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National Council on Radiation Protection and Measurements (NCRP), the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR), and the International Commission on
Radiological Protection (ICRP). A detailed discussion of ORIA's approach and assumptlons is
provided in Estimating Radlogemc Cancer Risks (9).

Radionuclide slope factors are calculated for each radionuclide individually, based on its unique
chemical, metabolic and radioactive properties. The calculation methodology is documented in Federal
Guidance Report No. 13 (10). The risk coefficients derived in Federal Guidance Report No. 13, and
used to calculate the slope factors presented in the Radionuclide Table, are based on state-of-the-art
methods and models that take into account the age- and gender-dependence of radionuclide intake,
metabolism, dosimetry, radiogenic risk, and competing causes of death in estimating the cancer risk

- from low-level exposures to radionuclides in the environment. The risk coefficients in Federal Guidance
Report No. 13 are estimates of the probability of radiogenic cancer mortality (fatal cancers) or
morbidity (fatal plus nonfatal cancers) per unit activity of a given radionuclide inhaled or ingested, for
internal exposure, or per unit time-integrated activity concentration in air or soil, for external exposure.
These risk coefficients may be interpreted either as the average risk per unit exposure for persons
exposed throughout their lifetime to a constant activity concentration of a radionuclide in an
environmental medium (air or soil), or as the average risk per unit exposure for persons exposed for a
brief period to the radionuclide in an environmental medium. These risk coefficients are based on the
age and gender distributions and the mortality characteristics of the 1989-91 U.S. decennial life tables.

Federal Guidance Report No. 13 tabulates risk coefficient values for both cancer mortality and
cancer morbidity for six exposure pathways: inhalation, ingestion of tap water, ingestion of foodstufTs,
external radiation from submersion in contaminated air, extemal radiation from radionuclides deposited
on the ground surface, and external exposure from radionuclides uniformly distributed through soil.
Additional risk coefficients are also provided for ingestion of milk for radioisotopes of iodine only.
Inhalation risk coefficients are tabulated separately for each of the three lung absorption types
considered in the lung model currently recommended by the International Commission on Radiological
Protection (ICRP), and, where appropriate, for inhalation of radionuclides in vapor or gaseous forms.
In order to maintain consistency with risk assessment algorithms presented in the RAGS documents
referenced above, only four of these exposure pathways are tabulated in the Radionuclide Table:
inhalation, water ingestion, food ingestion, and external exposure from radionuclides distributed in soil.
One additional exposure pathway which is not directly considered in Federal Guidance Report No. 13,
incidental ingestion of soil, is also included in the Radionuclide Table.(11) In addition, the values in the
Radionuclide Table have been converted from the International System (SI) units used in Federal
Guidance Report No. 13 to the conventional units of activity, again for greater consistency with the risk
assessment algorithms in current guidance (e.g, RAGS).

The risk coefficients in Federal Guidance Report No. 13 are derived from the integration of
four principal types of data:

. Absorbed dose rates for each tissue of interest (potential cancer site) over the remaining lifetime
of an individual, resulting from an acute .intake at a given age to the radionuclide of interest.




. Soil Screening Guidance for Radionuclides: User's Guide, October 2000. (OSVR\/ER Directive
9355.4-16A) (note: The models, equations, and assumptions presented in the Soil
Screening Guidance for Radionuclides supercede those described in RAGS HHEM,
Part B, for residential soils.)

Copies of RAGS/HHEM Parts A, B and C are available to the public from the National
Technical Information Service (NTIS) at (703) 487-4650. Copies are available to EPA staff by calling
the Superfund Documents Center at (703) 603-8917. The “Soil Screening Guidance for
Radionuclides: User's Guide”, is available at
“http://www.epa.gov/superfund/resources/radiation/radssg.htm#user”.

Radiation Effects

Tonizing radiation has been shown to be a carcinogen, a mutagen, and a teratogen. Radiation
can induce cancers in nearly any tissue or organ in both humans and animals, and the probability of
cancer induction increases with increasing radiation dose. Cancer induction is a delayed response that
has been documented extensively in epidemiological studies of Japanése atomic bomb survivors,
underground uranium miners, radium dial painters, and patients subject to a variety of radiation
treatments. Laboratory animal research and mammalian tissue culture studies have provided additional,
collaborative data. '

Mutagenic effects of radiation have been demonstrated primarily in animal and tissue culture
studies; limited data from studies of A-bomb survivors indicate that humans may be as sensitive or less
sensitive than animals to mdiogémc mutagenicity (heritable genetic mutations). Data are also available
from both human and animal studies on the teratogenic effects of radiation. These data show that the
- fetus is most sensitive to radiation injury during the early stages of organ development (between 8 and
15 weeks for the human fetus). Resultant radiation-induced malformations depend on which cells are
most actively differentiating at the time of exposure.

EPA classifies all radionuclides as Group A carcinogens, based on their property of emitting
ionizing radiation and on the extensive weight of evidence provided by epidemiological studies of
radiogenic cancers in humans. At Superfund radiation sites, EPA generally evaluates potential human
health risks based on the radiotoxicity, i.e., adverse health effects caused by ionizing radiation, rather
than on the chemical toxicity, of each radionuclide present (an exception is uranium, where both
radiotoxicity and chemical toxicity are normally evaluated). These evaluations consider the carcinogenic
effects of radionuclides only. In most cases, cancer risks are limiting, exceeding both mutagenic and
teratogenic risks.

Derivation of Radionuclide Slope Factors
EPA's Office of Radiation and Indoor Air (ORIA) calculates radionuclide slope factor values

using health effects data and dose and risk models from a number of national and international scientific
advisory.commissions and organizations, including the National Academy of Sciences (NAS), the




Age-specific estimates of absorbed dose rate are calculated for internal exposures (inhalation
and ingestion), whereas absorbed dose rates calculated for a reference adult male are applied
to all ages and both genders for external exposures.

. Age- and gender-specific risk coefficients, which express the lifetime excess cancer incidence
risk per unit dose (e.g., expected cancer cases per unit absorbed dose) for specific cancer sites
over the lifetime of the exposed population. -

. For interal exposures only, age- and gender-specific usage data for the environmental medium
of concern (e.g., inhalation rates and ingestion rates for water, food, and milk).

. Vital statistics and mortality data for the reference population (currently the 1989-1991 U.S.

* population), which define the survival function for an average member of the population - i.e.,
the probability of survival and projected years of life remaining at each age in the reference
population, taking into account competing risks (mortality risks unrelated to radiation exposure,
e.g., accidents, illness). '

With a few exceptions, the dosimetry models for the inhalation and ingestion pathways are
taken from ICRP Publication 72 (12) (which is a compilation of the ICRP's age-dependent dose
coefficients for members of the public from intake of radionuclides), while dose rate estimates for
external exposure pathways are taken from Federal Guidance Report No. 12 (13), which tabulates
dose coefficients for extemal exposure to radionuclides in air, water, and soil. Since the criteria for the
list of radionuclides considered in these two documents is not the same, risk coefficients for some
radionuclides are not provided for all exposure pathways.

The radionuclide slope factors in the Radionuclide Table may be used to estimate the lifetime
cancer incidence sk attributable to given radionuclide exposure conditions for an average member of
the reference population. This estimate of excess risk is averaged over all ages and both genders for a
population with specified mortality statistics (currently the U.S. population circa 1989-1991). These
slope factors are appropriate for assessing the average risk within this population, but are not suitable
for assessing the risk to a single individual of a particular age or gender. Estimates of radiogenic cancer
risk are subject to numerous sources of uncertainty, including the biokinetic and dosimetric models,
organ-specific risk factors, mortality and survival characteristics of the population, and the extrapolation
of epidemiological data for populations exposed to high radiation doses to much lower levels
characteristic of environmental exposures.

The slope factors are the average risk per unit intake or exposure for an individual in a stationary
population with vital statistics (mortality rates) of the 1990 United States population. (The expected
lifetime for an individual in this population is about 75 years.) Consequently, radionuclide ingestion and
inhalation slope factors are not expressed as a function of body weight and time, and do not require
corrections for GI absorption or lung transfer efficiencies. '




NOTE: The GI absorption values (f1), ICRP lung absorption types (F, M, S) and radioactive
half-lives are provided in the Radionuclide Table for reference only and should not be used to
correct, modify, or in any way adjust radionuclide slope factors or intake assumptions in risk
calculations.

The radionuclide slope factors tabulated in the Radionuclide Table are derived for the idealized
conditions of chronic radionuclide intake or exposure, at a unit radionuclide concentration, throughout
the lifetime of the exposed population. These values can be used in conjunction with site-specific data
describing the concentrations of radionuclides of concem in environmental media (e.g., air, water,
vegetation, soil, and foodstuffs) and with information describing the exposure conditions (e.g., inhalation
and ingestion rates; exposure times, frequencies and durations; etc.) to estimate the cancer risk from
inhaling-contaminated air, eating contaminated food or soil, drinking contaminated water, or from
external exposure to contaminated ground surfaces for given site conditions. Whether for inhalation,
ingestion, or external exposure, the lifetime excess risk is related to the cuamulative intake or exposure to
the given radionuclide: ‘ :

For inhalation and ingestion, the total radioactivity (pCi) inhaled or ingested must be known.

For external exposure, the integral of the product of the soil concentration of each radionuclide of
interest and the total duration of exposure in the contaminated area (pCi-y per gram of soil) must be
known, considering the effect of shielding provided by buildings or other site features. Note that the soil
concentration of each radionuclide of concern may vary over time as a result of the radioactive decay
process - i.e., concentrations of some radionuclides may decrease over time due to radioactive decay
wheteas concentrations of other radionuclides may increase due to ingrowth of radioactive decay
products. Also, the effect of shielding afforded by buildings during periods of indoor occupancy or
other site features must be considered explicitly, because the slope factors are derived for conditions of
outdoor exposure without shielding.

For each radionuclide and exposure pathway, the excess cancer risk is estimated as the product of the
slope factor and the cumulative intake or external exposure. The risks presented by each radionuclide
(including radioactive decay products) and exposure pathway in a given exposure situation should be

assessed separately and summed to estimate the total radiation risk.

About the Information Provided in the Radionuclide Table
The Radionuclide Table lists ingestion, inhalation and external exposure slope factors for
principal radionuclides, and provides key parameter values used in the derivation of slope factor values.

Radionuclides are presented alphabetically by element and atomic weight.

Selected radionuclides and radioactive decay chain products are designated in the Radionuclide
Table with the suffix "+D" (e.g., U-238+D, Ra-226+D, Cs-137+D) to indicate that cancer risk



USER'S GUIDE: RADIONUCLIDE CARCINOGENICITY

Introduction

EPA classifies all radionuclides as Group A carcinogens. The Radionuclide Table on this
website, formerly HEAST Table 4, lists ingestion, inhalation and external exposure cancer slope factors
(risk coefficients for total cancer morbidity) for radionuclides in conventional units of picocuries
(pCi).(7) Ingestion and inhalation slope factors are central estimates in a linear model of the
age-averaged, lifetime attributable radiation cancer incidence (fatal and nonfatal cancer) risk per unit of
activity inhaled or ingested, expressed as risk/pCi. External exposure slope factors are central estimates
of lifetime attributable radiation cancer incidence risk for each year of exposure to external radiation
from photon-emitting radionuclides distributed uniformly in a thick layer of soil, and are expressed as
risk/yr per pCi/gram soil. When combined with site-specific media concentration data and appropriate
exposure assumptions(8), slope factors can be used to estimate lifetime cancer risks to members of the
general population due to radionuclide exposures. '

Intended Users and Applications - o ”

HEAST users include individuals from the EPA, other Federal agencies, States and contractors
who are responsible for the identification, characterization and remediation of sites contaminated with
radioactive materials. Radionuclide slope factors are calculated by EPA's Office of Radiation and
Indoor Air (ORIA) to assist HEAST users with risk-related evaluations and decision-making at various
stages of the remediation process. During site assessment, for example, slope factors are used in EPA's
Hazard Ranking System (HRS) to assign toxicity factor values to radionuclides to calculate site scores:
During the remedial investigation and feasibility study (RI/FS), slope factors are used to determine
baseline site risk, to develop preliminary remediation goals, and to evaluate cleanup alternatives. For
further examples on the application of radionuclide slope factors in risk evaluations, users are referred
to the following EPA documents: ‘ '

. Hazard Ranking System (HRS), Federal Register (55 FR 515320), December 1990.

. Risk Assessment Guidance for Superfund; Volume I - Human Health Evaluation Manual
(RAGS/HHEM), Part A, Baseline Risk Assessment (EPA/540/1-89/002).

. RAGS/HHEM Part B, Development of Risk-Based Preliminary Remediation Goals OSWER
Directive 9285.7-01B). [NTIS order number: PB 92-963333.]

. RAGS/HHEM Part C, Risk Evaluation of Remedial Alternatives (OSWER Directive
9285.7-01C). [NTIS order number: PB 92-963334.]



estimates for these radionuclides include the contributions from their short-lived decay products,
assuming equal activity concentrations (i.e., secular equilibrium) with the principal or parent nuclide in
the environment.(14) Decay chains for these radionuclides are identified in Exhibit 1. For all
radionuclides without the "+D" suffix, only intake or extemal exposure to the single radionuclide is
considered. For inhalation and ingestion pathways, the contribution to dose and radiogenic cancer risk
from all radioactive decay products formed in the body after intake of the parent radionuclide is
explicitly included in the risk coefficient values; however, only the parent radionuclide is assumed to be
ingested or inhaled.

!
In most cases, site-specific analytical data should be used to establish the actual degree of

equilibrium between each parent radionuclide and its decay products in each media sampled.
However, in the absence of empirical data, the "+D" values for radionuclides should be used unless
there are compelling reasons to do otherwise. For example, the external slope factors for Cs-137 and
Cs-137+D are 5.32 x 10-10 and 2.55 x 10-6 (risk per year per pCi/gram), respectively. The value for__
Cs-137+D is higher because it includes the risk contribution from Cs-137's short-lived gamma-emitting
decay product Ba-137m (half-life, 2.55 minutes) which, under most environmental conditions, will be in
secular equilibrium with Cs-137.

Note that there may be circumstances, such as long disposal times or technologically enhanced
concentrations of naturally occurring radionuclides, that necessitate the combination of the risks of a -
parent radionuclide and its decay products over several contiguous subchains. For example, Ra-226
soil analyses at a site might show that all radium decay products are present in secular equilibrium down
to stable Pb-206 (See Exhibit 1). In this case, Ra-226 risk calculations should be based on the -
ingestion, inhalation and external exposure slope factors for the Ra-226+D subchain, plus the ingestion,
inhalation and external exposure factors for the Pb-210+D subchain. For actual sites, users should
consult with a health physicist or radiochemist (1) to evaluate the site-specific analytical data to
determine the degree of equilibrium between parent radionuclides and decay members of contiguous
decay chains and (2) to assist in the combination of appropriate slope factor values. For health physics
and radioanalytical support, users may contact EPA's Regional Radiation Program Managers, ORIA's
National Air and Radiation Laboratory (NAREL) in Montgomery, Alabama, ORIA's Las Vegas
Laboratory (ORIA-LV) in Las Vegas, Nevada, or the ORIA contact at EPA headquarters in
Washington, D.C. ‘

A Chemical Abstract System Reference Number (CASRN) is provided for each radionuclide
for which a number has been assigned, for identification and reporting accuracy during risk
assessments; for radionuclides for which CASRN numbers have not yet been assigned, the value is
designated as "NA". The radioactive half-life of each radionuclide is also provided for reference.

The designations "F", "M", and "S" presented in the Radionuclide Table under the heading
"ICRP Lung Type" refer to the lung absorption type for inhaled particulate radionuclides, expressed as
fast (F), medium (M), or slow (S), as used in the current ICRP model of the respiratory tract. The
inhalation slope factor value tabulated in the Radionuclide Table for each radionuclide have been
selected based on the following guidelines: (1) For those elements where Table 4.1 of Federal




Guidance Report No. 13 (and Table 2 of ICRP Publication 72) specifies a recommended default lung
absorption type for particulates, the inhalation slope factor for that type is tabulated in the Radionuclide
Table for each radioisotope of that element. (2) For those elements where no specific lung absorption
type is recommended and multiple types are indicated as plausible choices, the inhalation slope factor
reported in the Radionuclide Table for each radioisotope of that element is the maximum of the values
for each of the plausible lung absorption types. (3) Where Federal Guidance Report No.-13 specifies
risk coefficients for multiple chemical forms of certain elements (tritium, carbon, sulfur, iodine, and
mercury), the inhalation slope factor value for the form estimated to pose the maximum risk is reported
in the Radionuclide Table in most cases.(15)

Inhaled particulates are assumed to have an activity median aerodynamic diameter (AMAD) of
1 um, as recommended by the ICRP for consideration of environmental exposures in the absence
specific information physical characteristics of the aerosol. Where appropriate, radionuclides may be
present in gas or vapor form, are designated by "G" and "V", respectively; such radionuclides include
tritium, carbon, sulfur, nickel, ruthenium, iodine, tellurium, and mercury.

"GI Abs{orption Fractions (f1)" are the fractional amounts of each radionuclide that may be
absorbed from the gastrointestinal (GI) tract into blood following an oral intake. Separate slope factor
values are presented in the Radionuclide Table for ingestion of drinking water, food, and soil. These
values have been derived using the same dosimetry and risk models, but different age-specific intake
rate functions. Federal Guidance Report No. 13 specifies ingestion risk coefficients for multiple

- chemical forms of tritium, sulfur, mercury, and polonium. For radioisotopes of mercury, the slope factor
value for the chemical form estimated to pose the maximum risk is reported in the Radionuclide Table
for each of the ingestion pathways. For tritium, values for ingestion of both tritiated water and
organically bound forms of tritium are tabulated in the Radionuclide Table, because tritiated water is
considered to be the prevalent form for most environmental exposures but the slope factor values for
ingestion of organically bound forms of H-3 are estimated to produce a greater risk per unit intake. For
radioisotopes of sulfur and polonium, Federal Guidance Report No. 13 provides values for ingestion of
organic and inorganic compounds; for these radionuclides, the valué for ingestion of organic compounds
is assumed for ingestion of food, while the value for ingestion of inorganic forms is assumed for ingestion
of water or soil. For radioisotopes of iodine, slope factor values for ingestion of milk are greater than
the corresponding values for ingestion of other dietary intakes in all cases, and these values are reported
under the "Food Ingestion" column in the Radionuclide Table.

The ICRP lung absorption types and GI absorption factors provided in the Radionuclide Table
are the default values that EPA has used to calculate radionuclide slope factors for inhalation and
ingestion exposures, respectively. These factors are provided for reference only.

Where to Address Questions About Radionuclide Slope Factors:
EPA continuously reviews the scientific literature on radiation effects to ensure that the

Agency's risk assessment methodologies are consistent with current models and assumptions. As risk
methodologies are refined, EPA will revise and update the slope factors in the Radionuclide Table.



