.83E-11
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Gallium, continued
Ga-68 68.0 m - Y 1.00 F 0.001 1.14E-12  1.58E-12
M 0.001 2.80E-12  3.45E-12
S 0.001 2.98E-12 3.66E-12
Ga-70 21.15 m - - 1.00 F 0.001 3.43E-13  3.94E-13
M 0.001 7.22E-13  7.88E-13
S 0.001 7.64E-13  8.31E-13
Ga-72 14.1 h - Y 1.00 F 0.001 1.72E-11  2.86E-11
M 0.001 3.99E-11 5.87E-11
S 0.001 4.25E-11 6.21E-11
Ga-73 4.91 h - - 1.00 F 0.001 3.95E-12 6.46E-12
M 0.001 1.21E-11 1.66E-11
S 0.001 1.30E-11 1.77E-11
Germanium
Ge-66 2.27 h Y - 1.00 F 1.0 2.33E-12  3.80E-12
M 1.0 5.46E-12 6.77E-12
S1.0 5.81E-12 7.11E-12
Ge-67 18.7 m Y - 1.00 F 1.0 5.97E-13  7.08E-13
M 1.0 1.12E-12  1.24E-12
S1.0 1.18E-12  1.30E-12
Ge-68 288 d Y - 1.00 F 1.0 4.41E-11 7.80E-11
M 1.0 1.21E-09 1.32E-09
S1.0 2.70E-09  2.91E-09
Ge-69 39.05 h - Y 1.00 F 1.0 6.39E-12 1.07E-11
M 1.0 1.95E-11 2.38E-11
S1.0 2.10E-11  2.53E-11
Ge-71 11.8 d - Y 1.00 F 1.0 4.01E-13  7.13E-13
M 1.0 1.12E-12  1.40E-12
S1.0 1.25E-12  1.53E-12
Ge-75 82.78 m - - 1.00 F1.0 6.03E-13 7.72E-13
M 1.0 2.08E-12 2.28E-12
S1.0 2.24E-12 2.44E-12
Ge-77 11.30 h Y - 1.00 F 1.0 7.56E-12 1.25E-11
M 1.0 2.63E-11  3.10E-11
S1.0 2.85E-11 3.32E-11
Ge-78 87 m Y - 1.00 F 1.0 1.93E-12 2.87E-12
M1.0 5.81E-12 6.71E-12
S1.0 6.24E-12 7.13E-12
Arsenic
As-69 15.2 m Y - 1.00 F 0.5 5.73E-13  7.18E-13
M 0.5 1.01E-12  1.16E-12
S 0.5 1.06E-12 1.21E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Arsenic, continued
As-70 52.6 m - Y 1.00 F 0.5 1.56E-12  2.16E-12
M 0.5 3.00E-12 3.70E-12
S 0.5 3.16E-12  3.87E-12
As-71 64.8 h Y - 1.00 F 0.5 1.12E-11  1.91E-11
M 0.5 3.18E-11 4.10E-11
S 0.5 3.44E-11 4.38E-11
As-72 26.0 h - Y 1.00 F 0.5 4.33E-11 7.52E-11
M 0.5 8.00E-11 1.16E-10
S 0.5 8.42E-11 1.21E-10
As-73 80.30 d - Y 1.00 F 0.5 8.86E-12  1.54E-11
M 0.5 9.36E-11  1.05E-10
S 0.5 1.23E-10 1.35E-10
As-74 17.76 d - - 1.00 FO0.5 3.82E-11 6.49E-11
M 0.5 1.92E-10 2.28E-10
S 0.5 2.24E-10 2.61E-10
As-76 26.32 h - - 1.00 FO0.5 4.00E-11 7.03E-11
M 0.5 7.72E-11  1.12E-10
S 0.5 8.15E-11 1.16E-10
As-77 38.8 h - Y 1.00 F 0.5 1.08E-11 1.90E-11
M 0.5 3.75E-11  4.75E-11
S 0.5 4.07E-11 5.08E-11
As-78 90.7 m - Y 1.00 F 0.5 2.70E-12  4.02E-12
M 0.5 5.71E-12  7.27E-12
S 0.5 6.04E-12 7.63E-12
Selenium
Se-70 41.0 m Y - 1.00 *F 0.8 1.45E-12  1.99E-12
M 0.1 3.78E-12  4.81E-12
S 0.01 4.03E-12 5.12E-12
Se-73 7.15 h Y Y 1.00 *F 0.8 3.61E-12 5.38E-12
M 0.1 1.47E-11  2.09E-11
S 0.01 1.62E-11  2.30E-11
Se-73m 39m Y - 1.00 *F 0.8 3.95E-13  5.56E-13
M 0.1 1.38E-12 1.88E-12
S 0.01 1.51E-12  2.06E-12
Se-75 119.8 d - Y 1.00 *F 0.8 7.18E-11 1.02E-10
MO0.1 8.90E-11 1.09E-10
S 0.01 1.15E-10 1.35E-10
Se-79 65000 y - - 1.00 *F 0.8 6.30E-11  8.99E-11
M 0.1 2.25E-10 2.50E-10
S 0.01 5.05E-10 5.39E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Selenium, continued
Se-81 18.5 m - Y 1.00 *F 0.8 3.04E-13  3.44E-13
M 0.1 6.17E-13  6.69E-13
S 0.01 6.51E-13  7.05E-13
Se-81m 57.25 m Y - 1.00 *F 0.8 7.46E-13  9.56E-13
MO0.1 3.08E-12 3.57E-12
S 0.01 3.34E-12 3.86E-12
Se-83 22.5m Y - 1.00 *F 0.8 5.82E-13  7.34E-13
MO0.1 1.53E-12  1.83E-12
S 0.01 1.64E-12  1.95E-12
Bromine
Br-74 25.3 m - - 1.00 F1.0 8.42E-13  1.03E-12
M 1.0 1.53E-12  1.74E-12
S1.0 1.60E-12 1.82E-12
Br-74m 41.5 m - - 1.00 F1.0 1.36E-12  1.70E-12
M 1.0 2.74E-12  3.12E-12
S1.0 2.90E-12  3.28E-12
Br-75 98 m Y - 1.00 F 1.0 9.72E-13  1.26E-12
M 1.0 2.70E-12  3.05E-12
S1.0 2.91E-12 3.27E-12
Br-76 16.2 h - - 1.00 F1.0 1.00E-11  1.50E-11
M1.0 2.46E-11 2.97E-11
S1.0 2.63E-11  3.14E-11
Br-77 56 h - - 1.00 F1.0 2.23E-12  3.36E-12
M 1.0 4.39E-12 5.57E-12
S1.0 4.67E-12 5.85E-12
Br-80 17.4 m - Y 1.00 F 1.0 2.51E-13  2.88E-13
M 1.0 4.46E-13  4.86E-13
S1.0 4.68E-13 5.07E-13
Br-80m 4.42 h Y - 1.00 F 1.0 1.70E-12  2.40E-12
M 1.0 5.80E-12 6.57E-12
S1.0 6.25e-12 7.03E-12
Br-82 35.30 h - - 1.00 F1.0 1.27E-11  1.91E-11
M1.0 3.76E-11  4.48E-11
S1.0 4.06E-11 4.79E-11
Br-83 2.39 h - Y 1.00 F 1.0 6.18E-13  7.69E-13
M1.0 3.03E-12 3.27E-12
S1.0 3.29E-12  3.55E-12
Br-84 31.80 m - - 1.00 F1.0 8.41E-13 1.01E-12
M 1.0 1.75E-12  1.94E-12
S1.0 1.84E-12  2.04E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Rubidium
Rb-79 22.9 - - 1.00 F 1.0 5.48E-13  6.41E-13
M 1.0 1.11E-12  1.22E-12
S 1.0 1.17E-12  1.28E-12
Rb-81 4.58 - Y 1.00 F 1.0 9.32E-13  1.25E-12
M 1.0 4.10E-12  4.56E-12
S 1.0 4.45E-12  4.93E-12
Rb-81m 32 Y - 1.00 F 1.0 2.48E-13  2.98E-13
M 1.0 9.79E-13  1.06E-12
S 1.0 1.06E-12  1.15E-12
Rb-82m 6.2 - - 1.00 F 1.0 2.57E-12  3.64E-12
M 1.0 5.07E-12  6.27E-12
S 1.0 5.34E-12  6.57E-12
Rb-83 86.2 - Y 1.00 F 1.0 4.27E-11  6.26E-11
M 1.0 9.02E-11 1.16E-10
S 1.0 1.19E-10  1.48E-10
Rb-84 32.77 - - 1.00 F 1.0 6.59E-11 9.69E-11
M 1.0 1.79E-10 2.16E-10
S 1.0 2.12E-10 2.51E-10
Rb-86 18.66 - - 1.00 F 1.0 7.29E-11  1.08E-10
M 1.0 3.46E-10 3.89E-10
S 1.0 4.06E-10 4.50E-10
Rb-87 4.7E10 - Y 1.00 F 1.0 3.89E-11 5.78E-11
M 1.0 4.07E-10 4.45E-10
S 1.0 1.09E-09 1.17E-09
Rb-88 17.8 - - 1.00 F 1.0 7.45E-13  8.58E-13
M 1.0 1.33E-12  1.45E-12
S 1.0 1.40E-12  1.52E-12
Rb-89 15.2 Y - 1.00 F 1.0 4.78E-13  5.64E-13
M 1.0 8.96E-13  9.95E-13
S 1.0 9.66E-13 1.07E-12
Strontium
Sr-80 100 - - 1.00 FO.3 4.02E-12  6.02E-12
*M 0.1 9.13E-12 1.22E-11
S 0.01 9.76E-12  1.30E-11
Sr-81 25.5 Y - 1.00 F 0.3 8.18E-13 1.07E-12
*M 0.1 1.81E-12 2.18E-12
S 0.01 1.93E-12  2.32E-12
Sr-82 25.0 - - 1.00 FO.3 1.68E-10 2.53E-10
*M 0.1 8.24E-10 9.97E-10
S 0.01 9.97E-10 1.19E-09
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Strontium, continued
Sr-83 32.4 h Y - 1.00 F 0.3 8.19E-12 1.32E-11
*M 0.1 2.39E-11  3.40E-11
S 0.01 2.67E-11  3.81E-11
Sr-85 64.84 d - Y 1.00 FO0.3 2.78E-11  3.97E-11
*M 0.1 5.55E-11  6.93E-11
S 0.01 7.17E-11  8.73E-11
Sr-85m 69.5 m Y - 1.00 F 0.3 8.95E-14  1.27E-13
*M 0.1 1.75E-13  2.25E-13
S 0.01 1.94E-13 2.47E-13
Sr-87m 2.805 h Y - 1.00 F 0.3 4.15E-13  6.31E-13
*M 0.1 1.15E-12  1.52E-12
S 0.01 1.24E-12  1.64E-12
Sr-89 50.5 d - Y 1.00 FO0.3 7.60E-11 1.08E-10
*M 0.1 5.52E-10 6.32E-10
b S 0.01 7.22E-10 8.17E-10
Sr-90 29.12 y Y - 1.00 F 0.3 1.08E-09 1.17E-09
*M 0.1 2.65E-09 2.84E-09
S 0.01 1.08E-08 1.15E-08
Sr-91 9.5 h Y - 1.00 F 0.3 1.00E-11  1.65E-11
*M 0.1 3.22E-11  4.59E-11
S 0.01 3.65E-11 5.18E-11
Sr-92 2.71 h Y - 1.00 F 0.3 6.61E-12 1.11E-11
*M 0.1 1.89E-11 2.79E-11
S 0.01 2.08E-11 3.07E-11
Yttrium
Y-86 14.74 h - Y 1.00 F 0.0001 1.49E-11 2.41E-11
M 0.0001 2.71E-11 4.08E-11
S 0.0001 2.85E-11 4.27E-11
Y-86m 48 m Y - 1.00 F 0.0001 8.70E-13 1.40E-12
M 0.0001 1.61E-12 2.40E-12
S 0.0001 1.70E-12 2.51E-12
Y-87 80.3 h Y - 1.00 F 0.0001 1.21E-11 1.90E-11
M 0.0001 2.76E-11 3.78E-11
S 0.0001 2.96E-11 4.02E-11
Y-88 106.64 d - Y 1.00 F 0.0001 4.00E-10 5.50E-10
M 0.0001 3.16E-10 4.05E-10
S 0.0001 3.73E-10 4.60E-10
Y-90 64.0 h - Y 1.00 F 0.0001 5.77E-11 9.65E-11
M 0.0001 1.48E-10 2.13E-10
S 0.0001 1.60E-10 2.27E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Yttrium, continued
Y-90m 3.19 h Y - 1.00 F 0.0001 3.44E-12 5.67E-12
M 0.0001 8.53E-12 1.22E-11
S 0.0001 9.16E-12 1.30E-11
Y-91 58.51 d - Y 1.00 F 0.0001 1.98E-10 2.44E-10
M 0.0001 6.25E-10 7.15E-10
S 0.0001 8.05E-10 9.07E-10
Y-91m 49.71 m Y Y 1.00 F 0.0001 2.37E-13 3.12E-13
M 0.0001 5.77E-13  6.90E-13
S 0.0001 6.93E-13 8.14E-13
Y-92 3.54 h - Y 1.00 F 0.0001 7.66E-12 1.26E-11
M 0.0001 1.65E-11 2.39E-11
S 0.0001 1.75E-11 2.52E-11
Y-93 10.1 h Y - 1.00 F 0.0001 2.07E-11 3.56E-11
M 0.0001 4.42E-11 6.78E-11
S 0.0001 4.69E-11 7.13E-11
Y-94 19.1m - - 1.00 F 0.0001 7.20E-13 8.60E-13
M 0.0001 1.28E-12 1.43E-12
S 0.0001 1.34E-12 1.49E-12
Y-95 10.7 m Y - 1.00 F 0.0001 4.31E-13 4.97E-13
M 0.0001 6.85E-13 7.51E-13
S 0.0001 7.22E-13  7.89E-13
Zirconium
Zr-86 16.5 h Y - 1.00 F 0.002 1.37E-11  2.21E-11
*M 0.002 2.82E-11 4.22E-11
S 0.002 2.99E-11 4.45E-11
/r-88 83.4 d Y Y 1.00 F 0.002 1.94E-10 2.63E-10
*M 0.002 1.94E-10 2.42E-10
S 0.002 3.04E-10 3.65E-10
Zr-89 78.43 h - Y 1.00 F 0.002 1.55E-11 2.43E-11
*M 0.002 3.77E-11  5.18E-11
S 0.002 4.05E-11 5.52E-11
Zr-93 1.53E6 y Y Y 1.00 F 0.002 3.81E-10 4.11E-10
*M 0.002 1.81E-10 1.97E-10
S 0.002 1.53E-10 1.64E-10
Zr-95 63.98 d Y Y 1.00 F 0.002 1.33E-10 1.77E-10
*M 0.002 3.92E-10 4.47E-10
S 0.002 5.06E-10 5.70E-10
Zr-97 16.90 h Y - 1.00 F 0.002 3.29E-11 5.57E-11
*M 0.002 8.76E-11  1.30E-10
S 0.002 9.37E-11  1.38E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Niobium
Nb-88 14.3 Y - 1.00 F 0.01 6.54E-13  7.84E-13
*M 0.01 1.07E-12  1.22E-12
S 0.01 1.13E-12  1.28E-12
Nb-89b 122 Y - 1.00 F 0.01 3.46E-12 5.26E-12
*M 0.01 8.03E-12 1.10E-11
S 0.01 8.55E-12 1.16E-11
Nb-89a 66 Y - 1.00 F 0.01 1.64E-12 2.31E-12
*M 0.01 3.71E-12  4.71E-12
S 0.01 3.95E-12  4.98E-12
Nb-90 14.60 - Y 1.00 F 0.01 1.85E-11 2.97E-11
*M 0.01 4.21E-11  6.14E-11
S 0.01 4.47E-11  6.49E-11
Nb-93m 13.6 - Y 1.00 F 0.01 1.38E-11 1.91E-11
*M 0.01 4.49E-11 5.14E-11
S 0.01 1.42E-10 1.53E-10
Nb-94 2.03E4 - - 1.00 F o0.01 3.89E-10 5.42E-10
*M 0.01 8.66E-10 1.02E-09
S 0.01 3.20E-09 3.64E-09
Nb-95 35.15 - Y 1.00 F 0.01 3.55E-11 5.12E-11
*M 0.01 1.26E-10 1.47E-10
S 0.01 1.50E-10 1.74E-10
Nb-95m 86.6 Y Y 1.00 F 0.01 1.47E-11  2.31E-11
*M 0.01 7.23E-11 8.84E-11
S 0.01 8.13E-11 9.84E-11
Nb-96 23.35 - - 1.00 F 0.01 1.71E-11  2.74E-11
*M 0.01 4.38E-11 6.16E-11
S 0.01 4.69E-11  6.55E-11
Nb-97 72.1 - Y 1.00 F 0.01 8.52E-13 1.16E-12
*M 0.01 2.39E-12 2.88E-12
S 0.01 2.56E-12 3.07E-12
Nb-98 51.5 - - 1.00 F o0.01 1.24E-12 1.66E-12
*M 0.01 2.73E-12  3.32E-12
S 0.01 2.89E-12  3.50E-12
Molybdenum
Mo-90 5.67 Y - 1.00 FO0.8 6.09E-12  9.03E-12
*M 0.1 2.37E-11  3.36E-11
S 0.01 2.61E-11  3.71E-11
Mo-93 3.5E3 Y Y 1.00 F 0.8 2.96E-11 3.29E-11
*M 0.1 3.11E-11  3.43E-11
S 0.01 1.45E-10 1.55E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Molybdenum, continued
Mo-93m 6.85 h Y - 1.00 FO0.8 2.81E-12  4.09E-12
*M 0.1 8.33E-12 1.17E-11
S 0.01 9.04E-12 1.27E-11
Mo-99 66.0 h Y - 1.00 FO0.8 1.44E-11 2.15E-11
*M 0.1 8.75E-11 1.16E-10
S 0.01 9.80E-11 1.30E-10
Mo-101 14.62 m Y - 1.00 FO0.8 4.94E-13  5.78E-13
*M 0.1 1.05e-12 1.17E-12
S 0.01 1.12E-12  1.23E-12
Technetium
Tc-93 2.75 h Y Y 1.00 F 0.8 7.65E-13  1.28E-12
*M 0.1 1.17E-12  1.72E-12
S 0.01 1.22E-12  1.77E-12
Tc-93m 43.5 m Y - 1.00 FO0.8 3.70E-13  6.18E-13
*M 0.1 6.43E-13  8.58E-13
S 0.01 6.75E-13  8.87E-13
Tc-94 293 m - - 1.00 FO.8 2.96E-12 5.17E-12
*M 0.1 5.14E-12  7.58E-12
S 0.01 5.42E-12  7.91E-12
Tc-94m 52 m - Y 1.00 FO0.8 1.33e-12  2.51E-12
*M 0.1 2.21E-12  2.78E-12
S 0.01 2.31E-12  2.81E-12
Tc-95 20.0 h - Y 1.00 FO0.8 2.97E-12  5.00E-12
*M 0.1 4.66E-12 7.10E-12
S 0.01 4.91E-12  7.43E-12
Tc-95m 61 d Y - 1.00 FO0.8 1.35e-11 2.16E-11
*M 0.1 7.51E-11  9.20E-11
S 0.01 1.03E-10 1.24E-10
Tc-96 4.28 d - Y 1.00 FO0.8 2.22E-11  3.58E-11
*M 0.1 3.80E-11 5.41E-11
S 0.01 4.03E-11 5.68E-11
Tc-96m 51.5m Y - 1.00 FO0.8 2.30E-13  3.84E-13
*M 0.1 4.03E-13  5.55E-13
S 0.01 4.27E-13  5.80E-13
Tc-97 2.6E6 y - Y 1.00 FO0.8 1.89E-12  3.16E-12
*M 0.1 2.06E-11 2.30E-11
S 0.01 1.22E-10  1.30E-10
Tc-97m 87 d Y Y 1.00 F 0.8 1.57E-11 2.67E-11
*M 0.1 2.78E-10  3.03E-10
S 0.01 3.59E-10 3.88E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Technetium, continued
Tc-98 4.2E6 y - - 1.00 FO.8 5.18E-11  8.44E-11
*M 0.1 7.12E-10 8.14E-10
S 0.01 2.97E-09  3.36E-09
Tc-99 2.13E5 y - Y 1.00 FO0.8 1.86E-11 3.14E-11
*M 0.1 3.49E-10 3.81E-10
S 0.01 9.67E-10 1.03E-09
Tc-99m 6.02 h Y Y 1.00 F 0.8 3.63E-13  6.90E-13
*M 0.1 1.20E-12  1.54E-12
S 0.01 1.29E-12  1.64E-12
Tc-101 14.2 m - Y 1.00 FO0.8 2.66E-13  3.49E-13
*M 0.1 4.56E-13  4.99E-13
S 0.01 4.76E-13  5.16E-13
Tc-104 18.2 m - - 1.00 FO.8 8.28E-13  1.25E-12
*M 0.1 1.26E-12  1.44E-12
S 0.01 1.31E-12  1.46E-12
Ruthenium (particulate)
Ru-94 51.8 m Y - 1.00 F 0.05 1.06E-12  1.65E-12
*M 0.05 2.48E-12  3.32E-12
S 0.01 2.64E-12  3.53E-12
Ru-97 2.9 d Y - 1.00 F 0.05 2.71E-12  4.39E-12
*M 0.05 6.61E-12 9.08E-12
S 0.01 7.17E-12  9.79E-12
Ru-103 39.28 d Y - 1.00 F 0.05 3.28E-11 5.12E-11
*M 0.05 2.12E-10 2.41E-10
S 0.01 2.59E-10 2.90E-10
Ru-105 4.44 h Y - 1.00 F 0.05 4.01E-12 6.61E-12
*M 0.05 1.30E-11 1.75E-11
S 0.01 1.41E-11 1.89E-11
Ru-106 368.2 d - - 1.00 F 0.05 6.13E-10 9.41E-10
*M 0.05 2.42E-09 2.77E-09
S 0.01 5.56E-09 6.02E-09
Ruthenium (vapor)
Ru-94 51.8 m Y - - vV 0.05 3.77E-12  5.95E-12
Ru-97 2.9 d Y - - V 0.05 8.79E-12 1.47E-11
Ru-103 39.28 d Y - - V 0.05 8.72E-11 1.40E-10
Ru-105b 4.44 h Y - - vV 0.05 1.47E-11 2.52E-11
Ru-106 368.2 d - - - V 0.05 1.49E-09 2.33E-09
Rhodium
Rh-99m 4.7 h - - 1.00 F0.05 8.91E-13  1.41E-12
M 0.05 1.80E-12 2.57E-12
S 0.05 1.91E-12  2.70E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Rhodium, continued
Rh-99 16 d - - 1.00 F 0.05 1.84E-11  2.90E-11
M 0.05 6.64E-11  7.99E-11
S 0.05 7.60E-11  9.00E-11
Rh-100 20.8 - Y 1.00 F 0.05 1.05E-11 1.70E-11
M 0.05 1.78E-11  2.70E-11
S 0.05 1.87E-11  2.81E-11
Rh-101 3.2 - Y 1.00 F 0.05 8.30E-11 1.23E-10
M 0.05 1.87E-10 2.21E-10
S 0.05 4.34E-10  4.90E-10
Rh-101m 4.34 Y Y 1.00 F 0.05 4.81E-12 7.78E-12
M 0.05 1.39E-11  1.79E-11
S 0.05 1.52E-11  1.93E-11
Rh-102 2.9 - Y 1.00 F 0.05 4.19E-10 6.16E-10
M 0.05 5.06E-10 6.57E-10
S 0.05 1.34E-09 1.62E-09
Rh-102m 207 Y - 1.00 F 0.05 1.04E-10 1.60E-10
M 0.05 3.50E-10 4.09E-10
S 0.05 6.17E-10 6.91E-10
Rh-103m  56.12 - Y 1.00 F 0.05 5.86E-14  7.35E-14
M 0.05 2.05E-13  2.30E-13
S 0.05 2.21E-13  2.47E-13
Rh-105 35.36 - Y 1.00 F 0.05 7.18E-12  1.24E-11
M 0.05 3.09E-11  3.98E-11
S 0.05 3.37E-11  4.30E-11
Rh-106m 132 - - 1.00 F 0.05 2.19E-12  3.29E-12
M 0.05 5.30E-12  6.92E-12
S 0.05 5.64E-12  7.32E-12
Rh-107 21.7 Y - 1.00 F 0.05 3.13E-13  3.62E-13
M 0.05 6.74E-13  7.38E-13
S 0.05 7.13E-13  7.79E-13
Palladium
Pd-100 3.63 Y - 1.00 F 0.005 3.10E-11  4.71E-11
M 0.005 6.03E-11  7.94E-11
S 0.005 6.44E-11 8.39E-11
Pd-101 8.27 Y - 1.00 F 0.005 1.72E-12  2.78E-12
M 0.005 3.57E-12  5.04E-12
S 0.005 3.80E-12 5.32E-12
Pd-103 16.96 Y Y 1.00 F 0.005 6.36E-12 1.05E-11
M 0.005 3.56E-11 4.19E-11
S 0.005 4.13E-11  4.79E-11
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Palladium, continued
Pd-107 6.5E6 y - Y 1.00 F 0.005 1.63E-12 2.64E-12
M 0.005 8.56E-12 1.01E-11
S 0.005 4.22E-11  4.56E-11
Pd-109 13.427 h - - 1.00 F 0.005 1.09E-11 1.87E-11
M 0.005 3.45E-11 4.69E-11
S 0.005 3.72E-11  5.00E-11
Silver
Ag-102 12.9 m - - 1.00 F 0.05 3.89E-13  4.68E-13
*M 0.05 6.06E-13  6.93E-13
S 0.01 6.30E-13  7.18E-13
Ag-103 65.7 m Y - 1.00 F 0.05 5.30E-13  7.27E-13
*M 0.05 1.34E-12  1.64E-12
S 0.01 1.44E-12  1.75E-12
Ag-104 69.2 m - Y 1.00 F 0.05 7.32E-13  1.04E-12
*M 0.05 1.27E-12  1.69E-12
S 0.01 1.33E-12  1.77E-12
Ag-104m 33.5m Y - 1.00 F 0.05 5.60E-13  7.37E-13
*M 0.05 1.09E-12  1.33E-12
S 0.01 1.15E-12  1.40E-12
Ag-105 41.0 d - - 1.00 F 0.05 3.91E-11  5.55E-11
*M 0.05 6.20E-11  7.66E-11
S 0.01 7.10E-11  8.55E-11
Ag-106 23.96 m - - 1.00 F 0.05 3.28E-13  3.95E-13
*M 0.05 6.49E-13  7.34E-13
S 0.01 6.85E-13  7.71E-13
Ag-106m 8.41 d - - 1.00 F 0.05 6.07E-11  8.78E-11
*M 0.05 7.04E-11  9.58E-11
S 0.01 7.17E-11  9.67E-11
Ag-108m 127 y - - 1.00 F 0.05 4.09E-10 5.68E-10
*M 0.05 5.82E-10 7.21E-10
S 0.01 2.42E-09 2.82E-09
Ag-110m 249.9 d - - 1.00 F 0.05 3.90E-10 5.47E-10
*M 0.05 6.22E-10 7.65E-10
S 0.01 1.03E-09 1.22E-09
Ag-111 7.45 d - - 1.00 F 0.05 3.46E-11 5.63E-11
*M 0.05 1.45E-10 1.80E-10
S 0.01 1.63E-10 2.00E-10
Ag-112 3.12 h - - 1.00 F 0.05 5.63E-12  8.99E-12
*M 0.05 1.38E-11 1.96E-11
S 0.01 1.48E-11 2.10E-11
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)

Silver, continued

Ag-115 20.0 m Y - 1.00 F 0.05 6.68E-13 8.65E-13
*M 0.05 1.54E-12 1.84E-12
S 0.01 1.65E-12 1.97E-12
Cadmium
Cd-104 57.7 m Y - 1.00 F 0.05 7.31E-13 1.09E-12
M 0.05 1.46E-12 1.97E-12
S 0.05 1.54E-12 2.07E-12
Cd-107 6.49 h - - 1.00 F 0.05 1.08E-12 1.71E-12
M 0.05 6.39E-12 7.72E-12
S 0.05 6.99E-12 8.39E-12
Cd-109 464 d - Y 1.00 F 0.05 2.83E-10 3.99E-10
M 0.05 4.12E-10 4.78E-10
S 0.05 5.44E-10 5.91E-10
Cd-113  9.3Elb y - - 1.00 F 0.05 2.18E-09 3.03E-09
M 0.05 1.22E-09 1.60E-09
S 0.05 1.11E-09 1.25E-09
Cd-113m 13.6 y - - 1.00 F 0.05 2.51E-09  3.52E-09
M 0.05 1.52E-09 1.97E-09
S 0.05 1.76E-09 1.95E-09
Cd-115 53.46 h Y Y 1.00 F 0.05 2.69E-11 4.47E-11
M 0.05 9.69E-11 1.29E-10
S 0.05 1.06E-10 1.39E-10
Cd-115m 44.6 d Y Y 1.00 F 0.05 2.10E-10 3.09E-10
M 0.05 5.66E-10 6.62E-10
S 0.05 6.93E-10 7.90E-10
Cd-117 2.49 h Y - 1.00 F 0.05 4.03E-12 6.48E-12
M 0.05 1.22E-11 1.65E-11
S 0.05 1.31E-11 1.76E-11
Cd-117m 3.36 h Y - 1.00 F 0.05 4.09E-12 6.42E-12
M 0.05 1.26E-11 1.66E-11
S 0.05 1.35E-11 1.77E-11
Indium
In-109 4.2 h Y - 1.00 F 0.02 1.07E-12 1.57E-12
M 0.02 2.20E-12 2.99E-12
S 0.02 2.36E-12  3.18E-12
In-110b 4.9 h - - 1.00 F 0.02 3.10E-12 4.73E-12
M 0.02 4.79E-12 7.16E-12
S 0.02 4.98E-12 7.42E-12
In-110a 69.1 m - Y 1.00 F 0.02 1.15E-12 1.59E-12
M 0.02 2.51E-12 3.16E-12
S 0.02 2.66E-12  3.33E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Indium, continued
In-111 2.83 d - Y 1.00 F 0.02 6.65E-12 9.95E-12
M 0.02 1.66E-11 2.17E-11
S 0.02 1.78E-11  2.32E-11
In-112 14.4 m - - 1.00 F 0.02 1.46E-13  1.64E-13
M 0.02 2.75E-13  2.98E-13
S 0.02 2.89E-13  3.13E-13
In-113m 1.658 h - Y 1.00 F 0.02 3.88E-13  5.46E-13
M 0.02 1.13E-12  1.40E-12
S 0.02 1.22E-12  1.49E-12
In-114m 49.51 d - - 1.00 F 0.02 5.52E-10 6.67E-10
M 0.02 6.84E-10 8.10E-10
S 0.02 7.57E-10 8.84E-10
In-115 5.1El15 y - Y 1.00 F 0.02 9.85E-09 1.09E-08
M 0.02 4.29E-09 4.74E-09
S 0.02 2.07E-09  2.23E-09
In-115m 4.486 h Y Y 1.00 F 0.02 1.36E-12  2.12E-12
M 0.02 4.37E-12  5.80E-12
S 0.02 4.71E-12  6.20E-12
In-116m 54.15 m - - 1.00 F 0.02 8.37E-13  1.11E-12
M 0.02 1.97E-12  2.37E-12
S 0.02 2.09E-12  2.51E-12
In-117 43.8 m Y Y 1.00 F 0.02 4.72E-13  5.81E-13
M 0.02 1.34E-12  1.51E-12
S 0.02 1.44E-12 1.61E-12
In-117m 116.5m Y Y 1.00 F 0.02 1.55E-12  2.29E-12
M 0.02 4.98E-12 6.29E-12
S 0.02 5.35E-12  6.73E-12
In-119m 18.0 m Y - 1.00 F 0.02 4.38E-13  5.03E-13
M 0.02 8.25E-13  9.02E-13
S 0.02 8.68E-13  9.47E-13
Tin
Sn-110 4.0 h Y - 1.00 F 0.02 6.50E-12 1.12E-11
M 0.02 1.20E-11  1.81E-11
S 0.02 1.26E-11  1.89E-11
Sn-111 35.3m Y - 1.00 F 0.02 2.90E-13  3.95E-13
M 0.02 6.39E-13  7.65E-13
S 0.02 6.79E-13  8.07E-13
Sn-113 115.1 d Y - 1.00 F 0.02 4.17E-11  6.36E-11
M 0.02 2.36E-10 2.71E-10
S 0.02 3.50E-10 3.92E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Tin, continued
Sn-117m 13.61 d - Y 1.00 F 0.02 2.27E-11  3.66E-11
M 0.02 2.12E-10  2.39E-10
S 0.02 2.46E-10 2.75E-10
Sn-119m 293.0 d - Y 1.00 F 0.02 2.20E-11  3.28E-11
M 0.02 1.91E-10 2.11E-10
S 0.02 2.97E-10 3.22E-10
Sn-121 27.06 h - Y 1.00 F 0.02 5.35E-12  9.28E-12
M 0.02 2.18E-11 2.76E-11
S 0.02 2.37E-11  2.97E-11
Sn-121m 55y Y - 1.00 F 0.02 5.25E-11  7.30E-11
M 0.02 3.81E-10 4.16E-10
S 0.02 1.10E-09 1.17E-09
Sn-123 129.2 d - - 1.00 F 0.02 1.01E-10  1.58E-10
M 0.02 7.25E-10 8.19E-10
S 0.02 1.14E-09 1.25E-09
Sn-123m  40.08 m - - 1.00 F 0.02 5.25E-13  6.60E-13
M 0.02 1.35E-12  1.52E-12
S 0.02 1.45E-12 1.61E-12
Sn-125 9.64 d Y - 1.00 F 0.02 9.11E-11 1.51E-10
M 0.02 2.97E-10 3.81E-10
S 0.02 3.37E-10 4.24E-10
Sn-126 1.0E5 y Y - 1.00 F 0.02 7.23E-10 1.02E-09
M 0.02 2.34E-09  2.69E-09
S 0.02 1.02E-08 1.11E-08
Sn-127 2.10 h Y - 1.00 F 0.02 3.44E-12 5.48E-12
M 0.02 9.18E-12 1.19E-11
S 0.02 9.90E-12 1.27E-11
Sn-128 59.1m Y - 1.00 F 0.02 2.10E-12  3.01E-12
M 0.02 5.07E-12  6.18E-12
S 0.02 5.40E-12  6.52E-12
Antimony
Sh-115 31.8 m - - 1.00 FO.1 2.70E-13  3.45E-13
*M 0.01 5.36E-13  6.30E-13
S 0.01 5.65E-13  6.61E-13
Sh-116 15.8 m - Y 1.00 FO0.1 2.71E-13  3.33E-13
*M 0.01 4.41E-13  5.09E-13
S 0.01 4.59E-13  5.29E-13
Sb-116m 60.3 m - - 1.00 FO.1 8.84E-13 1.22E-12
*M 0.01 1.92E-12  2.38E-12
S 0.01 2.03E-12 2.51E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity

Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)

Antimony, continued

Sb-117 2.80 h - - 1.00 FO.1 2.63E-13  3.94E-13
*M 0.01 8.76E-13  1.10E-12
S 0.01 9.43E-13 1.17E-12
Sb-118m 5.00 h - - 1.00 FO.1 2.72E-12  4.25E-12
*M 0.01 4.84E-12 7.14E-12
S 0.01 5.07E-12  7.44E-12
Sb-119 38.1 h - - 1.00 FO.1 1.41E-12  2.41E-12
*M 0.01 2.95E-12  4.69E-12
S 0.01 3.12E-12  4.93E-12
Sb-120b 5.76 d - - 1,00 FO.1 2.46E-11  3.82E-11
*M 0.01 6.78E-11  8.91E-11
S 0.01 7.41E-11  9.64E-11
Sb-120a  15.89 m - - 1.00 FO0.1 1.54E-13  1.80E-13
*M 0.01 2.74E-13  3.04E-13
S 0.01 2.87E-13  3.18E-13
Sb-122 2.70 d - - 1.00 FO.1 3.34E-11 5.64E-11
*M 0.01 1.06E-10 1.48E-10
S 0.01 1.15E-10  1.58E-10
Sb-124 60.20 d - Y 1.00 FO0.1 8.55E-11 1.30E-10
*M 0.01 5.65E-10  6.58E-10
S 0.01 7.54E-10 8.65E-10
Sbh-124n 20.2 m Y - 1.00 F 0.1 1.01E-13  1.28E-13
*M 0.01 2.72E-13  3.12E-13
b S 0.01 3.16E-13  3.60E-13
Sb-125 2.77 y Y - 1.00 FO0.1 7.52E-11  1.04E-10
*M 0.01 3.99E-10 4.49E-10
S 0.01 9.74E-10 1.08E-09
Sb-126 12.4 d - Y 1.00 FO0.1 5.90E-11 9.26E-11
*M 0.01 2.51E-10 3.10E-10
S 0.01 2.85E-10  3.49E-10
Sb-126m 19.0 m Y Y 1.00 F 0.1 3.99E-13  4.83E-13
*M 0.01 7.53E-13  8.54E-13
S 0.01 7.94E-13  8.97E-13
Sb-127 3.85 d Y Y 1.00 F 0.1 3.50E-11  5.83E-11
*M 0.01 1.60E-10 2.03E-10
S 0.01 1.77E-10  2.23E-10
Sb-128b 9.01 h - - 1.00 FO0.1 1.11E-11 1.82E-11
*M 0.01 2.68E-11  3.89E-11
S 0.01 2.85E-11 4.11E-11
Sbh-128a 10.4 m - Y 1.00 FO.1 3.32E-13  3.85E-13
*M 0.01 5.14E-13  5.72E-13
S 0.01 5.34E-13  5.92E-13
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Antimony, continued
Sb-129 4.32 h Y - 1.00 FO0.1 6.54E-12 1.08E-11
*M 0.01 1.86E-11 2.60E-11
S 0.01 2.00E-11 2.78E-11
Sb-130 40 m - - 1.00 FO.1 1.06E-12  1.38E-12
*M 0.01 2.20E-12 2.63E-12
S 0.01 2.33E-12 2.77E-12
Sb-131 23 m Y - 1.00 FO0.1 9.24E-13  2.41E-12
*M 0.01 2.11E-12  2.63E-12
S 0.01 2.25E-12  2.60E-12
Tellurium (particulate)
Te-116 2.49 h Y - 1.00 F 0.3 2.44E-12  3.83E-12
*M 0.1 06.41E-12 8.66E-12
S 0.01 06.93E-12  9.34E-12
Te-121 17 - Y 1.00 FO.3 1.22E-11 1.86E-11
*M 0.1 2.69E-11  3.52E-11
S 0.01 3.02E-11  3.88E-11
Te-121m 154 Y - 1.00 F 0.3 9.62E-11 1.32E-10
*M 0.1 3.43E-10 3.88E-10
S 0.01 4.91E-10 5.48E-10
Te-123 1E13 - Y 1.00 FO.3 9.22E-11 1.05E-10
*M 0.1 5.97E-11 6.77E-11
S 0.01 1.27E-10  1.39E-10
Te-123m  119.7 Y Y 1.00 F 0.3 4.48E-11 6.25E-11
*M 0.1 3.34E-10 3.67E-10
S 0.01 4.41E-10 4.80E-10
Te-125m 58 - Y 1.00 FO.3 2.54E-11 3.87E-11
*M 0.1 2.88E-10 3.16E-10
S 0.01 3.61E-10  3.92E-10
Te-127 9.35 - Y 1.00 FO.3 2.98E-12 5.08E-12
*M 0.1 1.24E-11 1.65E-11
S 0.01 1.37E-11  1.83E-11
Te-127m 109 Y Y 1.00 F 0.3 8.65E-11 1.20E-10
*M 0.1 6.34E-10 6.97E-10
S 0.01 8.60E-10  9.34E-10
Te-129 69.6 Y Y 1.00 F 0.3 7.77E-13  1.06E-12
*M 0.1 2.26E-12  2.69E-12
S 0.01 2.43E-12 2.88E-12
Te-129m 33.6 Y Y 1.00 F 0.3 9.13E-11 1.50E-10
*M 0.1 5.83E-10 6.72E-10
S 0.01 7.15E-10 8.11E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Tellurium (particulate), continued
Te-131 25.0 m Y Y 1.00 F 0.3 6.60E-13 2.25E-12
*M 0.1 1.34E-12 1.73E-12
S 0.01 1.42E-12 1.60E-12
Te-131m 30 h Y Y 1.00 F 0.3 2.52E-11  9.95E-11
*M 0.1 7.77E-11  1.14E-10
S 0.01 8.56E-11 1.13E-10
Te-132 78.2 h Y - 1.00 F 0.3 6.08E-11 2.19E-10
*M 0.1 1.74E-10  2.52E-10
S 0.01 1.91E-10 2.54E-10
Te-133 12.45 m Y Y 1.00 F 0.3 5.07E-13  2.05E-12
*M 0.1 9.31E-13  1.33E-12
S 0.01 9.81E-13 1.23E-12
Te-133m 55.4 m Y - 1.00 F 0.3 2.19E-12  9.06E-12
*M 0.1 4.91E-12  7.14E-12
S 0.01 5.24E-12 6.80E-12
Te-134 41.8 m Y - 1.00 F 0.3 1.31E-12  2.95E-12
*M 0.1 3.43E-12  4.33E-12
S 0.01 3.66E-12  4.49E-12
Tellurium (vapor)
Te-116 2.49 h Y - - vV 0.3 5.12E-12  7.47E-12
Te-121 17 d - Y - vV 0.3 3.26E-11 4.91E-11
Te-121m 154 d Y - - vV 0.3 2.86E-10 3.87E-10
Te-123 1E13 y - Y - vV 0.3 2.81E-10 3.21E-10
Te-123m 119.7 d Y v - vV 0.3 1.28E-10 1.75E-10
Te-125m 58 d - Y - vV 0.3 6.89E-11 1.02E-10
Te-127 9.35 h - Y - vV 0.3 6.00E-12 9.25E-12
Te-127m 109 d Y v - vV 0.3 2.43E-10  3.28E-10
Te-129 69.6 m Y v - vV 0.3 2.52E-12  3.06E-12
Te-129m 33.6 d Y v - vV 0.3 2.29E-10 3.66E-10
Te-131 25.0 m Y v - vV 0.3 2.49E-12 6.62E-12
Te-131m 30 h Y v - vV 0.3 5.52E-11 2.59E-10
Te-132 78.2 h Y - - vV 0.3 1.40E-10 5.78E-10
Te-133 12.45 m Y v - vV 0.3 1.84E-12 5.83E-12
Te-133m 55.4 m Y - - vV 0.3 06.02E-12 2.37E-11
Te-134 41.8 m Y - - vV 0.3 4.21E-12  8.47E-12
lodine (particulate)
1-120 8l1.0 m - - 1.00 *F 1.0 2.92E-12 1.05E-11
MO0.1 5.82E-12 8.17E-12
S 0.01 6.11E-12 7.94E-12
1-120m 53 m - - 1.00 *F 1.0 2.10E-12  5.36E-12
M 0.1 3.94E-12  5.19E-12
S 0.01 4.13E-12 5.18E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
lodine (particulate), continued
I-121 2.12 h Y - 1.00 *F 1.0 5.43E-13  2.65E-12
M 0.1 1.24E-12  1.85E-12
S 0.01 1.32E-12 1.71E-12
1-123 13.2 h Y - 1.00 *F 1.0 1.13E-12  8.18E-12
M 0.1 3.81E-12 5.83E-12
S 0.01 4,.14E-12  5.51E-12
1-124 4.18 d - - 1.00 *F 1.0 5.12E-11 4.77E-10
M 0.1 6.04E-11  1.39E-10
S 0.01 6.16E-11  8.76E-11
1-125 60.14 d - Y 1.00 *F 1.0 2.97E-11  2.87E-10
M 0.1 2.91E-11 8.71E-11
S 0.01 3.24E-11  4.04E-11
1-126 13.02 d - - 1.00 *F 1.0 1.04E-10 1.00E-09
M 0.1 1.20E-10 2.81E-10
S 0.01 1.23E-10  1.54E-10
1-128 24.99 m - - 1.00 *F 1.0 4,59E-13  8.21E-13
MO0.1 9.11E-13 1.03E-12
S 0.01 9.61E-13 1.06E-12
1-129 1.57E7 y - Y 1.00 *F 1.0 1.68E-10 1.64E-09
M 0.1 2.60E-10 7.64E-10
S 0.01 5.96E-10 6.91E-10
1-130 12.36 h - - 1.00 *F 1.0 1.04E-11  7.47E-11
M 0.1 2.67E-11  4.48E-11
S 0.01 2.87E-11  4.09E-11
I-131 8.04 d - Y 1.00 *F 1.0 5.55E-11 5.27E-10
M 0.1 1.29E-10 2.20E-10
S 0.01 1.40E-10  1.69E-10
1-132 2.30 h - Y 1.00 *F 1.0 2.46E-12 1.01E-11
M 0.1 06.09E-12 8.72E-12
S 0.01 6.49E-12 8.58E-12
1-132m 83.6 m Y - 1.00 *F 1.0 1.56E-12  7.31E-12
M 0.1 4.24E-12 6.88E-12
S 0.01 4.54E-12 6.82E-12
1-133 20.8 h - Y 1.00 *F 1.0 1.93E-11  1.69E-10
M 0.1 4.02E-11 7.48E-11
S 0.01 4,29E-11 6.21E-11
1-134 52.6 m - Y 1.00 *F 1.0 1.15E-12 2.77E-12
M 0.1 2.47E-12  3.12E-12
S 0.01 2.61E-12  3.16E-12
I-135 6.61 h Y - 1.00 *F 1.0 5.56E-12  3.63E-11
M 0.1 1.47E-11 2.37E-11
S 0.01 1.58E-11 2.22E-11
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
lodine (vapor)
1-120 8l1.0 m - - - V1.0 1.02E-11  3.01E-11
1-120m 53 m - - - V1.0 8.05E-12 1.67E-11
I-121 2.12 h Y - - V1.0 2.52E-12  8.05E-12
1-123 13.2 h Y - - V1.0 4.00E-12 2.22E-11
1-124 4.18 d - - - V1.0 1.32E-10 1.23E-09
1-125 60.14 d - Yy - V1.0 7.75E-11  7.48E-10
1-126 13.02 d - - V1.0 2.70E-10  2.59E-09
1-128 24.99 m - - - V1.0 4.56E-12 5.69E-12
1-129 1.57E7 y - Yy - V1.0 4.42E-10 4.32E-09
I-130b 12.36 h - - - V1.0 3.15E-11 1.97E-10
I-131 8.04 d - Y - V1.0 1.48E-10 1.36E-09
1-132 2.30 h - Y - V1.0 1.12E-11  3.12E-11
1-132m 83.6 m Y - - V1.0 8.67E-12 2.37E-11
1-133 20.8 h - Y - V1.0 5.46E-11 4.39E-10
1-134 52.6 m - Y - V1.0 7.41E-12  1.19E-11
I-135 6.61 h Y - - V1.0 1.93E-11 9.86E-11
lodine (methyl iodide)
1-120 8l1.0 m - - - V1.0 4.41E-12 2.26E-11
1-120m 53 m - - - V1.0 2.77E-12  1.09E-11
I-121 2.12 h Y - - V1.0 8.84E-13 5.41E-12
1-123 13.2 h Y - - V1.0 2.08E-12 1.65E-11
1-124 4.18 d - - - V1.0 1.02E-10  9.56E-10
1-125 60.14 d - Yy - V1.0 6.03E-11 5.83E-10
1-126 13.02 d - - - V1.0 2.08E-10 2.02E-09
1-128 24.99 m - - - V1.0 3.69E-13  1.44E-12
1-129 1.57E7 y - Yy - V1.0 3.43E-10  3.36E-09
I-130 12.36 h - - - V1.0 1.93eE-11 1.51E-10
I-131 8.04 d - Yy - V1.0 1.10E-10 1.06E-09
1-132 2.30 h - Yy - V1.0 3.88E-12 2.09E-11
1-132m 83.6 m Y - - V1.0 2.40E-12 1.43E-11
1-133 20.8 h - Yy - V1.0 3.76E-11  3.41E-10
1-134 52.6 m - Yy - V1.0 1.38E-12  5.40E-12
I-135 6.61 h Y - - V1.0 1.01E-11 7.42E-11
Cesium
Cs-125 45 m Y - 1.00 *F 1.0 3.61E-13  4.44E-13
M 0.1 9.26E-13 1.10E-12
S 0.01 9.85E-13 1.16E-12
Cs-127 6.25 h - - 1.00 *F 1.0 4.73E-13  6.68E-13
M 0.1 1.94E-12 2.71E-12
S 0.01 2.11E-12  2.96E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Cesium, continued
Cs-129 32.06 h - - 1.00 *F 1.0 1.37E-12  2.01E-12
M 0.1 4.37E-12 6.42E-12
S 0.01 4.78E-12  7.05E-12
Cs-130 29.9 m - - 1.00 *F 1.0 2.82E-13  3.36E-13
MO0.1 6.25E-13  7.15E-13
S 0.01 6.61E-13  7.54E-13
Cs-131 9.69 d - Y 1.00 *F 1.0 1.36E-12  2.03E-12
MO0.1 3.43E-12  4.59E-12
S 0.01 3.78E-12 5.04E-12
Cs-132 6.475 d - - 1.00 *F 1.0 1.09E-11 1.60E-11
MO0.1 1.90E-11 2.58E-11
S 0.01 2.02E-11 2.73E-11
Cs-134 2.062 y - Y 1.00 *F 1.0 3.05E-10 4.45E-10
M 0.1 7.05E-10 8.36E-10
S 0.01 1.66E-09 1.89E-09
Cs-134m 2.90 h Y - 1.00 *F 1.0 4.41E-13  5.38E-13
MO0.1 3.65E-12 4.21E-12
S 0.01 4.15E-12 4.78E-12
Cs-135 2.3E6 y - Y 1.00 *F 1.0 3.40E-11 5.03E-11
MO0.1 2.58E-10 2.82E-10
S 0.01 6.30E-10 6.72E-10
Cs-135m 53 m Y - 1.00 *F 1.0 2.63E-13  3.56E-13
MO0.1 4.91E-13 6.57E-13
S 0.01 5.14E-13  6.85E-13
Cs-136 13.1 d - - 1.00 *F 1.0 6.39E-11 9.44E-11
MO0.1 2.12E-10  2.54E-10
b S 0.01 2.40E-10 2.83E-10
Cs-137 30.0 y - - 1.00 *F 1.0 2.19E-10 3.21E-10
M 0.1 7.81E-10 8.91E-10
S 0.01 2.77E-09  3.03E-09
Cs-138 32.2m - - 1.00 *F 1.0 8.94E-13 1.08E-12
M 0.1 1.93E-12  2.25E-12
S 0.01 2.04E-12 2.37E-12
Barium
Ba-126 96.5m - - 1.00 FO.2 4.61E-12 7.39E-12
*M 0.1 7.06E-12 9.42E-12
S 0.01 7.35E-12  9.69E-12
Ba-128 2.43 d - - 1.00 FO.2 7.15E-11 1.25E-10
*M 0.1 1.33E-10  1.95E-10
S 0.01 1.43E-10 2.08E-10
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Table 2.1, continued