Exhibit 1. Radionuclide Decay Chains Considered Explicitly in the Radionuclide Table(16)

Principal Radionuclide ®

Terminal Nuclide or Radionuclide ©

Nuclide

Half-life

(yr)

Associated Decay Chain ®

Nuclide _

Half-life (yr)

Ac-227+D

22

[Th-227 (98.62%, 19 d)]
Fr-223 (1.38%, 22 min)
Ra-223 (11 d)
Rn-219 (4 5)
Po-215 (2 ms)
Pb-211 (36 min)
Bi-211 (2 min)
[T1-207 (99.72%, 5 min)
Po-211 (0.28%, 0.5 s)]

Pb-207

Am-242m+D

152

Am-242 (99.52%, 16 h)
Cm-242 (82.70%, 162 d)
Np-238 (0.48%, 2.12 d)

Pu-238

87.7

Am-243+D

7.4 x10°

Np-239 (2.36 d)

Pu-239

2.4 x.10*

Ce-144+D

0.8

[Pr-144 (98.22%, 17 min)
Pr-144m (1.78%, 7 min)]

Nd-144

Cs-137+D

30

Ba-137m (94.6%, 3 min)

Ba-137

Np-237+D

2.1x10°

Pa-233 (27 d)

u-233

1.6 x 10°

Pb-210+D

22

Bi-210 (5 d)
Po-210 (138 d)

Pb-206

Pu-244+D

8.3x 107

U-240 (14 h)
Np-240m (7.4

Pu-240

6.5x 10°

Ra-226+D

1.6 x 10°

Rn-222 (4 d)
Po-218 (3 min)
[Pb-214 (99.98%, 27 min)
At-218 (0.02%, 2 5)]
Bi-214 (99.99%, 20 min)

- [Po-214 (99.98%, 1.64 x 10-4 s)

TI-210 (0.02%, | min)]

Pb-210

22

Ra-228+D

Ac-228 (6h)

Th-228




Principal Radionuclide @ Terminal Nuclide or Radionuclide ©

Nuclide Half-life Associated Decay Chain ® Nuclide Half-life (yr)
o) : '
Ru-106+D . 1 Rh-106 (30s). Pd-106 *
Sb-125+D 3 Te-125m (22.8%, 58d) Te-125 o
Sr-90+D 29 Y-90 (64h) Zr-90 . *
Th-228+D 1.9 Ra-224 (4 d) Pb-208 *
Rn-220 (56 s) '

Po-216 (0.2 5)
Pb-212 (11 h)
Bi-212 (61 min)
[Po-212 (64.07%, 0.3 s)
T1-208 (35.93%, 3 min)]

Th-229+D | 7.3x10° Ra-225 (15 d) Bi-209 *
Ac-225 (10 d)
Fr-221 (5 min)
At-217 (32 ms)
Bi-213 (46 min)

[Po-213 (97.8%, 4 s)

T1-209 (2.2%, 2 min)]

Pd-209 (3 h)
U-235 7.0x 108 Th-231 (26 h) Pa-231 3.3x 10°
U-238+D | 45x10° Th-234 (24 d) . U-234 24x 10

[Pa-234m (99.80%, 1 min)
Pa-234 (0.33%, 7 h)]

(a) Radionuclides with half-lives greater than six months. "+D" designates principal radionuclides with
associated decay chains.

(b) The chain of decay products of a principal radionuclide extending to (but not including) the next
principal radionuclide or a stable radionuclide. Half-lives are given in parentheses. Branches are
indicated by square brackets with branching percentages in parentheses..

(¢) The principal radionuclide or stable nuclide that terminates an associated decay chain. Stable
nuclides are indicated by an asterisk (*) in place of a half-life.

(d) A hyphen indicates that there are no associated decay products.
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11. Soil ingestion is not considered as an exposure pathway in Federal Guidance Report No. 13. The
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same calculational methodology (i.e., the DCAL computer code developed at Oak Ridge National
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decay products (Po-218, Pb-214, Bi-214 and Po-214) in air. [NOTE: EPA expects to publish revised
risk estimates for inhalation of radon decay products in the near future, based on a revised equilibrium
assumption of 40%.]
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16. Source: International Commission on Radiological Protection (1983). Radionuclide
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ®
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GlI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN ¢ Half-Life ® Type ' Fraction (f)? (Risk/pCi) (Risk/pCi} _ (Risk/pCi) (Risk/pCi) _ (Riskly per pCi/q)
Actinium (89) Ac-223 NA 220E+00 m - - - - - - 1.55E-08
Ac-224 NA 290E+00 h S 5.00E-04 5.59E-12  8.03E-12 1.53E-11 4.07E-10  6.06E-07
Ac-225 014265-85-1 1.00E+01 d S 5.00E-04 1.890e-10  2.71E-10 5.18E-10 2.86E-08  4.50E-08
Ac-226 NA 2.90E+01 h S 5.00E-04 6.92E-11 1.01E-10 2.00E-10 4.33E-09 4 46E-07
Ac-227 014952-40-0 218E+01 y S 5.00E-04 2.01E-10  2.45E-10 3.81E-10 1.49E-07  3.48E-10
Ac-227+D  014952-40-0(+D) 2.18E+01 y S 5.00E-04 486E-10  6.53E-10 1.16E-09 2.09E-07 1.47E-06
Ac-228 014331-83-0 6.13E+00 h S 5.00E-04 1.99E-12  2.89E-12 5.55E-12 4.92E-11 4.53E-06
Aluminum (13) Al-26 NA~ .“-;.16E+05 y M 1.00E-02 1.73E-11 “;.49E-1 1 4.70E-11 6.92E-11 1.33E-05
Al-28 NA 224E+00 m - - - - - - 9.32E-06
Americium (95)  Am-237 NA 7.30E+01 m M 5.00E-04 5.07E-14  7.18E-14 1.24E-13 5.77E-14 1.35E-06
Am-238 NA 9.80E+01 m M 5.00E-04 9.62E-14 1.35E-13 2.28E-13 9.51E-14  4.02E-06
Am-239 NA 119E+01 h M 5.00E-04 1.38E-12  2.01E-12 3.89E-12 8.40E-13  6.91E-07

Am-240 NA 5.08E+01 h M 5.00E-04 2.59E-12 3.70E-12 6.81E-12 1.41E-12 4.69E-06




Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Siope Factor (Morbidity Risk Coefficient)

Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope ° CASRN * Half-Life ® Type ' Fraction (f,)® (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/g)
Antimony (51) Sb-116m  NA 6.03E+01 m M 1.00E-01 1.76E-13  2.45E-13 4.00E-13 8.81E-14 1.47E-05
Sb-117 NA 2.80E+00 h M 1.00E-01 6.59E-14  9.44E-14 1.70E-13 4.07E-14  5.78E-07
Sb-118m NA 500E+00 h M 1.00E-01 6.99E-13  9.81E-13 1.67E-12 2.64E-13 1.21E-05
Sb-119 NA 381E+01 h M 1.00E-01 477E-13  6.96E-13 1.35E-12 1.74E-13  2.58E-09
Sb-120a NA 159E+01 m M 1.00E-01 2.48E-14 ";.42E-14 5.44E-14 1.12E-14 1.94E-06
Sb-120b NA 576E+00 d M 1.00E-01 444E-12  6.22E-12 1.08E-11 3.30E-12 1.15E-05
Sb-122 014374-79-9 270E+00 d M 1.00E-01 1.06E-11 ".1".55E-1 1 3.03E-11 5.48E-12 1.97E-06
Sb-124 014683-10-4 6.02E+01 d M 1.00E-01 1.29E-11 1.85E-11 3.50E-11 2.43E-11 8.89E-06
Sb-124m NA 9.30E+01 s M - - - - - 1.56E-06
Sb-124n NA 202E+01 m M 1.00E-01 1.67E-14  2.32E-14 3.81E-14 1.15E-14  7.76E-12
Sb-125 014234-35-6 277E+00 y M 1.00E-01 4.37E-12 6.14E-12 1.12E-11 1.66E-11 1.81E-06
Sb-125+D  014234-35-6(+D) 2.77E+00 y M 1.00E-01 5.13E-12  7.21E-12 1.32E-11 1.93E-11 1.81E-06
Antimony (51) Sb-126 015756-32-8 124E+01 d M 1.00E-01 1.11E-11 1.59E-11 2.93E-11 1.15E-11 1.28E-05




Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope ¢ CASRN ¢ Half-Life ® Type ! Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/g)
Antimony (51) Sb-126m 015756-32-8m 1980E+01 m M DOE-01 9666E-14 .21E-14 1.48E-13 3.16E-14 6.§4E-06
Sb-127 013968-50-8 385E+00 d M 1.00E-01 1.01E-11 1.47E-11 2.85E-11 7.51E-12 3.07E-06
Sb-128a NA 1.04E+01 m M 1.00E-01 5.51E-14 7.55E-14 1.19E-13 2.12E-14 9.03E-06
Sb-128b NA 9.01E+00 h M 1.00E-01 3.45E-12 ..;196E-1 2 9.21E-12 1.44E-12 1.40E-05
Sb-129 014331-88-57 432E+00 h M 1.00E-01 2.19E-12 3.19E-12 6.11E-12 9.62E-13 6.85E-06
Sb-130 NA ..-;.00E+01 m M 1.00E-01 2.07E-13 “;.88E-13 4.77E-13 9.73E-14 1.51E-05
Sb-131 NA 230E+01 m M 1.00E-01 2.56E-13 3.59E-13 6.48E-13 9.73E-14 9.08E-06
Argon (18) Ar-37 NA 3.50E+01 d - - - - - - 0.00
Ar-39 NA 269E+02 y - - - - - - 5.94E-10
Ar-41 014163-25-8 1.83E+00 h - - - - - - 6.39E-06
Arsenic (33) As-69 NA 152E+01 m M 5.00E-01 1.05E-13 1.46E-13 2.39E-13 4.29E-14 4.43E-06
As-70 NA "";.26E+01 m M 5.00E-01 3.20E-13  4.48E-13 7.40E-13 1.37E-13 1.96E-05
As-T1 NA 648E+01 h M 5.00E-01 2.28E-12 3.29E-12 6.07E-12 1.52E-12 2.37E-06
4




Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure

{Atomic Number) Isotope © CASRN ¢ Half-Life ® Type' Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/y per pCilg)

Arsenic (33) As-72 NA 260E+01 h M 5.00E-01 1.02E-11 1.48E-11 2.79E-11 4.29E-12  8.21E-06

As-73 NA 8.03E+01 d M 5.00E-01 1.56E-12  2.28E-12 4.40E-12 3.88E-12  5.78E-09

As-74 NA 178E+01 d M 5.00E-01 6.70E-12  9.69E-12 1.82E-11 8.44E-12  3.35E-06

As-76 NA 263E+01 h M 5.00E-01 9.66E-12 1.42E-11 2.70E-11 4.14E-12  2.01E-06

As-77 NA 388E+01 h M 5.00E-01 250E-12  3.67E-12 7.03E-12 1.76E-12  3.58E-08

As-78 NA .";.07E+01 m M 5.00E-01 6.33E-13  9.03E-13 1.61E-12 2.69E-13  6.11E-06

Astatine (85) At-207 NA 180E+00 h M 1.00E+00 6.96E-13  9.51E-13 1.66E-12 7.77E-12  6.11E-06

At-211 NA 721E+00 h M 1.00E+00 3.37E-11 4.63E-11 8.21E-11 3.58E-10  7.94E-08

At-215 NA 1.00E-01 ms - - - - - - 8.09E-10

At-216 NA 3.00E-01 ms - - - - - - 3.08E-09

At-217 017239-90-6 323E02 s - - - - - - 1.32E-09

At-218 NA 2.00E+00 s - - - - - - 3.57E-09

Barium (56) Ba-126 NA M 2.00E-01 8.51E-13 "'1".22E-1 2 2.24E-12 3.49E-13  5.83E-07

9.65E+01 m




Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN° Half-Life © Type ' Fraction (f,)® (Risk/pCi)__ (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Riskl/y per pCi/g)
Barium (56) Ba-128 NA 243E+00 d M 2.00E-01 1.52E-11 2.23E-11 4.33E-11 7.22E-12  2.10E-07
Ba-131 014914-75-1 118E+01 d M 2.00E-01 2.00E-12  2.87E-12 5.25E-12 2.91E-12 1.77E-06
Ba-131m  NA 146E+01 m M 2.00E-01 9.25E-15 ."1".29E-14 2.11E-14 1.69E-14 1.67E-07
Ba-133 013981-41-4 107E+01 vy M 2.00E-01 6.81E-12  9.44E-12 1.39E-11 1.16E-11 1.44E-06
Ba-133m  013981-41-4m 389E+01 h M 2.00E-01 3.19E-12  4.66E-12 9.07E-12 2.04E-12 1.96E-07
Ba-135m NA 287E+01 h M 2.00E-01 256E-12  3.74E-12 7.29E-12 1.61E-12 1.70E-07
Ba-137m  013981-97-0 255E+00 m - - - - - - 2.69E-06
Ba-139 014378-25-7 827E+01 m M 2.00E-01 3.70E-13  5.33E-13 9.73E-13 1.79E-13 1.65E-07
Ba-140 014798-084 127E+01 d M 2.00E-01 1.49E-11 A 2.17E-11 4.18E-11 2.03E-11 7.61E-07
Ba-141 NA 1.83E+01 m M 2.00E-01 2.14E-13  3.07E-13 5.59E-13 9.69E-14  3.79E-06
Ba-142 NA 1.06E+01 m M 2.00E-01 9.29E-14 1.31E-13 2.27E-13 455E-14  4.85E-06




Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *°

(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure

(Atomic Number) Isotope®  CASRN* Half-Life © Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Riskly per pCi/q)

Berkelium (97) Bk-245 NA 494E+00 d M 5.00E-04 3.43E-12 5.00E-12 9.73E-12 7.22E-12 7.09E-07

Bk-246 NA 183E+00 d M 5.00E-04 2.01E-12 ";.885-12 5.25E-12 9.25E-13  4.25E-06

Bk-247 NA 138E+03 y M 5.00E-04 1.24E-10 1.60E-10  ~2.49E-10 3.26E-08 3.09E-07

Bk-249 NA 3.20E+02 d M 5.00E-04 1.11E-12 1.57E-12 2.95E-12 5.14E-11 2.63E-12

Bk-250 NA 322E+00 h M 5.00E-04 5.66E-13 8.18E-13 1.54E-12 1.03E-12  4.23E-06

Beryllium (4) Be-7 013966-02-4 533E+01 d S 5.00E-03 8.66E-14 1.20E-13 2.02E-13 21313  2.13E-07

Be-10 NA 160E+06 y S 5.00E-03 7.03E-12 1.02E-11 2.02E-11 9.40E-11 7.43E-10

Bismuth (83) Bi-200 w“w o 364E+01 m M 5.00E-02 1.52E-13 2.13E-13 3.65E-13 7.55E-14 1.06E-05

...... Bi-201 NA 1.08E+02 m M 5.00E-02 4.22E-13 6.03E-13 1.09E-12 1.90E-13 6.05E-06

Bi-202 NA 167E+00 h M 5.00E-02 2.65E-13 3.69E-13 6.18E-13 1.12E-13 1.24E-05

Bi-203 NA 1.18E+01 h M 5.00E-02 1.92E-12 2.73E-12 4.85E-12 8.21E-13 1.16E-05

Bi-205 NA 153E+01 d M 5.00E-02 3.32E-12  4.66E-12 8.18E-12 3.24E-12 8.19E-06

Bi-206 015776-19-9 6.24E+00 d M 5.00E-02 7.73E-12 1.10E-11 1.98E-11 5.85E-12 1.52E-05




Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN ¢ Half-Life ° Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi) _ (Risk/pCi) (Risk/pCi) (Riskly per pCil/qg)
Bismuth (83) Bi-207 013982-38-2 380E+01 y M 5.00E-02 5.66E-12  8.14E-12 1.49E-11 2.10E-11 7.08E-06
Bi-210 014331-79-4 501E+00 d M 5.00E-02 8.92E-12 1.30E-11 2.55E-11 3.17E-10  2.76E-09
Bi-210m 014331-79-4m 300E+06 y W 5.00E-02 5.51E-11 7.77E-11 1.45E-10 117E-08  1.01E-06
Bi-211 015229-37-5 214E+00 m M - - - - - 1.88E-07
Bi-212 014913-49-6 6.06E+01 m M 5.00E-02 7.10E-13  9.99E-13 1 .78E-1é 7.77E-11 8.87E-07
Bi-213 015776-20-2 "-:1..57E+01 m M 5.00E-02 511E-13  7.18E-13 1.28E-12 6.85E-11 5.65E-07
Bi-214 014733-03-0 199E+01 m M 5.00E-02 1.92E-13  2.65E-13 4.33E-13 2.90E-11 7.48E-06
Bromine (35) Br-74 NA 253E+01 m M 1.00E+00 1.50E-13  2.05E-13 3.19E-13 6.44E-14  2.32E-05
Br-74m NA 415E+01 m M 1.00E+00 2.46E-13  3.36E-13 5.29E-13 1.15E-13  2.00E-05
Br-75 NA 9.80E+01 m M 1.00E+00 1.57E-13  2.13E-13 3.42E-13 1.13E-13  5.21E-06
Br-76 NA 162E+01 h M 1.00E+00 1.45E-12 1.97E-12 3.34E-12 1.10E-12 1.30E-05
Br-77 NA 560E+01 h M 1.00E+00 3.01E-13  4.03E-13 6.51E-13 2.06E-13 1.34E-06
Br-80 NA 1.74E+01 m M 1.00E+00 470E-14  6.48E-14 1.03E-13 1.80E-14  3.55E-07




Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure

(Atomic Number) Isotope ¢ CASRN * Half-Life ° Type ! Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCilq)

Bromine (35) Br-80m NA 442E+00 h M 1.00E+00 2.82E-13 3.89E-13 6.70E-13 243E-13  5.95E-09

Br-82 014686-69-2 3.53E+01 h M 1.00E+00 1.71E-12 2.30E-12 3.70E-12 1.66E-12 1.24E-05

Br-83 NA 239E+00 h M 1.00E+00 8.44E-14 ".1“165-13 1.94E-13 1.21E-13  3.46E-08

Br-84 NA 3.18E+01 m M 1.00E+00 148E-13  2.02E-13 3.21E-13 7.18E-14  9.35E-06

Cadmium (48) Cd-104 NA 577E+01 m S 5.00E-02 1.72E-13  2.41E-13 4.14E-13 7.66E-14  9.70E-07

Cd-107 NA 6.49E+00 h S 5.00E-02 3.50E-13  5.11E-13 9.99E-13 3.10E-13  3.48E-08

Cd-109 014109-32-1 .":1..64E+02 d S 5.00E-02 5.00E-12 - 6.70E-12 1.14E-11 2.19E-11 8.73E-09

Cd-113 NA 9.30E+15 y F 5.00E-02 2.28E-11 2.90E-11 3.85E-11 1.12E-10 7.36E-11

Cd-113m  NA 136E+01 y F 5.00E-02 2.87E-11 ”;.64E-1 1 511E-11 1.30E-10  4.45E-10

Cd-115 014336-68-6 535E+01 h S 5.00E-02 8.66E-12 1.27E-11 247E-11 5.14E-12 1.01E-06

—Cd-1 16m  014336-68-6m 446E+01 d S 5.00E-02 1.70E-11 .;.46E-1 1 4.74E-11 2.92E-11 1.13E-07

Cd-117 NA 2.49E+00 h S 5.00E-02 1.37E-12 "‘1‘.99E-12 3.81E-12 6.51E-13  5.23E-06

Cd-117m  NA 336E+00 h S 5.00E-02 1.22E-12 1.76E-12 3.26E-12 6.55E-13 1.03E-05
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

ICRP G Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN‘ Half-Life ° Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/g)
Calcium (20) Ca-41 NA 140E+05 y M 3.00E-01 3.53E-13  4.37E-13 5.74E-13 2.09E-13  0.00
Ca-45 013966-05-7 163E+02 d M 3.00E-01 247E-12  3.37E-12 6.07E-12 940E-12  3.96E-11
Ca-47 014391-99-2 ".:1-.53E+00 d M 3.00E-01 7.55E-12 1.08E-11 2.02E-11 7.88E-12  5.24E-06
Ca-49 NA 872E+00 m M - - - - - 1.75E-05
Californium (98)  Cf-244 NA 194E+01 m M 5.00E-04 1.25E-13 1.74E-13 2.93E-13 2.96E-11 6.83E-11
Cf-246 NA .".:.3..57E+01 h M 5.00E-04 211E-11 3.09E-11 6.11E-11 1.47E-09 9.25E-11
Cf-248 NA 334E+02 d M 5.00E-04 4.44E-11 6.22E-11 1.18E-10 1.81E-08 4.73E-11
‘Cf-249 NA 351 E+02 y M 5.00E-04 1.27E-10 1.63E-10 2.54E-10 3.40E-08 1.37E-06
Cf-250 NA 131E+01 y M 5.00?-04 8.62E-11 1.12E-10 1.85E-10 2.66E-08 4.48E-11
Cf-251 NA 898E+02 y M 5.00E-04 1.32E-10 1 70E-10 2.67E-10 3.40E-08  3.76E-07
Cf-252 013981-17-4 264E+00 y - - - - - - 8.66E-11
Cf-253 NA 1.78E+01 d M 5.00E-04 426E-12  6.11E-12 1.20E-11 422E-09  4.86E-11
Cf-254 NA 6.05E+01 d M - o - - - 1.46E-13
10



Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *®
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) b

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External

Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN‘ Half-Life © Type  Fraction (f)® (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Risk/pCi) _(Riskly per pCi/q)

Carbon (6) c11" 014333-33-6 204E+01 m M 1.00E+00 407E-14  559E-14 8.70E-14 278E-14  4.45E-06
G 1.00E+00 - - - 8.25E-15 -

...... _ c-14" 014762-75-5 573E+03 y M 1.00E+00 1.55E-12  2.00E-12 2.79E-12 7.07E-12  7.83E-12
G 1.00E+00 - - - 1.99E-14 -

Cerium (58) Ce-134 NA 7.20E+01 h M 5.00E-04 1.59E-11 2.33E-11 4 59E-11 6.96E-12  8.24E-09

Ce-135 NA 176E+01 h M 5.00E-04 3.81E-12  548E-12 1.02E-11 1.78E-12  7.74E-06

Ce-137 NA 9.00E+00 h M 5.00E-04 1.31E-13 1.91E-13 3.64E-13 411E-14  4.46E-08

Ce-137Tm NA 344E+01 h M 5.00E-04 3.47E-12 .‘;.07E-12 9.99E-12 1.94E-12 1.38E-07

Ce-139 NA 138E+02 d M 5.00E-04 1.35E-12 '“1“.95E-1 2 3.70E-12 566E-12  4.54E-07

Ce-141 013967-74-3 3256401 d M 5.00E-04 463E-12  6.77E-12 1.34E-11 1.14E-11 2.27E-07

Ce-143 014119-19-8 3.30E+01 h M 5.00E-04 7.10E-12 1.04E-11 2.04E-11 3.74E-12 1.09E-06

Ce-144 014762-78-8 284E+02 d M 5.00E-04 3.52E-11 ";.185-1 1 1.02E-10 1.10E-10  5.02E-08

Ce-144+D 014762-78-8(+D) 284E+02 d M 5.00E-04 3.53E-11 5.19E-11 1.02E-10 1.10E-10  2.44E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GlI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure

{Atomic Number) Isotope ¢ CASRN ¢ Half-Life ° Type ! Fraction (f)¢ (Risk/pCi) (Risk/pCl)  (Risk/pCi) (Risk/pCi) (Riskly per pCi/g)

Cesium (55) Cs-125 NA 450E+01 m F 1.00E+00 5.96E-14  8.18E-14 1.29E-13 1.64E-14  2.92E-06

Cs-126 NA 1.64E4+00 m - - - - - - 4.74E-06

Cs-127 NA 6.25E+00 h F 1.00E+00 6.51E-14  8.73E-14 1.38E-13 2.47E-14 1.68E-06

Cs-128 NA 390E+00 m F - - - - - 3.92E-06

Cs-129 NA 321E+01 h F 1.00E+00 1.85E-13  2.48E-13 4.00E-13 7.44E-14  1.05E-06

Cs-130 » NA ...;.99E+01 m F 1.00E+00 4.74E-14 6.48E-14 1.02E-13 1.24E-14 2.22E-06

Cs-131 014914-76-2 9.69E+00 d F 1.00E+00 1.86E-13 ”;.49E-1 3 4.11E-13 7.51E-14  4.90E-09

...... Cs-132 NA 648E+00 d F 1.00E+00 1.46E-12 1.91E-12 2.89E-12 592E-13  3.11E-06

Cs-134 013967-70-9 "-'.2..06E+00 y F 1.00E+00 4.22E-11 5.14E-11 5.81E-11 1.65E-11 7.10E-06

Cs-134m  013967-70-9m 2.90E+00 h F 1.00E+00 4.14E-14 “;.SSE-M 8.84E-14 1.99E-14  5.02E-08

Cs-135 015726-304 230E+06 y F 1.00E+00 4.74E-12  5.88E-12 7.18E-12 1.86E-12  2.36E-11

Cs-135m  015726-30-4m 5.30E+01 m F 1.00E+00 451E-14  6.07E-14 9.10E-14 1.32E-14  7.37E-06

Cs-136 014234-29-8 131E+01 d F 1.00E+00 8.66E-12 1.12E-11 1.65E-11 3.49E-12 1.00E-05
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure

{(Atomic Number) Isotope © CASRN ¢ Half-Life ® Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi)  (Risk/pCi) {Risk/pCi} (Riskl/y per pCi/g)

Cesium (55) Cs-137 010045-97-3 3.00E+01 y F 1.00E+00 3.04E-11 3.74E-11 4.33E-11 1.19E-11 5.32E-10

mCs-l37+D 010045-97-3(+D) 3.00E+01 y F 1.00E+00 3.04E-11 3.74E-11 4.33E-11 1.19E-11 2.55E-06

Cs-138 ."‘.‘(.)15758-29-9 ."-;.22E+01 m F 1.00E+00 1.58E-13 2.16E-13 3.40E-13 4.00E-14 1.19E-05

Chlorine (17) Cl-36 013981-43-6 301E+05 y M 1.00E+00 3.30E-12 4.44E-12 7.66E-12 2.50E-11 1.74E-09

C1-38 014158-34-0 372B#01 m M 1.00E+00 1.93E-13 2.64E-13 4.22E-13 9.40E-14 7.93E-06

Cl-39 NA S.56E+01 m M 1.00E+00 1.52E-13 2.08E-13 3.31E-13 9.36E-14 7.09E-06

Chromium (24) Cr48 NA 230E+01 h S 1.00E-01 7.44E-13 1.05E-12 1.84E-12 7.51E-13 1.62E-06

Cr-49 NA 421E+01 m S 1.00E-01 1.35E-13 1.89E-13 3.20E-13 7.36E-14 4.43E-06

Cr-51 014392-02-0 277E+01 d S 1.00E-01 1.85E-13 2.66E-13 4.96E-13 1.67E-13 1.27E-07

Cobalt (27) Co-55 NA 1756401 h M 1.00E-01 4.63E-12 6.70E-12 1.23E-11 2.07E-12 9.21E-06

Co-56 NA 7.88E+01 d M 1.00E-01 1.01E-11 1.43E-11 2.56E-11 1.85E-11 1.80E-05

Co-57 013981-50-5 271E+02 d ‘ M 1.00E-01 1.04E-12 1.49E-12 2.78E-12 2.09E-12 3.55E-07

Co-58 013981-38-9 708E+01 d M 1.00E-01 2.95E-12 4.18E-12 7.44E-12 5.99E-12 4.48E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ®
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GlI Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure

(Atomic Number) Isotope¢ CASRN‘ Half-Life © Type ' Fraction (f)® (Risk/pCi) (Risk/pCi)  (Risk/pCi)  (Risk/pCi) _(Risk/y per pCi/g)

Cobalt (27) Co-58m 013981-38-9m 9.15E+60 h M 1.00E-01 1.26E-13 1.83E-13 3.47E-13 6.88E-14 1.00E-12

Co-60 010198-40-0 S27E+00 y M 1.00E-01 1.57E-11 2.23E-11 4.03E-11 3.58E-11 1.24E-05

Co-60m 010198-40-0m 1.0SE+01 m M 1.00E-01 2.66E-15 3.66E-15 5.88E-15 3.96E-15 1.86E-08

Co-61 NA 1.65E+00 h M 1.00E-01 2.43E-13 3.49E-13 6.40E-13 1.43E-13 2.48E-07

Co-62m NA 1.39E+01 m M 1.00E-01 8.25E-14 1.13E-13 1.79E-13 3.17E-14 1.35E-05

Copper (29) Cu-60 NA 232E+01 m S 5.00E-01 1.37E-13 1.89E-13 3.00E-13 5.77E-14 1.93E-05

Cu-61 NA 341E+00 h S 5.00E-01 4.63E-13 6.70E-13 1.20E-12 2.41E-13 3.63E-06

Cu-62 NA 974EH00 m - - - - - - 4.43E-06

Cu-64 013981-25-4 127E+01 h S 5.00E-01 6.40E-13 9.32E-13 1.72E-12 433E-13 8.30E-07

Cu-66 NA S.J0E+00 m - - - - - - 4.32E-07

Cu-67 NA 6.19E+01 h S 5.00E-01 1.94E-12 “;:83E-12 5.29E-12 2.35E-12 3.83E-07

Curium (96) Cm-238 NA 240E+00 h M 5.00E-04 3.28E-13 4.70E-13 8.70E-13 1.35E-11 1.90E-07

Cm-240 NA 270E+01 d M 5.00E-04 3.49E-11 5.07E-11 9.88E-11 9.51E-09 6.19E-11
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

] ICRP Gli Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope CASRN‘ Half-Life ® Type ' Fraction (f,)® (Risk/pCi) (Risk/pCi) _ (Risk/pCi)  (Risk/pCi) _(Riskly per pCi/g)
Curium (96) Cm-241 NA 328E+01 d M 5.00E-04 4.85E-12 7.03E-12 1.35E-11 1.01E-10 1.94E-06
Cm-242 015510-73-3 163E+02 d M 5.00E-04 3.85E-11 ";:4813-1 1 1.05E-10 1.51E-08 7.73E-11
Cm-243 015757-87-6 285E+01 y M 5.00E-04 9.47E-11 1.23E-10 2.05E-10 2.69E-08 4.19E-07
Cm-244 013981-15-2 1.81E+01 vy M 5.00E-04 8.36E-11 1.08E-10 1.81E-10 2.53E-08 4.85E-11
Cm-245 015621-76-8 850E+03 y M 5.00E-04 1.04E-10 1.35E-10 2.18E-10 2.77E-08 2.38E-07
Cm-246 015757-90-1 473E+03 y M 5.00E-04 1.02E-10 1.31E-10 2.12E-10 2.77E-08 4.57E-11
Cm-247 015758-32-4 156E+07 y M 5.00E-04 9.95E-11 1.30E-10 2.11E-10 2.50E-08 1.31E-06
Cm-248 015758-33-5 339E+05 y - - - - - - 3.42e-11
Cm-249 NA 642E+01 m M 5.00E-04 " 8.40E-14 1.20E-13 2.18E-13 7.25E-14 8.51e-08
Dysprosium (66) Dy-155 NA 1.00E+01 h M 5.00E-04 5 .25E-1 3 7.47E-13 1.35E-12 2.45E-13 2.44E-06
Dy-157 NA 810E+00 h M 5.00E-04 2.26E-13 3.20E-13 5.62E-13 8.33E-14 1.32E-06
Dy-159 NA 144E+02 d M 5.00E-04 5.29E-13 “;:70E-13 1.47E-12 1.28E-12 3.19E-08
Dy-165 013967-64-1 233E+00 h M 5.00E-04 4.14E-13 ";:03E-13 1.15E-12 2.10E-13 9.49E-08
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN ° Half-Life © Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi)  (Risk/pCi) _(Risk/pCi) (Riskly per pCi/g)
Dysprosium (66) Dy-166 015840-01-4 816E+01 h M 5.00E-04 1.11E-11 1.63E-11 3.22E-11 8.36E-12 6.02E-08
Einsteinium (99) Es-250 NA 210E+00 h M 5.00E-04 5.96E-14 8.36E-14 1.44E-13 _ 5.07E-13 1.69E-06
Es-251 NA 330E+01 h M 5.00E-04 1.02E-12 1.49E-12 2.89E-12 6.40E-12 2.55E-07
Es-253 NA 20501 4 M 5.00E-04 3.49E-11 5.11E-11 1.01E-10 8.84E-09 1.25E-09
Es-254 NA 2.76E+02 d M 5.00E-04 5.51E-11 7.81E-11 1.50E-10 1.85E-08 8.55E-09
Es-254m NA 393E+01 h M 5.00E-04 2.73E-11 4.00E-11 7.88E-11 1.53E-09 2.10E-06
Erbium (68) Er-161 NA 324E+00 h M 5.00E-04 3.15E-13 4.51E-13 8.10E-13 1.34E-13 4.09E-06
Er-165 NA 1.04E+01 h M 5.00E-04 8.95E-14 1.30E-13 2.42E-13 3.13E-14 3.05E-08
Er-169 015840-13-8 930E+00 d M 5.00E-04 2.53E-12 3.70E-12 7.36E-12 3.85E-12 9.10E-11
Er-171 014391-45-8 752E+00 h M 5.00E-04 2.02E-12 2.96E-12 5.74E-12 9.40E-13 1.42E-06
Er-172 NA .";.93E+Ol h M 5.00E-04 5.99E-12 8.77E-12 1.70E-11 4.74E-12 2.20E-06
Europium (63) Eu-145 NA 594E+00 d M 5.00E-04 2.73E-12 3.85E-12 6.77E-12 1.81E-12 6.95E-06
Eu-146 NA 461E+00 d M 5.00E-04 4.55E-12 6.40E-12 1.12E-11 2.59E-12 1.16E-05
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP G Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) lIsotope® CASRN‘ Half-Life ° Type ! Fraction (f)? (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/y per pCi/g)
Europium (63) Eu-147 NA 240E+01 d M 5.00E-04 2.02E-12 2.90E-12 5.37E-12 3.85E-12 2.04E-06
Eu-148 NA 545E+01 d M 5.00E-04 4.29E-12 6.03E-12 1.04E-11 9.92E-12 9.84E-06
Eu-149 NA 931E+01 d M 5.00E-04 S.14E-13 7.40E-13 1.40E-12 1.07E-12 1.42E-07
Eu-150a NA 126E+01 h M 5.00E-04 2.38E-12 .;SOE-IZ 6.88E-12 1.03E-12 1.95E-07
Eu-150b NA 342E+01 y M 5.00E-04 4.33E-12 6.07E-12 1.08E-11 1.12E-10 6.49E-06
Eu-152 014683-23-9 133E+01 y M 5.00E-04 6.07E-12 8.70E-12 1.62E-11 9.10E-11 5.30E-06
Eu-152m 014683-23-9m “';9'.3ZE+00 h M 5.00E-04 2.98E-12 4.37E-12 8.51E-12 1.12E-12 1.33E-06
Eu-154 015585-10-1 880E+00 y M 5.00E-04 1.03E-11 1.49E-11 2.85E-11 1.15E-10 5.83E-06
Eu-155 014391-16-3 496E+00 y M 5.00E-04 1.90E-12 2.77E-12 5.40E-12 1.48E-11 1.24E-07
Eu-156 014280-35-4 152E+01 d M 5.00E-04 1.27E-11 1.84E-11 3.56E-11 1.37E-11 6.62E-06
Eu-157 NA 1.52E+01 h M 5.00E-04 3.70E-12 5.40E-12 1.06E-11 1.57E-12 9.60E-07
Eu-158 NA .4.59E+01 m M 5.00E-04 2.14E-13 3.01E-13 5.22E-13 1.10E-13 5.06E-06
Fermium (100) Fm-252 NA 227E+01 h M 5.00E-04 1.69E-11 2.48E-11 4.92E-11 1.03E-09 5.09E-11
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive = Lung Absorption Ingestion Ingestion  Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN ¢ Half-Life ° Type ! Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Riskly per pCilqg)

Fermium (100) Fm-253 NA 300E+00 d M 5.00E-04 5.14E-12 7.51E-12 1.48E-11 1.28E-09 2.24E-07
Fm-254 NA 324E+00 h M 5.00E-04 2.15E-12 3.13E-12 6.07E-12 1.98E-10 1.23E-10

Fm-255 NA 201E+01 h M 5.00E-04 1.65E-11 2.42E-11 4.77E-11 8.84E-10 3.85E-09

Fm-257 NA "";.OIE+02 d M 5.00E-04 4.40E-11 6.29E-11 1.23E-10 2.04E-08 3.06E-07

Fluorine (9) F-18 013981-56-1 11I0E+02 m M 1.00E+00 9.73E-14 “.1“30E-13 2.00E-13 1.21E-13 4.45E-06
"I;'-x;mcium 87 Fr-219 NA 2.10E+01 ms - - - - . - 1.44E-08
Fr-220 NA 2.74E+01 s - - - - - - 3.25E-08

Fr-221 015756-41-9 480E+00 m - - - - - - 1.11E-07

Francium (87) Fr-222 NA "";.44E+01 m F 1.00E+00 1.48E-12 2.02E-12 3.43E-12 2.42E-11 1.14E-08
Fr-223 015756-98-6 2 I8E+01 m F 1.00E+00 7.29E-12 1.00E-11 1.78E-11 3.06E-12 1.40E-07

Gadolinium (64) Gd-145 NA 220E+01 m M 5.00E-04 8.92E-14 1.23E-13 1.99E-13 3.63E-14 1.13E-05
Gd-146 NA 483E+01 d M 5.00E-04 5.03E-12 7.29E-12 1.39E-11 2.27E-11 5.56E-07