Nuclide

Barium, continued

Ba-131

Ba-131m

Ba-133

Ba-133m

Ba-135m

Ba-139

Ba-140

Ba-141

Ba-142

Lanthanum
La-131

La-132

La-135

La-137

Chain AMAD Mortality Morbidity

T P D (um) Type'f, (Bq™)  (Bq7)
11.8 d Y Y 1.00 F 0.2 1.33E-11 2.17E-11
*M 0.1 6.68E-11 7.87E-11
S 0.01 7.63E-11  8.89E-11
14.6 m Y - 1.00 F 0.2 1.90E-13  2.17E-13
*M 0.1 4.23E-13  4.57E-13
S 0.01 4.52E-13  4.87E-13
10.74 y - Y 1.00 FO0.2 1.23E-10 1.69E-10
*M 0.1 2.67E-10  3.14E-10
S 0.01 7.74E-10 8.78E-10
38.9 h Y - 1.00 F 0.2 1.43E-11 2.51E-11
*M 0.1 4.17E-11  5.51E-11
S 0.01 4.57E-11  6.00E-11
28.7 h - - 1.00 FoO0.2 1.12E-11  1.96E-11
*M 0.1 3.27E-11  4.34E-11
S 0.01 3.57E-11  4.71E-11
82.7 m - - 1.00 FoO0.2 2.17E-12  3.39E-12
*M 0.1 3.84E-12  4.83E-12
S 0.01 4.03E-12 5.00E-12
12.74 d Y - 1.00 F 0.2 1.02E-10 1.70E-10
*M 0.1 4.61E-10 5.48E-10
S 0.01 5.30E-10 6.20E-10
18.27 m Y - 1.00 F 0.2 1.17E-12  1.77E-12
*M 0.1 2.03E-12 2.62E-12
S 0.01 2.15E-12  2.75E-12
10.6 m Y - 1.00 F 0.2 6.09E-13  8.70E-13
*M 0.1 9.95E-13 1.23E-12
S 0.01 1.04E-12 1.27E-12
59 m Y - 1.00 F 0.0005 4.89E-13 6.57E-13
M 0.0005 1.24E-12 1.48E-12
S 0.0005 1.33E-12 1.59E-12
4.8 h - - 1.00 F 0.0005 5.32E-12 8.51E-12
M 0.0005 1.14E-11 1.69E-11
S 0.0005 1.21E-11 1.78E-11
19.5 h - Y 1.00 F 0.0005 4.51E-13 7.25E-13
M 0.0005 8.74E-13 1.36E-12
S 0.0005 9.22E-13  1.43E-12
6E4 y - Y 1.00 F 0.0005 3.11E-10 3.77E-10
M 0.0005 1.35E-10 1.62E-10
S 0.0005 1.27E-10 1.42E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Lanthanum, continued
La-138 1.35E11 y - - 1.00 F 0.0005 6.35E-09 8.24E-09
M 0.0005 2.65E-09 3.39E-09
S 0.0005 1.77E-09 2.10E-09
La-140 40.272 h - Y 1.00 F 0.0005 3.67E-11 5.83E-11
M 0.0005 8.98E-11 1.29E-10
S 0.0005 9.61E-11 1.37E-10
La-141 3.93 h Y Y 1.00 F 0.0005 5.16E-12 8.30E-12
M 0.0005 1.43E-11 2.01E-11
S 0.0005 1.55E-11 2.16E-11
La-142 92.5m - Y 1.00 F 0.0005 2.17E-12 3.14E-12
M 0.0005 5.05E-12 6.54E-12
S 0.0005 5.36E-12 6.92E-12
La-143 14.23 m Y - 1.00 F 0.0005 5.76E-13 7.26E-13
M 0.0005 1.28E-12 1.53E-12
S 0.0005 1.36E-12 1.63E-12
Cerium
Ce-134 72.0 h - - 1.00 F 0.0005 5.05E-11 8.02E-11
*M 0.0005 1.31E-10 1.88E-10
S 0.0005 1.41E-10 2.01E-10
Ce-135 17.6 h Y - 1.00 F 0.0005 1.23E-11 1.97E-11
*M 0.0005 3.42E-11 4.74E-11
S 0.0005 3.67E-11 5.06E-11
Ce-137 9.0 h Y Y 1.00 F 0.0005 3.56E-13 5.86E-13
*M 0.0005 6.94E-13 1.11E-12
S 0.0005 7.32E-13 1.17E-12
Ce-137m 34.4 h Y - 1.00 F 0.0005 9.43E-12 1.55E-11
*M 0.0005 3.97E-11 5.24E-11
S 0.0005 4.33E-11 5.67E-11
Ce-139 137.66 d - Y 1.00 F 0.0005 8.83E-11 1.14E-10
*M 0.0005 1.34E-10 1.53E-10
S 0.0005 1.67E-10 1.86E-10
Ce-141 32.501 d - Y 1.00 F 0.0005 4.93E-11 6.41E-11
*M 0.0005 2.76E-10 3.07E-10
S 0.0005 3.30E-10 3.64E-10
Ce-143 33.0 h Y Y 1.00 F 0.0005 2.14E-11 3.41E-11
*M 0.0005 7.50E-11 1.01E-10
S 0.0005 8.24E-11 1.10E-10
Ce-144 284.3 d Y - 1.00 F 0.0005 1.95E-09 2.26E-09
*M 0.0005 2.65E-09 2.96E-09
S 0.0005 4.49E-09 4.87E-09
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Praseodymium
Pr-136 13.1 - Y 1.00 F 0.0005 3.14E-13 3.75E-13
M 0.0005 4.95E-13 5.61E-13
S 0.0005 5.15E-13 5.82E-13
Pr-137 76.6 Y - 1.00 F 0.0005 4.87E-13 7.04E-13
M 0.0005 1.09E-12 1.42E-12
S 0.0005 1.16E-12 1.50E-12
Pr-138m 2.1 - - 1.00 F 0.0005 1.67E-12 2.49E-12
M 0.0005 3.35E-12  4.55E-12
S 0.0005 3.54E-12 4.77E-12
Pr-139 4.51 Y Y 1.00 F 0.0005 5.69E-13 8.73E-13
M 0.0005 1.27E-12 1.75E-12
S 0.0005 1.39E-12 1.88E-12
Pr-142 19.13 - Y 1.00 F 0.0005 2.28E-11 3.87E-11
M 0.0005 5.71E-11 8.60E-11
S 0.0005 6.10E-11 9.13E-11
Pr-142m 14.6 Y - 1.00 F 0.0005 2.90E-13  4.95E-13
M 0.0005 7.30E-13 1.10E-12
S 0.0005 7.80E-13 1.17E-12
Pr-143 13.56 - Y 1.00 F 0.0005 3.86E-11 5.48E-11
M 0.0005 1.96E-10 2.32E-10
S 0.0005 2.24E-10 2.63E-10
Pr-144 17.28 - Y 1.00 F 0.0005 4.60E-13 5.30E-13
M 0.0005 8.45E-13 9.24E-13
S 0.0005 8.87E-13 9.68E-13
Pr-145 5.98 - - 1.00 F 0.0005 6.22E-12 1.04E-11
M 0.0005 1.62E-11 2.36E-11
S 0.0005 1.74E-11 2.50E-11
Pr-147 13.6 Y - 1.00 F 0.0005 4.04E-13 4.69E-13
M 0.0005 8.21E-13 9.11E-13
S 0.0005 8.76E-13 9.70E-13
Neodymium
Nd-136 50.65 Y - 1.00 F 0.0005 1.18E-12 1.64E-12
M 0.0005 2.78E-12  3.43E-12
S 0.0005 2.96E-12 3.63E-12
Nd-138 5.04 - - 1.00 F 0.0005 9.55E-12 1.58E-11
M 0.0005 2.12E-11 3.18E-11
S 0.0005 2.25E-11 3.36E-11
Nd-139 29.7 Y Y 1.00 F 0.0005 2.35E-13 3.12E-13
M 0.0005 4.94E-13 6.05E-13
S 0.0005 5.27E-13  6.41E-13
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Neodymium, continued
Nd-139m 5.5 h Y - 1.00 F 0.0005 3.84E-12 6.04E-12
M 0.0005 9.07E-12 1.27E-11
S 0.0005 9.70E-12 1.34E-11
Nd-141 2.49 - Y 1.00 F 0.0005 1.10E-13 1.67E-13
M 0.0005 2.53E-13  3.42E-13
S 0.0005 2.68E-13 3.62E-13
Nd-147 10.98 Y Y 1.00 F 0.0005 3.76E-11 5.24E-11
M 0.0005 1.90E-10 2.24E-10
S 0.0005 2.18E-10 2.53E-10
Nd-149 1.73 Y - 1.00 F 0.0005 1.93E-12 2.89E-12
M 0.0005 6.30E-12 8.02E-12
S 0.0005 6.80E-12 8.61E-12
Nd-151 12.44 Y - 1.00 F 0.0005 3.96E-13 4.99E-13
M 0.0005 8.36E-13 1.00E-12
S 0.0005 8.86E-13 1.06E-12
Promethium
Pm-141 20.90 Y Y 1.00 F 0.0005 3.45E-13 4.21E-13
M 0.0005 6.44E-13 7.36E-13
S 0.0005 6.77E-13  7.70E-13
Pm-143 265 - Y 1.00 F 0.0005 1.86E-10 2.45E-10
M 0.0005 1.07E-10 1.35E-10
S 0.0005 1.21E-10 1.45E-10
Pm-144 363 - Y 1.00 F 0.0005 1.13E-09 1.49E-09
M 0.0005 5.82E-10 7.46E-10
S 0.0005 6.19E-10 7.47E-10
Pm-145 17.7 - Y 1.00 F 0.0005 2.97E-10 3.47E-10
M 0.0005 1.48E-10 1.70E-10
S 0.0005 1.60E-10 1.78E-10
Pm-146 2020 Y - 1.00 F 0.0005 2.23E-09 2.79E-09
M 0.0005 1.14E-09 1.38E-09
S 0.0005 1.29E-09 1.46E-09
Pm-147 2.6234 Y Y 1.00 F 0.0005 2.28E-10 2.46E-10
M 0.0005 2.90E-10 3.13E-10
S 0.0005 4.06E-10 4.34E-10
Pm-148 5.37 - Y 1.00 F 0.0005 6.50E-11 9.92E-11
M 0.0005 1.96E-10 2.62E-10
S 0.0005 2.15E-10 2.84E-10
Pm-148m 41.3 Y - 1.00 F 0.0005 2.47E-10 3.26E-10
M 0.0005 4.30E-10 5.04E-10
S 0.0005 4.98E-10 5.74E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Promethium, continued
Pm-149 53.08 h - Y 1.00 F 0.0005 1.92E-11 3.15E-11
M 0.0005 6.75E-11 9.16E-11
S 0.0005 7.34E-11 9.89E-11
Pm-150 2.68 h - - 1.00 F 0.0005 3.54E-12 5.50E-12
M 0.0005 8.67E-12 1.18E-11
S 0.0005 9.24E-12 1.25E-11
Pm-151 28.40 h Y Y 1.00 F 0.0005 1.31E-11 2.16E-11
M 0.0005 4.34E-11 5.94E-11
S 0.0005 4.69E-11 6.38E-11
Samarium
Sm-141 10.2 m Y Y 1.00 F 0.0005 3.68E-13 4.47E-13
M 0.0005 6.62E-13  7.54E-13
S 0.0005 6.94E-13 7.88E-13
Sm-141m 22.6 m Y - 1.00 F 0.0005 6.95E-13 8.95E-13
M 0.0005 1.44E-12 1.70E-12
S 0.0005 1.53E-12 1.79E-12
Sm-142 72.49 m - - 1.00 F 0.0005 2.03E-12 2.88E-12
M 0.0005 4.54E-12 5.77E-12
S 0.0005 4.82E-12 6.09E-12
Sm-145 340 d Y Y 1.00 F 0.0005 1.35E-10 1.61E-10
M 0.0005 1.05E-10 1.22E-10
S 0.0005 1.38E-10 1.55E-10
Sm-146  1.03E8 y - Y 1.00 F 0.0005 3.37E-07 3.76E-07
M 0.0005 1.95E-07 2.13E-07
S 0.0005 2.73E-07 2.88E-07
Sm-147 1.06E11 y - Y 1.00 F 0.0005 3.06E-07 3.41E-07
M 0.0005 1.69E-07 1.86E-07
S 0.0005 2.38E-07 2.51E-07
Sm-151 90 y - Y 1.00 F 0.0005 2.31E-10 2.48E-10
M 0.0005 1.23E-10 1.32E-10
S 0.0005 1.23E-10 1.32E-10
Sm-153 46.7 h - - 1.00 F 0.0005 1.42E-11 2.32E-11
M 0.0005 6.14E-11 7.96E-11
S 0.0005 6.71E-11 8.63E-11
Sm-155 22.1m Y - 1.00 F 0.0005 3.61E-13 4.15E-13
M 0.0005 7.79E-13 8.50E-13
S 0.0005 8.25E-13  8.99E-13
Sm-156 9.4 h Y - 1.00 F 0.0005 5.98E-12 9.13E-12
M 0.0005 2.05E-11 2.62E-11
S 0.0005 2.26E-11 2.86E-11
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Europium
Eu-145 5.94 Y Y 1.00 F 0.0005 2.72E-11 3.87E-11
M 0.0005 3.60E-11 4.89E-11
S 0.0005 3.81E-11 5.13E-11
Eu-146 4.61 Y Y 1.00 F 0.0005 3.66E-11 5.32E-11
M 0.0005 5.02E-11 7.01E-11
S 0.0005 5.22E-11 7.25E-11
Eu-147 24 Y Y 1.00 F 0.0005 3.56E-11 4.84E-11
M 0.0005 8.92E-11 1.04E-10
S 0.0005 1.02E-10 1.18E-10
Eu-148 54.5 Y - 1.00 F 0.0005 2.51E-10 3.38E-10
M 0.0005 2.11E-10 2.68E-10
S 0.0005 2.29E-10 2.83E-10
Eu-149 93.1 - Y 1.00 F 0.0005 2.14E-11 2.73E-11
M 0.0005 2.40E-11 2.89E-11
S 0.0005 2.93E-11 3.43E-11
Eu-150b 34.2 - - 1.00 F 0.0005 5.56E-09 7.14E-09
M 0.0005 2.38E-09 3.02E-09
S 0.0005 2.03E-09 2.41E-09
Eu-150a 12.62 - - 1.00 F 0.0005 6.59E-12 1.12E-11
M 0.0005 1.96E-11 2.78E-11
S 0.0005 2.11E-11 2.96E-11
Eu-152 13.33 Y - 1.00 F 0.0005 4.12E-09 5.14E-09
M 0.0005 2.02E-09 2.46E-09
S 0.0005 2.15E-09 2.45E-09
Eu-152m 9.32 Y - 1.00 F 0.0005 8.32E-12 1.40E-11
M 0.0005 2.06E-11 3.04E-11
S 0.0005 2.20E-11 3.22E-11
Eu-154 8.8 - - 1.00 F 0.0005 4.69E-09 5.71E-09
M 0.0005 2.65E-09 3.12E-09
S 0.0005 3.43E-09 3.81E-09
Eu-155 4.96 - Y 1.00 F 0.0005 4.48E-10 5.15E-10
M 0.0005 3.59E-10 4.01E-10
S 0.0005 4.67E-10 5.08E-10
Eu-156 15.19 - Y 1.00 F 0.0005 9.98E-11 1.40E-10
M 0.0005 3.07E-10 3.70E-10
S 0.0005 3.48E-10 4.15E-10
Eu-157 15.15 - - 1.00 F 0.0005 1.05E-11 1.76E-11
M 0.0005 2.96E-11 4.23E-11
S 0.0005 3.18E-11 4.50E-11
Eu-158 45.9 - - 1.00 F 0.0005 1.07E-12 1.38E-12
M 0.0005 2.54E-12 2.97E-12
S 0.0005 2.70E-12 3.14E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Gadolinium
Gd-145 22.9 Y - 1.00 F 0.0005 4.87E-13 6.25E-13
M 0.0005 8.22E-13 9.80E-13
S 0.0005 8.62E-13 1.02E-12
Gd-146 48.3 Y - 1.00 F 0.0005 2.83E-10 3.75E-10
M 0.0005 5.32E-10 6.13E-10
S 0.0005 6.30E-10 7.15E-10
Gd-147 38.1 Y Y 1.00 F 0.0005 1.27E-11 1.94E-11
M 0.0005 2.66E-11 3.62E-11
S 0.0005 2.87E-11 3.86E-11
Gd-148 93 - - 1.00 F 0.0005 2.99E-07 3.41E-07
M 0.0005 2.39E-07 2.61E-07
S 0.0005 3.92E-07 4.13E-07
Gd-149 9.4 Y Y 1.00 F 0.0005 1.80E-11 2.58E-11
M 0.0005 6.28E-11 7.47E-11
S 0.0005 7.08E-11 8.33E-11
Gd-151 120 Y Y 1.00 F 0.0005 3.85E-11 4.73E-11
M 0.0005 6.90E-11 7.89E-11
S 0.0005 8.88E-11 9.97E-11
Gd-152 1.08E14 - Y 1.00 F 0.0005 2.16E-07 2.46E-07
M 0.0005 1.30E-07 1.44E-07
S 0.0005 2.20E-07 2.32E-07
Gd-153 242 - Y 1.00 F 0.0005 1.03E-10 1.25E-10
M 0.0005 1.57E-10 1.77E-10
S 0.0005 2.09E-10 2.32E-10
Gd-159 18.56 - - 1.00 F 0.0005 9.31E-12 1.59E-11
M 0.0005 2.83E-11 3.94E-11
S 0.0005 3.04E-11 4.21E-11
Terbium
Th-147 1.65 Y - 1.00 F 0.0005 2.17E-12 3.26E-12
M 0.0005 4.58E-12 6.11E-12
S 0.0005 4.87E-12 6.45E-12
Th-149 4.15 Y - 1.00 F 0.0005 3.45E-11 4.22E-11
M 0.0005 4.20E-10 4.45E-10
S 0.0005 4.63E-10 4.90E-10
Th-150 3.27 - - 1.00 F 0.0005 3.61E-12 5.77E-12
M 0.0005 7.30E-12 1.05E-11
S 0.0005 7.71E-12 1.10E-11
Th-151 17.6 Y - 1.00 F 0.0005 5.68E-12 9.04E-12
M 0.0005 1.56E-11 2.09E-11
S 0.0005 1.68E-11 2.24E-11
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Terbium, continued
Tbh-153 2.34 d Y - 1.00 F 0.0005 5.94e-12 9.11E-12
M 0.0005 1.70E-11 2.21E-11
S 0.0005 1.89E-11 2.42E-11
Th-154 21.4 h - - 1.00 F 0.0005 1.06E-11 1.67E-11
M 0.0005 2.16E-11 3.07E-11
S 0.0005 2.29E-11 3.23E-11
Th-155 5.32 d - Y 1.00 F 0.0005 5.34E-12 8.13E-12
M 0.0005 1.96E-11 2.43E-11
S 0.0005 2.17E-11 2.66E-11
Th-156 5.34 d - Y 1.00 F 0.0005 3.30E-11 4.90E-11
M 0.0005 9.08E-11 1.14E-10
S 0.0005 9.91E-11 1.23E-10
Tbh-156m 24.4 h Y - 1.00 F 0.0005 6.17E-12 9.09E-12
M 0.0005 1.87E-11 2.29E-11
S 0.0005 2.05E-11 2.49E-11
Tb-156n 5.0 h Y - 1.00 F 0.0005 2.07E-12 3.12E-12
M 0.0005 8.45E-12 1.02E-11
S 0.0005 9.23E-12 1.11E-11
Th-157 150 y - Y 1.00 F 0.0005 7.82E-11 8.65E-11
M 0.0005 3.55E-11  3.95E-11
S 0.0005 3.68E-11 4.02E-11
Th-158 150 y - - 1.00 F 0.0005 3.77E-09 4.63E-09
M 0.0005 1.87E-09 2.24E-09
S 0.0005 2.00E-09 2.26E-09
Th-160 72.3 d - - 1.00 F 0.0005 2.39E-10 3.07E-10
M 0.0005 5.83E-10 6.63E-10
S 0.0005 7.23E-10 8.11E-10
Th-161 6.91 d - - 1.00 F 0.0005 1.99E-11 3.06E-11
M 0.0005 1.15E-10 1.36E-10
S 0.0005 1.29E-10 1.52E-10
Dysprosium
Dy-155 10.0 h Y Y 1.00 F 0.0005 2.06E-12 3.29E-12
M 0.0005 4.78E-12 6.62E-12
S 0.0005 5.12E-12 7.03E-12
Dy-157 8.1 h Y Y 1.00 F 0.0005 8.54E-13 1.37E-12
M 0.0005 1.52E-12 2.25E-12
S 0.0005 1.59E-12 2.35E-12
Dy-159 144.4 d - Y 1.00 F 0.0005 2.16E-11 2.70E-11
M 0.0005 2.93E-11  3.45E-11
S 0.0005 3.94E-11 4.52E-11
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Dysprosium, continued
Dy-165 2.334 h - - 1.00 F 0.0005 1.52E-12 2.35E-12
M 0.0005 4.45E-12 5.68E-12
S 0.0005 4.77E-12 6.05E-12
Dy-166 81.6 h Y - 1.00 F 0.0005 4.37E-11 6.89E-11
M 0.0005 1.80E-10 2.26E-10
S 0.0005 1.99E-10 2.47E-10
Holmium
Ho-155 48 m Y - 1.00 F 0.0005 5.52E-13 7.73E-13
M 0.0005 1.15E-12 1.43E-12
S 0.0005 1.21E-12 1.51E-12
Ho-157 12.6 m Y - 1.00 F 0.0005 9.92E-14 1.26E-13
M 0.0005 1.65E-13  1.99E-13
S 0.0005 1.72E-13 2.07E-13
Ho-159 33 m Y - 1.00 F 0.0005 1.33E-13 1.68E-13
M 0.0005 2.88E-13  3.29E-13
S 0.0005 3.05E-13  3.47E-13
Ho-161 2.5 h - Y 1.00 F 0.0005 1.92E-13 2.94E-13
M 0.0005 3.91E-13 5.34E-13
S 0.0005 4.12E-13 5.60E-13
Ho-162 15 m - Y 1.00 F 0.0005 6.79E-14 7.64E-14
M 0.0005 1.34E-13 1.46E-13
S 0.0005 1.42E-13 1.53E-13
Ho-162m 68 m Y - 1.00 F 0.0005 4.02E-13 5.50E-13
M 0.0005 1.18E-12 1.40E-12
S 0.0005 1.27E-12 1.49E-12
Ho-164 29 m - Y 1.00 F 0.0005 1.59E-13 1.84E-13
M 0.0005 4.10E-13 4.46E-13
S 0.0005 4.38E-13 4.75E-13
Ho-164m 37.5m Y - 1.00 F 0.0005 2.41E-13 3.14E-13
M 0.0005 8.33E-13  9.41E-13
S 0.0005 8.98E-13 1.01E-12
Ho-166 26.80 h - Y 1.00 F 0.0005 3.79E-11 6.07E-11
M 0.0005 7.14E-11 1.04E-10
S 0.0005 7.53E-11 1.09E-10
Ho-166m 1.20E3 y - - 1.00 F 0.0005 1.56E-08 2.06E-08
M 0.0005 6.42E-09 8.34E-09
S 0.0005 3.53E-09 4.15E-09
Ho-167 3.1h - - 1.00 F 0.0005 1.53E-12 2.30E-12
M 0.0005 4.89E-12 6.09E-12
S 0.0005 5.26E-12 6.51E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Erbium
Er-161 3.24 h Y - 1.00 F 0.0005 1.17E-12 1.84E-12
M 0.0005 2.62E-12 3.62E-12
S 0.0005 2.78E-12 3.81E-12
Er-165 10.36 h - - 1.00 F 0.0005 2.88E-13 4.80E-13
M 0.0005 5.54E-13  8.46E-13
S 0.0005 5.83E-13 8.87E-13
Er-169 9.3 d - - 1.00 F 0.0005 1.17E-11 1.77E-11
M 0.0005 9.08E-11 1.04E-10
S 0.0005 1.04E-10 1.18E-10
Er-171 7.52 h Y - 1.00 F 0.0005 6.30E-12 1.05E-11
M 0.0005 1.86E-11 2.54E-11
S 0.0005 2.00E-11 2.71E-11
Er-172 49.3 h Y - 1.00 F 0.0005 2.52E-11 3.94E-11
M 0.0005 1.03E-10 1.28E-10
S 0.0005 1.13E-10 1.40E-10
Thulium
Tm-162 21.7 m - Y 1.00 F 0.0005 3.42E-13 4.21E-13
M 0.0005 6.42E-13 7.36E-13
S 0.0005 6.75E-13  7.70E-13
Tm-166 7.70 h - Y 1.00 F 0.0005 4.11E-12 6.56E-12
M 0.0005 1.01E-11 1.39E-11
S 0.0005 1.08E-11 1.47E-11
Tm-167 9.24 d - Y 1.00 F 0.0005 1.75E-11 2.60E-11
M 0.0005 1.01E-10 1.18E-10
S 0.0005 1.15E-10 1.33E-10
Tm-170 128.6 d - - 1.00 F 0.0005 2.20E-10 2.54E-10
M 0.0005 5.92E-10 6.57E-10
S 0.0005 8.21E-10 8.99E-10
Tm-171 1.92 y - Y 1.00 F 0.0005 7.51E-11 8.53E-11
M 0.0005 8.14E-11 9.00E-11
S 0.0005 1.09E-10 1.18E-10
Tm-172 63.6 h - Y 1.00 F 0.0005 3.57E-11 5.86E-11
M 0.0005 1.12E-10 1.52E-10
S 0.0005 1.22E-10 1.63E-10
Tm-173 8.24 h - - 1.00 F 0.0005 5.23E-12 8.74E-12
M 0.0005 1.51E-11 2.09E-11
S 0.0005 1.62E-11 2.23E-11
Tm-175 15.2 m Y - 1.00 F 0.0005 3.70E-13 4.38E-13
M 0.0005 7.86E-13 8.81E-13
S 0.0005 8.35E-13  9.33E-13
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Ytterbium
Yb-162 18.9 Y - 1.00 F 0.0005 2.84E-13 3.80E-13
M 0.0005 6.53E-13 7.68E-13
S 0.0005 6.93E-13 8.11E-13
Yb-166 56.7 Y - 1.00 F 0.0005 1.98E-11 3.21E-11
M 0.0005 5.52E-11 7.31E-11
S 0.0005 5.97E-11 7.82E-11
Yb-167 17.5 Y - 1.00 F 0.0005 1.41E-13 1.71E-13
M 0.0005 3.83E-13 4.28E-13
S 0.0005 4.15E-13 4.62E-13
Yb-169 32.01 - Y 1.00 F 0.0005 3.91E-11 5.42E-11
M 0.0005 2.18E-10 2.47E-10
S 0.0005 2.61E-10 2.92E-10
Yb-175 4.19 - Y 1.00 F 0.0005 1.12E-11 1.85E-11
M 0.0005 6.02E-11 7.26E-11
S 0.0005 6.68E-11 7.98E-11
Yb-177 1.9 Y - 1.00 F 0.0005 1.46E-12 2.23E-12
M 0.0005 4.67E-12 5.75E-12
S 0.0005 5.06E-12 6.18E-12
Yb-178 74 Y - 1.00 F 0.0005 1.65E-12 2.51E-12
M 0.0005 4.92E-12 6.04E-12
S 0.0005 5.28E-12 6.43E-12
Lutetium
Lu-169 34.06 Y - 1.00 F 0.0005 9.19E-12 1.44E-11
M 0.0005 2.51E-11 3.27E-11
S 0.0005 2.79E-11  3.59E-11
Lu-170 2.00 - Y 1.00 F 0.0005 1.85E-11 2.95E-11
M 0.0005 4.17E-11 5.76E-11
S 0.0005 4.46E-11 6.09E-11
Lu-171 8.22 - - 1.00 F 0.0005 1.97E-11 2.98E-11
M 0.0005 7.01E-11 8.59E-11
S 0.0005 7.81E-11 9.46E-11
Lu-172 6.70 - Y 1.00 F 0.0005 3.45E-11 5.25E-11
M 0.0005 1.21E-10 1.49E-10
S 0.0005 1.34E-10 1.63E-10
Lu-173 1.37 - Y 1.00 F 0.0005 1.38E-10 1.69E-10
M 0.0005 1.41E-10 1.63E-10
S 0.0005 2.09E-10 2.35E-10
Lu-174 3.31 - Y 1.00 F 0.0005 2.62E-10 3.14E-10
M 0.0005 2.41E-10 2.74E-10
S 0.0005 3.46E-10 3.84E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Lutetium, continued
Lu-174m 142 d Y - 1.00 F 0.0005 1.20E-10 1.42E-10
M 0.0005 2.83E-10 3.14E-10
S 0.0005 3.73E-10 4.09E-10
Lu-176 3.60E10 y - - 1.00 F 0.0005 4.12E-09 4.74E-09
M 0.0005 2.51E-09 2.83E-09
S 0.0005 3.48E-09 3.80E-09
Lu-176m 3.68 h - - 1.00 F 0.0005 2.98E-12 4.86E-12
M 0.0005 8.77E-12 1.15E-11
S 0.0005 9.42E-12 1.23E-11
Lu-177 6.71 d - Y 1.00 F 0.0005 1.51E-11 2.37E-11
M 0.0005 9.63E-11 1.13E-10
S 0.0005 1.08E-10 1.26E-10
Lu-177m  160.9 d Y - 1.00 F 0.0005 4.04E-10 5.04E-10
M 0.0005 1.05E-09 1.17E-09
S 0.0005 1.40E-09 1.54E-09
Lu-178 28.4 m - Y 1.00 F 0.0005 5.49E-13 6.62E-13
M 0.0005 1.22E-12 1.36E-12
S 0.0005 1.30E-12 1.43E-12
Lu-178m 22.7 m - - 1.00 F 0.0005 6.10E-13 7.13E-13
M 0.0005 1.36E-12 1.49E-12
S 0.0005 1.44E-12 1.58E-12
Lu-179 4.59 h - - 1.00 F 0.0005 3.72E-12 6.20E-12
M 0.0005 9.52E-12 1.31E-11
S 0.0005 1.02E-11 1.39E-11
Hafnium
Hf-170 16.01 h Y - 1.00 F 0.002 8.84E-12 1.41E-11
M 0.002 2.39E-11  3.23E-11
S 0.002 2.57E-11  3.44E-11
Hf-172 1.87 y Y Y 1.00 F 0.002 1.47E-09 1.87E-09
M 0.002 1.27E-09  1.50E-09
S 0.002 2.00E-09 2.28E-09
Hf-173 24.0 h Y Y 1.00 F 0.002 3.75E-12  5.98E-12
M 0.002 1.21E-11  1.60E-11
S 0.002 1.32E-11  1.73E-11
Hf-175 70 d - Y 1.00 F 0.002 4.34E-11 5.86E-11
M 0.002 9.84E-11 1.16E-10
S 0.002 1.25E-10  1.45E-10
Hf-177m 51.4 m - - 1.00 F 0.002 1.37E-12  1.71E-12
M 0.002 4.32E-12  4.89E-12
S 0.002 4.65E-12  5.24E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Hafnium, continued
Hf-178m 31y - - 1.00 F 0.002 8.12E-09 1.00E-08
M 0.002 4.35E-09 5.21E-09
S 0.002 5.17E-09  5.88E-09
Hf-179m 25.1 d - - 1.00 F 0.002 6.49E-11 9.26E-11
M 0.002 3.26E-10 3.72E-10
S 0.002 3.84E-10 4.34E-10
Hf-180m 5.5 h - - 1.00 F 0.002 2.42E-12  3.78E-12
M 0.002 8.71E-12  1.12E-11
S 0.002 9.41E-12 1.20E-11
Hf-181 42 .4 d - - 1.00 F 0.002 7.85E-11 1.07E-10
M 0.002 4.26E-10 4.77E-10
S 0.002 5.19E-10 5.75E-10
Hf-182 9E6 y Y Y 1.00 F 0.002 7.72E-09  9.22E-09
M 0.002 3.50E-09 4.12E-09
S 0.002 3.74E-09 4.19E-09
Hf-182m 61.5m Y - 1.00 F 0.002 7.42E-13  9.45E-13
M 0.002 2.48E-12 2.82E-12
S 0.002 2.71E-12  3.06E-12
Hf-183 64 m Y - 1.00 F 0.002 1.06E-12  1.49E-12
M 0.002 3.74E-12  4.46E-12
S 0.002 4.07E-12 4.83E-12
Hf-184 4.12 h Y - 1.00 F 0.002 8.12E-12  1.34E-11
M 0.002 2.73E-11  3.72E-11
S 0.002 2.95E-11  3.99E-11
Tantalum
Ta-172 36.8 m Y - 1.00 F 0.001 6.64E-13  8.33E-13
M 0.001 1.57E-12  1.80E-12
S 0.001 1.70E-12  1.95E-12
Ta-173 3.65 h Y - 1.00 F 0.001 2.79E-12  4.46E-12
M 0.001 8.32E-12 1.12E-11
S 0.001 8.96E-12 1.20E-11
Ta-174 1.2 h - - 1.00 F 0.001 7.68E-13  1.03E-12
M 0.001 2.37E-12  2.80E-12
S 0.001 2.55E-12  2.99E-12
Ta-175 10.5 h Y - 1.00 F 0.001 3.11E-12  4.95E-12
M 0.001 7.95E-12 1.10E-11
S 0.001 8.63E-12  1.18E-11
Ta-176 8.08 h - Y 1.00 F 0.001 4.38E-12 6.95E-12
M 0.001 1.10E-11  1.52E-11
S 0.001 1.17E-11  1.61E-11
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Tantalum, continued
Ta-177 56.6 h - Y 1.00 F 0.001 2.09E-12  3.43E-12
M 0.001 8.74E-12 1.11E-11
S 0.001 9.57E-12 1.20E-11
Ta-178b 2.2 h - - 1.00 F 0.001 1.06E-12  1.53E-12
M 0.001 3.72E-12  4.52E-12
S 0.001 4.01E-12 4.85E-12
Ta-179 664.9 d - Y 1.00 F 0.001 7.78E-12  1.15E-11
M 0.001 1.94E-11 2.34E-11
S 0.001 4.85E-11 5.55E-11
Ta-180 1.0E13 y - - 1.00 F 0.001 1.19E-10 1.75E-10
M 0.001 5.49E-10 6.23E-10
S 0.001 1.76E-09 1.96E-09
Ta-180m 8.1 h - - 1.00 F 0.001 8.61E-13  1.41E-12
M 0.001 3.60E-12 4.66E-12
S 0.001 3.91E-12 5.02E-12
Ta-182 115.0 d - Y 1.00 F 0.001 1.38E-10 2.06E-10
M 0.001 6.59E-10 7.49E-10
S 0.001 9.05e-10 1.01E-09
Ta-182m 15.84 m Y - 1.00 F 0.001 3.52E-13  3.89E-13
M 0.001 7.93E-13  8.51E-13
S 0.001 8.59E-13  9.21E-13
Ta-183 5.1d - Y 1.00 F 0.001 3.28E-11 5.36E-11
M 0.001 1.79E-10 2.16E-10
S 0.001 2.00E-10 2.38E-10
Ta-184 8.7 h - Y 1.00 F 0.001 1.02E-11  1.68E-11
M 0.001 3.19E-11  4.38E-11
S 0.001 3.43E-11 4.68E-11
Ta-185 49 m Y - 1.00 F 0.001 8.72E-13  1.09E-12
M 0.001 2.61E-12 2.97E-12
S 0.001 2.83E-12 3.20E-12
Ta-186 10.5 m - - 1.00 F 0.001 3.94E-13  4.46E-13
M 0.001 6.39E-13  7.00E-13
S 0.001 6.66E-13  7.28E-13
Tungsten
W-176 2.3 h Y - 1.00 F 0.3 1.99E-12  3.34E-12
M 0.3 4.14E-12 5.60E-12
S 0.3 4.38E-12 5.86E-12
W-177 135 m Y Y 1.00 F 0.3 1.03E-12  1.62E-12
M 0.3 2.58E-12  3.24E-12
S 0.3 2.76E-12  3.42E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Tungsten, continued
W-178 21.7 d - Y 1.00 FO.3 5.93E-12 1.04E-11
M 0.3 5.74E-11  6.53E-11
S 0.3 6.80E-11 7.66E-11
W-179 37.5m Y - 1.00 F 0.3 3.57E-14  4.94E-14
M 0.3 6.05E-14  7.34E-14
S 0.3 6.44E-14 7.73E-14
W-181 121.2 d - Y 1.00 FO.3 2.14E-12  3.65E-12
M 0.3 1.58E-11 1.88E-11
S 0.3 2.47E-11 2.88E-11
W-185 75.1 d - Y 1.00 FO.3 1.43E-11 2.53E-11
M 0.3 2.60E-10 2.85E-10
S 0.3 3.40E-10 3.68E-10
W-187 23.9 h Y - 1.00 F 0.3 1.69E-11 2.99E-11
M 0.3 3.82E-11 5.19E-11
S 0.3 4.07E-11  5.45E-11
W-188 69.4 d Y - 1.00 F 0.3 7.02E-11  1.25E-10
M 0.3 9.86E-10 1.10E-09
S 0.3 1.37E-09  1.50E-09
Rhenium
Re-177 14.0 m Y - 1.00 FO0.8 3.49E-13  5.14E-13
MO0.8 6.86E-13  8.03E-13
S 0.8 7.24E-13  8.35E-13
Re-178 13.2 m Y - 1.00 FO0.8 3.35E-13  4.39E-13
MO0.8 5.66E-13  6.31E-13
S 0.8 5.94E-13  6.54E-13
Re-181 20 h Y Y 1.00 F 0.8 7.69E-12  1.45E-11
MO0.8 1.57E-11 2.15E-11
S 0.8 1.67E-11 2.24E-11
Re-182b 64.0 h - - 1.00 FO.8 3.06E-11 5.37E-11
MO0.8 9.73E-11 1.20E-10
S 0.8 1.06E-10 1.28E-10
Re-182a 12.7 h - Y 1.00 FO0.8 4.85E-12 8.94E-12
MO0.8 1.13E-11  1.49E-11
S 0.8 1.21E-11  1.56E-11
Re-184 38.0d - Y 1.00 FO0.8 2.21E-11  3.61E-11
MO0.8 1.57E-10  1.82E-10
S 0.8 1.94E-10 2.23E-10
Re-184m 165 d Y - 1.00 FO0.8 3.41E-11 5.65E-11
MO0.8 5.49E-10 6.11E-10
S 0.8 8.56E-10  9.48E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Rhenium, continued
Re-186 90.64 h - Y 1.00 FO0.8 3.28E-11 6.03E-11
M 0.8 9.07E-11  1.15E-10
S0.8 9.85E-11 1.22E-10
Re-186m 2.0E5 y Y - 1.00 F 0.8 5.45E-11 8.73E-11
M 0.8 1.04E-09 1.13E-09
S0.8 4.23E-09 4.49E-09
Re-187 5E10 y - Y 1.00 FO0.8 1.20E-13  2.04E-13
M 0.8 5.71E-13  6.78E-13
S0.8 2.96E-12  3.19E-12
Re-188 16.98 h - Y 1.00 FO0.8 2.41E-11  4.98E-11
M 0.8 4.02E-11 6.01E-11
S0.8 4.20E-11 6.12E-11
Re-188m 18.6 m Y - 1.00 F 0.8 5.58E-13  1.06E-12
M 0.8 9.82E-13 1.37E-12
S 0.8 1.03E-12  1.41E-12
Re-189 24.3 h Y - 1.00 F 0.8 1.49E-11 2.96E-11
M 0.8 3.47E-11  4.68E-11
S0.8 3.70E-11  4.88E-11
Osmium
0s-180 22 m - - 1.00 F 0.01 2.61E-13  3.19E-13
M 0.01 5.93E-13  6.70E-13
S 0.01 6.30E-13  7.08E-13
0s-181 105 m Y - 1.00 F 0.01 1.40E-12  2.18E-12
M 0.01 3.78E-12  4.96E-12
S 0.01 4.05E-12 5.27E-12
0s-182 22 h Y Y 1.00 F 0.01 9.93E-12 1.63E-11
M 0.01 2.70E-11  3.67E-11
S 0.01 2.90E-11 3.91E-11
0s-185 94 d - Y 1.00 F 0.01 7.91E-11 1.13E-10
M 0.01 1.06E-10 1.32E-10
S 0.01 1.38E-10 1.66E-10
0s-189m 6.0 h - Y 1.00 F 0.01 2.88E-13  4.95E-13
M 0.01 5.67E-13  8.86E-13
S 0.01 5.97E-13  9.29E-13
0s-191 15.4 d - Y 1.00 F 0.01 2.01E-11  3.21E-11
M 0.01 1.47E-10 1.68E-10
S 0.01 1.71E-10  1.92E-10
0s-191m 13.03 h Y - 1.00 F 0.01 2.17E-12  3.62E-12
M 0.01 1.30E-11  1.55E-11
S 0.01 1.45E-11 1.72E-11
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Osmium, continued
0s-193 30.0 h - - 1.00 FO0.01 1.57E-11  2.72E-11
M 0.01 4.95E-11 6.84E-11
S 0.01 5.35E-11  7.32E-11
0s-194 6.0 y Y - 1.00 F 0.01 6.09E-10 8.77E-10
M 0.01 1.79E-09 2.02E-09
S 0.01 6.45E-09  6.88E-09
Iridium
Ir-182 15 m Y - 1.00 F 0.01 5.63E-13  7.10E-13
M 0.01 1.10E-12  1.30E-12
S 0.01 1.16E-12  1.36E-12
Ir-184 3.02 h - - 1.00 FO0.01 2.46E-12  3.81E-12
M 0.01 6.40E-12 8.41E-12
S 0.01 6.84E-12 8.92E-12
Ir-185 14.0 h Y - 1.00 F 0.01 4.81E-12  7.90E-12
M 0.01 1.35E-11 1.82E-11
S 0.01 1.46E-11  1.96E-11
Ir-186a 15.8 h - - 1.00 FO0.01 7.73E-12  1.26E-11
M 0.01 1.96E-11 2.70E-11
S 0.01 2.09E-11 2.86E-11
Ir-186b 1.75 h - Y 1.00 F 0.01 8.54E-13  1.25E-12
M 0.01 2.26E-12  2.83E-12
S 0.01 2.41E-12  3.01E-12
Ir-187 10.5 h - - 1.00 FO0.01 1.94E-12  3.20E-12
M 0.01 5.33E-12  7.31E-12
S 0.01 5.71E-12  7.77E-12
Ir-188 41.5 h - Y 1.00 F 0.01 1.15E-11  1.84E-11
M 0.01 2.57E-11  3.53E-11
S 0.01 2.74E-11  3.73E-11
Ir-189 13.3 d Y Y 1.00 F 0.01 8.92E-12 1.41E-11
M 0.01 4.78E-11  5.58E-11
S 0.01 5.47E-11  6.31E-11
Ir-190 12.1 d - Y 1.00 F 0.01 4.89E-11  7.43E-11
M 0.01 1.80E-10 2.13E-10
S 0.01 2.03E-10 2.38E-10
Ir-190n 3.1h Y - 1.00 F 0.01 1.70E-12  2.61E-12
M 0.01 4.13E-12 5.47E-12
S 0.01 4.41E-12 5.79E-12
Ir-190m 1.2 h Y Y 1.00 F 0.01 2.31E-13  3.49E-13
M 0.01 7.92E-13  9.47E-13
S 0.01 8.91E-13  1.05E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Iridium, continued
Ir-192 74.02 d - Y 1.00 F 0.01 1.31E-10  1.93E-10
M 0.01 4.52E-10 5.18E-10
S 0.01 5.80E-10 6.52E-10
Ir-192m 241. y Y - 1.00 F 0.01 3.24E-10 4.57E-10
M 0.01 4.50E-10 5.41E-10
S 0.01 2.49E-09 2.77E-09
Ir-194 19.15 h - Y 1.00 F 0.01 2.45E-11 4.28E-11
M 0.01 5.77E-11  8.69E-11
S 0.01 6.14E-11 9.18E-11
Ir-194m 171 d - - 1.00 FO0.01 3.92E-10 5.62E-10
M 0.01 7.51E-10 8.92E-10
S 0.01 1.08E-09 1.24E-09
Ir-195 2.5 h - Y 1.00 F 0.01 1.44E-12 2.21E-12
M 0.01 4.80E-12 6.03E-12
S 0.01 5.18E-12  6.45E-12
Ir-195m 3.8 h Y - 1.00 F 0.01 3.45E-12 5.54E-12
M 0.01 1.17E-11  1.50E-11
S 0.01 1.26E-11  1.61E-11
Platinum
Pt-186 2.0 h Y - 1.00 F 0.01 1.38E-12  2.23E-12
M 0.01 3.28E-12  4.53E-12
S 0.01 3.49E-12  4.79E-12
Pt-188 10.2 d Y - 1.00 F 0.01 3.19E-11 5.09E-11
M 0.01 1.50E-10 1.76E-10
S 0.01 1.71E-10  1.98E-10
Pt-189 10.87 h Y - 1.00 F 0.01 2.16E-12  3.58E-12
M 0.01 6.79E-12  8.94E-12
S 0.01 7.41E-12  9.64E-12
Pt-191 2.8 d - - 1.00 FO0.01 7.49E-12  1.25E-11
M 0.01 2.38E-11  3.08E-11
S 0.01 2.59E-11  3.31E-11
Pt-193 50 y - Y 1.00 F 0.01 1.86E-12  3.01E-12
M 0.01 9.56E-12 1.11E-11
S 0.01 4.95E-11  5.31E-11
Pt-193m 4.33 d Y - 1.00 F 0.01 1.22E-11  2.09E-11
M 0.01 7.92E-11  9.33E-11
S 0.01 8.84E-11 1.03E-10
Pt-195m 4.02 d - - 1.00 FO0.01 1.66E-11 2.84E-11
M 0.01 9.49E-11 1.13E-10
S 0.01 1.05E-10 1.25E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Platinum, continued
Pt-197 18.3 h - Y 1.00 F 0.01 8.19E-12  1.41E-11
M 0.01 3.13E-11  4.09E-11
S 0.01 3.39E-11 4.40E-11
Pt-197m 94.4 m Y - 1.00 F 0.01 1.50E-12  2.34E-12
M 0.01 5.52E-12  6.88E-12
S 0.01 5.98E-12  7.38E-12
Pt-199 30.8 m Y - 1.00 F 0.01 5.24E-13  6.70E-13
M 0.01 1.51E-12  1.71E-12
S 0.01 1.62E-12  1.84E-12
Pt-200 12.5 h Y - 1.00 F 0.01 2.30E-11  4.01E-11
M 0.01 6.01E-11  8.66E-11
S 0.01 6.43E-11  9.18E-11
Gold
Au-193 17.65 h Y Y 1.00 F 0.1 2.06E-12  3.47E-12
M 0.1 8.75E-12  1.14E-11
S 0.1 9.52E-12 1.23E-11
Au-194 39.5 h - Y 1.00 FO0.1 5.93E-12  9.63E-12
M 0.1 1.41E-11  2.02E-11
S 0.1 1.51E-11 2.14E-11
Au-195 183 d - Y 1.00 FO0.1 4.70E-12  7.97E-12
M 0.1 9.91E-11 1.11E-10
S 0.1 1.58E-10 1.75E-10
Au-198 2.696 d - Y 1.00 FO0.1 1.70E-11  2.93E-11
M 0.1 7.52E-11  9.89E-11
S 0.1 8.25E-11 1.08E-10
Au-198m 2.30 d Y - 1.00 F 0.1 2.15E-11  3.66E-11
M 0.1 1.58E-10 1.91E-10
S 0.1 1.76E-10 2.10E-10
Au-199 3.139 d - Y 1.00 FO0.1 7.53E-12  1.29E-11
M 0.1 6.42E-11  7.63E-11
S 0.1 7.15E-11  8.44E-11
Au-200 48.4 m - Y 1.00 FO0.1 7.58E-13  9.91E-13
M 0.1 1.87E-12  2.18E-12
S 0.1 1.99E-12  2.31E-12
Au-200m 18.7 h Y - 1.00 F 0.1 1.58E-11  2.65E-11
M 0.1 5.17E-11  7.09E-11
S 0.1 5.58E-11  7.60E-11
Au-201 26.4 m - - 1.00 FO.1 3.27E-13  3.83E-13
M 0.1 7.70E-13  8.42E-13
S 0.1 8.19E-13  8.92E-13
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Mercury (inorganic particulate)
Hg-193 3.5 h Y Y 1.00 F 0.02 1.30E-12 2.07E-12
M 0.02 5.41E-12 6.85E-12
S 0.02 5.87E-12  7.39E-12
Hg-193m 11.1 h Y - 1.00 F 0.02 5.97E-12 9.87E-12
M 0.02 1.85E-11 2.54E-11
S 0.02 2.00E-11 2.71E-11
Hg-194 260 y Y Y 1.00 F 0.02 4.21E-10 6.07E-10
M 0.02 4.14E-10 5.28E-10
S 0.02 1.49E-09 1.73E-09
Hg-195 9.9 h Y Y 1.00 F 0.02 1.53E-12  2.51E-12
M 0.02 5.87E-12 7.67E-12
S 0.02 06.45E-12 8.35E-12
Hg-195m 41.6 h Y - 1.00 F 0.02 1.05e-11 1.77E-11
M 0.02 4.97E-11 6.29E-11
S 0.02 5.49E-11 6.88E-11
Hg-197 64.1 h - Y 1.00 F 0.02 4.63E-12 7.78E-12
M 0.02 2.79E-11  3.39E-11
S 0.02 3.08E-11  3.72E-11
Hg-197m 23.8 h Y - 1.00 F 0.02 8.54E-12  1.45E-11
M 0.02 4.97E-11 6.16E-11
S 0.02 5.46E-11 6.71E-11
Hg-199m 42.6 m - - 1.00 F 0.02 4.97E-13  5.93E-13
M 0.02 1.55E-12 1.71E-12
S 0.02 1.66E-12  1.83E-12
Hg-203 46.60 d - - 1.00 F 0.02 3.35E-11 5.24E-11
M 0.02 2.08E-10 2.34E-10
S 0.02 2.56E-10 2.83E-10
Mercury (organic particulate)
Hg-193 3.5 h Y Y 1.00 F 0.4 1.08E-12 1.67E-12
MO0.4 5.02E-12  6.14E-12
S 0.4 5.47E-12 6.64E-12
Hg-193m 11.1 h Y - 1.00 F 0.4 4.69E-12  7.58E-12
MO0.4 1.63E-11 2.14E-11
S 0.4 1.77E-11  2.29E-11
Hg-194 260 y Y Y 1.00 F 0.4 5.04E-10 7.28E-10
M 0.4 5.88E-10 7.78E-10
S 0.4 1.70E-09 2.04E-09
Hg-195 9.9 h Y Y 1.00 F 0.4 1.24E-12  1.99E-12
MO0.4 5.35E-12 6.71E-12
S 0.4 5.91E-12  7.35E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Mercury (organic particulate), continued
Hg-195m 41.6 h Y - 1.00 F 0.4 8.10E-12  1.33E-11
MO0.4 4.57E-11  5.54E-11
S 0.4 5.07E-11  6.09E-11
Hg-197 64.1 h - Y 1.00 FO0.4 3.56E-12 5.82E-12
MO0.4 2.62E-11  3.07E-11
S 0.4 2.91E-11  3.38E-11
Hg-197m 23.8 h Y - 1.00 F 0.4 6.39E-12 1.05E-11
M 0.4 4.60E-11 5.47E-11
S 0.4 5.08E-11 5.99E-11
Hg-199m 42.6 m - - 1.00 FO0.4 4.93E-13  5.85E-13
MO0.4 1.54E-12 1.70E-12
S 0.4 1.66E-12 1.82E-12
Hg-203 46.60 d - - 1.00 FO0.4 3.80E-11 5.81E-11
MO0.4 2.14E-10 2.42E-10
S 0.4 2.62E-10 2.91E-10
Mercury (vapor)
Hg-193 3.5 h Y v - V1.0 9.70E-11 1.02E-10
Hg-193m 11.1 h Y - - V1.0 2.64E-10 2.79E-10
Hg-194 260 y Y v - V1.0 1.41E-09 1.95E-09
Hg-195 9.9 h Y v - V1.0 1.21E-10 1.28E-10
Hg-195m 41.6 h Y - - V1.0 6.96E-10 7.36E-10
Hg-197 64.1 h - Y - V1.0 3.71E-10  3.92E-10
Hg-197m 23.8 h Y - - V1.0 4.92E-10 5.19E-10
Hg-199m 42.6 m - - - V1.0 1.51E-11  1.59E-11
Hg-203 46.60 d - - - V1.0 5.94E-10 6.61E-10
Thallium
T1-194 33 m Y - 1.00 F 1.0 1.06E-13  1.38E-13
M 1.0 1.76E-13  2.13E-13
S 1.0 1.84E-13 2.21E-13
T1-194m 32.8 m Y - 1.00 F 1.0 5.50E-13  6.75E-13
M 1.0 1.19e-12  1.35E-12
S 1.0 1.26E-12  1.42E-12
T1-195 1.16 h Y Y 1.00 F 1.0 4.13E-13  5.63E-13
M 1.0 1.17E-12  1.35E-12
S 1.0 1.27E-12  1.45E-12
T1-197 2.84 h Y - 1.00 F 1.0 4.57E-13  6.47E-13
M 1.0 2.24E-12  2.50E-12
S 1.0 2.46E-12 2.72E-12
T1-198 5.3 h - Y 1.00 F 1.0 1.49E-12 2.14E-12
M 1.0 2.49E-12 3.17E-12
S 1.0 2.60E-12  3.29E-12