Gd-147 NA 381E+01 h M 5.00E-04 2.46E-12 3.50E-12 6.33E-12 1.34E-12 5.87E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ®
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN ¢ Half-Life ® Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/pCi)__ (Riskly per pCi/g)
Gadolinium (64) Gd-148 NA 930E+01 y F 5.00E-04 4.22E-11 5.51E-11 9.07E-11 1.26E-08 0.00
Gd-149 NA 940E+00 d M 5.00E-04 2.23E-12 3.22E-12 6.03E-12 2.76E-12 1.59E-06
"—.Gd-151 NA .."-1..20E+02 d M 5.00E-04 1.14E-12 1.65E-12 3.20E-12 2.92E-12 1.20E-07
Gd-152 NA 1.08E+14 y F 5.00E-04 2.97E-11 ";:SSE-I 1 6.29E-11 9.10E-09 0.00
ca1s 0 14276-65-4 242E+02 d4d M 5.00E-04 1.52E-12 2.22E-12 4.26E-12 6.55E-12 1.62E-07
Gd-159 014041-42-0 186E+01_h M 5.00E-04 3.19E-12 4.66E-12 9.21E-12 1.46E-12 1.74E-07
Gallium (31) Ga-65 NA 1.52E+401 m M 1.00E-03 6.33E-14 8.73E-14 1.39E-13 2.84E-14 5.04E-06
...... Ga-66 NA 940E+00 h M 1.00E-03 6.40E-12 9.32E-12 1.80E-11 2.18E-12 1.26E-05
Ga-67 014119-09-6 783E+01 h M 1.00E-03 1.04E-12 1.51E-12 2.89E-12 9.55E-13 5.36E-07
Ga-68 NA 680E+H01 m M 1.00E-03 2.83E-13 4.03E-13 7.18E-13 1.28E-13 4.17E-06
Ga-70 NA 2.12E+01 m M 1.00E-03 5.22E-14 7.22E-14 1.19E-13 2.92E-14 0E0s
Ga-72 013982-22-4 141E+01 h M 1.00E-03 5.59E-12 8.07E-12 1.53E-11 2.17E-12 1.37E-05
Ga-73 NA 4.91E+00 h- M 1.00E-03 1.39E-12 2.03E-12 3.92E-12 6.14E-13 1.25E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gi Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
{Atomic Number) Isotope® CASRN* Half-Life ® Type ! Fraction (f)® (Risk/pCi)__ (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Riskly per pCi/g)
Germanium (32) Ge-66 NA 227E+00 h M 1.00E+00 3.70E-13 4.88E-13 7.99E-13 2.50E-13 2.86E-06
Ge-67 NA 187E+01 m M 1.00E+00 1.06E-13 1.45E-13 2.28E-13 4.59E-14 6.24E-06
Ge-68 NA 288E+02 d M 1.00E+00 6.96E-12 9.88E-12 1.85E-11 4.88E-11 4.69E-13
Ge-69 NA 391E+01 h M 1.00E+00 9.84E-13 1.35E-12 2.35E-12 8.81E-13 4.02E-06
Ge-71 014374-81-3 1.18E+01 d M 1.00E+00 6.48E-14 9.18E-14 1.73E-13 5.18E-14 4.74E-13
Ge-75 NA 828E+01 m M 1.00E+00 8.66E-14 .1-:17E-13 1.85E-13 8.44E-14 1.38E-07
Ge-77 NA 1.13B+01 h M 1.00E+00 1.22E-12 1.65E-12 2.81E-12 1.15E-12 4.82E-06
Ge-78 NA 870E+01 m M 1.00E+00 3.09E-13 4.03E-13 6.22E-13 2.48E-13 1.10E-06
Gold (79) Au-193 NA 177E+401 h S 1.00E-01 7.36E-13 1.07E-12 2.0SE-12 4.55E-13 4.30E-07
Au-194 NA 395E+01 h S 1.00E-01 1.66E-12 2.36E-12 4.22E-12 7.92E-13 4.93E-06
Au-195 NA 1.83E+02 d S 1.00E-01 1.50E-12 2.19E-12 4.22E-12 6.48E-12 1.38E-07
Au-195m NA 3.05E+01 s - - - - - - 7.37E-07
Au-198 010043-49-0 270E+00 d S 1.00E-01 6.29E-12 9.18E-12 1.78E-11 1.70E-06

4.00E-12
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Radionuclide Table: Radionuclide Carcinogenicity - Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gli Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
{Atomic Number) Isotope °© CASRN ¢ Half-Life ® Type ' Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskly per pCi/g)
Gold (79) Au-198m 010043-49-0m 230E+00 4 S 1.00E-01 7.44E-12 1.08E-11 2.09E-11 7.77E-12 1.89E-06
Au-199 NA .";.14E+00 d S 1.00E-01 2.78E-12 ::07]3—12 7.92E-12 3.12E-12 2.79E-07
Au-200 NA 484E+01 m S 1.00E-01 1.55E-13 2.20E-13 3.85E-13 8.55E-14 1.30E-06
Au-200m NA 187E+01 h S 1.00E-01 5.44E-12 7.88E-12 1.48ﬁ-1 1 2.81E-12 9.04E-06
Au-201 NA 264E+01 m S 1.00E-01 4.33E-14 6.03E-14 1.01E-13 3.30E-14 2.29E-07
Hafnium (72) Hf-170 NA 160E+01 h M 2.00E-03 2.19E-12 3.14E-12 5.81E-12 1.20E-12 2.04E-06
Hf-172 NA 1.87E+00 y F 2.00E-03 4.96E-12 7.14E-12 1.37E-11 6.92E-11 1.62E-07
Hf-173 NA 240E+01 h M 2.00E-03 1.06E-12 1.52E-12 2.85E-12 5.92E-13 1.34E-06
Hf-175 NA 700E+01 d M 2.00E-03 1.96E-12 2.83E-12 5.29E-12 4.29E-12 1.35E-06
Hf-177m NA 5.14E+01 m M 2.00E-03 2.01E-13 2.81E-13 4.74E-13 1.81E-13 8.58E-06
Hf-178m NA 3.10E+01 vy ‘F 2.00E-03 1.51E-11 2.13E-11 3.89E-11 3.70E-10 9.57E-06
Hf-179m NA 251E+01 d M 2.00E-03 6.55E-12 9.51E-12 1.81E-11 1.38E-11 3.42E-06
Hf-180m NA SS0E+00 h M 2.00E-03 7.18E-13 1.03E-12 1.89E-12 4.14E-13 3.93E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

. ICRP Gl Water Food Soil External
Element : Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN ¢ Half-Life ® Type ! Fraction (f,)¢ (Risk/pCi) (Risk/ipCi)  (Risk/pCi) (Risk/pCi) (Riskly per pCi/q)

Hafnium (72) Hf-181 NA 424E+01 d M 2.00E-03 6.36E-12 9.25E-12 1.79E-11 1.76E-11 2.24E-06
..... Hf-182 NA 9.00E+06 y F 2.00E-03 5.37E-12 7.25E-12 1.27E-11 3.41E-10 9.10E-07
Hf-182m NA 6.15E401 m M 2.00E-03 1.11E-13 1.57E-13 2.70E-13 1.04E-13 3.83E-06

Hf—l;; ..... NA .“.-6..40E+01 m M 2.00E-03 2.39E-13 3.42E-13 6.25E-13 1.65E-13 3.30E-06

Hf-184 NA 412E+00 h M 2.QOE-O3 2.91E-12 ::2613-12 8.18E-12 1.38E-12 8.64E-07

Holmium (67) Ho- 155 """" NA ..--;.80E+01 m M 5.00E-04 1.05E-13 1.49E-13 2.63E-13 5.29E-14 1.52E-06
Ho-157 NA 126E+01 m M 5.00E-04 1.54E-14 2.13E-14 3.49E-14 7.36E-15 1.84E-06

Ho-159 NA 330E+01 m M 5.00E-04 1.78E-14 2.46E-14 3.96E-14 1.22E-14 1.16E-06

Ho-161 NA 250E+00 h M 5.00E-04 4.96E-14 7.14E-14 1.33E-13 1.98E-14 5.52E-08

Ho-162 NA 1.50E+01 m M 5.00E-04 5.96E-15 8.18E-15 1.29E-14 5.40E-15 6.02E-07

Ho-162m NA 680E+01 m M 5.00E-04 7.47E-14 1.05E-13 1.81E-13 5.18E-14 2.46E-06

Ho-164 NA 290E+01 m M 5.00E-04 1.75E-14 2.45E-14 4.11E-14 1.65E-14 2.78E-08

Ho-164m NA 375 E+01 m M 5.00E-04 4.14E-14 5.88E-14 1.05E-13 3.63E-08

3.48E-14
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?

(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)

Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® . CASRN ¢ Half-Life ¢ Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi)  (Risk/pCi)  (Risk/pCi) (Riskly per pCi/g)
Ho-166 013967-65-2 268E+01 h M 5.00E-04 9.21E-12 1.35E-11 2.67E-11 3.85E-12 1.18E-07
Ho-166m NA 1.20E+03 y M 5.00E-04 8.03E-12 ."1.:14}3-1 1 2.10E-11 3.09E-10 7.69E-06
Ho-167 NA 310E+00 h M 5.00E-04 3.64E-13 5.25E-13 9.95E-13 2.25E-13 1.45E-06
Hydrogen (1) H3 ' 010028-17-8 1.24E+01 y V 1.00E+00 5.07E-14 6.51E-14 9.25E-14 5.6200e-14  0.00
M 1.00E+00 1.1200e-13  1.44000e-13  2.20000e-13  1.9900e-13 -
Indlum (49) In-109 NA 420E+00 h M 2.00E-02 2.46E-13 3.50E-13 6.25E-13 1.11E-13 2.90E-06
In-110a NA 691E+H01 m M 2.00E-02 2.81E-13 4.00E-13 7.03E-13 1.17E-13 7.13E-06
In-110b NA 490E+00 h M 2.00E-02 7.59E-13 1.05E-12 1.77E-12 2.65E-13 1.41E-05
In-111 NA ";‘.83E+00 d M 2.00E-02 1.29E-12 1.85E-12 3.40E-12 8.03E-13 1.42E-06
In-112 NA 144E+01 m M 2.00E-02 1.68E-14 ";:32]3-14 3.70E-14 1.10E-14 1.15E-06
"—.In-l 13m 014885-78-0 1.66E+00 h M 2.00E-02 9.47E-14 1.35E-13 2.47E-13 5.18E-14 1.05E-06
...... In-114 013981-55-0 7.19E+01 s - - - - - - 1.35¢-08
In-114m 013981-55-0m 495E+01 d M 2.00E-02 2.48E-11 3.60E-11 7.03E-11 3.00E-11 3.57E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP G Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
_(Atomic Number) Isotope © CASRN ¢ Half-Life ® Type ! Fraction (f,)? (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
In-115 014191-71-0 5.10E+15 ~ y F 2.00E-02 3.38E-11 4.33E-11 5.85E-11 4.03E-10 2.70E-10
In-115m 014191-71-O0m 449E4+00 h M 2.00E-02 4.40E-13 6.40E-13 1.24E-12 2.15E-13 6.27E-07
In-116m NA 542E+01 m M 2.00E-02 1.62E-13 2.26E-13 3.77E-13 8.77E-14 1.23E-05
In-117 NA 438E+01 m M 2.00E-02 7.03E-14 ..;84}3-14 1.67E-13 5.59E-14 2.90E-06
In-117m NA 1.17E+02 ‘ m M 2.00E-02 4.44E-13 6.44E-13 1.22E-12 2.33E-13 3.35E-07
In-119 NA 240E+00 m - | - - - - - 3.54E-06
In-119m NA 180E+01 m M 2.00E-02 7.55E-14 1.04E-13 1.70E-13 3.34E-14 5.63e-08
Iodine (53) 1-120’ NA 810E+01 m F 1.00E+00 9.03E-13 2.46E-12 2.33E-12 3.89E-13 1.33E-05
v 1.00E+00 - - - 1.11E-12 -
1-120m’ NA .'".5..30E+01 m F 1.00E+00 5.03E-13 1.30E-12 1.20E-12 1.98E-13 2.55E-05
v 1.00E+00 - - - 6.18E-13 -
I-1217 NA 212E+00 h F 1.00E+00 2.27E-13 6.03E-13 5.59E-13 9.81E-14 1.63E-06
v 1.00E+00 - - - 2.98E-13 -
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries)

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN ¢ Half-Life ® Type ! Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskly per pCi/q)
Iodine (53) 1-122 018287-75-7 362E+00 m - - - - - - 4.17E-06
I-1237 015715-08-9 1.32E+01 h F 1.00E+00 6.96E-13 2.05E-12 1.96E-12 3.03E-13 5.10E-07
A% 1.00E+00 - - - 8.21E-13 -
I-124 NA 418E+00 d F 1.00E+00 4.14E-11 1.22E-10 1.16E-10 1.76E-11 5.10E-06
v 1.00E+00 o - - 4.55E-11 -
I-1251 014158-31-7 ..6..01E+01 d F 1.00E+00 2.54E-11 6.29E-11 5.55E-11 1.06E-11 7.24E-09
\" 1.00E+00 - - - 2.77E-11 -
I-126 014158-32-8 4 1.30E+01 d F 1.60E+00 8.73E-11 ";48E-10 231E-10 3.70E-11 1.96E-06
\" 1.00E+00 - - - 9.58E-11 -
I-1287 NA 250E+01 m F 1.00E+00 8.14E-14 2.06E-13 1.89E-13 3.04E-14 3.74E-07
v 1.00E+00 o - - 2.11E-13 -
I-1297 015046-84-1 1.57E+07 y F 1.00E+00 1.48E-10 3.22E-10 2.71E-10 6.07E-11 6.10E-09
v 1.00E+00 o - - 1.60E-10 -

25




Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)

Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GlI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope ¢ CASRN ¢ Half-Life ° Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi) _(Risk/pCi) (Risk/pCi) (Riskly per pCi/g)
I-130 014914-02-4 124E+01 h F 1.00E-+00 6.36E-12 1.88E-11 1.80E-11 2.76E-12 9.67E-06
v 1.00E-+00 - - - 7.29E-12 -
I-1317 010043-66-0 804E+00 d F 1.00E+00 4.55E-11 1.34E-10 1.26E-10 1.95E-11 1.59E-06
A% 1.00E+00 - - - 5.03E-11 -
1-132/ 014683-16-0 230E+00 h F 1.00E+00 8.44E-13 2.34E-12 2.22E-12 3.74E-13 1.06E-05
\Y% 1.00E+00 - - - 1.15E-12 -
I-132m’ 014683-16-0m 836E+01 m F 1.00E+00 6.11E-13 1.78E-12 1.70E-12 2.70E-13 1.40E-06
v 1.00E+00 - - - 8.77E-13 -
I-l33j 014834-67-4 2.08E+01 h F 1.00E+00 1.44E-11 4.40E-11 4.26E-11 6.25E-12 2.72E-06
v 1.00E+00 - - - 1.62E-11 -
I-1344 014914-27-3 526E+01 m F 1.00E+00 2.50E-13 6.44E-13 5.96E-13 1.02E-13 1.24E-05
A% 1.00E+00 - - - 4.40E-13 -
I-135 014834-68-5 661E+00 h F 1.00E+00 3.05E-12 8.99E-12 8.62E-12 1.34E-12 7.83E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN ¢ Half-Life ° Type ' Fraction (f)® (Risk/pCi) (Risk/pCi)  (Risk/pCi) _ (Risk/pCi) (Risk/y per pCilqg)
\' 1.00E+00 - - - 3.65E-12 -
Iridium (77) Ir-182 NA 1.50E+01 m S 1.00E-02 9.95E-14 1.39E-13 2.33E-13 5.03E-14 5.85E-06
Ir-184 NA 302E+00 h S 1.00E-02 6.44E-13 9.21E-13 1.67E-12 3.30E-13 8.66E-06
Ir-185 NA 140E+01 h S 1.00E-02 1.32E-12 1.91E-12 3.61E-12 7.25E-13 2.69E-06
Ir-186a NA 1.58E+01 h S 1.00E-02 2.08E-12 2.98E-12 5.44E-12 1.06E-12 7.40E-06
Ir-186b NA 1.7SE+00 h S 1.00E-02 2.00E-13 ";:84E-1 3 5.07E-13 1.11E-13 4.22E-06
Ir-187 NA 1.05E+01 h S 1.00E-02 5.77E-13 8.33E-13 1.57E-12 2.87E-13 1.42E-06
Ir-188 NA 4.15E+01 h S 1.00E-02 2.52E-12 3.58E-12 6.40E-12 1.38E-12 7.68E-06
Ir-189 NA 1.33E+01 d S 1.00E-02 1.51E-12 2.21E-12 4.29E-12 2.33E-12 1.69E-07
Ir-190 014981-91-0 121E+01 d S 1.00E-02 5.66E-12 8.10E-12 1.50E-11 8.81E-12 5.99E-06
Ir-190m 014981-91-0m 120E+00 h S 1.00E-02 3.17E-14 4.55E-14 8.44E-14 3.89E-14 8.69E-13
Ir-190n NA 3.10E+60 h S 1.00E-02 4.26E-13 - 1.07E-12 2.14E-13 6.48E-06
Ir-191m NA 4.94E+00 s - - - - - - 1.58E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN ¢ Half-Life ® Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi) _ (Risk/pCi)  (Risk/pCi) _(Riskly per pCilq)
Iridium (77) Ir-192 NA 740E+01 d S 1.00E-02 7.36E-12 1.07E-11 2.04E-11 241E-11 3.40E-06
Ir-192m NA "-;.41E+02 y S 1.00E-02 9.81E-13 1.32E-12 2.16E-12 1.02E-10 5.39E-07
Ir-194 014158-35-1 192E+01 h S " 1.00E-02 8.62E-12 1.26E-11 2.49E-11 3.40E-12 4.09E-07
Ir-194m 014158-35-1m 1.71E+02 d S 1.00E-02 8.88E-12 1.26E-11 2.29E-11 4.59E-11 1.01E-05
Ir-195 NA 250E+00 h S 1.00E-02 3.96E-13 5.77E-13 1.10E-12 2.39E-13 1.12E-07
Ir-195m NA 3.80E+00 h S 1.00E-02 1.03E-12 1.50E-12 2.89E-12 5.96E-13 1.58E-06
Iron (26) Fe-52 NA 828E+00 h M 1.00E-01 7.07E-12 ".1.:03E-1 1 1.94E-11 2.73E-12 3.07E-06
Fe-55 014681-59-5 270E+00 y M 1.00E-01 8.62E-13 1.16E-12 2.09E-12 7.99E-13 0.00
Fe-59 014596-12-4 445E+01 d M 1.00E-01 7.88E-12 1.11E-11 2.07E-11 1.33E-11 5.83E-06
Fe-60 NA | 1.00E+05 y M 1.00E-01 1.80E-10 2.39E-10 3.53E-10 1.84E-10 6.38E-12
Krypton (36) Kr-74 NA 1LISE+01 m - - - - - - 4.90E-06
Kr-76 NA 148E+01 h - - - - - - 1.73E-06
Kr-77 NA 747E+01 m - - - - - - 4.22E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?