69



Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Thallium, continued
T1-198m 1.87 h Y - 1.00 F 1.0 9.92E-13  1.33E-12
M 1.0 3.03E-12  3.45E-12
S 1.0 3.26E-12  3.69E-12
T1-199 7.42 h - Y 1.00 F 1.0 5.51E-13  7.81E-13
M 1.0 2.62E-12  2.93E-12
S 1.0 2.85E-12  3.17E-12
T1-200 26.1 h - Y 1.00 F 1.0 4.57E-12  6.82E-12
M 1.0 8.24E-12  1.05E-11
S 1.0 8.68E-12 1.10E-11
T1-201 3.044 d - Y 1.00 F 1.0 2.55E-12  4.02E-12
M 1.0 1.50E-11  1.69E-11
S 1.0 1.66E-11  1.85E-11
T1-202 12.23 d - Y 1.00 F 1.0 1.08E-11 1.66E-11
M 1.0 2.64E-11  3.32E-11
S 1.0 2.94E-11  3.63E-11
T1-204 3.779 y - - 1.00 F 1.0 3.99E-11 6.62E-11
M 1.0 5.60E-10 6.13E-10
S 1.0 1.53E-09 1.64E-09
Lead
Pb-195m 15.8 m Y - 1.00 F 0.2 4.82E-13  5.79E-13
*M 0.1 1.04E-12  1.18E-12
S 0.01 1.11E-12  1.25E-12
Pb-198 2.4 h Y - 1.00 F 0.2 1.24E-12  1.84E-12
*M 0.1 2.94E-12  3.87E-12
S 0.01 3.15E-12  4.14E-12
Pb-199 90 m Y - 1.00 F 0.2 6.42E-13  9.36E-13
*M 0.1 1.57E-12  2.01E-12
S 0.01 1.68E-12  2.14E-12
Pb-200 21.5 h Y Y 1.00 F 0.2 6.82E-12 1.06E-11
*M 0.1 2.41E-11  3.14E-11
S 0.01 2.64E-11  3.45E-11
Pb-201 9.4 h Y Y 1.00 F 0.2 2.27E-12  3.55E-12
*M 0.1 7.01E-12  9.47E-12
S 0.01 7.70E-12  1.04E-11
Pb-202 3E5 y Y Y 1.00 F 0.2 4.73E-10 6.23E-10
*M 0.1 3.08E-10 3.86E-10
S 0.01 7.70E-10 8.91E-10
Pb-202m 3.62 h Y Y 1.00 F 0.2 1.82E-12 2.71E-12
*M 0.1 4.56E-12 6.08E-12
S 0.01 4.92E-12  6.55E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Lead, continued
Pb-203 52.05 - Y 1.00 FO0.2 4.26E-12 6.69E-12
*M 0.1 1.55E-11 2.04E-11
S 0.01 1.72E-11  2.26E-11
Pb-205  1.43E7 - Y 1.00 FO0.2 1.31E-11  1.53E-11
*M 0.1 1.54E-11 1.74E-11
S 0.01 5.96E-11 6.37E-11
Pb-209 3.253 - Y 1.00 FO0.2 8.81E-13  1.31E-12
*M 0.1 4.18E-12  5.13E-12
S 0.01 4.58E-12 5.62E-12
Pb-210 22.3 Y Y 1.00 F 0.2 1.82E-08 2.47E-08
*M 0.1 6.84E-08 7.48E-08
S 0.01 4.06E-07 4.28E-07
Pb-211 36.1 - Y 1.00 FO0.2 2.08E-10 2.24E-10
*M 0.1 9.51E-10 1.00E-09
S 0.01 1.03E-09 1.09E-09
Pb-212 10.64 Y Y 1.00 F 0.2 3.83E-10 5.42E-10
*M 0.1 1.48E-08 1.56E-08
S 0.01 1.64E-08 1.73E-08
Pb-214 26.8 Y Y 1.00 F 0.2 1.13E-10 1.24E-10
*M 0.1 9.31E-10 9.81E-10
S 0.01 1.02E-09 1.08E-09
Bismuth
Bi-200 36.4 Y - 1.00 F 0.05 8.60E-13  1.31E-12
M 0.05 1.60E-12  2.04E-12
S 0.05 1.68E-12 2.12E-12
Bi-201 108 Y - 1.00 F 0.05 2.15E-12  3.48E-12
M 0.05 3.81E-12 5.14E-12
S 0.05 4.00E-12  5.33E-12
Bi-202 1.67 Y - 1.00 F 0.05 1.50E-12  2.30E-12
M 0.05 2.25E-12  3.02E-12
S 0.05 2.33E-12  3.09E-12
Bi-203 11.76 Y Y 1.00 F 0.05 8.98E-12  1.49E-11
M 0.05 1.54E-11 2.22E-11
S 0.05 1.62E-11  2.30E-11
Bi-205 15.31 Y Y 1.00 F 0.05 2.03E-11  3.32E-11
M 0.05 6.75E-11  8.77E-11
S 0.05 7.73E-11  9.89E-11
Bi-206 6.243 - - 1.00 F 0.05 4.21E-11  7.00E-11
M 0.05 1.22E-10  1.58E-10
S 0.05 1.34E-10 1.71E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Bismuth, continued
Bi-207 38y - Y 1.00 F 0.05 3.35E-11 5.62E-11
M 0.05 4.82E-10 5.68E-10
S 0.05 2.60E-09 2.97E-09
Bi-210 5.012 d Y Y 1.00 F 0.05 5.85E-11  9.92E-11
M 0.05 8.10E-09 8.56E-09
S 0.05 1.16E-08 1.23E-08
Bi-210m  3.0E6 y - - 1.00 F 0.05 1.61E-09 2.43E-09
M 0.05 3.00E-07 3.17E-07
S 0.05 7.50E-07  7.90E-07
Bi-212 60.55 m - Y 1.00 F 0.05 3.71E-10 4.06E-10
M 0.05 1.99E-09 2.10E-09
S 0.05 2.17E-09  2.28E-09
Bi-213 45.65 m Y Y 1.00 F 0.05 3.95E-10 4.28E-10
M 0.05 1.75E-09  1.85E-09
S 0.05 1.90E-09 2.01E-09
Bi-214 19.9 m Y Y 1.00 F 0.05 2.86E-10  3.05E-10
M 0.05 7.45E-10 7.84E-10
S 0.05 7.96E-10 8.38E-10
Polonium
Po-203 36.7 m Y - 1.00 F 0.1 7.71E-13  1.10E-12
*M 0.1 1.60E-12  2.09E-12
S 0.01 1.72E-12  2.24E-12
Po-205 1.80 h Y - 1.00 F 0.1 1.27E-12  1.76E-12
*M 0.1 3.97E-12  4.66E-12
S 0.01 4.28E-12 5.00E-12
Po-207 350 m Y Y 1.00 F 0.1 2.00E-12  3.08E-12
*M 0.1 3.71E-12  5.37E-12
S 0.01 4.03E-12 5.83E-12
Po-210 138.38 d - Y 1.00 FO0.1 1.97E-08 2.69E-08
*M 0.1 2.76E-07  2.93E-07
S 0.01 3.71E-07  3.91E-07
Astatine
At-207 1.80 h Y - 1.00 F 1.0 2.63E-11  3.02E-11
M1.0 1.98E-10 2.10E-10
S 1.0 2.17E-10  2.30E-10
At-211 7.214 h Y - 1.00 F 1.0 5.79E-10 7.28E-10
M 1.0 9.11E-09 9.67E-09
S1.0 1.01E-08 1.07E-08
Francium
Fr-222 14.4 m Y Y 1.00 F 1.0 6.14E-10 6.54E-10
M 1.0 1.42E-09  1.50E-09
S1.0 1.51E-09 1.59E-09
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Francium, continued
Fr-223 21.8 m Y Y 1.00 F 1.0 5.52E-11  8.26E-11
M 1.0 8.81E-10 9.46E-10
S 1.0 1.02E-09 1.09E-09
Radium
Ra-223 11.434 d Y Y 1.00 F 0.2 3.91E-09 5.40E-09
*M 0.1 6.42E-07 6.76E-07
S 0.01 7.50E-07  7.90E-07
Ra-224 3.66 d Y Y 1.00 F 0.2 2.60E-09 3.61E-09
*M 0.1 2.56E-07 2.70E-07
S 0.01 2.90E-07  3.06E-07
Ra-225 14.8 d Y Y 1.00 F 0.2 2.43E-09  3.33E-09
*M 0.1 5.39E-07 5.67E-07
b S 0.01 6.70E-07  7.05E-07
Ra-226 1600 y Y Y 1.00 F 0.2 8.11E-09 1.14E-08
*M 0.1 2.93E-07 3.10E-07
S 0.01 7.23E-07 7.61E-07
Ra-227 42.2 m Y - 1.00 F 0.2 5.12E-12 6.92E-12
*M 0.1 7.41E-12  8.47E-12
S 0.01 1.55E-11 1.65E-11
Ra-228 5.75 y Y Y 1.00 F 0.2 2.34E-08  3.28E-08
*M 0.1 1.26E-07 1.40E-07
S 0.01 1.12E-06  1.18E-06
Actinium
Ac-224 2.9 h Y Y 1.00 F 0.0005 2.43e-10 2.90E-10
M 0.0005 9.21E-09 9.71E-09
S 0.0005 1.04E-08 1.10E-08
Ac-225 10.0 d Y Y 1.00 F 0.0005 1.90E-08 2.29E-08
M 0.0005 6.32E-07 6.66E-07
S 0.0005 7.34E-07 7.73E-07
Ac-226 29 h Y Y 1.00 F 0.0005 2.39E-09 3.03E-09
M 0.0005 9.97E-08 1.05E-07
S 0.0005 1.11E-07 1.17E-07
Ac-227 21.773 y Y Y 1.00 F 0.0005 2.21E-06 2.71E-06
M 0.0005 1.92E-06 2.16E-06
S 0.0005 3.82E-06 4.04E-06
Ac-228 6.13 h Y Y 1.00 F 0.0005 2.45E-10 3.04E-10
M 0.0005 7.60E-10 8.22E-10
S 0.0005 1.25E-09 1.33E-09
Thorium
Th-226 30.9 m Y Y 1.00 F 0.0005 1.03E-09 1.10E-09
M 0.0005 3.70E-09 3.90E-09
*S 0.0005 3.99E-09 4.21E-09
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Thorium, continued
Th-227 18.718 d Y Y 1.00 F 0.0005 1.20E-08 1.63E-08
M 0.0005 7.23E-07 7.62E-07
*S 0.0005 9.00E-07 9.48E-07
Th-228 1.9131 y Y Y 1.00 F 0.0005 4.25E-07 5.86E-07
M 0.0005 2.03E-06 2.18E-06
*S 0.0005 3.40E-06  3.58E-06
Th-229 7340 y Y Y 1.00 F 0.0005 2.04E-06 2.70E-06
M 0.0005 2.07E-06 2.39E-06
*S 0.0005 4.47E-06 4.73E-06
Th-230 7.7E4 y Y Y 1.00 F 0.0005 6.70E-07 9.20E-07
M 0.0005 5.28E-07 6.36E-07
*S 0.0005 7.23E-07 7.70E-07
Th-231 25.52 h Y Y 1.00 F 0.0005 6.00E-12 9.96E-12
M 0.0005 2.95E-11 3.78E-11
b *S 0.0005 3.23E-11 4.10E-11
Th-232° 1.41E10 y Y Y 1.00 F 0.0005 8.09E-07 1.12E-06
M 0.0005 5.18E-07 6.45E-07
*S 0.0005 1.10E-06 1.17E-06
Th-234 24.10 d Y Y 1.00 F 0.0005 1.73E-10 2.25E-10
M 0.0005 6.06E-10 7.16E-10
*S§ 0.0005 7.11E-10 8.31E-10
Protactinium
Pa-227 38.3m Y - 1.00 F 0.0005 1.02E-09 1.10E-09
M 0.0005 4.98E-09 5.25E-09
S 0.0005 5.44E-09 5.73E-09
Pa-228 22 h Y - 1.00 F 0.0005 5.78E-10 7.99E-10
M 0.0005 4.01E-09 4.29E-09
S 0.0005 5.96E-09 6.29E-09
Pa-230 17.4 d Y - 1.00 F 0.0005 1.24e-09 1.77E-09
M 0.0005 5.13E-08 5.41E-08
S 0.0005 6.63E-08 6.98E-08
Pa-231 3.276E4 y Y Y 1.00 F 0.0005 1.52E-06 2.06E-06
M 0.0005 8.83E-07 1.10E-06
S 0.0005 1.15E-06 1.23E-06
Pa-232 1.31 d Y - 1.00 F 0.0005 2.38e-11 3.60E-11
M 0.0005 6.70E-11 8.23E-11
S 0.0005 1.64E-10 1.84E-10
Pa-233 27.0 d Y Y 1.00 F 0.0005 5.54E-11 7.28E-11
M 0.0005 2.92E-10 3.27E-10
S 0.0005 3.45E-10 3.84E-10
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)

Protactinium, continued

Pa-234 6.70 h Y Y 1.00 F 0.0005 7.80E-12 1.25E-11
M 0.0005 2.80E-11 3.67E-11
S 0.0005 3.02E-11 3.94E-11

Uranium
U-230 20.8 d Y Y 1.00 F 0.02 9.88E-09 1.46E-08
*M 0.02 1.17E-06 1.23E-06
S 0.002 1.40E-06 1.48E-06
U-231 4.2 d Y Y 1.00 F 0.02 5.01E-12  8.45E-12
*M 0.02 4.09E-11 4.86E-11
S 0.002 4.70E-11 5.54E-11
U-232 72y Y Y 1.00 F 0.02 7.11E-08 9.96E-08
*M 0.02 4.86E-07 5.26E-07
S 0.002 2.37E-06  2.50E-06
U-233 1.585E5 y Y Y 1.00 F 0.02 1.23E-08 1.74E-08
*M 0.02 2.96E-07  3.13E-07
a S 0.002 7.27E-07 7.65E-07
U-234" 2.445E5 y Y Y 1.00 F 0.02 1.20E-08 1.70E-08
*M 0.02 2.90E-07 3.08E-07
S 0.002 7.14E-07 7.51E-07
U-235 703.8E6 y Y Y 1.00 F 0.02 1.12E-08 1.59E-08
*M 0.02 2.57E-07 2.73E-07
S 0.002 6.42E-07 6.77E-07
U-236 2.3415E7 y Y Y 1.00 F 0.02 1.13E-08 1.61E-08
*M 0.02 2.68E-07 2.83E-07
S 0.002 6.63E-07 6.98E-07
U-237 6.75 d Y Y 1.00 F 0.02 1.38E-11 2.33E-11
*M 0.02 1.50E-10 1.74E-10
S 0.002 1.71E-10 1.97E-10
U-238 4.468E9 y Y Y 1.00 F 0.02 1.09E-08 1.54E-08
*M 0.02 2.38E-07 2.52E-07
S 0.002 6.07E-07 6.39E-07
U-239 23.54 m Y - 1.00 F 0.02 4.44E-13 5.93E-13
*M 0.02 1.33E-12 1.54E-12
S 0.002 1.43E-12 1.65E-12
U-240 14.1 h Y Y 1.00 F 0.02 1.76E-11 3.08E-11
*M 0.02 5.60E-11 7.99E-11
S 0.002 6.07E-11 8.62E-11

Neptunium

Np-232 14.7 m Y - 1.00 F 0.0005 9.05E-13 1.21E-12
*M 0.0005 7.09E-13  8.58E-13
S 0.0005 1.24E-12 1.34E-12
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Neptunium, continued
Np-233 36.2 m Y Y 1.00 F 0.0005 2.72E-14 3.54E-14
*M 0.0005 5.67E-14 6.72E-14
S 0.0005 6.01E-14 7.08E-14
Np-234 4.4 d Y Y 1.00 F 0.0005 1.75E-11 2.66E-11
*M 0.0005 3.64E-11 5.04E-11
S 0.0005 3.90E-11 5.36E-11
Np-235 396.1 d Y Y 1.00 F 0.0005 2.16E-11 2.50E-11
*M 0.0005 2.78E-11 3.11E-11
S 0.0005 4.84E-11 5.25E-11
Np-236a 115E3 y Y - 1.00 F 0.0005 4.61E-08 6.33E-08
*M 0.0005 1.97E-08 2.64E-08
S 0.0005 3.06E-08 3.30E-08
Np-236b 22.5 h Y Y 1.00 F 0.0005 7.71E-11 1.04E-10
*M 0.0005 1.97E-10 2.18E-10
S 0.0005 3.28E-10 3.49E-10
Np-237 2.14E6 y Y Y 1.00 F 0.0005 3.48E-07 4.72E-07
*M 0.0005 4.18E-07 4.79E-07
S 0.0005 7.32E-07 7.75E-07
Np-238 2.117 d Y Y 1.00 F 0.0005 3.97E-11 5.83E-11
*M 0.0005 8.86E-11 1.13E-10
S 0.0005 1.19E-10 1.43E-10
Np-239 2.355 d Y Y 1.00 F 0.0005 1.48E-11 2.44E-11
*M 0.0005 8.75E-11 1.08E-10
S 0.0005 9.66E-11 1.18E-10
Np-240 65 m Y - 1.00 F 0.0005 1.36E-12 1.75E-12
*M 0.0005 4.62E-12 5.27E-12
S 0.0005 4.99E-12 5.66E-12
Plutonium
Pu-234 8.8 h Y Y 1.00 F 0.0005 7.77E-11 9.91E-11
*M 0.0005 1.75E-09 1.85E-09
S 0.00001 2.05E-09 2.16E-09
Pu-235 25.3 m Y - 1.00 F 0.0005 2.85E-14 3.49E-14
*M 0.0005 5.67E-14 6.47E-14
S 0.00001 6.06E-14 6.88E-14
Pu-236 2.851 y Y Y 1.00 F 0.0005 4.92E-07 5.91E-07
*M 0.0005 5.60E-07 6.16E-07
S 0.00001 7.56E-07 7.99E-07
Pu-237 45.3 d Y Y 1.00 F 0.0005 1.23E-11 1.61E-11
*M 0.0005 2.99E-11 3.43E-11
S 0.00001 3.58E-11 4.03E-11
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Plutonium, continued
Pu-238 87.74 y Y Y 1.00 F 0.0005 1.19E-06 1.41E-06
*M 0.0005 8.04E-07 9.07E-07
b S 0.00001 9.06E-07 9.60E-07
Pu-239 24065 y Y Y 1.00 F 0.0005 1.26E-06 1.49E-06
*M 0.0005 7.94E-07 8.99E-07
S 0.00001 8.45E-07 8.96E-07
Pu-240 6537 y Y Y 1.00 F 0.0005 1.26E-06 1.50E-06
*M 0.0005 7.95E-07 9.00E-07
S 0.00001 8.47E-07 8.98E-07
Pu-241 14.4 y Y Y 1.00 F 0.0005 1.98E-08 2.34E-08
*M 0.0005 7.67E-09 9.02E-09
S 0.00001 3.51E-09 3.82E-09
Pu-242 3.763E5 y Y Y 1.00 F 0.0005 1.19E-06 1.42E-06
*M 0.0005 7.46E-07 8.46E-07
S 0.00001 7.88E-07 8.36E-07
Pu-243 4.956 h Y Y 1.00 F 0.0005 1.49E-12 2.33E-12
*M 0.0005 6.31E-12 7.94E-12
S 0.00001 6.85E-12 8.57E-12
Pu-245 10.5 h Y - 1.00 F 0.0005 1.16E-11 1.97E-11
*M 0.0005 4.06E-11  5.59E-11
S 0.00001 4.38E-11 6.00E-11
Pu-246 10.85 d Y Y 1.00 F 0.0005 1.12E-10 1.58E-10
*M 0.0005 3.87E-10 4.68E-10
S 0.00001 4.35E-10 5.20E-10
Americium
Am-237 73.0 m Y - 1.00 F 0.0005 3.69E-13 4.70E-13
*M 0.0005 1.38E-12 1.56E-12
S 0.0005 1.50E-12 1.68E-12
Am-238 98 m Y Y 1.00 F 0.0005 1.98E-12 2.59E-12
*M 0.0005 2.11E-12 2.57E-12
S 0.0005 2.69E-12 3.07E-12
Am-239 11.9 h Y - 1.00 F 0.0005 4.00E-12 6.50E-12
*M 0.0005 1.77E-11 2.27E-11
S 0.0005 1.92E-11 2.45E-11
Am-240 50.8 h Y - 1.00 F 0.0005 1.19E-11 1.80E-11
*M 0.0005 2.83E-11 3.82E-11
S 0.0005 3.05E-11 4.08E-11
Am-241 432.2 y Y Y 1.00 F 0.0005 7.98E-07 1.02E-06
*M 0.0005 6.59E-07 7.60E-07
S 0.0005 9.04E-07 9.58E-07
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Americium, continued
Am-242 16.02 h Y Y 1.00 F 0.0005 1.99E-10 2.37E-10
*M 0.0005 1.28E-09 1.36E-09
S 0.0005 1.72E-09 1.81E-09
Am-242m 152 y Y - 1.00 F 0.0005 7.26E-07 9.30E-07
*M 0.0005 3.41E-07 4.21E-07
S 0.0005 4.76E-07 5.08E-07
Am-243 7380 y Y Y 1.00 F 0.0005 7.88E-07 1.00E-06
*M 0.0005 6.33E-07 7.31E-07
S 0.0005 8.58E-07 9.11E-07
Am-244 10.1 h Y - 1.00 F 0.0005 4.35E-11 5.72E-11
*M 0.0005 6.97E-11 8.34E-11
S 0.0005 9.14E-11 1.04E-10
Am-244m 26 m Y - 1.00 F 0.0005 1.91E-12 2.36E-12
*M 0.0005 2.48E-12 2.76E-12
S 0.0005 3.34E-12  3.56E-12
Am-245 2.05 h Y Y 1.00 F 0.0005 9.20E-13 1.30E-12
*M 0.0005 3.52E-12 4.21E-12
S 0.0005 3.81E-12 4.54E-12
Am-246 39m Y - 1.00 F 0.0005 1.08E-12 1.28E-12
*M 0.0005 3.23E-12  3.55E-12
S 0.0005 3.47E-12  3.80E-12
Am-246m 25.0 m Y Y 1.00 F 0.0005 4.55E-13 5.46E-13
*M 0.0005 9.52E-13 1.07E-12
S 0.0005 1.01E-12 1.12E-12
Curium
Cm-238 2.4 h Y - 1.00 F 0.0005 3.61E-11 4.06E-11
*M 0.0005 3.45E-10 3.65E-10
S 0.0005 3.80E-10 4.01E-10
Cm-240 27 d Y Y 1.00 F 0.0005 1.96E-08 2.37E-08
*M 0.0005 2.44E-07 2.57E-07
S 0.0005 2.97E-07 3.13E-07
Cm-241 32.8 d Y - 1.00 F 0.0005 3.55E-10 4.44E-10
*M 0.0005 2.56E-09 2.73E-09
S 0.0005 3.12E-09 3.31E-09
Cm-242 162.8 d Y Y 1.00 F 0.0005 5.77E-08 6.80E-08
*M 0.0005 3.84E-07 4.07E-07
S 0.0005 5.15E-07 5.42E-07
Cm-243 28.5 y Y - 1.00 F 0.0005 6.50E-07 8.18E-07
*M 0.0005 6.43E-07 7.27E-07
S 0.0005 9.38E-07 9.93E-07
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Curium, continued
Cm-244 18.11 y Y Y 1.00 F 0.0005 5.68E-07 7.11E-07
*M 0.0005 6.10E-07 6.84E-07
S 0.0005 9.09E-07 9.61E-07
Cm-245 8500 y Y Y 1.00 F 0.0005 8.05E-07 1.03E-06
*M 0.0005 6.49E-07 7.50E-07
S 0.0005 8.80E-07 9.33E-07
Cm-246 4730 y Y Y 1.00 F 0.0005 7.97E-07 1.02E-06
*M 0.0005 6.47E-07  7.48E-07
S 0.0005 8.81E-07 9.35E-07
Cm-247 1.56E7 y Y Y 1.00 F 0.0005 7.40E-07 9.43E-07
*M 0.0005 5.83E-07 6.75E-07
S 0.0005 7.86E-07 8.34E-07
Cm-249 64.15 m Y Y 1.00 F 0.0005 7.43E-13 9.51E-13
*M 0.0005 1.71E-12 1.96E-12
S 0.0005 1.87E-12 2.11E-12
Berkelium
Bk-245 4.94 d Y - 1.00 F 0.0005 1.79E-11 2.60E-11
M 0.0005 1.74E-10 1.95E-10
S 0.0005 1.96E-10 2.18E-10
Bk-246 1.83 d Y - 1.00 F 0.0005 9.78E-12 1.47E-11
M 0.0005 1.75E-11 2.50E-11
S 0.0005 1.86E-11 2.63E-11
Bk-247 1380 y Y Y 1.00 F 0.0005 1.07E-06 1.29E-06
M 0.0005 7.75E-07 8.80E-07
S 0.0005 9.47E-07 1.00E-06
Bk-249 320 d Y Y 1.00 F 0.0005 2.58E-09 3.13E-09
M 0.0005 1.17E-09 1.39E-09
S 0.0005 1.27E-09 1.35E-09
Bk-250 3.222 h Y Y 1.00 F 0.0005 1.91E-11 2.36E-11
M 0.0005 2.42E-11 2.79E-11
S 0.0005 3.28E-11 3.61E-11
Californium
Cf-244 19.4 m Y - 1.00 F 0.0005 2.55E-10 2.72E-10
M 0.0005 7.60E-10 8.01E-10
S 0.0005 8.30E-10 8.74E-10
Cf-246 35.7 h Y - 1.00 F 0.0005 1.32E-09 1.60E-09
M 0.0005 3.76E-08 3.96E-08
S 0.0005 4.28E-08 4.51E-08
Cf-248 333.5d Y Y 1.00 F 0.0005 1.19E-07 1.42E-07
M 0.0005 4.58E-07 4.88E-07
S 0.0005 6.57E-07 6.92E-07
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™)
Californium, continued
Cf-249 350.6 y Y Y 1.00 F 0.0005 1.08E-06 1.31E-06
M 0.0005 8.10E-07 9.18E-07
S 0.0005 1.00E-06 1.06E-06
Cf-250 13.08 Y Y 1.00 F 0.0005 6.11E-07 7.34E-07
M 0.0005 6.52E-07 7.20E-07
S 0.0005 9.42E-07  9.95E-07
Cf-251 898 Y Y 1.00 F 0.0005 1.10E-06 1.33E-06
M 0.0005 8.10E-07 9.18E-07
S 0.0005 9.95E-07 1.05E-06
Cf-253 17.81 Y Y 1.00 F 0.0005 5.48E-09 6.50E-09
M 0.0005 1.08E-07 1.14E-07
S 0.0005 1.39E-07 1.46E-07
Einsteinium
Es-250 2.1 Y - 1.00 F 0.0005 1.14E-11 1.38E-11
M 0.0005 1.23E-11 1.37E-11
S 0.0005 1.77E-11 1.88E-11
Es-251 33 Y - 1.00 F 0.0005 1.14E-11 1.51E-11
M 0.0005 1.61E-10 1.73E-10
S 0.0005 1.79E-10 1.92E-10
Es-253 20.47 Y Y 1.00 F 0.0005 6.77E-09 8.08E-09
M 0.0005 2.27E-07 2.39E-07
S 0.0005 2.70E-07 2.85E-07
Es-254 275.7 Y Y 1.00 F 0.0005 1.09eE-07 1.30E-07
M 0.0005 4.70E-07 5.00E-07
S 0.0005 6.65E-07 7.00E-07
Es-254m 39.3 Y - 1.00 F 0.0005 8.64E-10 1.09E-09
M 0.0005 3.92E-08 4.14E-08
S 0.0005 4.40E-08 4.64E-08
Fermium
Fm-252 22.7 Y - 1.00 F 0.0005 1.08E-09 1.31E-09
M 0.0005 2.64E-08 2.79E-08
S 0.0005 2.98E-08 3.14E-08
Fm-253 3.00 Y - 1.00 F 0.0005 9.90E-10 1.18E-09
M 0.0005 3.28E-08 3.46E-08
S 0.0005 3.93E-08 4.13E-08
Fm-254 3.240 Y Y 1.00 F 0.0005 4.35E-10 4.91E-10
M 0.0005 5.06E-09 5.34E-09
S 0.0005 5.58E-09 5.88E-09
Fm-255 20.07 Y - 1.00 F 0.0005 7.11E-10 8.60E-10
M 0.0005 2.26E-08 2.39E-08
S 0.0005 2.51E-08 2.65E-08
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Table 2.1, continued

Chain AMAD Mortality Morbidity
Nuclide T/ P D (um) Type®f, (Bq™h) (Bq™h)

Fermium, continued

Fm-257 100.5 d Y Y 1.00 F 0.0005 5.95E-08 7.06E-08
M 0.0005 5.21E-07 5.51E-07
S 0.0005 7.14E-07 7.51E-07

Mendelevium

Md-257 5.2 h Y - 1.00 F 0.0005 1.67E-10 1.97E-10
M 0.0005 1.97E-09 2.08E-09
S 0.0005 2.46E-09 2.59E-09

Md-258 55 d Y - 1.00 F 0.0005 3.98E-08 4.73E-08
M 0.0005 4.29E-07 4.53E-07
S 0.0005 5.55E-07 5.84E-07

®An asterisk indicates the default absorption type recommended by the ICRP for
environmental exposure to particulate forms of the element (see Table 4.1).

The uncertainty in the risk coefficient for a form of this radionuclide is addressed
in Table 2.4.
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Table 2.2a. Mortality and morbidity risk coefficients for ingestion of tap water and food.
Explanation of Entries

Risk coefficients for ingestion of radionuclides in tap water or food are expressed as the
probability of radiogenic cancer mortality or morbidity per unit intake, where the intake is averaged
over all ages and both genders. A risk coefficient for ingestion applies to all forms of the
radionuclide, except that separate risk coefficients are given for *H as tritiated water and organically
bound tritium, and for inorganic and organic forms of radioisotopes of sulfur, mercury, and
polonium. The indicated f; values apply to the adult and, as explained in Chapter 4, may differ from
values for infants and children.

The entries under the heading “Chain” indicate whether the radionuclide is in the same decay
chain as other radionuclides addressed in the table (see Appendix G for details concerning decay
chains). Anentry “Y” (yes) under the subheading “P” (parent) indicates that the radionuclide is the
parent of a decay chain containing at least one other radionuclide in the table. An entry “Y” under
the subheading “D” (daughter) indicates that the radionuclide is formed in the decay chain of at least
one other radionuclide in the table. These entries are included as an aid in the estimation of cancer
risk from intake of decay chain members that form in the environment. The risk coefficient for
intake of a radionuclide already includes the contribution to dose from production of decay chain
members in the body after intake of the parent.

To facilitate application of the risk coefficients, including conversion to other units, the
coefficients are tabulated to three decimal places. No indication of the level of uncertainty is
intended or should be inferred from this practice. A calculated risk should be rounded appropriately.

To express a risk coefficient in conventional units (pCi'1), multiply by 3.7x10* Bq pCi'1.

To express a risk coeff|C|ent for intake of tap water in terms of a constant activity concentration
in tap water (Bq L ) multiply the coefficient by 2. 75><10 UW, where U, is the I|fet|me average
rate of ingestion of tap water (for example, 1.11 L d'in Table 3. 1) and 2. 75x10% d is the
average life span. To express a risk coefficient for mtake of food in terms of a constant activity
concentration in food (Bq kg ) multiply by 2. 75x10% UF, where U, is the lifetime average mtake
rate of food in terms of mass (for example, 1.2 kg d’ , suggested in Chapter 3), and 2. 75x10*
dis the average life span. To express a risk coeff|C|ent in terms of activity per unit energy (Bq
kcal ) multiply by 2. 75><10 Ug, where UL is the lifetime average intake rate of food energy (for
example, 2048 kcal d™ in Table 3. 1). Note that the relative age- and gender-specific intake
rates of tap water or food indicated in Table 3.1 are inherent in the risk coefficients.
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Table 2.2a. Mortality and morbidity risk coefficients for ingestion of water and food.

Tap Water Intakes Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide Ti P D f (BqH)  (Bq) (Bq™h) (Bq™h)
Hydarogen (tritiated water)
H-3 12.35y - - 1.0 9.44E-13 1.37E-12 1.20E-12 1.76E-12
Hydrogen (organically bound)
H-3 12.35y - - 1.0 2.09E-12 3.03E-12 2.66E-12 3.89E-12
Beryllium
Be-7 53.3d - - 0.005 1.39E-12 2.34E-12 1.91E-12 3.25E-12
Be-10 l1.6e6y - - 0.005 1.07E-10 1.90E-10 1.56E-10 2.77E-10
Carbon
C-11 20,38 m - - 1.0 9.34E-13 1.10E-12 1.27E-12 1.51E-12
c-14° 5730y - - 1.0 2.89E-11 4.20E-11 3.68E-11 5.40E-11
Fluorine
F-18 109.77 m - - 1.0 2.20E-12 2.63E-12 2.91E-12 3.50E-12
Sodium
Na-22 2.602y - - 1.0 1.80E-10 2.60E-10 2.34E-10 3.41E-10
Na-24 15.00 h - - 1.0 2.35E-11 3.33E-11 3.12E-11 4.45E-11
Magnesium
Mg-28 20,91 h Y - 0.5 1.77E-10 3.07E-10 2.56E-10 4.46E-10
Aluminum
Al1-26 7.16eE5y - - 0.01 2.68E-10 4.67E-10 3.83E-10 6.72E-10
Silicon
Si-31 157.3 m - - 0.01 1.05e-11 1.75E-11 1.52E-11 2.54E-11
Si-32 450y Y - 0.01 5.28E-11 9.31E-11 7.65E-11 1.35E-10
Phosphorus
P-32 14.29d - Y 0.8 1.68E-10 2.42E-10 2.25E-10 3.32E-10
P-33 25.4d - - 0.8 1.73E-11 2.65E-11 2.37E-11 3.68E-11
Sulfur (inorganic)
S-35 87.44d - - 1.0 8.87E-12 1.39E-11 1.21E-11 1.90E-11
Sulfur (organic)
S-35 87.44d - - 1.0 4.99E-11 7.36E-11 6.72E-11 1.00E-10
Chlorine
C1-36 3.0lE5y - - 1.0 5.94E-11 8.92E-11 7.93E-11 1.20E-10
C1-38 37.21m - - 1.0 4.45E-12 5.21E-12 6.09E-12 7.13E-12
C1-39 55.6m - 1.0 3.42E-12 4.11E-12 4.66E-12 5.61E-12
Potassium
K-40 1.289y - - 1.0 4.30E-10 6.68E-10 5.89E-10 9.26E-10
K-42 12.36 h - - 1.0 2.40E-11 3.41E-11 3.28E-11 4.70E-11
K-43 22.6 h - - 1.0 1.45e-11 2.13E-11 1.96E-11 2.89E-11
K-44 22.13 m - - 1.0 3.23E-12 3.76E-12 4.42E-12 5.15E-12
K-45 20m Y - 1.0 2.08E-12 2.42E-12 2.84E-12 3.31E-12
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Table 2.2a, continued

Tap Water Intakes

Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Calcium
Ca-41 l1.4E5y - - 0.3 8.58E-12 9.55E-12 1.04E-11 1.18E-11
Ca-45 163d - Y 0.3 4.74E-11 6.68E-11 6.27E-11 9.10E-11
Ca-47 4.53d Y - 0.3 1.19E-10 2.04E-10 1.69E-10 2.92E-10
Scandium
Sc-43 3.891h - - 0.0001 1.31E-11 2.21E-11 1.87E-11 3.18E-11
Sc-44 3.927 h - Y 0.0001 2.50E-11 4.22E-11 3.58E-11 6.09E-11
Sc-44m 58.6h Y - 0.0001 2.09E-10 3.74E-10 3.03E-10 5.44E-10
Sc-46 83.83d - - 0.0001 9.59E-11 1.68E-10 1.36E-10 2.40E-10
Sc-47 3.351d - Y 0.0001 5.24E-11 9.44E-11 7.67E-11 1.38E-10
Sc-48 43.7 h - - 0.0001 1.13E-10 1.98E-10 1.62E-10 2.84E-10
Sc-49 57.4m - - 0.0001 3.96E-12 5.54E-12 5.59E-12 7.89E-12
Titanium
Ti-44 47.3 y Y - 0.01 4.11E-10 6.93E-10 5.78E-10 9.84E-10
Ti-45 3.08h - - 0.01 1.05e-11 1.74E-11 1.50E-11 2.52E-11
Vanadium
V-47 32.6m - - 0.01 2.65E-12 3.38E-12 3.67E-12 4.71E-12
V-48 16.238d - Y 0.01 1.27E-10 2.22E-10 1.80E-10 3.16E-10
V-49 330d - Y 0.01 1.83E-12 3.30E-12 2.68E-12 4.83E-12
Chromium
Cr-48 22.96 h Y - 0.1 1.18E-11 2.01E-11 1.65E-11 2.83E-11
Cr-49 42.09m Y - 0.1 2.72E-12 3.64E-12 3.79E-12 5.10E-12
Cr-51 27.704 d - Y 0.1 2.87E-12 5.01E-12 4.10E-12 7.19E-12
Manganese
Mn-51 46.2m Y - 0.1 4.20E-12 5.66E-12 5.86E-12 7.97E-12
Mn-52 5,691 d - Y 0.1 1.04E-10 1.74E-10 1.44E-10 2.45E-10
Mn-52m 21.1m Y Y 0.1 2.79E-12 3.42E-12 3.84E-12 4.73E-12
Mn-53 3.7E6y - - 0.1 2.46E-12 4.21E-12 3.52E-12 6.07E-12
Mn-54 312.5d - - 0.1 3.94E-11 6.16E-11 5.30E-11 8.40E-11
Mn-56 2.5785 h - - 0.1 1.70E-11 2.78E-11 2.44E-11 4.01E-11
Iron
Fe-52 8.275h Y - 0.1 1.10E-10 1.91E-10 1.59E-10 2.78E-10
Fe-55 2.7y - Y 0.1 1.81E-11 2.33E-11 2.39E-11 3.14E-11
Fe-59 44,529 d - - 0.1 1.36E-10 2.13E-10 1.91E-10 3.01E-10
Fe-60 IE5y Y - 0.1 3.75E-09 4.86E-09 4.94E-09 6.47E-09
Cobalt
Co-55 17.54 h Y - 0.1 7.16E-11 1.25E-10 1.03E-10 1.81E-10
Co-56 78.76 d - Y 0.1 1.67E-10 2.74E-10 2.35E-10 3.87E-10
Co-57 270.9d - Y 0.1 1.70E-11 2.81E-11 2.43E-11 4.03E-11
Co-58 70,80 d - Y 0.1 4.85E-11 7.97E-11 6.82E-11 1.13E-10
Co-58m 9.15h Y - 0.1 1.94E-12 3.40E-12 2.82E-12 4.95E-12
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Table 2.2a, continued

Tap Water Intakes

Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Coba%,conﬁnued
Co-60 5.271y - Y 0.1 2.75E-10 4.25E-10 3.88E-10 6.03E-10
Co-60m 10.47m Y Y 0.1 6.30E-14 7.19E-14 8.67E-14 9.90E-14
Co-61 1.65h - - 0.1 4.26E-12 6.56E-12 6.08E-12 9.42E-12
Co-62m 13.91m - - 0.1 1.87E-12 2.23E-12 2.56E-12 3.06E-12
Nickel
Ni-56 6.10d Y - 0.05 4.54E-11 7.66E-11 6.29E-11 1.07E-10
Ni-57 36.08h Y - 0.05 6.01E-11 1.05E-10 8.58E-11 1.50E-10
Ni-59 7.5y - - 0.05 4.44E-12 7.41E-12 6.26E-12 1.05E-11
Ni-63 9%y - - 0.05 1.08E-11 1.81E-11 1.53E-11 2.57E-11
Ni-65 2.520 h - - 0.05 1.15e-11 1.88E-11 1.65E-11 2.73E-11
Ni-66 54.6 h - 0.05 3.00E-10 5.41E-10 4.40E-10 7.95E-10
Copper
Cu-60 23.2m - - 0.5 2.95E-12 3.70E-12 4.04E-12 5.10E-12
Cu-61 3.408 h - - 0.5 7.74E-12 1.25E-11 1.11E-11 1.81E-11
Cu-64 12.701 h - - 0.5 1.00E-11 1.73E-11 1.45E-11 2.52E-11
Cu-67 61.86 h - - 0.5 3.04E-11 5.25E-11 4.41E-11 7.65E-11
Zinc
Zn-62 9.26 h Y - 0.5 7.77E-11 1.34E-10 1.13E-10 1.96E-10
Zn-63 38.1m - - 0.5 3.38E-12 4.36E-12 4.70E-12 6.10E-12
Zn-65 243.9d - Y 0.5 2.16E-10 3.15E-10 2.82E-10 4.15E-10
Zn-69 5 m - Y 0.5 1.43E-12 1.95E-12 2.02E-12 2.78E-12
Zn-69m 13.76 h 'Y - 0.5 2.88E-11 5.04E-11 4.19E-11 7.37E-11
Zn-71m 3.92h - - 0.5 1.60E-11 2.61E-11 2.29E-11 3.77E-11
In-72 46.5h Y - 0.5 1.05e-10 1.78E-10 1.50E-10 2.55E-10
Gallium
Ga-65 15.2m Y - 0.001 1.44E-12 1.71E-12 1.98E-12 2.36E-12
Ga-66 9.40 h - Y 0.001 9.84E-11 1.73E-10 1.43E-10 2.52E-10
Ga-67 78.26 h - Y 0.001 1.58E-11 2.81E-11 2.28E-11 4.08E-11
Ga-68 68.0m - Y 0.001 5.25E-12 7.64E-12 7.40E-12 1.09E-11
Ga-70 21.15m - - 0.001 1.19E-12 1.41E-12 1.64E-12 1.95E-12
Ga-72 14.1h - Y 0.001 8.58E-11 1.51E-10 1.24E-10 2.18E-10
Ga-73 491 h - - 0.001 2.16E-11 3.76E-11 3.15E-11 5.48E-11
Germanium
Ge-66 2.27 h Y - 1.0 6.21E-12 9.99E-12 8.25E-12 1.32E-11
Ge-67 18.7m Y - 1.0 2.46E-12 2.86E-12 3.36E-12 3.91E-12
Ge-68 288d Y - 1.0 1.07E-10 1.88E-10 1.51E-10 2.67E-10
Ge-69 39.05h - Y 1.0 1.60E-11 2.66E-11 2.19E-11 3.65E-11
Ge-71 11.8 d Y 1.0 9.94E-13 1.75E-12 1.41E-12 2.48E-12
Ge-75 82.78m - - 1.0 1.87E-12 2.34E-12 2.53E-12 3.15E-12
Ge-77 11.30 h Y 1.0 2.03E-11 3.30E-11 2.75E-11 4.46E-11
Ge-78 8 m Y - 1.0 5.79E-12 8.34E-12 7.62E-12 1.09E-11
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Table 2.2a, continued

Tap Water Intakes

Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Arsenic
As-69 15.2m Y - 0.5 2.29E-12 2.83E-12 3.16E-12 3.94E-12
As-70 52.6 m - Y 0.5 6.27E-12 8.66E-12 8.69E-12 1.21E-11
As-71 64.8h Y - 0.5 3.54E-11 6.15E-11 5.08E-11 8.88E-11
As-72 26,0 h - Y 0.5 1.56E-10 2.75E-10 2.27E-10 4.01E-10
As-73 80.30d - Y 0.5 2.39E-11 4.22E-11 3.48E-11 6.16E-11
As-74 17.76 d - - 0.5 1.04E-10 1.81E-10 1.50E-10 2.62E-10
As-76 26.32 h - - 0.5 1.47E-10 2.61E-10 2.15E-10 3.83E-10
As-77 38.8h - Y 0.5 3.80E-11 6.76E-11 5.56E-11 9.93E-11
As-78 90.7m - Y 0.5 1.15e-11 1.71E-11 1.63E-11 2.44E-11
Selenium
Se-70 41.0m Y - 0.8 5.70E-12 7.97E-12 7.91E-12 1.11E-11
Se-73 7.15h Y Y 0.8 1.37E-11 2.15E-11 1.92E-11 3.06E-11
Se-73m 39m Y - 0.8 1.53E-12 2.24E-12 2.14E-12 3.16E-12
Se-75 119.8d - Y 0.8 1.56E-10 2.20E-10 2.04E-10 2.91E-10
Se-79 65000y - - 0.8 1.38E-10 1.97E-10 1.82E-10 2.62E-10
Se-81 18.5m - Y 0.8 9.99E-13 1.16E-12 1.38E-12 1.60E-12
Se-81m 57.25m Y - 0.8 2.55E-12 3.52E-12 3.59E-12 5.00E-12
Se-83 22.5m Y - 0.8 2.12E-12 2.77E-12 2.93E-12 3.86E-12
Bromine
Br-74 25.3m - - 1.0 3.40E-12 4.06E-12 4.63E-12 5.54E-12
Br-74m 41.5m - - 1.0 5.54E-12 6.66E-12 7.55E-12 9.09E-12
Br-75 98 m - 1.0 3.38E-12 4.23E-12 4.60E-12 5.77E-12
Br-76 16.2h - - 1.0 2.67E-11 3.91E-11 3.60E-11 5.33E-11
Br-77 56 h - - 1.0 5.45E-12 8.14E-12 7.23E-12 1.09E-11
Br-80 17.4m - 1.0 1.12E-12 1.27E-12 1.54E-12 1.75E-12
Br-80m 4.42 h Y 1.0 5.65E-12 7.63E-12 7.74E-12 1.05E-11
Br-82 35.30 h - - 1.0 3.10E-11 4.62E-11 4.13E-11 6.21E-11
Br-83 2.39 h Y 1.0 1.83E-12 2.28E-12 2.51E-12 3.13E-12
Br-84 31.80m - 1.0 3.41E-12 3.99E-12 4.66E-12 5.47E-12
Rubidium
Rb-79 22.9m Y - 1.0 1.93E-12 2.26E-12 2.64E-12 3.09E-12
Rb-81 458 h Y Y 1.0 2.61E-12 3.47E-12 3.52E-12 4.71E-12
Rb-81m 32m Y - 1.0 4.33E-13 5.55E-13 5.87E-13 7.56E-13
Rb-82m 6.2h - - 1.0 6.82E-12 9.48E-12 9.03E-12 1.27E-11
Rb-83 86.2d Y Y 1.0 1.06E-10 1.54E-10 1.39E-10 2.03E-10
Rb-84 32.77d - - 1.0 1.64E-10 2.38E-10 2.15E-10 3.17E-10
Rb-86 18.66 d - - 1.0 1.82E-10 2.67E-10 2.44E-10 3.63E-10
Rb-87 4.7E10y - Y 1.0 9.54E-11 1.41E-10 1.28E-10 1.91E-10
Rb-88 17.8m - - 1.0 3.33E-12 3.78E-12 4.56E-12 5.19E-12
Rb-89 15.2m Y - 1.0 1.82E-12 2.13E-12 2.49E-12 2.92E-12
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Table 2.2a, continued

Tap Water Intakes Dietary Intakes

Chain Morta11ty Morb1d1ty Morta11ty Morb1d1ty
Nuclide Ti/ P D f (Bq™") (Bq™") (Bq™) (Bq™")
Strontium
Sr-80 100m Y - 0.3 1.92E-11 2.94E-11 2.73E-11 4.20E-11
Sr-81 25.5m Y - 0.3 3.44E-12 4.61E-12 4.79E-12 6.45E-12
Sr-82 25.0d Y - 0.3 5.02E-10 8.45E-10 7.13E-10 1.21E-09
Sr-83 32.4h Y - 0.3 3.46E-11 5.98E-11 4.94E-11 8.58E-11
Sr-85 64.84d - Y 0.3 4.09E-11 6.12E-11 5.,56E-11 8.41E-11
Sr-85m 69.5m Y - 0.3 3.09E-13 4.51E-13 4.23E-13 6.23E-13
Sr-87m 2.805h Y Y 0.3 1.79e-12 2.88E-12 2.53E-12 4.09E-12
Sr-89, 50.5d - Y 0.3 2.10E-10 3.47E-10 2.97E-10 4.96E-10
Sr- 90 29.12y Y - 0.3 1.34E-09 1.51E-09 1.62E-09 1.86E-09
Sr-91 9.5h Y - 0.3 5.02E-11 8.71E-11 7.24E-11 1.26E-10
Sr-92 2.71h Y - 0.3 3.46E-11 6.07E-11 5,01E-11 8.81E-11
Yttrium
Y-86 14.74 h - Y 0.0001 6.34E-11 1.10E-10 9.02E-11 1.57E-10
Y-86m 48 m Y - 0.0001 3.69E-12 6.34E-12 5.24E-12 9.06E-12
Y-87 80.3 h Y - 0.0001 3.94E-11 6.96E-11 5.65E-11 1.00E-10
Y-88 106.64 d - Y 0.0001 6.68E-11 1.13E-10 9.26E-11 1.58E-10
Y-90 64.0 h - Y 0.0001 2.70E-10 4.88E-10 3.96E-10 7.16E-10
Y-90m 3.19 h Y - 0.0001 1.57E-11 2.80E-11 2.29E-11 4.09E-11
Y-91 58.51d - Y 0.0001 2.39E-10 4.33E-10 3.51E-10 6.36E-10
Y-91Im 49.71m Y Y 0.0001 6.29E-13 9.50E-13 8.77E-13 1.34E-12
Y-92 3.54h - Y 0.0001 3.92E-11 6.69E-11 5.70E-11 9.77E-11
Y-93 10.1 h Y - 0.0001 1.09E-10 1.94E-10 1.60E-10 2.85E-10
Y-94 19.1m - 0.0001 3.13E-12 3.71E-12 4.31E-12 5.13E-12
Y-95 10.7m Y - 0.0001 1.71E-12 1.96E-12 2.35E-12 2.70E-12
Zirconium
Zr-86 16.5h Y - 0.01 5.93E-11 1.04E-10 8.47E-11 1.50E-10
Zr-88 83.4d Y Y 0.01 2.61E-11 4.26E-11 3.57E-11 5.90E-11
Zr-89 78.43 h - Y 0.01 5.54E-11 9.72E-11 7.93E-11 1.40E-10
Zr-93 1.53E6y Y Y 0.01 2.26E-11 3.01E-11 2.83E-11 3.90E-11
Zr-95 63.98d Y Y 0.01 7.09E-11 1.24E-10 1.01E-10 1.78E-10
Zr-97 16.90 h Y - 0.01 1.89E-10 3.38E-10 2.76E-10 4.95E-10
Niobium
Nb-88 14.3m Y - 0.01 2.53E-12 3.06E-12 3.46E-12 4.20E-12
Nb-89b 122m Y - 0.01 1.75E-11 2.82E-11 2.50E-11 4.07E-11
Nb-89a 66m Y - 0.01 7.28E-12 1.08E-11 1.02E-11 1.53E-11
Nb-90 14.60 h - Y 0.01 8.86E-11 1.54E-10 1.27E-10 2.22E-10
Nb-93m 13.6y - Y 0.01 1.21E-11 2.17E-11 1.77E-11 3.17E-11
Nb-94 2.034y - - 0.01 1.22E-10 2.10E-10 1.73E-10 3.01E-10
Nb-95 35.15d - Y 0.01 3.81E-11 6.63E-11 5.41E-11 9.45E-11
Nb-95m 86.6 h Y 0.01 5.49E-11 9.88E-11 8.03E-11 1.45E-10
Nb-96 23.35 h - 0.01 7.80E-11 1.36E-10 1.12E-10 1.96E-10
Nb-97 72.1m - Y 0.01 3.60E-12 5.29E-12 5.08E-12 7.53E-12
Nb-98 51.5m - - 0.01 5.44E-12 7.56E-12 7.58E-12 1.06E-11
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Table 2.2a, continued

Tap Water Intakes

Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Molybdenum
Mo-90 5.67h Y - 1.0 1.27E-11 1.78E-11 1.67E-11 2.36E-11
Mo-93 3,53y Y Y 1.0 8.21E-11 9.06E-11 1.01E-10 1.13E-10
Mo-93m 6.85h Y - 1.0 6.28E-12 8.66E-12 8.29E-12 1.15E-11
Mo-99 66.0 h Y - 1.0 3.12E-11 4.33E-11 4.06E-11 5.71E-11
Mo-101 14.62m Y - 1.0 1.60E-12 1.86E-12 2.18E-12 2.55E-12
Technetium
Tc-93 2.75h Y Y 0.5 2.71E-12 4.29E-12 3.72E-12 5.94E-12
Tc-93m 43.5m Y - 0.5 1.21E-12 1.84E-12 1.67E-12 2.55E-12
Tc-94 293 m - - 0.5 1.04E-11 1.72E-11 1.44E-11 2.40E-11
Tc-94m 52 m - Y 0.5 4.47E-12 6.39E-12 6.23E-12 8.98E-12
Tc-95 20,0 h - Y 0.5 9.25E-12 1.56E-11 1.28E-11 2.17E-11
Tc-95m 61d Y - 0.5 2.96E-11 4.87E-11 4.09E-11 6.79E-11
Tc-96 4.28d - Y 0.5 5.59E-11 9.23E-11 7.66E-11 1.28E-10
Tc-96m 51.5m Y - 0.5 6.07E-13 9.70E-13 8.37E-13 1.35E-12
Tc-97 2.6E6y - Y 0.5 4.25E-12 7.31E-12 6.09E-12 1.05E-11
Tc-97m 8 d Y Y 0.5 3.67E-11 6.42E-11 5.30E-11 9.31E-11
Tc-98 4,26y - - 0.5 1.14E-10 1.92E-10 1.61E-10 2.73E-10
Tc-99 2.13t5y - Y 0.5 4.28E-11 7.44E-11 6.17E-11 1.08E-10
Tc-99m 6.02 h Y 0.5 1.22E-12 2.15E-12 1.73E-12 3.07E-12
Tc-101 14.2m - Y 0.5 7.07E-13 8.28E-13 9.72E-13 1.14E-12
Tc-104 18.2m - - 0.5 3.09E-12 3.72E-12 4.25E-12 5.14E-12
Ruthenium
Ru-94 51.8 m Y - 0.05 5.17E-12 8.27E-12 7.35E-12 1.18E-11
Ru-97 2.9d Y - 0.05 9.85E-12 1.72E-11 1.40E-11 2.45E-11
Ru-103 39.28d Y - 0.05 5.88E-11 1.04E-10 8.48E-11 1.50E-10
Ru-105a 4.44h Y - 0.05 2.10E-11 3.64E-11 3.05E-11 5.30E-11
Ru-106 368.2d Y - 0.05 6.45E-10 1.14E-09 9.35E-10 1.65E-09
Rhodium
Rh-99 16d - - 0.05 3.44E-11 5.97E-11 4.88E-11 8.52E-11
Rh-99m 4.7 h - - 0.05 3.94E-12 6.54E-12 5.54E-12 9.25E-12
Rh-100 20,8 h - Y 0.05 4,.20E-11 7.17E-11 5.91E-11 1.01E-10
Rh-101 3.2y - Y 0.05 3.52E-11 5.80E-11 4.89E-11 8.13E-11
Rh-101m 4.33d Y Y 0.05 1.46E-11 2.54E-11 2.07E-11 3.63E-11
Rh-102 2.9y - Y 0.05 1.33E-10 2.08E-10 1.78E-10 2.82E-10
Rh-102m 207 d Y - 0.05 9.42E-11 1.64E-10 1.35E-10 2.36E-10
Rh-103m 56.12m - Y 0.05 1.82E-13 2.54E-13 2.57E-13 3.61E-13
Rh-105 35.36h - Y 0.05 3.52E-11 6.33E-11 5.16E-11 9.27E-11
Rh-106m 132 m - - 0.05 9.31E-12 1.48E-11 1.31E-11 2.09E-11
Rh-107 21.7m Y 0.05 9.42E-13 1.13E-12 1.30E-12 1.57E-12
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Table 2.2a, continued

Tap Water Intakes Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Palladium
Pd-100 3.63d Y - 0.005 6.21E-11 1.09E-10 8.83E-11 1.56E-10
Pd-101 8.27 h Y - 0.005 6.59E-12 1.14E-11 9.44E-12 1.64E-11
Pd-103 16.96 d Y Y 0.005 1.87E-11 3.38E-11 2.74E-11 4.96E-11
Pd-107 6.56y - Y 0.005 3.74E-12 6.77E-12 5.49E-12 9.93E-12
Pd-109 13.427 h - - 0.005 5.28E-11 9.46E-11 7.74E-11 1.39E-10
Silver
Ag-102 129 m - - 0.05 1.62E-12 1.96E-12 2.21E-12 2.69E-12
Ag-103 65.7m Y - 0.05 2.21E-12 3.23E-12 3.11E-12 4.56E-12
Ag-104 69.2m - Y 0.05 3.03E-12 4.47E-12 4.17E-12 6.19E-12
Ag-104m 33.5m Y - 0.05 2.42E-12 3.26E-12 3.35E-12 4.55E-12
Ag-105 41.0d - - 0.05 2.88E-11 4.79E-11 4.02E-11 6.73E-11
Ag-106 23.96m - - 0.05 1.30E-12 1.60E-12 1.80E-12 2.22E-12
Ag-106m 8.41d - - 0.05 7.82E-11 1.30E-10 1.08E-10 1.82E-10
Ag-108m 127y Y - 0.05 1.42E-10 2.20E-10 1.92E-10 3.03E-10
Ag-110m 249.9d Y - 0.05 1.68E-10 2.67E-10 2.30E-10 3.71E-10
Ag-111 7.45d - - 0.05 1.24E-10 2.22E-10 1.81E-10 3.26E-10
Ag-112 3.12h - - 0.05 3.20E-11 5.39E-11 4.64E-11 7.84E-11
Ag-115 20.0 m - 0.05 2.78E-12 3.78E-12 3.90E-12 5.34E-12
Cadmium
Cd-104 57.7m Y - 0.05 2.93E-12 4.65E-12 4.08E-12 6.52E-12
Cd-107 6.49 h - - 0.05 5.39E-12 9.46E-12 7.86E-12 1.38E-11
Cd-109 464 d - Y 0.05 8.65E-11 1.35E-10 1.14E-10 1.81E-10
Cd-113 9.3El5y - - 0.05 4.34E-10 6.17E-10 5.48E-10 7.85E-10
Cd-113m 13.6y - - 0.05 5.36E-10 7.77E-10 6.72E-10 9.84E-10
Cd-115 53.46 h Y Y 0.05 1.30E-10 2.34E-10 1.90E-10 3.42E-10
Cd-115m 446 d Y Y 0.05 2.62E-10 4.60E-10 3.76E-10 6.64E-10
Cd-117 2.49h Y - 0.05 2.16E-11 3.70E-11 3.12E-11 5.37E-11
Cd-117m 3.36 h 'Y - 0.05 1.96E-11 3.31E-11 2.80E-11 4.75E-11
Indium
In-109 4.2 h Y - 0.02 4.02E-12 6.66E-12 5.67E-12 9.47E-12
In-110b 4.9 h - - 0.02 1.26E-11 2.05E-11 1.74E-11 2.85E-11
In-110a 69.1m - Y 0.02 5.20E-12 7.59E-12 7.30E-12 1.08E-11
In-111 2.83d - Y 0.02 1.99E-11 3.48E-11 2.84E-11 5.00E-11
In-112 14.4m - - 0.02 3.87E-13 4.55E-13 5.32E-13 6.27E-13
In-113m 1.658 h - Y 0.02 1.65E-12 2.56E-12 2.34E-12 3.66E-12
In-114m 49.51d Y - 0.02 3.85E-10 6.70E-10 5.55E-10 9.73E-10
In-115 5.1El15y - Y 0.02 7.87E-10 9.13E-10 9.94E-10 1.17E-09
In-115m 4.486 h Y Y 0.02 6.90E-12 1.19E-11 1.00E-11 1.73E-11
In-116m 54.15m - - 0.02 3.09E-12 4.38E-12 4.27E-12 6.11E-12
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Table 2.2a, continued

Tap Water Intakes Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Indium, continued
In-117 43.8m Y Y 0.02 1.40E-12 1.90E-12 1.95E-12 2.66E-12
In-117m 116.5m Y Y 0.02 7.40E-12 1.20E-11 1.06E-11 1.74E-11
In-119m 18.0m Y - 0.02 1.75E-12 2.04E-12 2.41E-12 2.82E-12
Tin
Sn-110 4.0h Y - 0.02 2.87E-11 5.05E-11 4.16E-11 7.33E-11
Sn-111 35.3m Y - 0.02 1.08E-12 1.49E-12 1.50E-12 2.08E-12
Sn-113 115.1d Y - 0.02 6.56E-11 1.17E-10 9.54E-11 1.71E-10
Sn-117m 13.61d - Y 0.02 6.59E-11 1.18E-10 9.63E-11 1.73E-10
Sn-119m 293.0d - Y 0.02 3.33E-11 5.98E-11 4.87E-11 8.75E-11
Sn-121 27.06 h - Y 0.02 2.25E-11 4.05E-11 3.30E-11 5.95E-11
Sn-121m 55y Y - 0.02 3.58E-11 6.33E-11 5.19E-11 9.21E-11
Sn-123 129.2d - - 0.02 2.10E-10 3.78E-10 3.07E-10 5.53E-10
Sn-123m  40.08 m - - 0.02 1.65E-12 2.15E-12 2.31E-12 3.03E-12
Sn-125 9.64d Y - 0.02 3.01E-10 5.43E-10 4.41E-10 7.96E-10
Sn-126 1.0e5y Y - 0.02 3.96E-10 6.91E-10 5.69E-10 9.98E-10
Sn-127 2.10h Y - 0.02 1.35E-11 2.23E-11 1.94E-11 3.22E-11
Sn-128 59.1m Y - 0.02 7.97E-12 1.17E-11 1.12E-11 1.66E-11
Antimony
Sb-115 31.8m - - 0.1 1.06E-12 1.39E-12 1.46E-12 1.92E-12
Sb-116 15.8m - 0.1 1.09E-12 1.34E-12 1.49E-12 1.84E-12
Sb-116m 60.3 m - 0.1 3.29E-12 4.77E-12 4.53E-12 6.62E-12
Sb-117 2.80h - - 0.1 1.10E-12 1.78E-12 1.55E-12 2.55E-12
Sb-118m 5.00h - - 0.1 1.16E-11 1.89E-11 1.61E-11 2.65E-11
Sb-119 38.1h - - 0.1 7.21E-12 1.29E-11 1.05E-11 1.88E-11
Sb-120b 5.76 d - - 0.1 7.04E-11 1.20E-10 9.83E-11 1.68E-10
Sb-120a 15.89 m - - 0.1 5.62E-13 6.70E-13  7.73E-13 9.23E-13
Sb-122 2.70d - - 0.1 1.60E-10 2.87E-10 2.34E-10 4.20E-10
Sb-124 60.20d - Y 0.1 2.00E-10 3.48E-10 2.86E-10 5.01E-10
Sb-124g 20,2m Y - 0.1 3.48E-13 4.51E-13 4.80E-13 6.26E-13
Sb-125 2.77 y Y Y 0.1 7.27E-11 1.18E-10 1.01E-10 1.66E-10
Sb-126 12.4d - Y 0.1 1.72E-10 3.00E-10 2.46E-10 4.29E-10
Sb-126m 19.0m Y Y 0.1 1.46E-12 1.80E-12 2.01E-12 2.49E-12
Sb-127 3.85d Y Y 0.1 1.52E-10 2.72E-10 2.22E-10 3.97E-10
Sb-128b 9.01h - - 0.1 5.41E-11 9.33E-11 7.74E-11 1.34E-10
Sb-128a 10.4m - Y 0.1 1.27E-12 1.49E-12 1.73E-12 2.04E-12
Sb-129 4,32 h Y - 0.1 3.41E-11 5.93E-11 4.95E-11 8.62E-11
Sb-130 40m - - 0.1 4,15E-12 5.59E-12 5.73E-12 7.78E-12
Sb-131 23m Y - 0.1 3.28E-12 6.91E-12 4.56E-12 9.71E-12
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Table 2.2a, continued

Tap Water Intakes

Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Tellurium
Te-116 2.49 h Y - 0.3 1.11E-11 1.82E-11 1.58E-11 2.60E-11
Te-121 17d - Y 0.3 2.43E-11 3.94E-11 3.30E-11 5.43E-11
Te-121m 154d Y - 0.3 1.20E-10 1.73E-10 1.56E-10 2.30E-10
Te-123 1E13y - Y 0.3 9.59E-11 1.11E-10 1.18E-10 1.38E-10
Te-123m 119.7d Y Y 0.3 7.28E-11 1.12E-10 9.72E-11 1.53E-10
Te-125m 58d - Y 0.3 5.42E-11 8.99E-11 7.51E-11 1.27E-10
Te-127 9.35h - Y 0.3 1.54E-11 2.71E-11 2.25E-11 3.99E-11
Te-127m 109d Y Y 0.3 1.51E-10 2.33E-10 2.03E-10 3.23E-10
Te-129 69.6m Y Y 0.3 3.21E-12 4.62E-12  4.55E-12 6.60E-12
Te-129m 33.6d Y Y 0.3 2.39E-10 4.14E-10 3.39E-10 5.95E-10
Te-131 25.0m Y Y 0.3 2.08E-12 5.86E-12 2.89E-12 8.25E-12
Te-131m 30h Y Y 0.3 9.04E-11 2.23E-10 1.30E-10 3.21E-10
Te-132 78.2h Y - 0.3 1.94E-10 4.60E-10 2.78E-10 6.60E-10
Te-133 12.45m Y Y 0.3 1.60E-12 5.20E-12 2.22E-12 7.37E-12
Te-133m 55.4m Y - 0.3 7.62E-12 2.36E-11 1.07E-11 3.36E-11
Te-134 41.8m Y - 0.3 4,29E-12 8.13E-12 5.90E-12 1.13E-11
lodine
[-120 81.0m - - 1.0 9.51E-12 2.44E-11 1.28E-11 3.38E-11
[-120m 5 m - - 1.0 7.36E-12 1.36E-11 9.94E-12 1.87E-11
I-121 2.12h Y - 1.0 1.46E-12 6.14E-12 1.97E-12 8.45E-12
[-123 13.2h Y - 1.0 2.70E-12 1.88E-11 3.72E-12 2.66E-11
[-124 4,18d - - 1.0 1.21E-10 1.12E-09 1.71E-10 1.58E-09
[-125 60.14d - Y 1.0 7.14E-11 6.87E-10 9.64E-11 9.28E-10
1-126 13.02d - - 1.0 2.45E-10 2.36E-09  3.44E-10 3.31E-09
[-128 2.9 m - - 1.0 1.58E-12 2.20E-12 2.16E-12 3.03E-12
[-129 1.57eE7y - Y 1.0 4.07E-10 3.99E-09 5.31E-10 5.21E-09
I-130a 12.36 h - - 1.0 2.53E-11 1.72E-10 3.47E-11 2.44E-10
I-131 8.04d Y Y 1.0 1.31E-10 1.23E-09 1.85E-10 1.75E-09
[-132 2.30 h - Y 1.0 6.87E-12 2.28E-11 9.21E-12 3.17E-11
[-132m 83.6m Y - 1.0 3.79E-12 1.65E-11 5.19E-12 2.34E-11
[-133 20,8 h Y Y 1.0 4.63E-11 3.90E-10 6.51E-11 5.58E-10
[-134 52.6 m - Y 1.0 3.68E-12 6.76E-12 4.97E-12 9.28E-12
[-135 6.61h Y - 1.0 1.39E-11 8.24E-11 1.90E-11 1.17E-10
Cesium
Cs-125 45 m Y - 1.0 1.35E-12 1.61E-12 1.84E-12 2.21E-12
Cs-127 6.25h Y - 1.0 1.27E-12 1.76E-12 1.69E-12 2.36E-12
Cs-129 32.06h - - 1.0 3.44E-12 5.00E-12 4.56E-12 6.69E-12
Cs-130 29.9m - - 1.0 1.09E-12 1.28E-12 1.49E-12 1.75E-12
Cs-131 9.69 d - 1.0 3.40E-12 5.02E-12 4.51E-12 6.73E-12
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Table 2.2a, continued