(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)

Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP G Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
{(Atomic Number) Isotope © CASRN ¢ Half-Life ° Type ! Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Riskl/y per pCi/qg)
Kr-79 NA 3.50E+01 h - - - - - - 1.08E-06
Kr-81 NA 2 10EH05 y - - - - - - 2.18E-08
Kr-81m NA 1.30E+01 s - - - - - - 4.60E-07
Kr-83m 013965-98-5 1.83E+00 h - - - - - - 1.34E-11
Kr-85 013983-27-2 1.07E+01 'y - - - - - - 1.05E-08
Kr-85m 013983-27-2m 448E+00 h - - - - - - 5.46E-07
Kr-87 014809-68-8 7.63E+01 m - - - - - - 4.00E-06
Kr-88 014995-61-0 2.84E+00 h - - - - - - 1.02E-05
Lanthanum (57) La-131 NA S90E+01 m M 5.00E-04 9.32E-14 1.31E-13 2.28E-13 5.48E-14 2.76E-06
La-132 NA 480E+00 h M 5.00E-04 1.78E-12 ”;:58E-12 4.85E-12 6.25E-13 9.52E-06
La-134 NA 6.67E+00 m - - - - - - 3.05E-06
La-135 NA 1956401 h M 5.00E-04 1.46E-13 2.11E-13 3.96E-13 5.03E-14 5.21E-08
La-137 NA 6.00E+04 y F 5.00E-04 3.48E-13 5.00E-13 9.44E-13 1.39E-11 6.75E-09
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP G Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope ¢ CASRN ¢ Half-Life © Type ' Fraction (f)° (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskly per pCil/g)
La-138 NA 135E+11 y F 5.00E-04 3.53E-12 4.96E-12 8.81E-12 3.05E-10 6.07E-06
La-140 013981-28-7 403E+01 h M 5.00E-04 1.10E-11 1.59E-11 3.05E-11 4.77E-12 1.15E-05
La-141 NA 393E+00 h M 5.00E-04 1.88E-12 2.74E-12 5.37E-12 7.44E-13 2.37E-07
La-142 NA 925E+01 m M 5.00E-04 5.77E-13 8.21E-13 1.48E-12 2.42E-13 1.44E-05
La-143 NA 142E+01 m M 5.00E-04 1.26E-13 1.78E-13 3.14E-13 5.66E-14 5.11E-07
Lead (82) Pb-195m NA 1.58E+01 m M 2.00E-01 5.48E-14 7.55E-14 1.20E-13 4.37E-14 6.90E-06
Pb-198 NA 240E+00 h M 2.00E-01 2.60E-13 3.63E-13 6.18E-13 1.43E-13 1.62E-06
Pb-199 NA 9.00E+01 m M 2.00E-01 1.42E-13 ml”97E-1 3 3.28E-13 7.44E-14 6.87E-06
Pb-200 NA 21SE+01 h M 2.00E-01 1.58E-12 2.24E-12 4.03E-12 1.16E-12 5.97E-07
Pb-201 NA 940E+00 h M 2.00E-01 5.92E-13 8.36E-13 1.47E-12 3.50E-13 3.18E-06
Pb-202 NA 300E+05 y M 2.00E-01 2.22E-11 ";9313-1 1 3.74E-11 1.43E-11 3.09E-12
Pb-202m NA 362E+00 h M 2.00E-01 4.18E-13 5.85E-13 9.84E-13 2.25E-13 9.32E-06
Pb-203 014687-25-3 521E+01 h M 2.00E-01 1.02E-12 1.46E-12 2.65E-12 7.55E-13 1.09E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
{(Atomic Number) Isotope © CASRN ¢ Half-Life ° Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/pCi) (Riskly per pCil/g)
Lead §82) Pb-205 NA 143E+07 y M 2.00E-01 6.33e-13 8.25e-13 1.26e-12 6.44e-13 3.50e-12
Pb-209 014119-30-3 325E+00 h | M 2.00E-01 241e-13 3.49¢-13 6.55¢-13 1.90e-13 5.37e-10
Pb-210 014255-04-0 223E+01 y M 2.00E-01 8.81e-10 1.18¢-09 1.84¢-09 2.77e-09 1.41e-09
Pb-210+D 014255-04-0(+D) 223E+01 'y M 2.00E-01 1.27e-09 3.44e-09 2.66e-09 1.39¢-08 4.21e-09
Pb-211 015816-77-0 361E+01 m M 2.00E-01 4.11e-13 “.5.:81e-13 1.04e-12 3.70e-11 2.29e-07
Pb-212 015092-94-1 1.06E+01 h M 2.00E-01 2.50e-11 3.54e-11 - 6.70e-11 5.77e-10 5.09e-07
"—;;_214 015067-28-4 268E+01 m M 2.00E-01 3.44¢-13 4.85e-13 8.51e-13 3.63e-11 9.82e-07
Lutetium (71) Lu-169 NA 341E+01 h S 5.00E-04 1.94¢-12 2.77e-12 5.03e-12 1.33e-12 4.73e-06
Lu-170 NA 200E+00 d S 5.00E-04 4.14e-12 5.88e-12 1.06e-11 2.25¢e-12 1.26¢-05
Lu-171 NA 822E+H00 d S 5.00E-04 3.27e-12 4.70e-12 8.84e-12 3.50e-12 2.90e-06
Lu-172 NA _ 670E+00 d S 5.00E-04 5.5%e-12 8.03e-12 1.47e-11 6.03e-12 8.70e-06
Lu-173 NA 137E+00 y S 5.00E-04 1.35e-12 1.96e-12 3.7f1e-12 8.70e-12 2.92¢-07
Lu-174 NA 331E+00 y S 5.00E-04  1.46e-12 2.12¢-12 4.11e-12 1.42e-11 4.26e-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
{Atomic Number) Isotope® CASRN ¢ Half-Life © Type ! Fraction (f)® (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Riskly per pCi/g)
Lu-174m NA 142E+02 d S 5.00E-04 3.38E-12 4.96E-12 9.73E-12 1.51E-11 9.88E-08
Lu-176 NA 3.60E+10 vy S 5.00E-04 9.29E-12 1.35E-11 2.60E-11 1.41E-10 1.83E-06
Lu-176m NA ..";.68E+00 h S 5.00E-04 8.55E-13 1.25E-12 2.43E-12 4.55E-13 2.78E-08
Lu-177 014265-75-9 6.71E+00 d S 5.00E-04 3.53E-12 5.18E-12 1.02E-11 4.66E-12 1.14E-07
Lu-177m 014265-75-9m "";.61E+02 d S 5.00E-04 9.36E-12 1.36E-11 2.60E-11 5.70E-11 3.63E-06
Lu-178 NA 2.84E+01 m S 5.00E-04 8.62E-14 "'1':20E-13 2.02E-13 5.29E-14 6.76E-07
Lu-178m NA 227E+01 m S 5.00E-04 7.10E-14 9.84E-14 1.59E-13 5.85E-14 4.26E-06
Lu-179 NA 459E+00 h S 5.00E-04 1.12E-12 1.64E-12 3.21E-12 5.14E-13 1.19E-07
Magnesium (12) Mg-28 NA 209E+01 h M 5.00E-01 1.14E-11 1.65E-11 3.06E-11 5.14E-12 6.56E-06
Manganese (25) Mn-51 NA 462E+01 m M 1.00E-01 2.09E-13 2.95E-13 5.11E-13 9.55E-14 4.37E-06
Mn-52 014092-99-0 "";.59E+00 d M 1.00E-01 6.44E-12 9.07E-12 1.58E-11 4.40E-12 1.67E-05
.... Mn-52m 014092-99-0m 211E+01 m M 1.00E-01 1.27E-13 1.75E-13 2.82E-13 S.07E-14 1.15E-05
Mn-53 NA 370E+06 y M 1.00E-01 1.56E-13 2.25E-13 437E-13 2.17E-13 0.00
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN ¢ Half-Life ® Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) {Risk/pCi) _ (Riskly per pCi/g)
Mn-54 013966-31-9 313E+02 d M 1.00E-01 2.28E-12 3.11E-12 5.14E-12 5.88E-12 3.89E-06
Mn-56 014681-52-8 258E+00 h M 1.00E-01 1.03E-12 1.48E-12 2.78E-12 4.14E-13 8.44E-06
Mendelevium (101) Md-257 NA 5.20E+60 h M 5.00E-04 5.88E-13 8.58E-13 1.67E-12 7.70E-11 3.62E-07
Md-258 NA S50E+01 d M 5.00E-04 4.33E-11 6.25E-11 1.23E-10 1.68E-08 1.31E-09
Mercury (80) Hg-193 k NA 350E+00 h M 2.00E-02 4.11E-13 5.99E-13 1.14E-12 2.53E-13 5.55E-07
v o - - 3.77E-12 -
Hg-193m ¥ NA 1.11E+01 h M 2.00E-02 1.97E-12 2.84E-12 5.37E-12 9.40E-13 4.54E-06
v - - - 1.03E-11 -
Hg-194 k NA 260E+02 y M 1.00E+00 8.07E-11 ."1-:06E-10 1.55E-10 2.88E-11 5.04E-12
v o - - 7.22E-11 -
Hg-195 k NA "-"9‘.90E+00 h M 2.00E-02 5.07E-13 7.36E-13 1.41E-12 2.84E-13 7.34E-07
...... \Y% - - - 4.74E-12 -
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN ¢ Half-Life °© Type ! Fraction {f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Risk/y per pCi/q)
Mercury (80) Hg-195m koNA 416E+01 h M 2.00E-02 3.36E-12 4.92E-12 9.55E-12 2.33E-12 7.68E-07
V o - - 2.72E-11 -
Hg-197 k 013981-51-6 641E+01 h M 2.00E-02 1.43E-12 2.09E-12 4.07E-12 1.25E-12 1.14E-07
A" - - - 1.45E-11 -
Hg-197m K 013981-51-6m 238E+01 h M 2.00E-02 3.00E-12 4.40E-12 8.62E-12 2.28E-12 2.50E-07
A% - - - 1.92E-11 -
Hg-199m £ NA 426E+01 m M 2.00E-02 6.70E-14 9.44E-14 1.63E-13 6.33E-14 5.77E-07
v - - - 5.88E-13 -
Hg-203 k 013982-78-0 466E+01 d M 1.00E+00 5.70E-12 7.62E-12 1.27E-11  8.95E-12 9.21E-07
v o - - 2.45E-11 -
Molybdenum (42) Mo-90 NA 567E+00 h M 1.00E+00 6.59E-13 8.73E-13 1.39E-12 1.24E-12 3.41E-06
Mo-93 NA 350E+03 y M 1.00E+00 3.35E-12 4.18E-12 5.29E-12 1.27E-12 2,17E-10
Mo-93m NA 685E+00 h M 1.00E+00 3.20E-13 4.26E-13 6.62E-13 4.33E-13 1.09E-05
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *®
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GI - Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN ¢ Half-Life ° Type * Fraction (f,)® (Risk/pCi)_ (Risk/pCi) (Risk/pCi) _ (Risk/pCi) (Risk/y per pCi/g)
Mo-99 014119-154 660E+01 h M 1.00E+00 1.60E-12 2.11E-12 3.50E-12 4.29E-12 6.64E-07
Mo-101 NA .“';.46E+0 Il m M 1.00E+00 6.88E-14 9.44E-14 1.48E-13 4.33E-14 6.62E-06
"I‘\;odymium (60) Nd-136 NA 507E+01 m S 5.00E-04 2.70E-13 3.81E-13 6.70E-13 1.34E-13 1.01E-06
Nd-138 NA S04E+00 h S 5.00E-04 3.42E-12 5.00E-12 9.69E-12 1.24E-12 6.73E-08
Nd-139 NA 297E401 m S 5.00E-04 4.96E-14 6.96E-14 1.21E-13 2.37E-14 1.72E-06
Nd-139m NA 550E+00 h S 5.00E-04 1.08E-12 1.56E-12 2.86E-12 4.96E-13 7.13E-06
...... Nd-141 NA 249E+00 h S 5.00E-04 3.09E-14 74.40E- 14 8.07E-14 1.34E-14 2.28E-07
Nd-141m NA 6.24E+01 s - - - - - - 3.48E-06
Nd-147 014269-74-0 L.L1I0E+01 d S 5.00E-04 6.96E-12 ".I.:OZE-I 1 2.01E-11 9.36E-12 4.87E-07
Nd-149 015749-81-2 1.73E+00 h S 5.00E-04 5.44E-13 7.92E-13 1.51E-12 3.19E-13 1.49E-06
Nd-151 NA 1.24E+01 m S 5.00E-04 7.36E-14 1.04E-13 1.83E-13 3.92E-14 4.10E-06
"I;;on (10) Ne-19 NA .“.;.72E+01 s - - - - - - 4.47E-06
Neptunium (93) Np-232 NA 147E+01 m M 5.00E-04 1.97E-14 2.70E-14 4.14E-14 3.17E-14 5.25E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN ¢ Half-Life ¢ Type ' Fraction (f)? (Risk/pCi) (Risk/pCi)  (Risk/pCi)  (Risk/pCi) _(Riskly per pCilg)
Np-233 NA 362E+01 m M 5.00E-04 5.03E-15 6.99E-15 1.14E-14 2.49E-15 2.29E-07
Np-234 NA 440E400 d4d M 5.00E-04 3.40E-12 4.85E-12 8.77E-12 1.86E-12 7.06E-06
Np-235 NA 396E+02 d M 5.00E-04 3.46E-13 5.07E-13 9.99E-13 1.15E-12 2.13E-09
Np-236a 15700-36-4a ..-.;..15E+05 y M 5.00E-04 1.05E-11 1.44E-11 2.56E-11 9.77E-10 3.25E-07
Np-236b 15700-36-4b 225401 h M 5.00E-04 1.11E-12 ".1':63E-12 3.19E-12 8.07E-12 1.34E-07
Np-237 013994-20-2 214E+H06 y M 5.00E-04 6.18E-11 ";:29E-1 1 1.46E-10 1.77E-08 5.36E-08
Np-2374+D  013994-20-2(+D) 214E+06 y M 5.00E-04 6.74E-11 9.10E-11 1.62E-10 1.77E-08 7.97E-07
Np-238 015766-25-3 212EH00 d M 5.00E-04 5.40E-12 7.88E-12 1.52E-11 4.18E-12 2.62E-06
Np-239 013968-59-7 236E+00 d M 5.00E-04 5.14E-12 7.51E-12 1.47E-11 4.00E-12 5.41E-07
Np-240 015690-84-3 6.50E+01 m M 5.00E-04 2.23E-13 ."3-:16E-13 5.55E-13 1.95E-13 5.80E-06
Np-240m 015690-84-3m 740E+00 m - - - - - - 1.51E-06
Nickel (28) Ni-56 NA 610E+00 d M 5.00E-02 2.83E-12 3.96E-12 6.70E-12 2.88E-12 7.74E-06
\" 5.00E-02 - - - 4.22E-12 -
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Elemept . Radiogctive Lung , Abso_rption Ingestior] Ingestior_\ Ingestior_l Int_lalatiop Ex.posure ) |
(Atomic Number) Isotope® CASRN Half-Life © Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/g) |
Nickel (28) Ni-57 NA 36lE+01 h M 5.00E-02 3.89E-12 5.55E-12 1.02E-11 1.78E-12 9.43E-06 ‘
V - 5.00E-02 - - - 1.47E-12 -
Ni-59 014336-70-0 7.50E+04 vy M 5.00E-02 2.74E-13 3.89E-13 7.33E-13 4.66E-13 0.00
...... A 5.00E-02 - - - 2.41E-12 -
Ni-63 013981-37-8 9.60E+01 y M 5.00E-02 6.70E-13 9.51E-13 1.79E-12 1.64E-12 0.00
v 5.00E-02 - - - 5.77E-12 -
Ni-65 014833-49-9 252EH00 h M 5.00E-02 6.96E-13 1.01E-12 1.92E-12 3.03E-13 2.74E-06
A% 5.00E-02 - - - 7.07E-13 -
Ni-66 NA 546E+01 h M 5.00E-02 2.00E-11 2.94E-11 5.77E-11 8.99E-12 2.67E-11
v 5.00E-02 - - - 4.59E-12 -
Niobium (41) Nb-88 NA 143E+01 m M 1.00E-02 1.13E-13 1.55E-13 2.45E-13 4.51E-14 1.89E-05
Nb-89a NA 660E+01 m M 1.00E-02 4.00E-13 5.66E-13 1.01E-12 1.74E-13 8.48E-06
Nb-89b NA 1.22E402 m M 1.00E-02 1.04E-12 15 1E-12 2.82E-12 4.07E-13 6.64E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP " GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN*‘ Half-Life ° Type ' Fraction (f)? (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Riskl/y per pCi/g)
Nb-90 NA 146E+01 h M 1.00E-02 5.70E-12 8.21E-12 1.52E-11 2.27E-12 2.13E-05
Nb-93m 007440-03-1 1.36E+01 y M 1.00E-02 8.03E-13 .“1..17E-12 2.31E-12 1.90E-12 3.83E-11
Nb-94 014681-63-1 2.03E+04 vy M 1.00E-02 7.77E-12 1.11E-11 2.05E-11 3.77E-11 7.29E-06
Nb-95 013967-76-5 352E+01 d M 1.00E-02 2.45E-12 3.50E-12 6.36E-12 5.44E-12 3.53E-06
Nb-95m 013967-76-5m 866E+01 h M 1.00E-02 3.66E-12 5.37E-12 1.05E-11 3.27E-12 2.32E-07
Nb-96 NA 234E+01 h M 1.00E-02 5.03E-12 7.25E-12 1.35E-11 "".2."2"8E-12 1.15E-05
Nb-97 018496-04-3 721E+01 m M 1.00E-02 1.96E-13 2.79E-13 5.00E-13 1.07E-13 2.97E-06
Nb-97m 018496-04-3m 6.00E+01 s - - - - - - 3.34E-06
------ Nb-98 NA S15E+01 m M 1.00E-02 2.80E-13 3.92E-13 6.73E-13 1.23E-13 1.16E-05
Nitrogen (7) N-13 NA 997E+H00 m - - - - - - 4.45E-06
Osmium (76) Os-180 NA 2.20E;LOI m M 1.00E-02 3.63E-14 5.00E-14 7.92E-14 2.62E-14 1.08E-07
Os-181 NA “";.OSE+02 m M 1.00E-02 3.54E-13 5.07E-13 9.21E-13 1.95E-13 5.41E-06
Os-182 NA 220E+01 h M 1.00E-02 2.59E-12 3.74E-12 6.92E-12 1.45E-12 1.63E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