Tap Water Intakes Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Cesium, continued
Cs-132 6.475d - - 1.0 2.70E-11 3.95E-11 3.51E-11 5.17E-11
Cs-134 2.062y - Y 1.0 7.91E-10 1.14E-09 9.57E-10 1.39E-09
Cs-134m 2.90h Y - 1.0 8.65E-13 1.12E-12 1.16E-12 1.50E-12
Cs-135 2.3c6y - Y 1.0 8.72E-11 1.28E-10 1.07E-10 1.59E-10
Cs-135m 5 m Y - 1.0 9.36E-13 1.22E-12 1.26E-12 1.64E-12
Cs-136a 13.1d - - 1.0 1.60E-10 2.34E-10 2.05E-10 3.04E-10
Cs-137 30,0y Y - 1.0 5.66E-10 8.22E-10 6.88E-10 1.01E-09
Cs-138 32.2m - - 1.0 3.61E-12 4.26E-12 4.93E-12 5.83E-12
Barium
Ba-126 96.5m Y - 0.2 1.49E-11 2.30E-11 2.13E-11 3.31E-11
Ba-128 2.43d Y - 0.2 2.31E-10 4.12E-10 3.38E-10 6.04E-10
Ba-131 11.8d Y Y 0.2 3.15E-11 5.41E-11 4.50E-11 7.76E-11
Ba-131m l4.6m Y - 0.2 2.01E-13 2.50E-13 2.78E-13 3.48E-13
Ba-133 10.74y - Y 0.2 1.27E-10 1.84E-10 1.73E-10 2.55E-10
Ba-133m 38.9h Y - 0.2 4.82E-11 8.62E-11 7.06E-11 1.26E-10
Ba-135m 28.7 h - - 0.2 3.87E-11 6.91E-11 5.66E-11 1.01E-10
Ba-139 82.7m - - 0.2 6.67E-12 9.99E-12 9.51E-12 1.44E-11
Ba-140 12.74d Y - 0.2 2.30E-10 4.03E-10 3.34E-10 5.86E-10
Ba-141 18.27m Y - 0.2 3.86E-12 5.78E-12 5.50E-12 8.30E-12
Ba-142 10.6 m Y - 0.2 1.75E-12 2.51E-12 2.46E-12 3.54E-12
Lanthanum
La-131 59 m Y - 0.0005 1.74E-12 2.52E-12 2.43E-12 3.55E-12
La-132 4.8 h - - 0.0006 2.82E-11 4.82E-11 4.05E-11 6.96E-11
La-135 19.5h - Y 0.0005 2.23E-12 3.94E-12 3.22E-12 5.70E-12
La-137 6E4y - Y 0.0005 5.46E-12 9.40E-12 7.79E-12 1.35E-11
La-138 1.35Elly - - 0.0005 5.82E-11 9.55E-11 8.05E-11 1.34E-10
La-140 40.272 h - Y 0.0005 1.67E-10 2.96E-10 2.41E-10 4.30E-10
La-141 3.93h Y Y 0.0006 2.95E-11 5.07E-11 4.29E-11 7.41E-11
La-142 92.5m - Y 0.0005 1.02E-11 1.56E-11 1.44E-11 2.22E-11
La-143 14.23 m Y - 0.0006 2.53E-12 3.41E-12 3.56E-12 4.82E-12
Cerium
Ce-134 72.0h Y - 0.0005 2.39E-10 4.31E-10 3.50E-10 6.31E-10
Ce-135 17.6 h Y - 0.0005 5.86E-11 1.03E-10 8.41E-11 1.48E-10
Ce-137 9.0 h Y Y 0.0005 2.02E-12 3.55E-12 2.92E-12 5.15E-12
Ce-137m 3.4h Y - 0.0006 5.20E-11 9.37E-11 7.62E-11 1.37E-10
Ce-139 137.66d - Y 0.0005 2.05E-11 3.65E-11 2.96E-11 5.28E-11
Ce-141 32.501d - Y 0.0005 6.93E-11 1.25E-10 1.02E-10 1.83E-10
Ce-143 33.0h Y Y 0.0006 1.07E-10 1.92E-10 1.56E-10 2.81E-10
Ce-144 284.3d Y - 0.0005 5.27E-10 9.52E-10 7.73E-10 1.40E-09
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Table 2.2a, continued

Tap Water Intakes Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Praseodymium
Pr-136 13.I1m - Y 0.0005 1.33E-12 1.59E-12 1.81E-12 2.18E-12
Pr-137 76.6m Y - 0.0006 2.21E-12 3.38E-12 3.13E-12 4.82E-12
Pr-138m 2.1h - - 0.0006 7.17E-12 1.13E-11 1.00E-11 1.60E-11
Pr-139 4,51 h Y Y 0.0006 2.32E-12 3.96E-12 3.34E-12 5.73E-12
Pr-142 19.13 h - Y 0.0005 1.29E-10 2.32E-10 1.90E-10 3.41E-10
Pr-142m l4.6 m Y - 0.0005 1.66E-12 2.98E-12 2.43E-12 4.38E-12
Pr-143 13.56 d - Y 0.0005 1.18E-10 2.14E-10 1.73E-10 3.14E-10
Pr-144 17.28 m - Y 0.0005 1.88E-12 2.19E-12 2.60E-12 3.03E-12
Pr-145 5.9 h - - 0.0005 3.53E-11 6.20E-11 5.15E-11 9.08E-11
Pr-147 13.6m Y 0.0005 1.30E-12 1.58E-12 1.79E-12 2.19E-12
Neodymium
Nd-136 50.65m Y - 0.0005 5.02E-12 7.31E-12 7.03E-12 1.03E-11
Nd-138 5.0 h Y - 0.0005 5.31E-11 9.24E-11 7.72E-11 1.35E-10
Nd-139 29.7m Y Y 0.0005 9.51E-13 1.34E-12 1.33E-12 1.88E-12
Nd-139m 5.5h Y - 0.0005 1.72E-11 2.93E-11 2.45E-11 4.21E-11
Nd-141 2.49 h - Y 0.0006 5.14E-13 8.35E-13 7.31E-13 1.19E-12
Nd-147 10.98d Y Y 0.0005 1.04E-10 1.88E-10 1.53E-10 2.76E-10
Nd-149 1.73 h Y - 0.0006 8.90E-12 1.47E-11 1.29E-11 2.14E-11
Nd-151 12.44m Y - 0.0005 1.43E-12 1.99E-12 2.01E-12 2.81E-12
Promethium
Pm-141 20,90 m Y Y 0.0005 1.46E-12 1.80E-12 2.02E-12 2.50E-12
Pm-143 266d - Y 0.0005 1.37E-11 2.36E-11 1.93E-11 3.34E-11
Pm-144 363d - Y 0.0006 5.32E-11 9.02E-11 7.40E-11 1.26E-10
Pm-145 17.7y - Y 0.0005 8.63E-12 1.51E-11 1.24E-11 2.18E-11
Pm-146 2020d Y - 0.0005 6.49E-11 1.13E-10 9.25E-11 1.62E-10
Pm-147 2.6234y Y Y 0.0005 2.55E-11 4.57E-11 3.72E-11 6.70E-11
Pm-148 5.37 d - Y 0.0005 2.58E-10 4.65E-10 3.77E-10 6.80E-10
Pm-148m 41.3d Y - 0.0006 1.23eE-10 2.16E-10 1.76E-10 3.10E-10
Pm-149 53.08 h - Y 0.0005 9.95e-11 1.80E-10 1.46E-10 2.64E-10
Pm-150 2.68 h - - 0.0006 1.77E-11 2.92E-11 2.54E-11 4.22E-11
Pm-151 28.40 h Y 0.0005 6.78E-11 1.22E-10 9.90E-11 1.78E-10
Samarium
Sm-141 10.2m Y Y 0.0005 1.57E-12 1.92E-12 2.16E-12 2.65E-12
Sm-141m 22.6 m Y - 0.0006 2.88E-12 3.79E-12 3.99E-12 5.28E-12
Sm-142 72.49 m Y - 0.0005 9.86E-12 1.45E-11 1.40E-11 2.08E-11
Sm-145 30d Y Y 0.0005 1.77E-11 3.16E-11 2.57E-11 4.60E-11
Sm-146 1.03E8 y - Y 0.0005 8.69E-10 1.11E-09 1.09E-09 1.42E-09
Sm-147 1.06E1l y Y 0.0005 7.89E-10 1.01E-09 9.89E-10 1.29E-09
Sm-151 90y - Y 0.0005 8.46E-12 1.50E-11 1.23E-11 2.18E-11
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Table 2.2a, continued

Tap Water Intakes Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Samarium, continued
Sm-153 46.7 h - - 0.0005 7.25E-11 1.31E-10 1.06E-10 1.92E-10
Sm-155 22.1m Y - 0.0005 1.12E-12 1.34E-12 1.55E-12 1.86E-12
Sm-156 9.4h Y - 0.0006 2.26E-11 4.02E-11 3.30E-11 5.88E-11
Europium
Eu-145 5.94d Y Y 0.0006 4.29E-11 7.38E-11 6.02E-11 1.04E-10
Eu-146 4.61d Y Y 0.0005 7.15E-11 1.23E-10 1.00E-10 1.73E-10
Eu-147 24d Y Y 0.0006 3.11E-11 5.47E-11 4.45E-11 7.85E-11
Eu-148 54.5d Y - 0.0006 6.80E-11 1.16E-10 9.49E-11 1.63E-10
Eu-149 93.1d - Y 0.0005 7.80E-12 1.39E-11 1.12E-11 2.00E-11
Eu-150b 342y - - 0.0005 7.03E-11 1.17E-10 9.76E-11 1.64E-10
Eu-150a 12.62 h - - 0.0005 3.60E-11 6.44E-11 5.28E-11 9.45E-11
Eu-152 13.33 y Y - 0.0005 9.50E-11 1.64E-10 1.35E-10 2.35E-10
Eu-152m 9.32 h Y - 0.0005 4.53E-11 8.05E-11 6.62E-11 1.18E-10
Eu-154 88y - - 0.0006 1.59E-10 2.79E-10 2.29E-10 4.03E-10
Eu-155 496y - Y 0.0005 2.88E-11 5.13E-11 4.19E-11 7.48E-11
Eu-156 15.19d - Y 0.0005 1.91E-10 3.42E-10 2.77E-10 4.97E-10
Eu-157 15.15h - - 0.0005 5.59E-11 9.99E-11 8.17E-11 1.46E-10
Eu-158 4.9 m - - 0.0005 4.28E-12 5.78E-12 5.98E-12 8.14E-12
Gadolinium
Gd-145 22.9m Y - 0.0005 1.87E-12 2.41E-12 2.57E-12 3.33E-12
Gd-146 48.3d Y - 0.0005 7.64E-11 1.36E-10 1.10E-10 1.97E-10
Gd-147 38.1h Y Y 0.0005 3.84E-11 6.65E-11 5.43E-11 9.46E-11
Gd-148 93y - - 0.0005 8.53E-10 1.14E-09 1.08E-09 1.49E-09
Gd-149 9.4d Y Y 0.0005 3.40E-11 6.02E-11 4.89E-11 8.69E-11
Gd-151 120d Y Y 0.0005 1.71E-11 3.07E-11 2.49E-11 4.47E-11
Gd-152 1.08E14y - Y 0.0005 6.03E-10 8.02E-10 7.64E-10 1.04E-09
Gd-153 242 d - Y 0.0005 2.31E-11 4.12E-11 3.35E-11 6.00E-11
Gd-159 18.56 h - - 0.0005 4.80E-11 8.62E-11 7.04E-11 1.26E-10
Terbium
Th-147 1.65h Y - 0.0005 9.08E-12 1.44E-11 1.29E-11 2.05E-11
Th-149 4.15h Y - 0.0005 1.73E-11 2.92E-11 2.47E-11 4.21E-11
Th-150 3.27h - - 0.0005 1.75E-11 2.92E-11 2.51E-11 4.21E-11
Th-151 17.6 h Y - 0.0005 2.31E-11 4.02E-11 3.30E-11 5.76E-11
Th-153 2.34d Y - 0.0005 1.96E-11 3.47E-11 2.83E-11 5.03E-11
Th-154 21.4h - - 0.0005 4.04E-11 6.94E-11 5.70E-11 9.85E-11
Th-155 5.32d - Y 0.0005 1.64E-11 2.91E-11 2.37E-11 4.22E-11
Th-156 5.34d - Y 0.0006 7.69E-11 1.34E-10 1.09E-10 1.92E-10
Th-156m 24.4h Y - 0.0005 1.29E-11 2.28E-11 1.85E-11 3.29E-11
Th-156n 5.0h Y - 0.0005 6.21E-12 1.09E-11 8.97E-12 1.58E-11
Th-157 150 y - 0.0005 2.84E-12 5.02E-12 4.12E-12 7.31E-12

95



Table 2.2a, continued

Tap Water Intakes Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Terbium, continued
Th-158 150y - - 0.0005 7.67E-11 1.32E-10 1.09E-10 1.89E-10
Th-160 72.3d - - 0.0005 1.32E-10 2.35E-10 1.91E-10 3.42E-10
Th-161 6.91d - - 0.0006 7.16E-11 1.29E-10 1.05E-10 1.90E-10
Dysprosium
Dy-155 10.0 h Y Y 0.0005 8.25eE-12 1.42E-11 1.17E-11 2.02E-11
Dy-157 8.1h Y Y 0.00056 3.62E-12 6.11E-12 5.09E-12 8.65E-12
Dy-159 144.4d - Y 0.0005 8.05E-12 1.43E-11 1.16E-11 2.08E-11
Dy-165 2.334h - - 0.0005 6.83E-12 1.12E-11 9.87E-12 1.63E-11
Dy-166 8l.6 h Y - 0.0005 1.66E-10 3.01E-10 2.43E-10 4.41E-10
Holmium
Ho-155 48 m Y - 0.0005 1.91E-12 2.85E-12 2.68E-12 4.04E-12
Ho-157 12.6 m Y - 0.0005 3.01E-13 4.15E-13 4.15E-13 5.76E-13
Ho-159 33m Y - 0.0005 3.58E-13 4.80E-13 4.92E-13 6.64E-13
Ho-161 2.5h - Y 0.0006 8.20E-13 1.34E-12 1.17E-12 1.93E-12
Ho-162 15m - Y 0.0006 1.33eE-13 1.61E-13 1.82E-13 2.21E-13
Ho-162m 68 m Y - 0.0005 1.36E-12 2.02E-12 1.90E-12 2.84E-12
Ho-164 29 m - Y 0.0005 3.83E-13 4.74E-13 5.32E-13 6.62E-13
Ho-164m 37.5m Y - 0.0006 7.95E-13 1.12E-12 1.12E-12 1.59E-12
Ho-166 26.80 h - Y 0.0005 1.38E-10 2.49E-10 2.03E-10 3.65E-10
Ho-166m 1.20E3 y - - 0.0005 1.31E-10 2.17E-10 1.84E-10 3.07E-10
Ho-167 3.1h - - 0.0005 5.88E-12 9.83E-12 8.46E-12 1.42E-11
Erbium
Er-161 3.24h Y - 0.0006 5.11E-12 8.52E-12 7.24E-12 1.22E-11
Er-165 10.36 h - - 0.0005 1.39E-12 2.42E-12 2.00E-12 3.50E-12
Er-169 9.3d - - 0.00056 3.78e-11 6.84E-11 5.55E-11 1.00E-10
Er-171 7.5%2 h Y - 0.0005 3.11E-11 5.47E-11 4.52E-11 7.99E-11
Er-172 49.3 h Y - 0.0006 9.03E-11 1.62E-10 1.32E-10 2.37E-10
Thulium
Tm-162 21.7m - Y 0.00056 1.21E-12 1.53E-12 1.66E-12 2.10E-12
Tm-166 7.70h - Y 0.0005 1.78E-11 3.03E-11 2.52E-11 4.31E-11
Tm-167 9.24d - Y 0.0006 5.19E-11 9.35E-11 7.59E-11 1.37E-10
Tm-170 128.6 d - - 0.0005 1.34E-10 2.41E-10 1.96E-10 3.54E-10
Tm-171 1.92y - Y 0.00056 1.05e-11 1.89E-11 1.54E-11 2.77E-11
Tm-172 63.6 h - Y 0.0005 1.61E-10 2.91E-10 2.36E-10 4.25E-10
Tm-173 8.2 h - - 0.0006 2.65E-11 4.66E-11 3.85E-11 6.81E-11
Tm-175 15.2m Y - 0.0005 1.12E-12 1.41E-12 1.55E-12 1.96E-12
Ytterbium
Yb-162 18.9m Y - 0.0005 1.04E-12 1.41E-12 1.44E-12 1.97E-12
Yb-166 56.7 h Y - 0.0005 6.69E-11 1.18E-10 9.57E-11 1.70E-10
Yb-167 17.5m Y - 0.0005 3.11E-13 4.21E-13 4.32E-13 5.90E-13
Yb-169 32.01d - 0.0005 6.05E-11 1.08E-10 8.78E-11 1.58E-10
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Table 2.2a, continued

Tap Water Intakes Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Ytterbium, continued
Yb-175 4,19d - Y 0.0006 4.30E-11 7.76E-11 6.30E-11 1.14E-10
Yb-177 1.9h Y - 0.0005 5.80E-12 9.36E-12 8.34E-12 1.36E-11
Yb-178 74m Y - 0.0005 6.57E-12 1.05E-11 9.45E-12 1.51E-11
Lutetium
Lu-169 34.06 h Y - 0.0005 3.01E-11 5.24E-11 4.28E-11 7.48E-11
Lu-170 2.00d - Y 0.00056 6.45e-11 1.12E-10 9.12E-11 1.59E-10
Lu-171 8.22d - - 0.0005 5.00E-11 8.84E-11 7.19E-11 1.27E-10
Lu-172 6.70d - Y 0.0005 8.65E-11 1.51E-10 1.23E-10 2.17E-10
Lu-173 1.37y - Y 0.0006 2.06E-11 3.66E-11 2.97E-11 5.30E-11
Lu-174m 142 d Y - 0.0005 5.07E-11 9.14E-11 7.42E-11 1.34E-10
Lu-174 3.3y - Y 0.0006 2.23E-11 3.95E-11 3.22E-11 5.74E-11
Lu-176 3.60E10 y - - 0.0005 1.42E-10 2.51E-10 2.06E-10 3.64E-10
Lu-176m 3.8 h - - 0.0006 1.35E-11 2.31E-11 1.96E-11 3.37E-11
Lu-177 6.71d - Y 0.0006 5.27E-11 9.53E-11 7.73E-11 1.40E-10
Lu-177/m 160.9d Y - 0.0005 1.42E-10 2.53E-10 2.05E-10 3.67E-10
Lu-178 28.4m - Y 0.0006 1.90E-12 2.33E-12 2.63E-12 3.25E-12
Lu-178m 22.7m - - 0.00056 1.56E-12 1.92E-12 2.14E-12 2.66E-12
Lu-179 4,59 h - - 0.0006 1.75E-11 3.04E-11 2.55E-11 4.44E-11
Hafnium
Hf-170 16.01 h Y - 0.002 3.37E-11 5.91E-11 4.82E-11 8.48E-11
Hf-172 1.87y Y Y 0.002 7.83E-11 1.34E-10 1.11E-10 1.93E-10
Hf-173 24.0h Y Y 0.002 1.63E-11 2.87E-11 2.34E-11 4.12E-11
Hf-175 70d - Y 0.002 3.01E-11 5.30E-11 4.31E-11 7.64E-11
Hf-177m 51.4m - - 0.002 3.88E-12 5.44E-12 5.38E-12 7.60E-12
Hf-178m 31y - - 0.002 2.51E-10 4.09E-10 3.48E-10 5.75E-10
Hf-179m 25.1d - - 0.002 9.96E-11 1.77E-10 1.44E-10 2.57E-10
Hf-180m 5.5h - - 0.002 1.14E-11 1.94E-11 1.62E-11 2.78E-11
Hf-181 42.4d - - 0.002 9.62E-11 1.72E-10 1.40E-10 2.50E-10
Hf-182 9E6 y Y 0.002 1.01E-10 1.45E-10 1.34E-10 1.96E-10
Hf-182m 61.5m Y 0.002 2.09E-12 3.01E-12 2.91E-12 4.24E-12
Hf-183 64m Y - 0.002 4.22E-12 6.46E-12 5.99E-12 9.25E-12
Hf-184 4,12 h Y - 0.002 4.45E-11 7.86E-11 6.47E-11 1.15E-10
Tantalum
Ta-172 36.8m Y - 0.001 2.33E-12 3.08E-12 3.22E-12 4.30E-12
Ta-173 3.65h Y - 0.001 1.43E-11 2.44E-11 2.06E-11 3.54E-11
Ta-174 1.2h - - 0.001 2.97E-12 4.38E-12 4.19E-12 6.22E-12
Ta-175 10.5h Y - 0.001 1.37E-11 2.35E-11 1.94E-11 3.35E-11
Ta-176 8.08h - Y 0.001 1.99E-11 3.38E-11 2.81E-11 4.80E-11
Ta-177 56.6 h - Y 0.001 8.93E-12 1.59E-11 1.30E-11 2.32E-11
Ta-178b 2.2 h - - 0.001 4.22E-12 6.72E-12 5.95E-12 9.55E-12
Ta-179 664.9d - Y 0.001 5.22E-12 9.30E-12 7.54E-12 1.35E-11
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Table 2.2a, continued

Tap Water Intakes

Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Tantalum, continued
Ta-180 1.0E13y - - 0.001 6.76E-11 1.20E-10 9.77E-11 1.74E-10
Ta-180m 8.1 h - - 0.001 4.64E-12 8.18E-12 6.76E-12 1.19E-11
Ta-182 115.0d - Y 0.001 1.21E-10 2.15E-10 1.75E-10 3.11E-10
Ta-182m 15.84 m Y - 0.001 4.50E-13 5.39E-13 6.19E-13 7.45E-13
Ta-183 5.1d - Y 0.001 1.25E-10 2.25E-10 1.82E-10 3.29E-10
Ta-184 8.7h - Y 0.001 5.44E-11 9.54E-11 7.88E-11 1.38E-10
Ta-185 49 m Y - 0.001 3.12E-12 4.24E-12 4.38E-12 6.01E-12
Ta-186 10.5m - - 0.001 1.27E-12 1.49E-12 1.74E-12 2.04E-12
Tungsten
W-176 2.3 h Y - 0.3 6.55E-12 1.11E-11 9.28E-12 1.59E-11
W-177 135m Y Y 0.3 3.39E-12 5.42E-12 4.77E-12 7.68E-12
W-178 21.7d Y Y 0.3 1.83E-11 3.26E-11 2.65E-11 4.73E-11
W-179 37.5m Y - 0.3 1.47E-13 1.95E-13 2.04E-13 2.72E-13
W-181 121.2d - Y 0.3 6.07E-12 1.07E-11 8.72E-12 1.54E-11
W-185 75.1d - Y 0.3 4.40E-11 7.91E-11 6.43E-11 1.16E-10
W-187 23.9h Y - 0.3 5.57E-11 9.92E-11 8.11E-11 1.45E-10
W-188 69.4d Y - 0.3 2.10E-10 3.78E-10 3.07E-10 5.53E-10
Rhenium
Re-177 14.0m Y - 0.8 8.94E-13 1.23E-12 1.23E-12 1.71E-12
Re-178 13.2m Y - 0.8 9.58E-13 1.15E-12 1.31E-12 1.58E-12
Re-181 20h Y Y 0.8 2.07E-11 3.81E-11 2.91E-11 5.40E-11
Re-182b 64.0h - - 0.8 7.68E-11 1.34E-10 1.07E-10 1.89E-10
Re-182a 12.7h - Y 0.8 1.31E-11 2.35E-11 1.82E-11 3.30E-11
Re-184 38.0d - Y 0.8 5.20E-11 8.54E-11 7.18E-11 1.19E-10
Re-184m l65d Y - 0.8 7.95E-11 1.32E-10 1.12E-10 1.88E-10
Re-186 90.64 h - Y 0.8 8.27E-11 1.51E-10 1.18E-10 2.17E-10
Re-186m 2.0eby Y - 0.8 1.23E-10 1.98E-10 1.74E-10 2.83E-10
Re-187 510y - Y 0.8 2.84E-13 4.83E-13 4.04E-13 6.92E-13
Re-188 16.98 h - Y 0.8 6.77E-11 1.32E-10 9.68E-11 1.91E-10
Re-188m 18.6 m Y - 0.8 1.43E-12 2.68E-12 2.04E-12 3.84E-12
Re-189 2.3 h 'Y - 0.8 4.03E-11 7.74E-11 5.76E-11 1.11E-10
Osmium
0s-180 22m Y - 0.01 7.60E-13 9.81E-13 1.04E-12 1.35E-12
0s-181 105m Y - 0.01 5.75E-12 9.57E-12 8.17E-12 1.37E-11
0s-182 22 h Y Y 0.01 3.97E-11 7.00E-11 5.69E-11 1.01E-10
0s-185 94d - Y 0.01 3.05E-11 5.19E-11 4.27E-11 7.31E-11
0s-189m 6.0h - Y 0.01 1.57E-12 2.76E-12 2.30E-12 4.05E-12
0s-191 15.4d - Y 0.01 5.46E-11 9.83E-11 7.99E-11 1.44E-10
0s-19Im 13.03 h Y - 0.01 9.20E-12 1.65E-11 1.35E-11 2.42E-11
0s-193 30.0 h - 0.01 7.94E-11 1.43E-10 1.16E-10 2.10E-10
0s-194 6.0y Y - 0.01 2.33E-10 4.14E-10 3.38E-10 6.03E-10
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Table 2.2a, continued

Tap Water Intakes

Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Iridium
Ir-182 15m Y - 0.01 2.05E-12 2.69E-12 2.84E-12 3.75E-12
Ir-184 3.02h - - 0.01 1.06E-11 1.74E-11 1.50E-11 2.49E-11
Ir-185 14.0h Y - 0.01 2.03E-11 3.56E-11 2.92E-11 5.16E-11
Ir-186a 15.8h - - 0.01 3.26E-11 5.63E-11 4.63E-11 8.05E-11
Ir-186b 1.7 h - Y 0.01 3.48E-12 5.41E-12 4.90E-12 7.68E-12
Ir-187 10.5h - - 0.01 8.96E-12 1.56E-11 1.29E-11 2.25E-11
Ir-188 41.5h - Y 0.01 3.94E-11 6.81E-11 5.57E-11 9.68E-11
Ir-189 13.3d Y Y 0.01 2.28E-11 4.09E-11 3.32E-11 5.97E-11
Ir-190 12.1d - Y 0.01 8.71E-11 1.53E-10 1.24E-10 2.19E-10
Ir-190n 3.1h Y - 0.01 7.04E-12 1.15E-11 9.91E-12 1.63E-11
Ir-190m 1.2h Y Y 0.01 5.14E-13 8.57E-13  7.34E-13 1.23E-12
Ir-192 74.02d - Y 0.01 1.12E-10 1.99E-10 1.62E-10 2.89E-10
Ir-192m 241.y Y - 0.01 1.76E-11 2.65E-11 2.34E-11 3.56E-11
Ir-194 19.15h - Y 0.01 1.30E-10 2.33E-10 1.90E-10 3.41E-10
Ir-194m 171d - - 0.01 1.39E-10 2.40E-10 1.97E-10 3.41E-10
Ir-195 2.5h - Y 0.01 6.48E-12 1.07E-11 9.37E-12 1.56E-11
Ir-195m 3.8h Y - 0.01 1.63E-11 2.79E-11 2.36E-11 4.06E-11
Platinum
Pt-186 2.0h Y - 0.01 6.28E-12 1.06E-11 8.95E-12 1.52E-11
Pt-188 10.2d Y - 0.01 5.76E-11 1.02E-10 8.29E-11 1.47E-10
Pt-189 10.87 h Y - 0.01 9.15E-12 1.60E-11 1.32E-11 2.31E-11
Pt-191 2.8d - - 0.01 2.67E-11 4.75E-11 3.86E-11 6.88E-11
Pt-193 50y - Y 0.01 3.16E-12 5.70E-12 4.63E-12 8.36E-12
Pt-193m 4.33d Y - 0.01 4.54E-11 8.20E-11 6.66E-11 1.20E-10
Pt-195m 4.02d - - 0.01 6.18E-11 1.11E-10 9.05E-11 1.63E-10
Pt-197 18.3 h - Y 0.01 3.94E-11 7.08E-11 5.78E-11 1.04E-10
Pt-197m 94.4m Y - 0.01 6.40E-12 1.08E-11 9.27E-12 1.57E-11
Pt-199 30.8m Y - 0.01 1.77E-12 2.39E-12 2.48E-12 3.37E-12
Pt-200 12.5h Y - 0.01 1.16E-10 2.09E-10 1.70E-10 3.06E-10
Gold
Au-193 17.65h Y Y 0.1 1.13E-11 1.99E-11 1.63E-11 2.90E-11
Au-194 39.5h - Y 0.1 2.61E-11 4.49E-11 3.68E-11 6.38E-11
Au-195 183d - Y 0.1 2.27E-11 4.06E-11 3.30E-11 5.92E-11
Au-198 2.696d - Y 0.1 9.48E-11 1.70E-10 1.38E-10 2.48E-10
Au-198m 2.30 d - 0.1 1.12E-10 2.01E-10 1.63E-10 2.93E-10
Au-199 3.139 d Y 0.1 4,18E-11 7.51E-11 6.11E-11 1.10E-10
Au-200 48.4m - Y 0.1 3.11E-12 4.20E-12 4.36E-12 5.94E-12
Au-200m 18.7 h - 0.1 8.37E-11 1.47E-10 1.21E-10 2.13E-10
Au-201 26.4 m - 0.1 9.64E-13 1.17E-12 1.34E-12 1.63E-12
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Table 2.2a, continued

Tap Water Intakes

Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Mercury (inorganic)
Hg-193 3.5h Y Y 0.02 6.44E-12 1.11E-11 9.31E-12 1.62E-11
Hg-193m 11.1h Y - 0.02 3.03E-11 5.32E-11 4.36E-11 7.68E-11
Hg-194 260y Y Y 0.02 4.98E-11 7.80E-11 6.74E-11 1.07E-10
Hg-195 9.9 h Y Y 0.02 7.81E-12 1.37E-11 1.13E-11 1.99E-11
Hg-195m 41.6 h Y - 0.02 5.07E-11 9.09E-11 7.39E-11 1.33E-10
Hg-197 64.1h - Y 0.02 2.15E-11 3.86E-11 3.14E-11 5.65E-11
Hg-197m 23.8h Y - 0.02 4.51E-11 8.10E-11 6.60E-11 1.19E-10
Hg-199m 42.6 m - - 0.02 1.37E-12 1.81E-12 1.91E-12 2.55E-12
Hg-203 46.60 d - 0.02 4.67E-11 8.32E-11 6.78E-11 1.21E-10
Mercury (methyl)
Hg-193 3.5h Y Y 1.0 1.56E-12 2.10E-12 2.11E-12 2.86E-12
Hg-193m 11.1h Y - 1.0 6.74E-12 9.61E-12 8.97E-12 1.29E-11
Hg-194 260y Y Y 1.0 1.52E-09 2.18E-09 1.98E-09 2.87E-09
Hg-195 9.9 h Y Y 1.0 1.77E-12 2.50E-12 2.38E-12 3.37E-12
Hg-195m 41.6 h 'Y - 1.0 1.19e-11 1.76E-11 1.59E-11 2.37E-11
Hg-197 64.1h - Y 1.0 5.37E-12 7.96E-12 7.19E-12 1.07E-11
Hg-197m 23.8h Y - 1.0 7.69E-12 1.12E-11 1.03E-11 1.52E-11
Hg-199m 42.6m - - 1.0 1.09E-12 1.28E-12 1.49E-12 1.75E-12
Hg-203 46.60d - - 1.0 1.03E-10 1.54E-10 1.37E-10 2.06E-10
Mercury (organic)
Hg-193 3.5h Y Y 0.4 4.93E-12 8.33E-12 7.13E-12 1.21E-11
Hg-193m 11.1h Y - 0.4 2.20E-11 3.78E-11 3.16E-11 5.46E-11
Hg-194 260y Y Y 0.4 6.29E-10 9.07E-10 8.22E-10 1.19E-09
Hg-195 9.9 h Y Y 0.4 5.80E-12 9.98E-12 8.39E-12 1.45E-11
Hg-195m 41.6 h Y - 0.4 3.60E-11 6.32E-11 5.23E-11 9.21E-11
Hg-197 64.1h - Y 0.4 1.54E-11 2.70E-11 2.24E-11 3.94E-11
Hg-197m 23.8h Y - 0.4 3.14E-11 5.54E-11 4.59E-11 8.12E-11
Hg-199m 42.6m - - 0.4 1.34E-12 1.75E-12 1.87E-12 2.47E-12
Hg-203 46.60d - - 0.4 6.95E-11 1.12E-10 9.58E-11 1.56E-10
Thallium
T1-194 33m Y - 1.0 3.85E-13 4.89E-13 5.18E-13 6.62E-13
T1-194m 32.8m Y - 1.0 1.72E-12 2.11E-12 2.33E-12 2.87E-12
T1-195 1.16 h Y Y 1.0 1.32E-12 1.73E-12 1.78E-12 2.35E-12
T1-197 2.84h Y - 1.0 1.21E-12 1.69E-12 1.64E-12 2.31E-12
T1-198 5.3 h - Y 1.0 3.96E-12 5.56E-12 5.26E-12 7.43E-12
T1-198m 1.87h Y - 1.0 2.64E-12 3.51E-12  3.55E-12 4.74E-12
T1-199 7.42 h - Y 1.0 1.41E-12 1.99E-12 1.90E-12 2.70E-12
T1-200 26.1h - Y 1.0 1.12E-11 1.66E-11 1.49E-11 2.22E-11
T1-201 3.044d - Y 1.0 6.22E-12 9.76E-12  8.52E-12 1.35E-11
T1-202 12.23d - Y 1.0 2.64E-11 4.03E-11 3.52E-11 5.43E-11
T1-204 3.779 y - - 1.0 9.58E-11 1.58E-10 1.34E-10 2.23E-10
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Table 2.2a, continued

Tap Water Intakes Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Lead
Pb-195m 15.8m Y - 0.2 1.15E-12 1.48E-12 1.57E-12 2.04E-12
Pb-198 2.4h Y - 0.2 4.40E-12 7.03E-12 6.09E-12 9.80E-12
Pb-199 Om Y - 0.2 2.52E-12 3.83E-12 3.47E-12 5.33E-12
Pb-200 21.5h Y Y 0.2 2.49E-11 4.26E-11 3.52E-11 6.05E-11
Pb-201 9.4h Y Y 0.2 9.51E-12 1.60E-11 1.34E-11 2.26E-11
Pb-202 35y Y Y 0.2 4.51E-10 5.99E-10 5.90E-10 7.93E-10
Pb-202m 3.62h Y Y 0.2 7.11E-12 1.13E-11 9.83E-12 1.58E-11
Pb-203 52.05h - Y 0.2 1.61E-11 2.77E-11 2.29E-11 3.95E-11
Pb-205 1.43E7y - Y 0.2 1.37e-11 1.71E-11 1.73E-11 2.23E-11
Pb-209 3.253 h - Y 0.2 3.92E-12 6.51E-12 5.64E-12 9.43E-12
Pb-210 22.3y Y Y 0.2 1.75E-08 2.38E-08 2.31E-08 3.18E-08
Pb-211 36.1m Y Y 0.2 8.39e-12 1.11E-11 1.17E-11 1.57E-11
Pb-212 10.64 h Y Y 0.2 4.22E-10 6.76E-10 5.95E-10 9.58E-10
Pb-214 26.8m Y Y 0.2 6.82E-12 9.31E-12 9.51E-12 1.31E-11
Bismuth
Bi-200 36.4m Y - 0.05 2.73E-12 4.10E-12 3.80E-12 5.75E-12
Bi-201 108 m Y - 0.05 7.03E-12 1.14E-11 9.96E-12 1.63E-11
Bi-202 1.67h Y - 0.05 4.67E-12 7.15E-12 6.46E-12 9.97E-12
Bi-203 11.76 h 'Y Y 0.05 3.04E-11 5.19E-11 4.29E-11 7.37E-11
Bi-205 15.31d Y Y 0.05 5.22E-11 8.96E-11 7.32E-11 1.26E-10
Bi-206 6.243 d - - 0.05 1.21E-10 2.09E-10 1.71E-10 2.97E-10
Bi-207 38y - Y 0.05 8.76E-11 1.53E-10 1.25E-10 2.20E-10
Bi-210 5.012d Y Y 0.05 1.34E-10 2.41E-10 1.95E-10 3.52E-10
Bi-210m 3.0e6y Y - 0.05 8.63E-10 1.49E-09 1.21E-09 2.10E-09
Bi-212 60.55m Y Y 0.05 1.35e-11 1.92E-11 1.88E-11 2.70E-11
Bi-213 45.65m Y Y 0.05 9.85E-12 1.38E-11 1.38E-11 1.94E-11
Bi-214 19.9m Y Y 0.05 4.34E-12 5.19E-12 5.98E-12 7.17E-12
Polonium (organic)
Po-203 36.7m Y - 0.5 2.45E-12 3.63E-12 3.38E-12 5.07E-12
Po-205 1.80 h Y - 0.5 3.15E-12 4.71E-12 4.32E-12 6.51E-12
Po-207 350m Y Y 0.5 6.66E-12 1.07E-11 9.27E-12 1.50E-11
Po-210 138.38d - Y 0.5 3.53E-08 4.79E-08 4.44E-08 6.09E-08
Polonium (inorganic)
Po-203 36.7m Y - 0.1 2.84E-12 4.40E-12 3.95E-12 6.17E-12
Po-205 1.80 h Y - 0.1 3.17E-12 4.90E-12 4.38E-12 6.84E-12
Po-207 350m Y - 0.1 8.45E-12 1.40E-11 1.19E-11 1.98E-11
Po-210 138.38d - - 0.1 7.40E-09 1.02E-08 9.38E-09 1.31E-08
Astatine
At-207 1.80 h Y - 1.0 1.29E-11 1.88E-11 1.75E-11 2.57E-11
At-211 7.214h Y - 1.0 6.10E-10 9.10E-10 8.32E-10 1.25E-09
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Table 2.2a, continued

Tap Water Intakes Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Francium
Fr-222 14.4m Y Y 1.0 2.85E-11 4.00E-11 3.88E-11 5.47E-11
Fr-223 21.8 m Y Y 1.0 1.32E-10 1.97E-10 1.80E-10 2.71E-10
Radium
Ra-223 11.434d Y Y 0.2 4.00E-09 6.44E-09 5.63E-09 9.15E-09
Ra-224 3.66d Y Y 0.2 2.74E-09 4.50E-09 3.88E-09 6.42E-09
Ra-225a 14.8d Y Y 0.2 2.20E-09 3.09E-09 2.93E-09 4.15E-09
Ra-226 1600y Y Y 0.2 7.17E-09 1.04E-08 9.56E-09 1.39E-08
Ra-227 42.2m Y - 0.2 2.15E-12 2.85E-12 2.96E-12 3.95E-12
Ra-228 5.75y Y Y 0.2 2.00E-08 2.81E-08 2.74E-08 3.86E-08
Actinium
Ac-224 2.9h Y Y 0.0006 9.02E-11 1.51E-10 1.28E-10 2.17E-10
Ac-225 10.0d Y Y 0.0006 2.94E-09 5.10E-09 4.20E-09 7.33E-09
Ac-226 29 h Y Y 0.0006 1.03E-09 1.87E-09 1.52E-09 2.74E-09
Ac-227 21.773 y Y Y 0.0005 4.43E-09 5.43E-09 5.34E-09 6.63E-09
Ac-228 6.13h Y Y 0.0005 3.10E-11 5.38E-11 4.49E-11 7.82E-11
Thorium
Th-226 30,9 m Y Y 0.0005 1.45E-11 1.80E-11 2.02E-11 2.52E-11
Th-227 18.718 d Y Y 0.0005 7.21E-10 1.28E-09 1.05E-09 1.87E-09
Th-228 1.9131y Y Y 0.0005 1.82E-09 2.90E-09 2.46E-09 3.99E-09
Th-229 7340y Y Y 0.0005 4.39E-09 6.05E-09 5.65E-09 7.85E-09
Th-230 7.7E4'y Y Y 0.0005 1.67E-09 2.46E-09 2.16E-09 3.22E-09
Th-231a 25.52h Y Y 0.0005 3.31E-11 5.96E-11 4.86E-11 8.75E-11
Th-232" 1.41E10y Y Y 0.0005 1.87E-09 2.73E-09 2.45E-09 3.60E-09
Th-234 24.10d Y Y 0.0005 3.46E-10 6.25E-10 5.07E-10 9.18E-10
Protactinium
Pa-227 38.3m Y - 0.0006 2.00E-11 2.62E-11 2.81E-11 3.70E-11
Pa-228 22 h Y - 0.0006 5.53E-11 9.72E-11 7.96E-11 1.40E-10
Pa-230 17.4d Y - 0.0006 5.79E-11 1.02E-10 8.29E-11 1.46E-10
Pa-231 3.276E4y Y Y 0.0005 3.30E-09 4.67E-09 4.29E-09 6.11E-09
Pa-232 1.31d Y - 0.0006 5.32E-11 9.41E-11 7.68E-11 1.36E-10
Pa-233 27.0d Y Y 0.0005 8.34E-11 1.50E-10 1.22E-10 2.20E-10
Pa-234 6.70h Y Y 0.0005 4.00E-11 6.93E-11 5.77E-11 1.00E-10
Uranium
U-230 20,8d Y Y 0.02 3.24E-09 5.65E-09 4.59E-09 8.05E-09
U-231 4.2d Y Y 0.02 2.63E-11 4.73E-11 3.84E-11 6.91E-11
U-232 72y Y Y 0.02 5.52E-09 7.88E-09 7.22E-09 1.04E-08
U-233a 1.585E5y Y Y 0.02 1.26E-09 1.94E-09 1.69E-09 2.62E-09
U-234" 2.445e5y Y Y 0.02 1.24E-09 1.91E-09 1.66E-09 2.58E-09
U-235 703.8e6y Y Y 0.02 1.21E-09 1.88E-09 1.62E-09 2.55E-09
U-236 2.3415E7 y Y Y 0.02 1.17E-09 1.81E-09 1.57E-09 2.44E-09
U-237 6.75d Y Y 0.02 7.31E-11 1.32E-10 1.07E-10 1.93E-10
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Table 2.2a, continued

Tap Water Intakes Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Uranium, continued
U-238 4.468E9 y Y Y 0.02 1.13E-09 1.73E-09 1.51E-09 2.34E-09
U-239 23.54m Y - 0.02 1.40E-12 2.00E-12 1.98E-12 2.86E-12
U-240 14.1h Y Y 0.02 1.06E-10 1.90E-10 1.55E-10 2.79E-10
Neptunium
Np-232 14.7m Y - 0.0006 4.21E-13 5.33E-13 5.73E-13 7.29E-13
Np-233 36.2m Y Y 0.0005 1.01E-13 1.36E-13 1.39E-13 1.89E-13
Np-234 4.4d Y Y 0.0006 5.27E-11 9.19E-11 7.49E-11 1.31E-10
Np-235 396.1d Y Y 0.0005 5.18e-12 9.34E-12 7.59E-12 1.37E-11
Np-236a 115E3 y Y - 0.0005 1.78E-10 2.83E-10 2.42E-10 3.90E-10
Np-236b 22.5h Y Y 0.0005 1.68E-11 3.01E-11 2.46E-11 4.41E-11
Np-237 2.14e6y Y Y 0.0005 1.10E-09 1.67E-09 1.44E-09 2.24E-09
Np-238 2.117d Y Y 0.0005 8.14E-11 1.46E-10 1.19E-10 2.13E-10
Np-239 2.355d Y Y 0.0006 7.70E-11 1.39E-10 1.13E-10 2.03E-10
Np-240 65m Y - 0.0005 4.18E-12 6.04E-12 5.86E-12 8.55E-12
Plutonium
Pu-234 88h Y Y 0.0006 1.31E-11 2.32E-11 1.90E-11 3.37E-11
Pu-235 25.3m Y - 0.0005 9.16E-14 1.18E-13 1.26E-13 1.63E-13
Pu-236 2.851y Y Y 0.0005 1.44E-09 2.02E-09 1.87E-09 2.68E-09
Pu-237 45.3d Y Y 0.0005 8.73E-12 1.56E-11 1.27E-11 2.27E-11
Pu-238a 87.74y Y Y 0.0005 2.75E-09 3.55E-09 3.50E-09 4.58E-09
Pu-239 24065y Y Y 0.0005 2.85E-09 3.64E-09 3.63E-09 4.70E-09
Pu-240 6537y Y Y 0.0005 2.85E-09 3.65E-09 3.63E-09 4.71E-09
Pu-241 14.4y Y Y 0.00056 3.94E-11 4.77E-11 5.07E-11 6.17E-11
Pu-242 3.763E5y Y Y 0.0005 2.71E-09 3.46E-09 3.45E-09 4.47E-09
Pu-243 4,956 h Y Y 0.0005 7.33E-12 1.28E-11 1.07E-11 1.87E-11
Pu-245 10.5h Y - 0.0005 6.75E-11 1.21E-10 9.87E-11 1.77E-10
Pu-246 10.85d Y Y 0.0005 2.60E-10 4.68E-10 3.80E-10 6.84E-10
Americium
Am-237 73.0m Y - 0.0005 9.26E-13 1.37E-12 1.30E-12 1.94E-12
Am-238 98 m Y Y 0.0005 1.70E-12 2.60E-12 2.36E-12 3.64E-12
Am-239 11.9 h Y - 0.0005 2.10E-11 3.73E-11 3.06E-11 5.44E-11
Am-240 50.8 h Y - 0.0005 4.00E-11 6.99E-11 5.71E-11 1.00E-10
Am-241 432.2y Y Y 0.0005 2.01E-09 2.81E-09 2.56E-09 3.63E-09
Am-242 16.02h Y Y 0.0005 2.71E-11 4.83E-11 3.96E-11 7.08E-11
Am-242m 152y Y - 0.00056 1.47E-09 1.91E-09 1.80E-09 2.37E-09
Am-243 7380y Y Y 0.0005 2.00E-09 2.79E-09 2.54E-09 3.61E-09
Am-244 10.1 h Y - 0.0005 3.86E-11 6.80E-11 5.60E-11 9.89E-11
Am-244m 26 m Y - 0.0005 1.14E-12 1.38E-12 1.58E-12 1.92E-12
Am-245 2.05h Y Y 0.0005 3.73E-12 6.01E-12 5.37E-12 8.71E-12
Am-246 39m Y - 0.0005 2.54E-12 3.33E-12 3.53E-12 4.67E-12
Am-246m 25.0m Y Y 0.0005 1.43E-12 1.78E-12 1.97E-12 2.46E-12
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Table 2.2a, continued

Tap Water Intakes Dietary Intakes

Chain Mortality Morbidity Mortality Morbidity
Nuclide T P D f (Bg™)  (Bq™) (Bq™") (Bq™")
Curium
Cm-238 2.4h Y - 0.0006 5.28E-12 8.86E-12 7.55E-12 1.27E-11
Cm-240 27 d Y Y 0.0006 5.34E-10 9.42E-10 7.71E-10 1.37E-09
Cm-241 32.8d Y - 0.0005 7.33E-11 1.31E-10 1.06E-10 1.90E-10
Cm-242 162.8d Y Y 0.0005 6.15E-10 1.04E-09 8.65E-10 1.48E-09
Cm-243 28.5y Y - 0.0005 1.81E-09 2.56E-09 2.30E-09 3.33E-09
Cm-244 18.11y Y Y 0.0005 1.59E-09 2.26E-09 2.02E-09 2.93E-09
Cm-245 8500y Y Y 0.0005 2.02E-09 2.82E-09 2.57E-09 3.64E-09
Cm-246 4730y Y Y 0.0005 1.98E-09 2.76E-09 2.51E-09 3.55E-09
Cm-247 1.56E7 y Y Y 0.0005 1.92E-09 2.69E-09 2.44E-09 3.50E-09
Cm-249 64.15m Y Y 0.0005 1.59E-12 2.27E-12 2.25E-12 3.25E-12
Berkelium
Bk-245 4.94d Y - 0.0005 5.16E-11 9.27E-11 7.53E-11 1.35E-10
Bk-246 1.83d Y - 0.0006 3.13E-11 5.44E-11 4.45E-11 7.78E-11
Bk-247 1380y Y Y 0.0005 2.54E-09 3.36E-09 3.22E-09 4.32E-09
Bk-249 320d Y Y 0.0005 1.82E-11 3.00E-11 2.55E-11 4.25E-11
Bk-250 3.222h Y Y 0.0006 9.20E-12 1.53E-11 1.32E-11 2.21E-11
Californium
Cf-244 19.4m Y - 0.0006 2.75E-12 3.37E-12 3.81E-12 4.71E-12
Cf-246 35.7 h Y - 0.0005 3.16E-10 5.69E-10 4.63E-10 8.35E-10
Cf-248 333.5d Y Y 0.0005 7.47E-10 1.20E-09 1.03E-09 1.68E-09
Cf-249 350.6y Y Y 0.0005 2.60E-09 3.44E-09 3.28E-09 4.41E-09
Cf-250 13.08y Y Y 0.0005 1.70E-09 2.33E-09 2.15E-09 3.02E-09
Cf-251 898y Y Y 0.0006 2.67E-09 3.56E-09 3.40E-09 4.59E-09
Cf-253 17.81d Y Y 0.0005 6.73E-11 1.15E-10 9.56E-11 1.65E-10
Einsteinium
Es-250 2.1h Y - 0.0006 1.03E-12 1.61E-12 1.43E-12 2.26E-12
Es-251 33h Y - 0.0006 1.54E-11 2.75E-11 2.24E-11 4.02E-11
Es-253 20,47 d Y Y 0.0005 5.25E-10 9.42E-10 7.67E-10 1.38E-09
Es-254 275.7d Y Y 0.0005 9.01E-10 1.49E-09 1.26E-09 2.11E-09
Es-254m 39.3h Y - 0.0005 4.08E-10 7.37E-10 5.97E-10 1.08E-09
Fermium
Fm-252 22.7 h 'Y - 0.0005 2.55E-10 4.58E-10 3.73E-10 6.71E-10
Fm-253 3.00d Y - 0.0005 7.74E-11 1.39E-10 1.13E-10 2.03E-10
Fm-254 3.240 h 'Y Y 0.0005 3.42E-11 5.80E-11 4.97E-11 8.47E-11
Fm-255 20,07 h Y - 0.0005 2.49E-10 4.47E-10 3.65E-10 6.55E-10
Fm-257 100.5d Y Y 0.0005 6.98E-10 1.19E-09 9.89E-10 1.70E-09
Mendelevium
Md-257 52 h Y - 0.0006 9.18E-12 1.59E-11 1.33E-11 2.32E-11
Md-258 55d Y - 0.0005 6.76E-10 1.17E-09 9.69E-10 1.69E-09

*The uncertainty in the risk coefficient for this radionuclide is addressed in Table 2.4.

bREkamﬁkkMsmeb%ahmabbhmﬂcmmkhkﬁgwdmﬁﬂyﬁx”CJdmkdmaMmHmsmm
may substantially overestimate risk from ingestion of some forms of '*C (see p. 18).

104



Table 2.2b. Mortality and morbidity risk coefficients for
ingestion of iodine in food, based on usage of cow’s milk.

Explanation of Entries

This table provides additional risk coefficients for intake of radioisotopes of iodine in diet.
In this tabulation, the rate of intake of a radioisotope of iodine is assumed to be proportional to the
ingestion rate of cow’s milk.

Risk coefficients for ingestion of radioisotopes of iodine in cow’s milk are expressed as the
probability of radiogenic cancer mortality or morbidity per unit intake, where the intake is averaged
over all ages and both genders.

To facilitate application of the risk coefficients, including conversion to other units, the
coefficients are tabulated to three decimal places. No indication of the level of uncertainty is
intended or should be inferred from this practice. A calculated risk should be rounded appropriately.

To express a risk coefficient in conventional units (pCi'1), multiply by 3.7x10* Bqg pCi'1.

To express a risk coeff|0|ent in terms of a constant activity concentration in milk (Bq L ) multiply
the coefficient by 2. 75><10 Uy, where Uy, is the lifetime average rate of ingestion of milk (for
example, 0.243 L d”in Table 3. 1) and 2. 75x10* d is the average life span. Note that the relative
age- and gender-specific energy intake rates specified in Table 3.1 are inherent in the risk
coefficient.
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Table 2.2b. Mortality and morbidity risk coefficients for
ingestion of iodine in food, based on usage of cow’s milk.

Mortality Morbidity

Isotope T2 f (Bq™) (B
I-120 8l1.0 m 1.0E+00 2.29E-11 6.66E-11
I1-120m 53 m 1.0E+00 1.73E-11 3.50E-11
I-121 2.12 h 1.0E+00 3.51E-12 1.63E-11
1-123 13.2 h  1.0E+00 7.27E-12 5.53E-11
1-124 4,18 d 1.0E+00 3.51E-10 3.29E-09
1-125 60.14 d 1.0E+00 1.76E-10 1.70E-09
I-126 13.02 d 1.0E+00 6.92E-10 6.70E-09
1-128 24.99 m 1.0E+00 3.83E-12 5.57E-12
1-129 1.5787 y 1.0E+00 8.86E-10 8.69E-09
I-130a 12.36 h  1.0E+00 6.77E-11 5.08E-10
I-131 8.04d 1.0E+00 3.78E-10 3.61E-09
1-132 2.30 h  1.0E+00 1.65E-11 6.33E-11
1-132m 83.6 m 1.0E+00 9.74E-12 4.82E-11
1-133 20.8 h  1.0E+00 1.34E-10 1.19E-09
1-134 52.6 m 1.0E+00 8.64E-12 1.74E-11
1-135 6.61 h 1.0E+00 3.63E-11 2.43E-10

*The uncertainty in the risk coefficient for this radionuclide is
addressed in Table 2.4.
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Table 2.3. Mortality and morbidity risk coefficients
for external exposure from environmental media.

Explanation of Entries

Risk coefficients are provided for each of three external exposure scenarios: submersion in
contaminated air, exposure from contamination on the ground surface, and exposure from soil
contaminated to an infinite depth. It is assumed that the contaminated ground surface is an infinite
plane and the contaminated air or soil occupies an infinite half-space. Risk coefficients are
expressed as the probability of radiogenic cancer mortality or morbidity per unit time-integrated
activity concentration in air, on the ground surface, or in soil. These risk coefficients are based on
the dosimetric data of Federal Guidance Report No. 12 (EPA, 1993).

A risk coefficient for a radionuclide does not include any contribution to dose from chain
members that form in the environmental medium. To allow the user to assess the risks from
ingrowth of radionuclides, a separate risk coefficient is provided for each decay chain member of
potential dosimetric significance, and entries are provided under the heading “Chain” to indicate
whether a radionuclide is in the same chain as other radionuclides listed in the table. An entry “Y”
(yes) under the subheading “P” (parent) indicates that the radionuclide is the parent of a decay chain
containing at least one other radionuclide in the table, and “Y”” under the subheading “D” (daughter)
indicates that the radionuclide is in the decay chain of at least one other radionuclide in the table.

To facilitate application of the risk coefficients, including conversion to other units, the
coefficients are tabulated to three decimal places. No indication of the level of uncertainty is
intended or should be inferred from this practice. A calculated risk should be rounded appropriately.

To express a risk coefficient in terms of a constant activity concentratlon of the radionuclide in
the environmental medium, multiply the coefficient by 2. 37x10% s.

To express a rlsk coefficient in conventional units of activity, multiply the coefficient by
3.7x10* Bqg uCl

To express a risk coefficient in time units of year (y), multiply the coefficient by 3.16x1 0"s y'1.

Toe 6press a risk coefficient for submersion in volume units of cm> , multiply the coefficient by
1%10% cm® m™>.

To express a risk coefficient for ground plane in area units of cm? , multiply the coefficient by
1%10* cm? m2.

To express a risk coefficient for soil in mass units of g, multiply the coefficient by 1x1 0’ g kg'1.
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Table 2.3. Mortality and morbidity risk coefficients
for external exposure from environmental media.

Mortality Morbidity
Ground Ground

) Chain Sulgmersion Pgane Soil Su)bmer‘sion P]Zane Soil
Nuclide T/ P (m”/Bg-s) (m“/Bg-s) (kg/Bg-s) (m”/Bg-s) (m°/Bg-s) (kg/Bg-s)
Hydrogen
H—3a 12.35y - - 0.00 0.00 0.00 .00 0.00 0.00
Beryllium
Be-7 53.3d - - 1.19E-16 2.58E-18 1.24E-16 .76E-16 3.80E-18 1.82E-16
Be-10 l1.6e6 y - - 1.78E-18 4.81E-20 4.32E-19 2.02E-18 5.70E-20 6.36E-19
Carbon
C-11 20.38 m - - 2.48E-15 b5.37E-17 2.59E-15 .65E-15 7.90E-17 3.81E-15
C-14 5730y - - 3.23E-20 5.30E-22 4.46E-21 .66E-20 8.24E-22 6.71E-21
Nitrogen
N-13 9.965m - - 2.48E-15 5.39E-17 2.59E-15 .65E-15 7.92E-17 3.81E-15
Oxygen
0-15 122.24 s - - 2.49E-15 5.44E-17 2.60E-15 .66E-15 7.98E-17 3.82E-15
Fluorine
F-18 109.77 m - - 2.48E-15 5.36E-17 2.60E-15 .65E-15 7.89E-17 3.81E-15
Neon
Ne-19 17.22 s - - 2.49E-15 5.48E-17 2.61lE-15 .67E-15 8.03E-17 3.83E-15
Sodium
Na-22 2.602y - - 5.57E-15 1.12E-16 6.02E-15 .19E-15 1.66E-16 8.84E-15
Na-24 15.00 h - - 1.15E-14 1.96E-16 1.28E-14 .70E-14 ?2.88E-16 1.88E-14
Magnesium
Mg-28 20.91 h Y - 3.50E-15 6.93E-17 3.83E-15 .15E-15 1.02E-16 5.62E-15
Aluminum
A1-26 7.16E5 y - 7.06E-15 1.34E-16 7.73E-15 .04E-14 1.97E-16 1.14E-14
A1-28 2.240 m - 4 _88E-15 8.88E-17 5.43E-15 .17E-15 1.30E-16 7.98E-15
Silicon
Si-31 157.3 m -  9.45E-18 8.32E-19 6.62E-18 .22E-17 9.03E-19 9.47E-18
Si-32 450 y - 1.02E-19 1.10E-21 1.25E-20 .13E-19 1.68E-21 1.87E-20
Phosphorus
P-30 2.499 m - 2.51E-15 5.55E-17 2.62E-15 3.69E-15 8.11E-17 3.85E-15
P-32 14.29 d - 9.11E-18 9.63E-19 5.74E-18 .14E-17 1.03E-18 8.06E-18
P-33 25.4d - - 1.70E-19 1.63E-21 2.14E-20 .86E-19 2.49E-21 3.19E-20
Sulfur
S-35 87.44 d - - 3.79E-20 5.60E-22 5.00E-21 .27E-20 8.68E-22 7.51E-21
Chlorine
C1-36 3.0y - - 2.50E-18 1.37E-19 1.02E-18 .00E-18 1.52E-19 1.49E-18
C1-38 37.21m - - 4.15E-15 7.40E-17 4.62E-15 .10E-15 1.08E-16 6.79E-15
C1-39 55.6 m - 3.78E-15 7.35E-17 4.14E-15 .56E-15 1.08E-16 6.07E-15
Argon
Ar-37 35.02d - - 0.00 0.00 0.00 .00 0.00 0.00
Ar-39 2609 y - 1.46E-18 3.67E-20 3.46E-19 .66E-18 4.39E-20 5.09E-19
Ar-41 1.827 h - - 3.38E-15 6.54E-17 3.73E-15 .96E-15 9.60E-17 5.47E-15
Potassium
K-38 7.636 m - - 8.55E-15 1.58E-16 9.37E-15 .26E-14 2.32E-16 1.38E-14
K-40 1.289 y - - 4.23E-16 8.50E-18 4.66E-16 .20E-16 1.22E-17 6.83E-16
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Table 2.3, continued

Mortality Morbidity
Ground Ground
Chain Sugmers1on P]ane Supmersion P1 ane

Nuclide T1/ P D (m/Bg-s) (m"/Bg-s) (kg/Bq s) (m”/Bg-s) (m /Bg-s) (kg/Bq s)

Potassium, continued

K-42 12.36 h - - 7.72E-16 1.57E-17 8.50E-16 1.13E-15 2.25E-17 1.25E-15
K-43 22.6 h - - 2.36E-15 5.08E-17 2.47E-15 3.48E-15 7.47E-17 3.62E-15
K-44 22.13 m - - 6.27E-15 1.12E-16 6.92E-15 9.21E-15 1.63E-16 1.02E-14
K-45 20 m - 5.06E-15 9.25E-17 5.56E-15 7.44E-15 1.35E-16 8.16E-15
Calcium

Ca-41 1.45y - - 0.00 0.00 0.00 0.00 0.00 0.00
Ca-45 163 d - 1.79E-19 1.69E-21 2.28E-20 1.97E-19 2.59E-21 3.39E-20
Ca-47 4.53d Y - 2.78E-15 5.41E-17 3.06E-15 4.09E-15 7.95E-17 4.49E-15
Ca-49 8.716 m Y - 9.23e-15 1.44E-16 1.02E-14 1.36E-14 2.11E-16 1.50E-14
Scandium

Sc-43 3.891 h - - 2.65E-15 b5.75E-17 2.75E-15 3.90E-15 8.46E-17 4.05E-15
Sc-44 3.927 h - Y 5.39e-15 1.11E-16 5.80E-15 7.93E-15 1.63E-16 8.52E-15
Sc-44m 58.6 h - ©6.73BE-16 1.43E-17 6.68E-16 9.91E-16 2.11E-17 9.81E-16
Sc-46 83.83d - - 5.14E-15 1.03E-16 5.62E-15 7.56E-15 1.52E-16 8.25E-15
Sc-47 3.351d - Y 2.46E-16 5.39E-18 2.11E-16 3.63E-16 7.92E-18 3.10E-16
Sc-48 43.7 h - - 8.66E-15 1.71E-16 9.50E-15 1.27E-14 2.52E-16 1.39E-14
Sc-49 57.4m - Y 1.48E-17 1.22E-18 1.15E-17 1.93E-17 1.33E-18 1.63E-17
Titanium

Ti-44 47.3 y Y - 2.40E-16 6.27E-18 1.39E-16 3.57E-16 9.26E-18 2.05E-16
Ti-45 3.08h - - 2.11E-15 4.59E-17 2.21E-15 3.11E-15 6.75E-17 3.25E-15
Vanadium

V-47 32.6m - - 2.43E-15 5.32E-17 2.54E-15 3.57E-15 7.79E-17 3.73E-15
V-48 16.238 d - 7.49E-15 1.49E-16 8.16E-15 1.10E-14 2.19E-16 1.20E-14
V-49 330d - Y 0.00 0.00 0.00 0.00 0.00 0.00
Chromium

Cr-48 22.96 h Y - 1.01E-15 2.20E-17 9.44E-16 1.49E-15 3.24E-17 1.39E-15
Cr-49 42.09m Y - 2.53E-15 5.55E-17 2.58E-15 3.72E-15 8.15E-17 3.79E-15
Cr-51 27.704 d - Y 7.49E-17 1.62E-18 7.45E-17 1.10E-16 2.39E-18 1.09E-16
Manganese

Mn-51 46.2m Y - 2.44E-15 5.35E-17 2.55E-15 3.58E-15 7.83E-17 3.74E-15
Mn-52 5.591d - Y 8.89E-15 1.77E-16 9.72E-15 1.31E-14 2.60E-16 1.43E-14
Mn-52m 21.1m Y 6.19E-15 1.24E-16 6.72E-15 9.10E-15 1.82E-16 9.86E-15
Mn-53 3.7E6y - - 0.00 0.00 0.00 0.00 0.00 0.00
Mn-54 312.5d - - 2.10E-15 4.34E-17 2.27E-15 3.08E-15 6.39E-17 3.33E-15
Mn-56 2.5785 h - - 4.48E-15 8.59E-17 4.93E-15 6.58E-15 1.26E-16 7.23E-15
Iron

Fe-52 8.275 h Y - 1.77E-15 3.84E-17 1.79E-15 2.61E-15 5.65E-17 2.63E-15
Fe-55 2.7y - 0.00 0.00 0.00 0.00 0.00 0.00
Fe-59 44,529 d - - 3.09E-15 6.05E-17 3.40E-15 4.54E-15 8.90E-17 4.99E-15
Fe-60 1ES y - 2.32E-20 4.79E-22 3.62E-21 2.70E-20 7.48E-22 5.46E-21
Cobalt

Co-55 17.54 h Y - 5.01E-15 1.04E-16 5.38E-15 7.37E-15 1.52E-16 7.89E-15
Co-56 78.76 d - Y 9.55E-15 1.77E-16 1.05E-14 1.40E-14 2.61E-16 1.54E-14
Co-57 270.9d - Y 2.63E-16 5.86E-18 2.07E-16 3.89E-16 8.63E-18 3.04E-16
Co-58 70.80d - Y 2.43E-15 5.07E-17 2.62E-15 3.58E-15 7.46E-17 3.84E-15
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Table 2.3, continued

Mortality Morbidity
Ground Ground
Chain Su@mersion P]ane Nl Supmersion Plane Soil

Nuclide T1/ P D (m'/Bg-s) (m°/Bg-s) (kg/Bg-s) (m°/Bg-s) (mz/Bq-s) (kg/Bg-s)

Cobalt, continued

Co-58g 9.15h Y - 2.25E-21 2.35E-22 5.21E-22 3.80E-21 3.83E-22 8.59E-22
Co-60 5.271y - Y 6.55E-15 1.27E-16 7.23E-15 9.63E-15 1.87E-16 1.06E-14
Co-60m 10.47 m Y 1.08E-17 2.30E-19 1.08E-17 1.59E-17 3.37E-19 1.59E-17
Co-61 1.5 h - - 1.84E-16 4.89E-18 1.44E-16 2.72E-16 7.00E-18 2.12E-16
Co-62m 13.91m - - 7.15e-15 1.37E-16 7.89E-15 1.05E-14 2.01E-16 1.16E-14
Nickel

Ni-56 6.10d Y - 4.27E-15 8.85E-17 4.51E-15 6.29E-15 1.30E-16 6.63E-15
Ni-57 36.08 h Y 5.03E-15 9.67E-17 5.50E-15 7.39E-15 1.42E-16 8.08E-15
Ni-59 7.5E4y - - 0.00 0.00 0.00 0.00 0.00 0.00
Ni-63 9% y - - 0.00 0.00 0.00 0.00 0.00 0.00
Ni-65 2.520 h - - 1.45E-15 2.84E-17 1.60E-15 2.14E-15 4.15E-17 2.35E-15
Ni-66 54.6 h - 1.24E-19 1.25E-21 1.54E-20 1.37E-19 1.92E-21 2.29E-20
Copper

Cu-60 23.2m - - 1.03E-14 1.96E-16 1.12E-14 1.51E-14 2.88E-16 1.65E-14
Cu-61 3.408 h - - 2.02E-15 4.35E-17 2.12E-15 2.97E-15 6.39E-17 3.11E-15
Cu-62 9.74m - Y 2.47E-15 5.45E-17 2.58E-15 3.63E-15 7.96E-17 3.79E-15
Cu-64 12.701 h - - 4.62E-16 9.92E-18 4.84E-16 6.79E-16 1.46E-17 7.11E-16
Cu-66 5.10m - Y 2.36E-16 5.86E-18 2.53E-16 3.44E-16 8.07E-18 3.70E-16
Cu-67 61.86 h - 2.59E-16 5.71E-18 2.23E-16 3.82E-16 8.40E-18 3.28E-16
Zinc

In-62 9.26 h Y - 1.04E-15 2.26E-17 1.09E-15 1.54E-15 3.34E-17 1.60E-15
Zn-63 38.1m - - 2.70E-15 5.87E-17 2.84E-15 3.97E-15 8.60E-17 4.17E-15
n-65 243.9d - Y 1.50E-15 2.97E-17 1.64E-15 2.20E-15 4.37E-17 2.41E-15
Zn-69 5 m - Y 2.77E-18 2.34E-19 9.94E-19 3.25E-18 2.49E-19 1.43E-18
Zn-69m 13.76 h 'Y - 1.00E-15 2.18E-17 1.03E-15 1.48E-15 3.20E-17 1.52E-15
Zn-71m 3.92 h - - 3.80E-15 8.16E-17 3.99E-15 5.59E-15 1.20E-16 5.86E-15
In-72 46.5h Y - 3.27E-16 7.23E-18 2.72E-16 4.84E-16 1.06E-17 4.01E-16
Gallium

Ga-65 15.2m Y - 2.85eE-15 6.21E-17 2.94E-15 4.20E-15 09.10E-17 4.32E-15
Ga-66 9.40 h - Y 6.75E-15 1.21E-16 7.37E-15 9.92E-15 1.77E-16 1.08E-14
Ga-67 78.26 h - Y 3.47E-16 7.69E-18 3.12E-16 5.13E-16 1.13E-17 4.59E-16
Ga-68 68.0m - Y 2.32E-15 5.07E-17 2.43E-15 3.42E-15 7.43E-17 3.57E-15
Ga-70 21.15m - - 2.74E-17 1.26E-18 2.58E-17 3.85E-17 1.51E-18 3.76E-17
Ga-72 14.1h - Y 7.23E-15 1.35E-16 7.94E-15 1.06E-14 1.98E-16 1.17E-14
Ga-73 4.91 h - 7.39E-16 1.64E-17 7.30E-16 1.09E-15 2.40E-17 1.07E-15
Germanium

Ge-66 2.27 h Y - 1.63E-15 3.52E-17 1.66E-15 2.40E-15 5.19E-17 2.45E-15
Ge-67 18.7m Y - 3.48E-15 7.44E-17 3.63E-15 5.12E-15 1.09E-16 5.34E-15
Ge-68 288 d Y - 3.00E-21 9.59E-22 2.58E-22 4.89E-21 1.44E-21 4.02E-22
Ge-69 39.05 h - Y 2.18E-15 4.52E-17 2.34E-15 3.21E-15 6.65E-17 3.44E-15
Ge-71 11.8d - Y 3.04E-21 9.71E-22 2.60E-22 4.96E-21 1.46E-21 4.06E-22
Ge-75 82.78 m - - 8.51E-17 2.19E-18 8.03E-17 1.24E-16 3.04E-18 1.18E-16
Ge-77 11.30 h 'Y - 2.70E-15 b5.66E-17 2.81E-15 3.97E-15 8.30E-17 4.13E-15
Ge-78 8 m Y - 6.59E-16 1.43E-17 6.43E-16 9.71E-16 2.11E-17 9.45E-16
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Table 2.3, continued