. ICRP GlI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN ¢ Half-Life Type ' Fraction (f)? (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/pCi) (Riskly per pCil/q)
Os-185 015766-50-4 940E+01 d M 1.00E-02 1.92E-12 2.70E-12 4.77E-12 6.14E-12 3.11E-06
Os-189m NA 600E+00 h M 1.00E-02 1.02E-13 1.50E-13 2.94E-13 3.44E-14 7.20E-13
Os-190m NA 990E+00 m M - - - - - 6.76E-06
Os-191 014119-24-5 1.54E+01 d M 1.00E-02 3.64E-12 5.33E-12 1.05E-11 7.10E-12 1.66E-07
Os-191m 014119-24-5m 1.30E+01 h M 1.00E-02 6.11E-13 8.95E-13 1.76E-12 6.36E-13 1.05E-08
Os-193 016057-77-5 300E+01 h M 1.00E-02 5.29E-12 7.77E-12 1.53E-11 2.71E-12 2.69E-07
Osmiﬁm (76) Os-194 NA 600E+00 y M 1.00E-02 1.53E-11 2.23E-11 4.37E-11 2.55E-10 6.57E-10
"(‘)‘;ygen @® “.0-15 NA 1.22E+02 s - - - - - - 4.46E-06
Palladium (46) Pd-100 015690-69-4 363E+00 d S 5.00E-03 4.03E-12 ’5.77E-12 ‘ 1.05E-11 3.10E-12 2.22E-07
Pd-101 015749-54-9 827E+00 h S 5.00E-03 422E-13 “;07E-1 3 1.12E-12 1.97E-13 1.38E-06
Pd-103 014967-68-1 1.70E+01 d S 5.00E-03 1.25E-12 1.84E-12 3.61E-12 1.77E-12 1.15E-09
Pd-107 017637-99-9 6.50E+06 y S 5.00E-03 2.50E-13 3.67E-13 7.25E-13 1.69E-12 0.00
Pd-109 014981-64-7 1.34E+01 h S 5.00E-03 3.50E-12 5.14E-12 1.01E-11 1.85E-12 1.27E-08
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Radionuclide Table: Radionuclide Carcinogenicity — Slbpe Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gli Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure

(Atomic Number) Isotope © CASRN ¢ Half-Life ° Type ' Fraction (f,)® (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/y per pCilq)

Phosphorus (15)  P-30 NA 250E+00 m - - - - - - 4.50E-06

P-32 014596-37-3 143E+01 d M 8.00E-01 8.95E-12 1.23E-11 2.21E-11 1.22E-11 9.41E-09

P-33 015749-66-3 254E+01 d M 8.00E-01 9.81E-13 1.36E-12 247E-12 5.11E-12 3.72E-11

Platinum (78) Pt-186 NA 200E+00 h F 1.00E-02 3.92E-13 5.62E-13 1.03E-12 8.25E-14 3.20E-06

.mPt—188 NA 102E+01 d F 1.00E-02 3.77E-12 5.44E-12 1.03E-11 1.88E-12 6.02E-07

Pt-189 NA 1.09E+01 h F 1.00E-02 5.92E-13 8.55E-13 1.61E-12 1.32E-13 1.17E-06

Pt-191 015706-36-2 280E+00 d F 1.00E-02 1.76E-12 2.55E-12 4.85E-12 4.63E-13 9.78E-07

Pt-193 015735-70-3 S.00E+01 y F 1.00E-02 2.11E-13 3.09E-13 6.14E-13 1.11E-13 2.78E-12

Pt-193m 015735-70-3m 433E+00 d F 1.00E-02 3.03E-12 | ;:44E-12 8.81E-12 7.73E-13 1.68E-08

Pt-195m NA 402E+00 d F 1.00E-02 4.11E-12 ";0313-12 1.19E-11 1.05E-12 1.26E-07

Pt-197 015735-74-7 1.83E+01 h F 1.00E-02 2.62E-12 3.85E-12 7.59E-12 5.22E-13 5.63E-08

"mPt-197m 015735-74-Tm "-"9..44E+01 m F 1.00E-02 4.00E-13 5.81E-13 1.12E-12 8.66E-14 2.38E-07

Pt-199 NA 308E+01 m F 1.00E-02 8.84E-14 1.25E-13 2.18E-13 2.48E-14 8.69E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gi Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN*° Half-Life ° Type ! Fraction (f)® (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Riskly per pCi/g)
Pt-200 NA 125E+01 h F 1.00E-02 7.73E-12 1.13E-11 2.23E-11 1.48E-12 1.58E-07
Plutonium (94) Pu-234 NA 880E+00 h M 5.00E-04 8.58E-13 1.25E-12 2.39E-12 6.85E-11 1.61E-07
Pu-235 NA 253E+01 m M 5.00E-04 4.37E-15 6.03E-15 9.73E-15 2.39E-15 2.37E-07
Pu-236 015411-92-4 285E+00 y M 5.00E-04 7.47E-11 9.92E-11 1.74E-10 2.28E-08 1.19E-10
Pu-237 NA 4.53E+01 | d M 5.00E-04 5.77E-13 8.40E-13 1.62E-12 1.27E-12 1.12E-07
Pu-238 013981-16-3 | 877E+01 y M 5.00E-04 1.31E-10 1.69E-10 2.72E-10 3.36E-08 7.22E-11
Pu-239 015117-48-3 241E+04 y M 5.00E-04 1.35E-10 1.74E-10 2.76E-10 3.33E-08 2.00E-10
Pu-240 014119-33-6 654E+03 y M 5.00E-04 1.35E-10 1.74E-10 2.77E-10 3.33E-08 6.98E-11
Pu-241 014119-32-5 .":.44E+01 y M 5.00E-04 1.76E-12 2.28E-12 3.29E-12 3.34E-10 4.11E-12
Pu-242 013982-10-0 376E+05 y M 5.00E-04 1.28E-10 1.65E-10 2.63E-10 3.13E-08 6.25E-11
Pu-243 015706-37-3 496E+00 h M 5.00E-04 4.74E-13 6.92E-13 1.34E-12 2.94E-13 5.50E-08
Pu-244 014119-34-7 826E+07 y M 5.00E-04 1.37E-10 1.80E-10 2.94E-10 2.93E-08 3.01E-11
Pu-244+D 014119-34-7(+D) 826E+07 y M 5.00E-04 1.44E-10 1.90E-10 3.14E-10 2.93E-08 1.51E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)

Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number)_ Isotope® CASRN*‘ Half-Life ® Type ' Fraction (f)® (Risk/pCi) (Risk/pCi) __ (Risk/pCi)  (Risk/pCi) (Risk/y per pCilg)
Pu-245 NA 105401 h M 5.00E-04 4.48E-12 6.55E-12 1.28E-11 2.07E-12 1.77E-06
Pu-246 NA .‘.‘;.09E+01 d M 5.00E-04 1.73E-11 “;:53E-1 1 4.92E-11 1.73E-11 4.04E-07
Polonium (84) Po-203 ! NA 36.7 m M ()] 1.6300e-13  1.88000e-13  3.92000e-13  7.7300e-14  7.65E-06
Po-205' NA 1.80E+00 h M )] 1.8100e-13  2.41000e-13  4.26000e-13  1.72E-13 7.36e-06
Po-207" NA 350E+02 m M 4] 5.1800e-13  5.55000e-13  1.28000e-12  1.99E-13 6.08e-06
Po-210' 013981-52-7 1.38E+02 d M 1) 3.77e-10 2.25¢-09 7.96e-10 1.08E-08 3.95E-11
Po-211 NA 5.16E-01 s - - - - - 3.58e-08
Po-212 015389-34-1 " 3 05E-01 us - - - - - 0.00
Po-213 015756-57-7 420E+00 us - - - - - 0.00
Po-214 015735-67-8 1.64E+02 us - - - - - 3.86E-10
Po-215 015706-52-2 1.78E-03 s - - - - - 7.48E-10
Po-216 015756-58-8 1.50E-01 s - - - - - 7.87E-11
Po-218 015422-24-9 305400 m - - - - - 4.26E-11
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN ¢ Half-Life ® Type ' Fraction (f,)° (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/y per pCi/q)
Potassium (19) K-38 NA 764E+00 m - - - - - - 1.61E-05
K-40 013966-00-2 1.28E+09 y F 1.00E+00 2.47E-11 3.43E-11 6.18E-11 1.03E-11 7.97E-07
K-42 014378-21-3 1.24E+01 h F 1.00E+00 1.26E-12 1.74E-12 3.06E-12 4.33E-13 1.46E-06
K-43 NA 226E+01 h F 1.00E+00 7.88E-13 1.07E-12 1.81E-12 3.09E-13 4.23E-06
K-44 NA 221E+01 m F 1.00E+00 1.39E-13 1.91E-13 3.00E-13 3.39E-14 1.19E-05
K-45 NA 200E+01 m F 1.06E+00 8.95E-14 ."1-:22E-13 1.93E-13 2.33E-14 9.53E-06
Praseodymium (59) Pr-136 NA 131E+01 m S 5.00E-04 5.88E-14 8.07E-14 1.27E-13 2.15E-14 9.74E-06
Pr-137 NA 766E+01 m S 5.00E-04 1.25E-13 1.78E-13 3.22E-13 5.55E-14 2.14E-06
Pr-138 NA 145E+00 m - - - - - - 3.57E-06
Pr-138m NA 210E+00 h S 5.00E-04 4.18E-13 5.92E-13 1.03E-12 1.76E-13 1.13E-05
Pr-139 NA 451E+00 h S 5.00E-04 1.47E-13 2.12E-13 4.03E-13 6.96E-14 4.41E-07
Pr-142 014191-64-1 191E+01 h S 5.00E-04 8.58E-12 1.26E-11 2.49E-11 3.38E-12 3.14E-07
Pr-142m NA 146E+01 m S 5.00E-04 1.10E-13 1.62E-13 3.20E-13 4.33E-14 0.00
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN“‘ Half-Life ° Type * Fraction (f,)® (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/y per pCi/g)
Pr-143 014981-79-4 1.36E+01 d S 5.00E-04 7.92E-12 1.16E-11 2.29E-11 9.73E-12 1.63E-09
Pr-144 014119-05-2 1.73E+01 m S 5.00E-04 8.10E-14 1.12E-13 1.82E-13 3.58E-14 1.94E-07
------ Pr-144m 014119-05-2m 720E+00 m - - - - - - 8.73E-09
Pr-145 NA S98E+00 h S 5.00E-04 2.29E-12 3.36E-12 6.59E-12 9.25E-13 6.95E-08
Pr-147 NA 136E+01 m S 5.00E-04 5.85E-14 8.10E-14 1.32E-13 3.59E-14 3.78E-06
Promethium (61) Pm-141 NA 2.09E+01 m S 5.00E-04 6.66E-14 “;.25E-14 1.52E-13 2.85E-14 3.33E-06
Pm-142 NA 4.05E+01 s - - - - - - 3.86E-06
Pm-143 NA 265E+02 d S S;OOE-04 8.73E-13 '1"24E-12 2.20E-12 5.37E-12 1.33E-06
Pm-144 NA 363E+02 d S 5.00E-04 3.34E-12 4.66E-12 8.10E-12 2.76E-11 6.90E-06
Pm-145 NA 1.77E+01 'y S 5.00E-04 5.59E-13 8.07E-13 1.54E-12 6.59E-12 1.61E-08
Pm-146 NA 2.02E+03 d S S.00E-04 4.18E-12 5.99E-12 1.12E-11 5.40E-11 3.29E-06
Pm-147 014380-75-7 262E+00 y S 5.00E-04 1.69E-12 2.48E-12 4.88E-12 1.61E-11 3.21E-11
Pm-148 014683-19-3 S37E+00 d S 5.00E-04 1.72E-11 2.52E-11 4.96E-11 1.05E-11 2.80E-06




Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) "

Slope Factor (Morbidity Risk Coefficient) )
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) lsotope © CASRN ¢ Half-Life ® Type ! Fraction (f,})¢ (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/pCi) (Riskl/y per pCilg)
Pm-148m 014683-19-3m 413E+01 d S 5.00E-04 7.99E-12 1.15E-11 2.13E-11 2.12E-11 8.98E-06
Pm-149 015765-31-8 531E+01 h S 5.00E-04 6.66E-12 9.77E-12 1.93E-11 3.66E-12 4.60E-08
Pm-150 NA 268E+00 h S 5.00E-04 1.08E-12 1.56E-12 2.94E-12 4.63E-13 6.87E-06
Pm-151 NA 284E+01 h. S 5.00E-04 4.51E-12 6.59E-12 1.28E-11 2.36E-12 1.27E-06
Protactinium (91)  Pa-227 NA 383E+H1 m S 5.00E-04 9.69E-13 1.37E-12 2.38E-12 2.12E-10 4.37E-08
Pa-228 NA 220E+01 h S 5.00E-04 3.60E-12 5.18E-12 9.84E-12 2.33E-10 5.10E-06
Pa-230 NA 1.74E+01 d S 5.00E-04 3.77E-12 5.40E-12 1.02E-11 2.58E-09 2.86E-06
Pa-231 014331-85-2 328E+04 y S 5.00E-04 1.73E-10 2.26E-10 3.74E-10 4.55E-08 1.39E-07
Pa-232 NA 1.31E+00 4 S 5.00E-04 3.48E-12 5.03E-12 9.55E-12 6.81E-12 4.29E-06
Pa-233 013981-14-1 270E+01 d S 5.00E-04 5.55E-12 8.14E-12 1.59E-11 1.42E-11 7.43E-07
Pa-234 015100-28-4 6.70E+00 h S 5.00E-04 2.56E-12 3.70E-12 7.03E-12 1.46E-12 8.71E-06
Pa-234m 015100-28-4m 1.17E+00 m - - - - - - 6.87E-08
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion inhalation Exposure
(Atomic Number) Isotope ¢ CASRN ¢ Half-Life ® Type ' Fraction (f,)¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Riskly per pCilg)
Radium (88) Ra-222 NA 3.80E+01 s - - - - - - 3.71E-08
Ra-223 015623-45-7 "“;.14E+01 d M 2.00E-01 2.38E-10 3.39E-10 6.44E-10 2.50E-08 4.34E-07
Ra-224 013233-32-4 366E+00 d M 2.00E-01 1.67E-10 2.38E-10 4.51E-10 9.99E-09 3.72E-08
Ra-225 013981-53-8 1748E+01 d M 2.00E-01 1.14E-10 1.54E-10 2.72E-10 2.10E-08 5.91E-09
Ra-226 013982-63-3 1.60E+03 y M 2.00E-01 3.85E-10 5.14E-10 7.29E-10 1.15E-08 2.29E-08
Ra-226+D 013982-63-3(+D) 1.60E+03 y M 2.00E-01 3.86E-10 5.15E-10 7.30E-10 1.16E-08 8.49E-06
Ra-227 NA 422EH01 m M 2.00E-01 1.05E-13 1.46E-13 2.48E-13 3.13E-13 6.22E-07
Ra-228 015262-20-1 STSEH00 y M 2.00E-01 1.04E-09 1.43E-09 2.28E-09 5.18E-09 0.00
Ra-228+D 015262-20-1(+D) STSE+00 y M 2.00E-01 1.04E-09 1.43E-09 2.29E-09 5.23E-09 4.53E-06
Radon (86) Rn-218 NA 3.50E+01 ms - - - - - - 3.39E-09
Rn-219 014835-02-0 396E+00 s - - - - - - 2.25E-07
Rn-220 022481-48-7 S.56E+01 s - - - - - - 1.70E-09
Rn-222 014859-67-7 3.82E+00 d - - - - - - 1.74E-09
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient) '
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure }

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN ¢ Half-Life © Type ! Fraction (f,)¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Riskly per pCi/g)
Rn-222+D™ 014859-67-7(+D) 3.82E+00 d - - - - - 1.80E-11 -
Rhenium (75) Re-177 NA 140E+H01 m M 8.00E-01 4.55E-14 6.33E-14 1.05E-13 2.97E-14 2.62E-06
Re-178 NA 1.32E+01 m M 8.00E-01 4.26E-14 5.85E-14 9.32E-14 2.33E-14 5.65E-06
Re-180 NA "".2..43E+00 m - - - - - - 5.29E-06
Re-181 NA 200E+01 h M 8.00E-01 1.41E-12 2.00E-12 3.64E-12 7.96E-13 3.18E-06
Re-182a NA 1.27E+01 h M 8.00E-01 8.70E-13 1.22E-12 2.16E-12 5.51E-13 5.37E-06
Re-182b NA 640E+01 h M 8.00E-01 4.96E-12 6.99E-12 1.26E-11 4.44E-12 8.22E-06
Re-184 NA 380EH01 d M 8.00E-01 3.16E-12 ::40E-12 7.66E-12 6.73E-12 3.93E-06
Re-184m NA 165E+02 d M 8.00E-01 4.88E-12 6.96E-12 1.27E-11 2.26E-11 1.52E-06
Re-186 NA 906E+H01 h M 8.00E-01 5.59E-12 8.03E-12 1.53E-11 4.26E-12 5.49E-08
Re-18;r.1.1 NA 200EH05 y M 8.00E-01 7.33E-12 1.05E-11 1.95E-11 4.18E-11 1.75E-08
Re-187 NA S.00E+10 vy M 8.00E-01 1.79E-14 2.56E-14 4.81E-14 2.51E-14 0.00
Re-188 NA 1.70E+01 h M 8.00E-01 4.88E-12 7.07E-12 1.35E-11 2.22E-12 2.38E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries)

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
{Atomic Number) Isotope ¢ CASRN ¢ Half-Life ¢ Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi}  (Risk/pCi) _ (Risk/pCi) _(Riskly per pCi/q)

Re-188m NA 1.86E+01 m M 8.00E-01 9.92E-14 1.42E-13 2.69E-13 5.07E-14 1.28E-07

Re-189 NA 2.43E+01 | h M 8.00E-01 2.86E-12 4.11E-12 7.84E-12 1.73E-12 2.42E-07

Rhodium (45) R NA 1.60E+01 d S 5.00E-02 2.21E-12 3.15E-12 5.77E-12 333E-12 2.50E-06
Rh-99m NA 470E+00 h S 5.00E-02 2.42E-13 3.42E-13 6.03E-13 9.99E-14 3.02E-06

Rh-100 NA 208E+01 h S 5.00E-02 2.65E-12 3.74E-12 6 62E-12 1.04E-12 1.38E-05

Rh-101 NA 320E+00 y S 5.00E-02 2.15E-12 3.QIE-12 5.37E-12 1.81E-11 8.84E-07

Rh-101m NA 434E+00 d S 5.00E-02 9.40E-13 1.34E-12 2.46E-12 7.14E-13 1.19E-06

..... Rh-102 NA 290E+00 y S 5.00E-02 7.70E-12 1.04E-11 1.71E-11 5.99E-11 9.73E-06
Rh-102m NA 207E+02 d S 5.00E-02 6.07E-12 8.73E-12 1.66E-11 2.56E-11 2.11E-06

Rh-103m 007440-16-6 S6lE+01 m S 5.00E-02 9.40E-15 1.34E-14 2.40E-14 9.14E-15 9.31E-11