Mortality Morbidity
Ground Ground
Chain Su@mersion P]ane Nl Supmersion Plane Soil

Nuclide T1/ P D (m'/Bg-s) (m°/Bg-s) (kg/Bg-s) (m°/Bg-s) (mz/Bq-s) (kg/Bg-s)

Arsenic

As-69 15.2m Y - 2.48E-15 5.47E-17 2.58E-15 3.64E-15 8.00E-17 3.79E-15
As-70 52.6 m - Y 1.05E-14 2.10E-16 1.15E-14 1.55E-14 3.08E-16 1.68E-14
As-71 64.8 h - 1.37E-15 2.94E-17 1.38E-15 2.02E-15 4.33E-17 2.03E-15
As-72 26.0 h - Y 4.49E-15 9.44E-17 4.79E-15 6.60E-15 1.38E-16 7.03E-15
As-73 80.30d - Y 7.57E-18 2.58E-19 3.32E-18 1.14E-17 3.83E-19 4.95E-18
As-74 17.76 d - - 1.85E-15 3.99E-17 1.96E-15 2.72E-15 5.86E-17 2.87E-15
As-76 26.32 h - - 1.10E-15 2.37E-17 1.17E-15 1.61E-15 3.43E-17 1.72E-15
As-77 38.8h - Y 2.24E-17 5.22E-19 2.09E-17 3.25E-17 7.43E-19 3.07E-17
As-78 90.7 m - Y 3.27E-15 6.54E-17 3.57E-15 4.81E-15 09.56E-17 5.23E-15
Selenium

Se-70 41.0 m Y - 2.38E-15 5.22E-17 2.45E-15 3.50E-15 7.66E-17 3.61E-15
Se-73 7.15h Y Y 2.58E-15 5.67E-17 2.63E-15 3.81E-15 8.33E-17 3.87E-15
Se-73m 39m Y - 5.91E-16 1.29E-17 6.17E-16 8.69E-16 1.89E-17 9.06E-16
Se-75 119.8d - Y 9.02E-16 1.97E-17 8.41E-16 1.33E-15 2.89E-17 1.24E-15
Se-77m 17.45 s - 1.93E-16 4.22E-18 1.66E-16 2.84E-16 6.21E-18 2.44E-16
Se-79 65000 y - - 4.80E-20 6.94E-22 6.25E-21 5.39E-20 1.08E-21 9.40E-21
Se-81 18.5m - 2.99E-17 1.29E-18 2.75E-17 4.23E-17 1.57E-18 4.01E-17
Se-81m 57.25m Y - 2.85E-17 6.64E-19 2.07E-17 4.22E-17 9.80E-19 3.05E-17
Se-83 22.5m Y - 6.24E-15 1.24E-16 6.74E-15 9.18E-15 1.82E-16 9.89E-15
Bromine

Br-74 25.3m - Y 1.25E-14 2.19E-16 1.36E-14 1.84E-14 3.21E-16 1.99E-14
Br-74m 41.5m - - 1.08E-14 2.05E-16 1.17E-14 1.58E-14 3.01E-16 1.71E-14
Br-75 98 m -  2.94E-15 6.38E-17 3.04E-15 4.33E-15 9.37E-17 4.46E-15
Br-76 16.2 h - Y 6.95E-15 1.32E-16 7.54E-15 1.02E-14 1.93E-16 1.11E-14
Br-77 56 h - Y 7.60E-16 1.63E-17 7.81E-16 1.12E-15 2.41E-17 1.15E-15
Br-80 17.4m - ¥ 1.97E-16 4.45E-18 2.07E-16 2.89E-16 6.44E-18 3.04E-16
Br-80m 4.2 h Y - 1.04E-17 5.94E-19 3.33E-18 1.63E-17 9.09E-19 5.10E-18
Br-82 35.30 h - - 6.67E-15 1.36E-16 7.22E-15 9.81E-15 2.01E-16 1.06E-14
Br-83 2.39h Y Y 2.10E-17 6.32E-19 2.02E-17 3.01E-17 8.34E-19 2.96E-17
Br-84 31.80 m - - 4.95E-15 8.75E-17 5.45E-15 7.27E-15 1.28E-16 8.01E-15
Krypton

Kr-74 11.50 m Y - 2.8lE-15 6.16E-17 2.86E-15 4.13E-15 9.03E-17 4.20E-15
Kr-76 14.8 h Y - 1.01E-15 2.20E-17 1.01E-15 1.49E-15 3.24E-17 1.48E-15
Kr-77 74.7m Y Y 2.43E-15 5.34E-17 2.46E-15 3.58E-15 7.83E-17 3.61E-15
Kr-79 35.0h - Y 6.09E-16 1.31E-17 6.29E-16 8.97E-16 1.92E-17 9.24E-16
Kr-81 2.1Eby - Y 1.32E-17 3.06E-19 1.27E-17 1.94E-17 4.54E-19 1.87E-17
Kr-81m 13s Y - 2.97E-16 6.45E-18 2.68E-16 4.38E-16 9.49E-18 3.94E-16
Kr-83m 1.83 h - Y 4.44E-20 1.07E-20 6.99E-21 7.61E-20 1.76E-20 1.15E-20
Kr-85 10.72y - Y 7.23E-18 2.15E-19 6.15E-18 1.00E-17 2.79E-19 9.02E-18
Kr-85m 4.48 h Y - 3.6lE-16 8.00E-18 3.18E-16 5.33E-16 1.17E-17 4.68E-16
Kr-87 76.3m Y - 2.15E-15 4.06E-17 2.34E-15 3.16E-15 5.92E-17 3.43E-15
Kr-88 2.84h Y - 5.37E-15 9.45E-17 5.94E-15 7.89E-15 1.39E-16 8.72E-15
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Table 2.3, continued

Mortality Morbidity
Ground Ground
Chain Su@mersion P]ane Nl Supmersion Plane Soil

Nuclide T1/ P D (m'/Bg-s) (m°/Bg-s) (kg/Bg-s) (m°/Bg-s) (mz/Bq-s) (kg/Bg-s)

Rubidium

Rb-79 22.9m Y - 3.29E-15 7.16E-17 3.41E-15 4.84E-15 1.05E-16 5.01E-15
Rb-80 34s - Y 3.09E-15 6.80E-17 3.24E-15 4.54E-15 9.95E-17 4.76E-15
Rb-81 4.58 h Y Y 1.48e-15 3.21E-17 1.51E-15 2.18E-15 4.73E-17 2.22E-15
Rb-81m 32m Y - 8.33E-18 2.35E-19 5.28E-18 1.24E-17 3.53E-19 7.78E-18
Rb-82 1.3m - Y 2.69E-15 b5.91E-17 2.83E-15 3.96E-15 8.64E-17 4.15E-15
Rb-82m 6.2 h - - 7.34E-15 1.50E-16 7.92E-15 1.08E-14 2.21E-16 1.16E-14
Rb-83 86.2d Y Y 1.21E-15 2.60E-17 1.27E-15 1.78E-15 3.83E-17 1.87E-15
Rb-84 32.77 d - - 2.28E-15 4.76E-17 2.46E-15 3.36E-15 7.00E-17 3.61E-15
Rb-86 18.66 d - - 2.52E-16 5.75E-18 2.73E-16 3.69E-16 8.10E-18 4.00E-16
Rb-87 4.7E10y - Y 3.87E-19 3.36E-21 5.25E-20 4.25E-19 5.11E-21 7.80E-20
Rb-88 17.8m - Y 1.77E-15 3.37E-17 1.96E-15 2.60E-15 4.88E-17 2.88E-15
Rb-89 15.2m Y - 5.55E-15 1.04E-16 6.11E-15 8.15E-15 1.53E-16 8.97E-15
Strontium

Sr-80 100m Y - 1.81E-19 4.78E-20 2.54E-20 3.19E-19 8.00E-20 4.35E-20
Sr-81 25.5m Y - 3.37E-15 7.34E-17 3.48E-15 4.96E-15 1.08E-16 5.11E-15
Sr-82 25.0d Y - 1.78E-19 4.70E-20 2.50E-20 3.13E-19 7.86E-20 4.28E-20
Sr-83 32.4h Y - 1.97E-15 4.11E-17 2.10E-15 2.89E-15 6.05E-17 3.08E-15
Sr-85 64.84 d - Y 1.22E-15 2.64E-17 1.28E-15 1.80E-15 3.89E-17 1.88E-15
Sr-85m 69.5m Y - 5.10E-16 1.10E-17 4.78E-16 7.53E-16 1.62E-17 7.03E-16
Sr-87m 2.805 h Y Y 7.64E-16 1.66E-17 7.77E-16 1.13E-15 2.44E-17 1.14E-15
Sr‘—89a 50.5d - Y 7.30E-18 7.72E-19 4.37E-18 9.04E-18 8.25E-19 6.16E-18
Sr-90 29.12 y Y - 1.24E-18 2.60E-20 2.80E-19 1.40E-18 3.20E-20 4.13E-19
Sr-91 9.5h Y - 1.78E-15 3.69E-17 1.93E-15 2.61E-15 5.39E-17 2.83E-15
Sr-92 2.71h Y - 3.53E-15 6.75E-17 3.91E-15 5.19E-15 9.92E-17 5.73E-15
Yttrium

Y-86 14.74 h - Y 9.27E-15 1.82E-16 1.01E-14 1.36E-14 2.68E-16 1.48E-14
Y-86m 48 m Y - 5,16E-16 1.11E-17 4.87E-16 7.61E-16 1.64E-17 7.15E-16
Y-87 80.3 h Y - 1.08E-15 2.35E-17 1.13E-15 1.60E-15 3.47E-17 1.66E-15
Y—88a 106.64d - Y 7.17E-15 1.33E-16 7.94E-15 1.05E-14 1.96E-16 1.17E-14
Y-90 64.0 h - Y 1.53E-17 1.31E-18 1.16E-17 1.96E-17 1.43E-18 1.64E-17
Y-90m 3.19 h Y - 1.50E-15 3.25E-17 1.50E-15 2.21E-15 4.78E-17 2.21E-15
Y-91 58.51d - Y 1.69E-17 9.84E-19 1.48E-17 2.31E-17 1.12E-18 2.15E-17
Y-91m 49,71 m Y Y 1.29e-15 2.78E-17 1.37E-15 1.90E-15 4.09E-17 2.00E-15
Y-92 3.54h - Y 6.78E-16 1.49E-17 7.35E-16 9.93E-16 2.13E-17 1.08E-15
Y-93 10.1 h Y - 2.55E-16 6.08E-18 2.69E-16 3.71E-16 8.37E-18 3.94E-16
Y-94 19.1m - - 2.91E-15 5.89E-17 3.18E-15 4.28E-15 8.60E-17 4.67E-15
Y-95 10.7m Y - 2.53E-15 4.45E-17 2.80E-15 3.72E-15 6.49E-17 4.11E-15
Zirconium

Zr-86 16.5h Y - 6.29E-16 1.38E-17 6.06E-16 9.28E-16 2.04E-17 8.91E-16
Zr-88 83.4d Y Y 9.41E-16 2.05E-17 9.60E-16 1.39E-15 3.03E-17 1.41E-15
Zr-89 78.43 h - Y 2.91E-15 6.02E-17 3.14E-15 4.28E-15 8.86E-17 4.61E-15
Zr-93 1.53E6y Y Y 0.00 0.00 0.00 0.00 0.00 0.00
Zr-95 63.98d Y Y 1.84E-15 3.85E-17 1.98E-15 2.71E-15 5.68E-17 2.91E-15
Zr-97 16.90 h Y - 4.68E-16 1.01E-17 5.03E-16 6.87E-16 1.45E-17 7.38E-16
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Table 2.3, continued

Mortality Morbidity
Ground Ground
Chain Su@mersion P]ane Nl Supmersion Plane Soil

Nuclide T1/ P D (m'/Bg-s) (m°/Bg-s) (kg/Bg-s) (m°/Bg-s) (mz/Bq-s) (kg/Bg-s)

Niobium

Nb-88 14.3m Y - 1.03E-14 2.15E-16 1.11E-14 1.52E-14 3.16E-16 1.62E-14
Nb-89b 122 m Y - 3.60E-15 7.16E-17 3.88E-15 5.30E-15 1.05E-16 5.69E-15
Nb-89a 66 m Y - 4,70E-15 1.02E-16 4.94E-15 6.91E-15 1.49E-16 7.26E-15
Nb-90 14.60 h - Y 1.13E-14 2.07E-16 1.24E-14 1.66E-14 3.05E-16 1.82E-14
Nb-93m 13.6y - Y 1.07E-19 2.08E-20 1.89E-20 1.92E-19 3.55E-20 3.28E-20
Nb-94 2.03E4 y - - 3.94E-15 @8.18E-17 4.25E-15 5.79E-15 1.21E-16 6.24E-15
Nb-95 35.15d - Y 1.91E-15 3.99E-17 2.06E-15 2.81E-15 5.88E-17 3.02E-15
Nb-95m 86.6 h Y 1.44E-16 3.17E-18 1.35E-16 2.12E-16 4.68E-18 1.99E-16
Nb-96 23.35 h - - 6.23E-15 1.28E-16 6.72E-15 9.16E-15 1.89E-16 9.86E-15
Nb-97 72.1m - Y 1.62E-15 3.48E-17 1.73E-15 2.39E-15 5.10E-17 2.54E-15
Nb-97m 60 s Y 1.81E-15 3.80E-17 1.95E-15 2.67E-15 5.60E-17 2.86E-15
Nb-98 51.5m - - 6.21E-15 1.26E-16 6.75E-15 9.13E-15 1.85E-16 9.90E-15
Molybdenum

Mo-90 5.67 h Y - 1.97E-15 4.19E-17 1.99E-15 2.90E-15 6.17E-17 2.92E-15
Mo-93 3.53y Y Y 6.06E-19 1.18E-19 1.07E-19 1.09E-18 2.02E-19 1.86E-19
Mo-93m 6.85h Y - 5.83E-15 1.14E-16 6.36E-15 8.57E-15 1.67E-16 9.34E-15
Mo-99 66.0 h Y - 3.71E-16 8.16E-18 3.87E-16 5.45E-16 1.18E-17 5.69E-16
Mo-101 14.62m Y - 3.55E-15 6.97E-17 3.87E-15 5.22E-15 1.02E-16 5.67E-15
Technetium

Tc-93 2.75 h Y Y 3.85E-15 7.26E-17 4.26E-15 5.65E-15 1.07E-16 6.26E-15
Tc-93m 43.5m Y - 1.95e-15 3.48E-17 2.11E-15 2.86E-15 5.12E-17 3.10E-15
Tc-94 293 m - - 6.66E-15 1.38E-16 7.20E-15 9.80E-15 2.04E-16 1.06E-14
Tc-94m 52m - Y 4.72E-15 9.62E-17 5.08E-15 6.94E-15 1.41E-16 7.45E-15
Tc-95 20,0 h - Y 1.96E-15 4.10E-17 2.12E-15 2.89E-15 6.04E-17 3.11E-15
Tc-95m 61d Y - 1.63E-15 3.45E-17 1.71E-15 2.40E-15 5.08E-17 2.51E-15
Tc-96 4.28d - Y 6.26E-15 1.30E-16 6.78E-15 9.22E-15 1.91E-16 9.96E-15
Tc-96m 51.5m Y - 1.14E-16 2.40E-18 1.24E-16 1.68E-16 3.55E-18 1.82E-16
Tc-97 2.6E6y - Y 7.89E-19 1.41E-19 1.45E-19 1.42E-18 2.42E-19 2.52E-19
Tc-97m 87 d Y Y 1.43E-18 1.43E-19 5.80E-19 2.34E-18 2.41E-19 8.93E-19
Tc-98 4.26y - - 3.50E-15 7.38E-17 3.76E-15 5.15E-15 1.09E-16 5.52E-15
Tc-99 2.13ec5y - Y 3.38E-19 2.98E-21 4.69E-20 3.72E-19 4.53E-21 6.97E-20
Tc-99m 6.02h Y Y 2.79E-16 6.15E-18 2.29E-16 4.12E-16 9.06E-18 3.37E-16
Tc-101 14.2m - Y 8.02e-16 1.78E-17 7.97E-16 1.18E-15 2.59E-17 1.17E-15
Tc-104 18.2m - - 5.24E-15 1.01E-16 5.69E-15 7.71E-15 1.48E-16 8.35E-15
Ruthenium

Ru-94 51.8 m Y - 1.28E-15 2.73E-17 1.35E-15 1.89E-15 4.02E-17 1.98E-15
Ru-97 2.9d Y - 5.33E-16 1.17E-17 5.03E-16 7.86E-16 1.72E-17 7.39E-16
Ru-103 39.28d Y - 1.14E-15 2.45E-17 1.19E-15 1.67E-15 3.61E-17 1.75E-15
Ru—105a 4.44h Y - 1.94E-15 4.12E-17 2.05E-15 2.85E-15 6.06E-17 3.01E-15
Ru-106 368.2d Y - 0.00 0.00 0.00 0.00 0.00 0.00
Rhodium

Rh-99 16d - - 1.43E-15 3.07E-17 1.46E-15 2.10E-15 4.53E-17 2.14E-15
Rh-99m 4.7 h - - 1.67E-15 3.49E-17 1.76E-15 2.46E-15 5.14E-17 2.59E-15
Rh-100 20.8 h - 7.33E-15 1.37E-16 8.05E-15 1.08E-14 2.01E-16 1.18E-14
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Table 2.3, continued

Mortality Morbidity
Ground Ground
Chain Su@mersion P]ane Nl Supmersion Plane Soil

Nuclide T1/ P D (m'/Bg-s) (m°/Bg-s) (kg/Bg-s) (m°/Bg-s) (mz/Bq-s) (kg/Bg-s)

Rhodium, continued

Rh-101 3.2y - Y 5.80E-16 1.29E-17 5.15E-16 8.57E-16 1.90E-17 7.57E-16
Rh-101m 4.34d Y Y 7.00E-16 1.53E-17 6.94E-16 1.03E-15 2.26E-17 1.02E-15
Rh-102 2.9y - Y 5.30E-15 1.11E-16 5.67E-15 7.79E-15 1.63E-16 8.33E-15
Rh-102m 207 d Y - 1.17E-15 2.52E-17 1.23E-15 1.72E-15 3.71E-17 1.81E-15
Rh-103m 56.12 m Y 2.17E-19 2.85E-20 4.75E-20 3.78E-19 4.79E-20 7.97E-20
Rh—105a 35.36 h - Y 1.85E-16 4.02E-18 1.84E-16 2.73E-16 5.91E-18 2.70E-16
Rh-106 29.9 s - Y 5.36E-16 1.26E-17 5.64E-16 7.85E-16 1.80E-17 8.27E-16
Rh-106m 132 m - - 7.40E-15 1.50E-16 7.98E-15 1.09E-14 2.21E-16 1.17E-14
Rh-107 21.7m Y - 7.50E-16 1.66E-17 7.46E-16 1.10E-15 2.42E-17 1.10E-15
Palladium

Pd-100 3.63d Y - 2.04E-16 5.38E-18 1.29E-16 3.04E-16 8.02E-18 1.90E-16
Pd-101 8.27 h Y - 7.70E-16 1.66E-17 8.06E-16 1.13E-15 2.45E-17 1.18E-15
Pd-103 16.96 d Y Y 1.97E-18 2.46E-19 6.11E-19 3.39E-18 4.15E-19 9.82E-19
Pd-107 6.5e6y - Y 0.00 0.00 0.00 0.00 0.00 0.00
Pd-109 13.427 h - - 1.25E-17 6.64E-19 7.40E-18 1.78E-17 8.75E-19 1.09E-17
Silver

Ag-102 12.9m - - 8.63E-15 1.71E-16 9.33E-15 1.27E-14 2.52E-16 1.37E-14
Ag-103 65.7m Y - 1.86E-15 3.93E-17 1.94E-15 2.74E-15 5.78E-17 2.85E-15
Ag-104 69.2 m - 6.76E-15 1.38E-16 7.31E-15 9.95E-15 2.03E-16 1.07E-14
Ag-104m 33.5m Y - 2.99E-15 6.01E-17 3.21E-15 4.40E-15 8.83E-17 4.71E-15
Ag-105 41.0d - - 1.23E-15 2.66E-17 1.25E-15 1.81E-15 3.92E-17 1.84E-15
Ag-106 23.96 m - - 1.72e-15 3.77E-17 1.80E-15 2.53E-15 5.53E-17 2.64E-15
Ag-106m 8.41d - - 7.09E-15 1.45E-16 7.64E-15 1.04E-14 2.13E-16 1.12E-14
Ag-108 2.37 m - 5.06E-17 1.74E-18 5.01E-17 7.27E-17 2.23E-18 7.33E-17
Ag-108m 127y Y - 3.96E-15 8.44E-17 4.19E-15 5.82E-15 1.24E-16 6.15E-15
Ag-109m 39.6 s - - 7.59E-18 3.07E-19 4.42E-18 1.16E-17 4.83E-19 6.56E-18
Ag-110 24.6 s - 9.81E-17 3.27E-18 9.97E-17 1.41E-16 4.22E-18 1.45E-16
Ag-110m 249.9d Y - 6.97E-15 1.42E-16 7.57E-15 1.03E-14 2.09E-16 1.11E-14
Ag-111 7.45d - - 6.59E-17 1.67E-18 6.38E-17 9.61E-17 2.33E-18 9.37E-17
Ag-112 3.12 h - - 1.73E-15 3.52E-17 1.88E-15 2.55E-15 5.12E-17 2.77E-15
Ag-115 20,0m Y - 1.87E-15 3.65E-17 2.01E-15 2.75E-15 5.32E-17 2.95E-15
Cadmium

Cd-104 57.7m Y - 5.65E-16 1.26E-17 5.66E-16 8.33E-16 1.86E-17 8.31E-16
Cd-107 6.499 h - - 2.53E-17 9.56E-19 2.02E-17 3.84E-17 1.50E-18 2.98E-17
Cd-109 464 d - Y 1.01E-17 6.08E-19 4.96E-18 1.59E-17 9.84E-19 7.48E-18
Cd-113 9.3El5y - - 2.99E-19 2.67E-21 4.24E-20 3.29E-19 4.06E-21 6.30E-20
Cd-113m 13.6 y - - 1.14E-18 2.65E-20 2.59E-19 1.29E-18 3.21E-20 3.81E-19
Cd-115 53.46 h Y Y 5.65E-16 1.24E-17 5.89E-16 8.31E-16 1.81E-17 8.65E-16
Cd-115m 44.6 d Y Y 6.39E-17 1.93E-18 6.61E-17 9.22E-17 2.52E-18 9.68E-17
Cd-117 2.49 h 'Y - 2.8lE-15 5.54E-17 3.05E-15 4.14E-15 8.13E-17 4.48E-15
Cd-117m 3.36 h Y - 5.45E-15 1.02E-16 6.01E-15 8.02E-15 1.50E-16 8.83E-15
Indium

In-109 4.2 h Y - 1.62E-15 3.39E-17 1.69E-15 2.39E-15 5.00E-17 2.48E-15
In-110b 4.9 h - - 7.61E-15 1.58E-16 8.24E-15 1.12E-14 2.32E-16 1.21E-14
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Indium, continued

In-110a 69.1m - Y 3.90E-15 8.08E-17 4.16E-15 5.74E-15 1.19E-16 6.11E-15
In-111 2.83d - Y 9.01E-16 1.99E-17 8.30E-16 1.33E-15 2.93E-17 1.22E-15
In-112 14.4m - - 6.40E-16 1.40E-17 6.71E-16 9.42E-16 2.06E-17 9.85E-16
In-113m 1.658 h - Y 6.05E-16 1.32E-17 6.15E-16 8.91E-16 1.95E-17 9.03E-16
In-114 71.9 s - Y 7.46E-18 1.44E-19 7.90E-18 1.09E-17 2.11E-19 1.16E-17
In-114m 49.51d Y - 2.08E-16 4.60E-18 2.08E-16 3.07E-16 6.81E-18 3.06E-16
In-115 5.1El5y - Y 8.07E-19 9.47E-21 1.57E-19 9.02E-19 1.32E-20 2.31E-19
In-115m 4.486 h Y Y 3.67E-16 8.10E-18 3.65E-16 5.41E-16 1.20E-17 5.37E-16
In-116m 54.15m - - 6.48E-15 1.25E-16 7.13E-15 9.53E-15 1.84E-16 1.05E-14
In-117 43.8m Y Y 1.66E-15 3.59E-17 1.69E-15 2.44E-15 5.28E-17 2.48E-15
In-117m 116.5m Y Y 2.07E-16 4.96E-18 1.95E-16 3.05E-16 7.14E-18 2.87E-16
In-119 2.4m Y Y 1.92E-15 4.08E-17 2.06E-15 2.82E-15 5.97E-17 3.03E-15
In-119m 18.0m Y - 3.68E-17 1.92E-18 3.34E-17 5.11E-17 2.30E-18 4.82E-17
Tin

Sn-110 4.0h Y - 6.74E-16 1.49E-17 6.57E-16 9.94E-16 2.21E-17 9.66E-16
Sn-111 35.3m Y - 1.25E-15 2.62E-17 1.33E-15 1.84E-15 3.85E-17 1.96E-15
Sn-113 115.1d Y - 1.52E-17 6.61E-19 1.17E-17 2.32E-17 1.04E-18 1.73E-17
Sn-117m 13.61'd - Y 3.22E-16 7.39E-18 2.73E-16 4.77E-16 1.09E-17 4.02E-16
Sn-121 27.06 h - Y 4.68E-19 4.16E-21 7.50E-20 5.17E-19 6.29E-21 1.11E-19
Sn-121m 55y Y - 1.83E-18 1.39E-19 4.79E-19 2.92E-18 2.21E-19 7.58E-19
Sn-119m 293.0d - Y 2.64E-18 2.67E-19 6.30E-19 4.44E-18 4.34E-19 1.03E-18
Sn-123 129.2d - - 2.37E-17 1.01E-18 2.27E-17 3.34E-17 1.21E-18 3.32E-17
Sn-123m  40.08 m - - 3.15E-16 7.37E-18 2.69E-16 4.64E-16 1.06E-17 3.96E-16
Sn-125 9.64d Y - 8.23E-16 1.70E-17 8.96E-16 1.21E-15 2.46E-17 1.31E-15
Sn-126 1.0e5y Y - 9.25E-17 2.46E-18 5.78E-17 1.38E-16 3.66E-18 8.53E-17
Sn-127 2.10 h 'Y - 4.96E-15 9.72E-17 5.40E-15 7.29E-15 1.43E-16 7.92E-15
Sn-128 59.1m Y - 1.49E-15 3.34E-17 1.52E-15 2.20E-15 4.94E-17 2.24E-15
Antimony

Sb-115 31.8 m - - 2.19E-15 4.74E-17 2.29E-15 3.22E-15 6.98E-17 3.36E-15
Sh-116 15.8 m - 5.60E-15 1.09E-16 6.11E-15 8.22E-15 1.61E-16 8.97E-15
Sb-116m 60.3 m - - 7.94E-15 1.60E-16 8.59E-15 1.17E-14 2.36E-16 1.26E-14
Sb-117 2.80 h - - 3.81E-16 8.70E-18 3.37E-16 5.63E-16 1.29E-17 4.95E-16
Sb-118m 5.00h - - 6.54E-15 1.31E-16 7.10E-15 9.62E-15 1.93E-16 1.04E-14
Sh-119 38.1h - - 5.66E-18 5.61E-19 1.35E-18 9.47E-18 9.12E-19 2.21E-18
Sb-120b 5.76 d - - 6.22E-15 1.25E-16 6.69E-15 9.16E-15 1.84E-16 9.82E-15
Sb-120a  15.89 m - - 1.08E-15 2.37E-17 1.13E-15 1.59E-15 3.49E-17 1.66E-15
Sb-122 2.70d - - 1.09E-15 2.38E-17 1.15E-15 1.60E-15 3.47E-17 1.69E-15
Sh-124 60.20d - Y 4.74E-15 9.22E-17 5.18E-15 6.97E-15 1.35E-16 7.61E-15
Sb-124n 20.2m Y - 1.73E-20 1.80E-21 4.04E-21 2.93E-20 2.93E-21 6.65E-21
Sb—124g 93 s Y Y 8.62E-16 1.85E-17 9.14E-16 1.27E-15 2.72E-17 1.34E-15
Sb-125 2.77 y Y Y 1.02E-15 2.22E-17 1.06E-15 1.50E-15 3.27E-17 1.55E-15
Sh-126 12.4d - Y 7.00E-15 1.48E-16 7.47E-15 1.03E-14 2.18E-16 1.10E-14
Sb-126m 19.0m Y Y 3.81E-15 8.16E-17 4.05E-15 5.61E-15 1.20E-16 5.94E-15
Sh-127 3.85.d Y Y 1.69E-15 3.61E-17 1.79E-15 2.49E-15 5.31E-17 2.63E-15
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Antimony, continued

Sh-128b 9.0l h - - 7.68E-15 1.61E-16 8.21E-15 1.13E-14 2.37E-16 1.20E-14
Sh-128a 10.4m - 4_94E-15 1.05E-16 5.26E-15 7.27E-15 1.53E-16 7.73E-15
Sh-129 4.3 h Y - 3.68E-15 7.40E-17 4.00E-15 5.41E-15 1.09E-16 5.87E-15
Sh-130 40 m - - 8.19E-15 1.69E-16 8.78E-15 1.20E-14 2.49E-16 1.29E-14
Sh-131 23m Y - 4.85E-15 9.50E-17 5.30E-15 7.13E-15 1.40E-16 7.78E-15
Tellurium

Te-116 2.9 h Y - 1.02E-16 2.92E-18 7.78E-17 1.52E-16 4.40E-18 1.15E-16
Te-121 17d - Y 1.36E-15 2.97E-17 1.44E-15 2.01E-15 4.38E-17 2.11E-15
Te-121m 154 d Y - 4.83E-16 1.06E-17 4.57E-16 7.12E-16 1.57E-17 6.71E-16
Te-123m 119.7d Y Y 3.08e-16 7.04E-18 2.61E-16 4.55E-16 1.04E-17 3.84E-16
Te-123 1E13y - Y 5.84E-18 5.31E-19 1.45E-18 9.64E-18 8.53E-19 2.34E-18
Te-125m 58 d - Y 1.32E-17 1.04E-18 3.77E-18 2.14E-17 1.65E-18 5.95E-18
Te-127 9.35 h - Y 1.32E-17 3.22E-19 1.22E-17 1.89E-17 4.50E-19 1.80E-17
Te-127m 109d Y Y 4.49E-18 3.30E-19 1.51E-18 7.18E-18 5.21E-19 2.34E-18
Te-129 69.6 m Y Y 1.41E-16 3.63E-18 1.43E-16 2.06E-16 5.10E-18 2.10E-16
Te-129m 33.6d Y Y 7.83E-17 2.03E-18 8.05E-17 1.15E-16 2.91E-18 1.18E-16
Te-131 25.0m Y Y 1.03E-15 2.24E-17 1.04E-15 1.51E-15 3.26E-17 1.53E-15
Te-131m 30h Y Y 3.59eE-15 7.31E-17 3.86E-15 5.28E-15 1.08E-16 5.66E-15
Te-132 78.2h Y - 4.97E-16 1.13E-17 4.57E-16 7.35E-16 1.68E-17 6.71E-16
Te-133 12.45m Y Y 2.35e-15 4.86E-17 2.50E-15 3.46E-15 7.11E-17 3.67E-15
Te-133m 55.4m Y - 5.88E-15 1.19E-16 6.35E-15 8.64E-15 1.75E-16 9.32E-15
Te-134 41.8m Y - 2.14E-15 4.58E-17 2.21E-15 3.15E-15 6.74E-17 3.24E-15
lodine

1-120 81.0m - Y 7.15E-15 1.38E-16 7.74E-15 1.05E-14 2.03E-16 1.14E-14
1-120m 5 m - - 1.37E-14 2.70E-16 1.48E-14 2.01E-14 3.97E-16 2.18E-14
I-121 2.12 h Y Y 9.62E-16 2.11E-17 9.54E-16 1.42E-15 3.12E-17 1.40E-15
1-122 3.62m - Y 2.32E-15 5.07E-17 2.43E-15 3.41E-15 7.43E-17 3.57E-15
1-123 13.2h Y Y 3.44E-16 8.04E-18 2.97E-16 5.09E-16 1.19E-17 4.37E-16
1-124 4.18 d - 2.76E-15 5.60E-17 2.98E-15 4.06E-15 8.24E-17 4.37E-15
1-125 60.14d - Y 1.48E-17 1.22E-18 3.89E-18 2.41E-17 1.94E-18 6.20E-18
1-126 13.02 d - - 1.09E-15 2.36E-17 1.15E-15 1.61E-15 3.47E-17 1.68E-15
1-128 24.99 m - - 2.14E-16 5.45E-18 2.18E-16 3.13E-16 7.63E-18 3.20E-16
1-129 1.57E7 y - Y 1.17E-17 8.05E-19 3.34E-18 1.85E-17 1.26E-18 5.22E-18
I—130a 12.36 h - - 5.29E-15 1.12E-16 5.64E-15 7.78E-15 1.64E-16 8.28E-15
I1-131 8.04d Y Y 9.14E-16 1.98E-17 9.28E-16 1.35E-15 2.92E-17 1.36E-15
1-132 2.30h - Y 5.73E-15 1.19E-16 6.18E-15 8.43E-15 1.75E-16 9.08E-15
1-132m 83.6m Y - 7.73E-16 1.66E-17 8.15E-16 1.14E-15 2.45E-17 1.20E-15
1-133 20.8 h Y ¥ 1.50E-15 3.21E-17 1.58E-15 2.20E-15 4.71E-17 2.33E-15
1-134 52.6 m - Y 6.68E-15 1.36E-16 7.25E-15 9.83E-15 2.00E-16 1.06E-14
1-135 6.61 h Y - 4.15E-15 7.96E-17 4.57E-15 6.10E-15 1.17E-16 6.71E-15
Xenon

Xe-120 40m Y - 9.69E-16 2.15E-17 9.91E-16 1.43E-15 3.17E-17 1.46E-15
Xe-121 40.1m Y - 4.73E-15 9.04E-17 5.09E-15 6.95E-15 1.33E-16 7.48E-15
Xe-122 20.1 h Y - 1.16E-16 3.03E-18 1.07E-16 1.72E-16 4.54E-18 1.57E-16
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Table 2.3, continued

Nuclide T1/2

Xenon, continued

Xe-123 2.08
Xe-125 17.0
Xe-127 36.41
Xe-129m 8.0
Xe-131m 11.9
Xe-133 5.245
Xe-133m 2.188
Xe-135 9.09
Xe-135m  15.29
Xe-138 14.17
Cesium

Cs-125 45
Cs-126 1.64
Cs-127 6.25
Cs-128 3.9
Cs-129 32.06
Cs-130 29.9
Cs-131 9.69
Cs-132 6.475
Cs-134 2.062
Cs-134m 2.90
Cs-135 2.3E6
Cs-135m 53
Cs—136