Rh-105 014913-89-4 3.54E+01 h S 5.00E-02 2.34E-12 3.43E-12 6.73E-12 - 1.59E-12 3.15E-07

Rh-106 014234-34-5 299E+01 s - - - - - - 9.66E-07

Rh-106m NA 132E+02 m S 5.00E-02 5.48E-13 7.73E-13 1.37E-12 2.71E-13 1.37E-05
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN ¢ Half-Life ® Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/pCi) (Risk/y per pCilg)
Rhodium (45) Rh-107 NA 217E+01 m S 5.00E-02 4.18E-14 5.81E-14 9.51E-14 2.88E-14 1.28E-06
Rubidium (37) Rb-79 NA 229E+01 m F 1.00E+00 8.36E-14 1.14E-13 1.79E-13 2.37E-14 5.85E-06
Rb-80 NA 340E+01 s - 5.56E-06
Rb-81 NA 458E+00 h F 1.00E+00 1.28E-13 1.74E-13 2.83E-13 4.63E-14 2.59E-06
Rb-81m NA 320E+01 m F 1.00E+00 2.05E-14 2.80E-14 4.55E-14 1.10E-14 9.08E-09
Rb-82 | 014391-63-0 1.30E+00 m - - . - - - 4.85E-06
Rb-82m 014391-63-0m 620E+00 h F 1.00E+00 3.51E-13 4.70E-13 7.25E-13 1.35E-13 1.35E-05
Rb-83 NA 862E+01 d F 1.00E+00 5.70E-12 7.51E-12 1.18E-11 2.32E-12 2.18E-06
Rb-84 NA 328E+01 d F 1.00E+00 8.81E-12 1.17E-11 1.91E-11 3.59E-12 4.22E-06
Rb-86 014932-53-7 187E+01 d F 1.00E+00 9.88E-12 1.34E-11 2.37E-11 4.00E-12 4.67E-07
Rb-87 013982-13-3 ."-;.70E+10 y F 1.00E+00 5.22E-12 7.07E-12 1.25E-11 2.14E-12 9.11E-11
Rb-88 014928-36-0 1.78E+01 m F 1.00E+00 1.40E-13 1.92E-13 3.06E-13 3.17E-14 3.36E-06
Rb-89 014191-65-2 1.52E+01 m F 1.00E+00 7.88E-14 1.08E-13 1.70E-13 2.09E-14 1.05E-05
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GlI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN* Half-Life ® Type ' Fraction (f,)® (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/y per pCilg)
Ruthenium (44) Ru-94 NA SJA18E+01 m M 5.00E-02 3.06E-13 4.37E-13 8.03E-13 1.23E-13 2.31E-06
v 5.00E-02 - - - 2.20E-13 -
Ru-97 015758-35-7 290E+00 d M 5.00E-02 6.36E-13 9.07E-13 1.65E-12 3.36E-13 8.63E-07
A% 5.00E-02 o - - 5.44E-13 -
Ru-103 013968-53-1 393E+01 d M 5.00E-02 3.85E-12 5.55E-12 1.05E-11 8.92E-12 2.04E-06
\'% 5.00E-02 - - - 5.18E-12 -
Ru-105 014331-954 .":1..44E+00 h M 5.00E-02 1.35E-12 ."1-'96E-12 3.77E-12 6.48E-13 3.51E-06
v 5.00E-02 - - - 9.32E-13 -
Ru-106 013967-48-1 368E+02 d M 5.00E-02 4.22E-11 6.11E-11 1.19E-10 1.02E-10 0.00
\Y 5.00E-02 - - - 8.62E-11 -
...... Ru-106+D  013967-48-1(+D) 368E+02 d M 5.00E-02 4.22E-11 6.11E-11 1.19E-10 1.02E-10 9.66E-07
Samarium (62) Sm-141 NA 1.02E+01 m M 5.00E-04 7.10E-14 9.81E-14 1.59E-13 2.79E-14 6.39E-06
Sm-141m NA 226Et01 m M 5.00E-04 1.40E-13 1.95E-13 3.26E-13 6.29E-14 9.04E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit intake or Exposure

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope ¢ CASRN ¢ Half-Life ° Type ! Fraction (f,)? (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/g)
Sm-142 NA 725E+01 m M 5.00E-04 5.37E-13 7.70E-13 1.40E-12 2.13E-13 2.99E-07
Sm-145 NA 340E+02 d M 5.00E-04 1.17E-12 1.70E-12 3.27E-12 4.51E-12 3.83E-08
Sm-146 NA 1.03E+08 y M 5.00E-04 4.11E-11 U;ZSE-I 1 8.36E-11 7.88E-09 0.00
Sm-147 014392-33-7 1.O6E+11 y M 5.00E-04 3.74E-11 4.77E-11 7.59E-11 6.88E-09 0.00
Sm-151 015715-94-3 900E+01 y M 5.00E-04 5.55E-13 8.07E-13 1.59E-12 4.88E-12 3.60E-13
Sm-153 015766-00-4 467E+01 h M 5.00E-04 4.85E-12 7 10E-12 P 2.95E-12 1.06E-07
Sm-155 NA 221EH01 m M 5.00E-04 4.96E-14 6.88E-14 1.13E-13 3.15E-14 2.81E-07
Sm-156 NA 940E+00 h M 5.00E-04 1.49E-12 2.18E-12 4.26E-12 9.69E-13 3.79E-07
Scandium (21) Sc-43 NA 38E+00 h S 1.00E-04 8.18E-13 1.18E-12 2.21E-12 3.81E-13 4.73E-06
Sc-44 NA 393400 h S 1.00E-04 1.56E-12 2.25E-12 4.22E-12 6.44E-13 9.95E-06
Sc-44m NA 58E+01 h S 1.00E-04 1.38E-11 2.01E-11 3.89E-11 6.96E-12 1.15E-06
Sc-46 013967-63-0 "";.38E+01 d S 1.00E-04 6.22E-12 8.88E-12 1.62E-11 247E-11 9.63E-06
Sc-47 014391-96-9 335400 d S 1.00E-04 3.49E-12 5.11E-12 1.00E-11 3.05E-12 3.62E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN‘ Haif-Life ® Type ' Fraction (f)® (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/g)
Scandium (21) Sc-48 014391-86-7 437E+01 h A S 1.00E-04 7.33E-12 1.05E-11 1.93E-11 3.96E-12 1.62E-05
Sc-49 NA 574E+01 m S 1.00E-04 2.05E-13 2.92E-13 5.25E-13 1.07E-13 1.90E-08
Selenium (34) Se-70 NA ..-‘;.10E+01 m F 8.00E-01 2.95E-13 4.11E-13 6.92E-13 7.36E-14 4.22E-06
Se-73 NA 7.15+400 h F 8.00E-01 7.96E-13 1.13E-12 1.99E-12 1.99E-13 4.52E-06
Se-73m NA 390E+01 m F 8.00E—0‘l 8.29E-14 1.17E-13 2.02E-13 2.06E-14 1.06E-06
Se-75 014265-71-5 . 120E+02 d F 8.00E-01 8.14E-12 1.08E-11 1.67E-11 3.77E-12 1.45E-06
Se-77m NA 1.75E+01 s - - - - - - 2.85E-07
Se-79 NA 6.50E+04 y F 8.00E-01 7.29E-12 9.69E-12 1.60E-11 3.33E-12 1.10E-11
Se-81 NA 1.85E+01 m F 8.00E-01 4.29E-14 5.92E-14 9.58E-14 1.27E-14 4.68E-08
Se-81m NA ST3E+01 m F 8.00E-01 1.30E-13 1.85E-13 3.24E-13 3.54E-14 3.56E-08
A Se-83 NA 225E+01 m F 8.00E-01 1.02E-13 1.43E-13 2.33E-13 2.72E-14 1.15E-05
Silicon (14) Si-31 014276-49-4 1.57E+02 m S 1.00E-02 6.48E-13 9.40E-13 1.81E-12 3.05E-13 1.11E-08
Si-32 NA 450E+02 y S 1.00E-02 3.44E-12 5.00E-12 9.81E-12 2.93E-10 2.18E-11
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GlI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
{Atomic Number) Isotope © CASRN ¢ Half-Life ® Type ! Fraction (f) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) {Risk/pCi) _ (Riskly per pCi/g)
Silver (47) Ag-102 NA 1.29E+01 m M 5.00E-02 7.25E-14 9.95E-14 1.56E-13 2.56E-14 1.60E-05
Ag-103 NA 657TE+01 m M 5.00E-02 1.20E-13 1.69E-13 2.96E-13 6.07E-14 3.33E-06
Ag-104 NA 6.92E+01 m M 5.00E-02 1.65E-13 2.29E-13 3.77E-13 6.25E-14 1.25E-05
Ag-104m NA 335401 m M 5.00E-02 1.21E-13 '"1"68E-13 2.81E-13 4.92E-14 5.50E-06
Ag-105 014928-144 4.10E+01 d M 5.00E-02 1.77E-12 2.49E-12 4.40E-12 2.83E-12 2.15E-06
Ag-106 NA 240E+01 m M 5.00E-02 5.92E-14 8.21E-14 1.34E-13 2.72E-14 3.08E-06
Ag-106m NA 841E+00 d M 5.00E-02 4 81E-12 6.73E-12 1.14E-11 3.54E-12 1.31E-05
Ag-108 014391-65-2 237E+00 m - - - - - - 8.56E-08
Ag-108m 014391-65-2m 127E+02 y M 5.00E-02 8.14E-12 1.12E-11 1.92E-11 2.67E-11 7.18E-06
Ag-109m 014378-38-2 3.96E+01 s - - - - - - 7.66E-09
Ag-110 014391-76-5 246E+01 s - - - - - - 1.69E-07
Ag-110m 014391-76-5m 250E+02 d M 5.00E-02 9.88E-12 1.37E-11 2.37E-11 2.83E-11 1.30E-05
Ag-111 015760-04-0 745E+00 d M 5.00E-02 8.21E-12 1.21E-11 2.37E-11 6.66E-12 1.09E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

» ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN ¢ Half-Life © Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/y per pCi/g)
Ag-112 NA 312E+00 h M 5.00E-02 1.99E-12 2.90E-12 5.59E-12 7.25E-13 3.23E-06
Ag-115 NA 200E+01 m M 5.00E-02 1.40E-13 1.98E-13 3.46E-13 6.81E-14 3.44E-06
Sodium (11) Na-22 013966-32-0 .""2'.60E+00 y F 1.00E+00 9.62E-12 1.26E-11 1.97E-11 3.89E-12 1.03E-05
Na-24 013982-04-2 1.50E+01 h F 1.00E+00 1.23E-12 1.65E-12 2.64E-12 4.74E-13 2.20E-05
Strontium (38) Sr-80 NA 1.00E+02 m M 3.00E-01 1.09E-12 1.55E-12 2.83E-12 4.51E-13 5.08E-11
Sr-81 NA 255E+01 m M 3.00E-01 1.71E-13 2.39E-13 4.03E-13 8.07E-14 5.97E-06
Sr-82 014809-50-8 250E+01 d M 3.00E-01 3.13E-11 4.48E-11 8.47E-11 3.69E-11 5.00E-11
Sr-83 NA 324E+01 h M 3.00E-01 2.21E-12 3.17E-12 5.85E-12 1.26E-12 3.60E-06
Sr-85 013967-73-2 ..-"6-.48E+01 d M 3.00E-01 2.26E-12 31 1E-12 5.03E-12 2.56E-12 2.20E-06
Sr-85m 013967-73-2m 695E+01 m M 3.00E-01 1.67E-14 231E-14 3.74E-14 8.32E-15 8.21E-07
Sr-87m NA 281E+00 h M 3.00E-01 1.07E-13 1.51E-13 2.69E-13 5.62E-14  133E-06
Sr-89 014158-27-1 505E+01 d M 3.00E-01 1.28E-11 1.84E-11 3.47E-11 2.34E-11 7.19E-09
Sr-90 010098-97-2 291E+01 y M 3.00E-01 5.59E-11 ";88E-1 1 9.18E-11 1.05E-10 4.82E-10
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

. ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN * Half-Life ¢ Type ' Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) _(Risk/pCi) (Risk/pCi) (Riskl/y per pCi/qg)
Strontium (38) Sr-90+D 010098-97-2(+D) 291E+01 y M 3.00E-01 7.40E-11 9.53E-11 1.44E-10 1.13E-10 1.96E-08
Sr-91 . 014331-91-0 9.50E+00 h M 3.00E-01 3.22E-12 4.66E-12 8.81E-12 1.70E-12 3.30E-06
Sr-92 014928-29-1 271E400 h M 3.00E-01 2.25E-12 3.26E-12 6.18E-12 1.03E-12 6.69E-06
Sulfur (16) S35 ° 015117-53-0 874E+01 d M 1.00E+00 . 5.1400e-13  3.70000e-12  1.24000e-12  5.03E-12 8.77E-12
v 0.8 - - - 2.90E-12 -
Tantalum (73) Ta-172 NA 368E+01 m S 1.00E-03 1.14E-13 1.59E-13 2.64E-13 7.22E-14 7.04E-06
Ta-173 NA 365E+H00 h S 1.00E-03 9.03E-13 1.31E-12 2.49E-12 4.44E-13 2.38E-06
Ta-174 NA 120E+00 h S 1.00E-03 1.62E-13 2.30E-13 4.11E-13 1.11E-13 2.55E-06
© Ta-175 NA 1.05SE+01 h S 1.00E-03 ~ 8.70E-13 1.24E-12 2.25E-12 4.37E-13 4.16E-06
Ta-176 NA 808E+00 h S 1.00E-03 1.25E-12 1.78E-12 3.18E-12 5.96E-13 1.06E-05
Ta-177 NA 566E+01 h S 1.00E-03 5.88E-13 8.58E-13 1.65E-12 4.44E-13 1.20E-07
Ta-178a NA 931E+00 m - - - - - - 3.29E-07

Ta-178b NA 220E+00 h S 1.00E-03 2.49E-13 3.53E-13 6.29E-13 1.79E-13 3.78E-06
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Radionuclide Table: Radionuclide Carcinogenicity - Slope Factors ®
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GlI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure

(Atomic Number) Isotope © CASRN ¢ Half-Life ° Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) {Risk/pCi) (Riskl/y per pCi/q)

Ta-179 NA 6.65E+02 d S 1.00E-03 3.44E-13 5.00E-13 9.51E-13 2.05E-12 3.62E-08

Ta-180 NA 1.00E+13 » y S 1.00E-03 4.44E-12 6.44E-12 1.23E-11 7.25E-11 2.03E-06

Ta-180m NA 810E+00 h S 1.00E-03 3.03E-13 4.40E-13 8.58E-13 1.86E-13 6.13E-08

Ta-182 013982-00-8 1.15SE+02 d S 1.00E-03 7.96E-12 1.15E-11 2.19E-11 3.74E-11 6.04E-06

Ta-182m 013982-00-8m 1.586+01 m S 1.00E-03 1.99E-14 2.76E-14 4.44E-14 341E-14 7.38E-07

Ta-183 NA S.J0E+00 d S 1.00E-03 8.33E-12 1.22E-11 2.38E-11 8.81E-12 9.40E-07

"-:I‘a-184 NA 870E+00 h S 1.00E-03 3.53E-12 5.11E-12 9.81E-12 1.73E-12 7.02E-06

Ta-185 NA 490E+01 m S 1.00E-03 1.57E-13 2.22E-13 3.92E-13 1.18E-13 6.24E-07

Ta-186 NA 1.0OSE+01 m S 1.00E-03 5.51E-14 7.55E-14 1.19E-13 2.69E-14 6.69E-06

Technetium (43) Te-93 NA 27500 h M 5.00E-01 1.59E-13 2.20E-13 3.55E-13 6.36E-14 7.31E-06

Tc-93m NA 435E+01 m M 5.00E-01 6.81E-14 9.44E-14 1.55E-13 3.17E-14 3.62E-06

Tc-94 NA 293E+02 m M 5.00E-01 6.36E-13 8.88E-13 1.48E-12 2.80E-13 1.24E-05

Tc-94m NA 520E+01 m M 5.00E-01 2.36E-13 3.32E-13 5.74E-13 1.03E-13 8.70E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries)

Slope Factor (Morbidity. Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN* Half-Life © Type ! Fraction (f)? (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) _(Riskly per pCi/g)
Tc-95 014809-56-4 200E+01 h M 5.00E-01 5.77E-13 8.03E-13 1.35E-12 2.63E-13 3.63E-06
Tc-95m 014809-56-4m 6.10E+01 d M 5.00E-01 1.80E-12 2.51E-12 4.29E-12 3.40E-12 2.93E-06
Tc-96 014808-44-7 428E+00 d M 5.00E-01 3.42E-12 4.74E-12 7.81E-12 2.00E-12 1.16E-05
Tc-96m 014808-44-7m S.ASE+01 m M 5.00E-01 3.59E-14 5.00E-14 8.36E-14 2.05E-14 2.13E-07
Tc-97 015759-35-0 260E+06 y M 5.00E-01 2.70E-13 3.89E-13 7.40E-13 8.51E-13 2.94E-10
Tc-97m 015759-35-0m 870E+01 d M 5.00E-01 2.38E-12 3.44E-12 6.62E-12 1.12E-11 1.04E-09
Tc-98 NA 420E+06 y M 5.00E-01 7.10E-12 1.01E-11 1.83E-11 3.01E-11 6.45E-06
Tc-99 014133-76-7 213E+05 y M 5.00E-01 2.75E-12 4.00E-12 7.66E-12 1.41E-11 8.14E-11
Tc-99m 014133-76-7m 602E+00 h M 5.00E-01 7.96E-14 1.14E-13 2.03E-13 5.70E-14 3.93E-07
Te-101 NA 142E+01 m M 5.00E-01 3.06E-14 4.22E-14 6.81E-14 1.85E-14 1.37E-06
Tc-104 NA 1.82E+01 m M 5.00E-01 1.38E-13 1.90E-13 3.09E-13 5.33E-14 9.75E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN ¢ Half-Life © Type ' Fraction (f)? (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Riskly per pCilg)
Tellurium (52) Te-116 NA 249E+00 h M 3.00E-01 6.73E-13 9.62E-13 1.75E-12 3.20E-13 1.34E-07
v 3.00E-01 - - - 2.76E-13 -
Te-121 NA 1.70E+01 d M 3.00E-01 1.46E-12 2.01E-12 3.40E-12 1.30E-12 2.46e-06
v 3.00E-01 - - - 1.82E-13 -
Te-121m NA 1.54E+02 d M 3.00E-01 6.40E-12 8.51E-12 1.42E-11 1.44E-11 7.83E-07
\Y% 3.00E-01 - - - 1.43E-12 -
Te-123 NA 1.00E+13 y M 3.00E-01 4.11E-12 5.11E-12 6.77E-12 2.50E-12 2.73E-09
A% 3.00E-01 - - - 1.19E-11 -
Te-123m NA ..-';..20E+02 d M 3.00E-01 4.14E-12 5.66E-12 1.02E-11 1.36E-11 4.48E-07
v 3.00E-01 - - - 6.48E-12 -
Te-125m 014390-73-9 5.80E+01 d M 3.00E-01 3.33E-12 4.70E-12 8.92E-12 1.17E-11 6.95E-09
. v 3.00E-01 - - - 3.77E-12 -
Te-127 013981-49-2 935E+00 h M 3.00E-01 1.00E-12 1.48E-12 2.87E-12 6.11E-13 2.10E-08
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ?
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GI Water Food Soil External

Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
{Atomic Number) Isotope © CASRN ¢ Half-Life ° Type ! Fraction (f)? (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/pCi) (Riskly per pCi/q)

\" 3.00E-01 3.42E-13 -

Te-127m 013981-49-2m 109E+02 d M 3.00E-01 8.62E-12 1.20E-11 2.25E-11 2.58E-11 2.73E-09

\' 3.00E-01 - - - 1.21E-11 -

Te-129 014269-71-7 696E+01 m M 3.00E-01 1.71E-13 2.44E-13 4.40E-13 9.95E-14 2.45E-07

\' 3.00E-01 - - - 1.13E-13 -

Te-129m 014269-71-7m 336E+01 d M 3.00E-01 1.53E-11 2.20E-11 4.26E-11 2.49E-11 1.38E-07

\" 3.00E-01 - - - 1.35E-11 -

Te-131 014683-12-6 250E+01 m M 3.00E-01 2.17E-13 ."3"0513-13 5.62E-13 6.40E-14 1.79E-06

A\ 3.00E-01 o - - 2.45E-13 -

Te-131m 014683-12-6m 300E+01 h M 3.00E-01 8.25E-12 1.19E-11 2.28E-11 4.22E-12 6.61E-06

v 3.00E-01 - - - 9.58E-12 -

Te-132 014234-28-7 7.82E+01 h M 3.00E-01 1.70E-11 2.44E-11 4.77E-11 9.32E-12 7.83E-07

A 3.00E-01 - - - 2.14E-11 -
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl . Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN® Half-Life © Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi)  (Risk/pCi) _ (Risk/pCi) (Riskly per pCi/g)
Te-133 NA . 125E+01 m M 3.00E-01 1.92E-13 2.73E-13 5.29E-13 4.92E-14 4.29E-06
A\ 3.00E-01 - - - 2.16E-13 -
Te-133m NA 554E+01 m M 3.00E-01 8.73E-13 1.24E-12 2.42E-12 2.64E-13 1.09E-05
\Y 3.00E-01 - - - 8.77E-13 -
Te-134 NA 418E+01 m M 3.00E-01 3.01E-13 4'18E_.13 7.51E-13 1.60E-13 3.78E-06
\' 3.00E-01 - - - 3.13E-13 -
Terbium (65) Tb-147 NA 165E+00 h M 5.00E-04 5.33E-13 7.59E-13 1.37E-12 2.26E-13 7.30E-06
Tb-149 NA 4.15E+00 h M 5.00E-04 1.08E-12 ."1.:56E-12 2.90E-12 1.65E-11 7.60E-06
Tb-150 NA 327EH00 h M 5.00E-04 1.08E-12 1.56E-12 2.92E-12 3.88E-13 7.79E-06
Tb-151 NA 1.76E+01 h M 5.00E-04 1.49E-12 2.13E-12 3.92E-12 7.73E-13 3.65E-06
Tb-153 NA 234E+00 d M 5.00E-04 1.28E-12 1.86E-12 3.54E-12 8.18E-13 7.24E-07
Tb-154 NA 214E401 h M 5.00E-04 2.57E-12 ”;:64E-12 6.51E-12 1.14E-12 1.18E-05
Tb-155 NA 532E+00 d M 5.00E-04 1.08E-12 1.56E-12 2.97E-12 8.99E-13 3.26E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *°
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure -
(Atomic Number) Isotope® CASRN ¢ Half-Life ° Type ! Fraction (f)? (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Risk/pCi) _(Riskl/y per pCiig)
Terbium (65) Tb-156 NA 534E+00 d M 5.00E-04 4.96E-12 7.10E-12 1.30E-11 4.22E-12 8.37E-06
Tb-156m NA 24EH01 h M 5.00E-04 8.44E-13 1.22E-12 2.29E-12 8.47E-13 2.16E-08
Tb-156n NA 5060E+00 h M .  5.00E-04 4.03E-13 .‘.5‘:85E-13 1.11E-12 3.77E-13 4.06E-09
Tb-157 NA 1.50E+02 y M 5.00E-04 1.86E-13 2.70E-13 5.29E-13 1.46E-12 1.63E-09
Tb-158 015759-55-4 1.50E+02 y M 5.00E-04 4.88E-12 ";99E-12 1.32E-11 8.29E-11 3.57E-06
Tb-160 A013981-29-8 723E+01 d M 5.00E-04 8.70E-12 1.27E-11 2.42E-11 2.45E-11 5.23E-06
Tb-161 NA 691E+00 d M 5.00E-04 4.77E-12 7.03E-12 1.38E-11 5.03E-12 3.44E-08
Thallium (81) T1-194 NA 330E+01 m F 1.00E+00 1.81E-14 ";:45E-14 3.68E-14 5.11E-15 3.25E-06
T1-194m NA 328E+01 m F 1.00E+00 7.81E-14 1.06E-13 1.63E-13 2.50E-14 1.01E-05
TI-195 NA 1.16E+00 h F 1.00E+00 6.40E-14 8.70E-14 1.36E-13 2.08E-14 6.02E-06
TI-197 NA 284E+00 h F 1.00E+00 6.25E-14 8.55E-14 1.41E-13 2.39E-14 1.65E-06
T1-198 NA S30E+00 h F 1.00E+00 2.06E-13 2.75E-13 4.26E-13 7.92E-14 9.67E-06
T1-198m NA 1.87E+00 h F 1.00E+00 1.30E-13 1.75E-13 2.76E-13 492E-14

5.04E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors ®
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) b

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gli Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope ¢ CASRN*° Half-Life ° Type f Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi)  (Risk/y per pCi/q)
T1-199 NA 742E+00 h F 1.00E+00 7.36E-14 9.99E-14 1.64E-13 2.89E-14 8.56E-07
...... T1-200 NA 261E+01 h F 1.00E+00 6.14E-13 8.21E-13 1.31E-12 2.52E-13 5.93E-06
T1-201 NA 304E+00 d F 1.00E+00 3.61E-13 ."5-:00E-13 8.81E-13 1.49E-13 1.88E-07
T1-202 015720-57-7 1.22E+01 d F 1.00E+00 1.49E-12 2.01E-12 3.28E-12 6.14E-13 1.83E-06
T1-204 013968-51-9 378E+00 y F 1.00E+00 5.85E-12 8.25E-12 1.54E-11 2.45E-12 2.76E-09
..... T1-206 NA 420E+00 m - - - - - - 6.05E-09
T1-207 NA ".;.77E+00 m - - - - - - 1.52E-08
T1-208 014913-50-9 307E+00 m - - - - - - 1.76E-05
T1-209 015690-73-0 220E+00 m - - - - - - 9.83e-06
Thorium (90) Th-226 NA 309E+01 m S 5.00E-04 6.66E-13 9.32E-13 1.58E-12 1.56E-10 2.36E-08
Th-227 015623-47-9 .“';.87E+01 d § 5.00E-04 4.74E-11 6.92E-11 1.37E-10 3.51E-08 3.78E-07
Th-228 014274-82-9 191E+00 vy S 5.00E-04 1.07E-10 1.48E-10 2.89E-10 1.32E-07 5.59E-09
Th-228+D 0147274-82-9(+D) 191E+00 y S 5.00E-04 3.00E-10 4.22E-10 8.09E-10 1.43E-07 7.76E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN‘ Half-Life ® Type' Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/ipCi)  (Risk/pCi) (Risk/y per pCilg)
Th-229 015594-54-4 734E+03 y S 5.00E-04 2.24E-10 2.90E-10 4.96E-10 1.75E-07 2.25E-07
Th-229+D 015594-54-4(+D) 734E+03 y S 5.00E-04 5.28E-10 7.16E-10 1.29E-09 2.25E-07 1.17E-06
Th-230 014269-63-7 770E+04 y S 5.00E-04 9.10E-11 1.19E-10 2.02E-10 2.85E-08 8.19E-10
Th-231 014932-40-2 255E+01 h S 5.00E-04 2.21E-12 3.24E-12 6.36E-12 1.52E-12 2.45E-08
Th-232 007440-29-1 141E+10 y S 5.00E-04 1.01E-10 1.33E-10 2.31E-10 4.33E-08 3.42E-10
Th-234 015065-10-8 241E+01 d S 5.00E-04 231E-11 3.40E-11 6.70E-11 3.07E-11 1.63E-08
Thulium (69) Tm-162 NA 217E401 m M 5.00E-04 5.66E-14 7.77E-14 1.24E-13 2.72E-14 8.69E-06
Tm-166 NA 770E+00 h M 5.00E-04 1.12E-12 1.59E-12 2.86E-12 5.14E-13 8.98E-06
Tm-167 NA 924E+00 d M 5.00E-04 3.46E-12 5.07E-12 9.88E-12 437E-12 3.97E-07
Tm-170 013981-30-1 129E+02 d M 5.00E-04 8.92E-12 1.31E-11 2.59E-11 2.43E-11 1.01E-08
Tm-171 014333-45-0 1.92ZE+00 y M 5.00E-04 6.99E-13 1.02E-12 2.02E-12 3.33E-12 6.97E-10
Tm-172 NA 636E+01 h M 5.00E-04 1.08E-11 1.57E-11 3.09E-11 5.62E-12 2.35E-06
Tm-173 NA 824E+00 h M 5.00E-04 1.72E-12 2.52E-12 4.88E-12 7.73E-13 1.62E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
{Atomic Number) Isotope CASRN ¢ Half-Life ° Type ! Fraction (f,)¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskly per pCilq)
Thulium (69) Tm-175 NA 152E+01 m M 5.00E-04 5.22E-14 7.25E-14 1.19E-13 3.2§E-14 4.78E-06
Tin (50) Sn-110 NA 400E+00 h M 2.00E-02 1.87E-12 2.71E-12 5.18E-12 6.70E-13 1.13E-06
Sn-111 NA 353401 m M 2.00E-02 5.51E-14 ."7':70E-14 1.32E-13 2.83E-14 2.29E-06
Sn-113 013966-06-8 1.1SE+02 d M 2.00E-02 4.33E-12 6.33E-12 1.22E-11 1.00E-11 2.02E-08
Sn-117m NA 1.36E+01 d M 2.00E-02 4.37E-12 6.40E-12 1.25E-11 8.84E-12 4.69E-07
Sn-119m NA 293E+02 d M 2.00E-02 2.21E-12 3.24E-12 6.36E-12 7.81E-12 1.20E-09
Sn-121 014683-06-8 271E+01 h M 2.00E-02 1.50E-12 2.20E-12 4.33E-12 1.02E-12 1.30E-10
Sn-121m 014683-06-8m 550E+01 'y M 2.00E-02 2.34E-12 3.41E-12 6.66E-12 1.54E-11 8.85E-10
Sn-123 NA 129E+02 d M 2.00E-02 1.40E-11 2.05E-11 4.03E-11 3.03E-11 3.88E-08
Sn-123m NA 40l1E+01 m M 2.00E-02 7.96E-14 1.12E-13 1.94E-13 5.62E-14 4.62E-07
Sn-125 014683-08-0 9.64E+00 d M 2.00E-02 2.01E-11 2.95E-11 5.81E-11 1.41E-11 1.53E-06
Sn-126 015832-50-5 1.00E+05 y M 2.00E-02 2.56E-11 3.69E-11 7.07E-11 9.95E-11 9.96E-08
Sn-127 NA 210E400 h M 2.00E-02 8.25E-13 1.19E-12 2.22E-12 4.40E-13 9.25E-06




Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
- (Atomic Number) Isotope © CASRN ¢ Half-Life ® Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/pCi) _ (Risk/y per pCi/q)
Sn-128 NA S91E+01 m M 2.00E-02 4.33E-13 6.14E-13 1.09E-12 2.29E-13 2.62E-06
Titanium (22) Ti-44 NA 4.73E+01 y S 1.00E-02 2.56E-11 3.64E-11 6.73E-11 3.41E-10 2.39E-07
Ti-45 NA 3.08E+00 h S 1.00E-02 6.44E-13 9.32E-13 1.75E-12 3.09E-13 3.79E-06
Tungsten (74) W-176 NA 230E+00 h F 3.00E-01 4.11E-13 5.88E-13 1.05E-12 1.24E-13 3.20E-07
W-177 NA 135E+02 m F 3.00E-01 2.01E-13 2.84E-13 5.00E-13 5.99E-14 3.63E-06
W-178 NA 2.17E+01 d F 3.00E-01 1.21E-12 1.75E-12 3.33E-12 3.85E-13 1.59E-08
W-179 NA 375601 m F 3.00E-01 7.22E-15 1.01E-14 1.68E-14 1.83E-15 6.01E-08
W-181 015749-46-9 121E+02 d F 3.00E-01 3.96E-13 5.70E-13 1.07E-12 1.35E-13 4.86E-08
W-185 014932-41-3 751E+01 d F 3.00E-01 2.93E-12 4.29E-12 8.36E-12 9.36E-13 2.92E-10
W-187 014983-48-3 -."-2..39E+01 h F 3.00E-01 3.67E-12 5.37E-12 1.03E-11 1.11E-12 2.04E-06
W-188 NA 694E+01 d F 3.00E-01 1.40E-11 2.05E-11 4.00E-11 4.63E-12 7.02E-09
Uranium (92) U-230 NA 208E+01 d M 2.00E-02 2.09E-10 2.98E-10 5.66E-10 4.55E-08 3.07E-09
U-231 NA 420E+00 d M 2.00E-02 1.75E-12 2.56E-12 5.00E-12 1.80E-12 1.60E-07
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(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN ¢ Half-Life ° Type ' Fraction (f,)® (Risk/pCi) (Risk/pCi)  (Risk/pCi)  (Risk/pCi)__ (Riskly per pCi/g)
U-232 014158-29-3 720E+01 y M 2.00E-02 2.92E-10 3.85E-10 5.74E-10 1.95E-08 5.98E-10
U-233 013968-55-3 1.59E+05 y M 2.00E-02 7.18E-11 9.69E-11 1.60E-10 1.16E-08 9.82E-10
U-234 013966-29-5 245E+05 y M 2.00E-02 7.07E-11 9.55E-11 1.58E-10 1.14E-08 2.52E-10
U-235 015117-96-1 7.04E+08 y M 2.00E-02 6.96E-11 9.44E-11 1.57E-10 1.01E-08 5.18E-07
U-235+D 015117-96-1(+D) 7.04E+08 y M 2.00E-02 7.18E-11 9.76E-11 1.63E-10 1.01E-08 5.43E-07
...... U-236 013982-70-2 234E+07 y M 2.00E-02 6.70E-11 9.03E-11 1.49E-10 1.05E-08 1.25E-10
U-237 014269-75-1 675E+00 d M 2.00E-02 4.88E-12 7.14E-12 1.39E-11 6.44E-12 3.76E-07
U-238 007440-61-1 447E+09 y M 2.00E-02 6.40E-11 8.66E-11 1.43E-10 9.32E-09 4.99E-11
U-238+D 007440-61-1(+D) 447E+09 y M 2.00E-02 8.71E-11 1.21E-10 2.10E-10 9.35E-09 1.14E-07
U-239 NA 235Et01 m M 2.00E-02 7.40E-14 1.06E-13 1.90E-13 5.70E-14 1.21E-07
U-240 015687-53-3 141E+01 h M 2.00E-02 7.03E-12 1.03E-11 2.02E-11 2.96E-12 7.33E-10
Vanadium (23) v-47 NA ."-;.26E+01 m M 1.00E-02 1.25E-13 1.74E-13 2.92E-13 5.96E-14 4.36E-06
V48 014331-97-6 1.62E+01 d M 1.00E-02 8.21E-12 1.17E-11 2.13E-11 9.29E-12 1.40E-05
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(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

Slope Factor (Morbidity Risk Coefficient)

Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope © CASRN ¢ Half-Life ¢ Type ' Fraction {(f,)? (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/pCi) (Risk/y per pCi/q)
Vanadium (23) V49 NA 330E+02 d M 1.00E-02 1.22E-13 1.79E-13 3.53E-13 1.47E-13 0.00
Xenon (54) Xe-120 NA 400E+01 m - - o - - - 1.70E-06
Xe-121 NA 401E+01 m - - - - - - 8.73E-06
Xe-122 015151-09-4 2.01E+01 h - - o - - - 1.83E-07
Xe-123 015700-10-4 2.08E+00 h - - - - A - - 2.72E-06
Xe-125 013994-18-8 1.70E+01 h - - - - - - 9.38E-07
Xe-127 013994-19-9 3.64E+01 d - - - - - - 9.52E-07
Xe-129m 013965-99-6 8.00E+00 d - - - - - - 4.25E-08
Xe-131m 014683-11-5 L.L1I9E+01 d - - o - - - 1.41E-08
Xe-133 014932424 S25E+00 d - - - - - - 6.62E-08
Xe-133m 014932-42-4m 2.19E+00 d - - - - - - 9.25E-08
Xe-135 014995-62-1 9.09E+00 h - - - - - - 9.70E-07
Xe-135m 014995-62-1m 1.53E+01 m - - - - - - 1.86E-06
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Slope Factor (Morbidity Risk Coefficient)

Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope® CASRN ‘¢ Half-Life © Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi) (Risk/pCi) _ (Risk/pCi) (Riskly per pCi/g)
Xe-138 015751-81-2 142E+01 m - - - - - - 5.62E-06
Ytterbium (70) Yb-162 NA 189E+01 m S 5.00E-04 5.22E-14 7.29E-14 1.21E-13 3.00E-14 3.26E-07
Yb-166 NA 5.67E+01 h S 5.00E-04 4.37E-12 6.29E-12 1.17E-11 2.89E-12 9.46E-08
"-.Yb-l67 NA 1.75+401 m S 5.00E-04 1.56E-14 2.18E-14 3.70E-14 1.71E-14 6.21E-07
Yb-169 NA 320E+01 d S 5.00E-04 4.00E-12 5.85E-12 1.12E-11 1.08E-11 7.75E-07
Yb-175 NA 419E+00 d S 5.00E-04 2.87E-12 4.22E-12 8.29E-12 2.95E-12 1.54E-07
Yb-177 NA 190E+00 h S 5.00E-04 3.46E-13 5.03E-13 9.51E-13 2.29E-13 8.35E-07
...... Yb-178 NA 740E+01 m S 5.00E-04 3.89E-13 5.59E-13 1.06E-12 2.38E-13 1.44e-07
Yttrium (39) Y-86 NA 147E+01 h S 1.00E-04 4.07E-12 5.81E-12 1.05E-11 1.58E-12 1.73E-05
Y-86m NA 480E+01 m S 1.00E-04 2.35E-13 3.35E-13 6.11E-13 9.29E-14 8.35E-07
Y-87 NA 803E+01 h S 1.00E-04 2.58E-12 3.70E-12 6.92E-12 1.49E-12 1.94E-06
Y-88 NA 107E+02 d S 1.00E-04 4.18E-12 5.85E-12 9.92E-12 1.70E-11 1.37E-05
Y-90 010098-91-6 640E+01 h S 1.00E-04 1.81E-11 2.65E-11 5.25E-11 8.40E-12 1.91E-08
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Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN ¢ Half-Life ° Type ' Fraction (f,)? (Risk/pCi) (Risk/pCi)  (Risk/pCi) (Risk/pCi) (Riskly per pCi/q)
Y-90m NA 319E+00 h S 1.00E-04 1.04E-12 1.51E-12 2.95E-12 4.81E-13 2.58E-06
Y-91 014234-24-3 S85E+01 d S 1.00E-04 1.60E-11 2.35E-11 4.66E-11 3.36E-11 2.51E-08
Y-91m 014234-24-3m 497E+01 m S 1.00E-04 3.52E-14 4.96E-14 8.51E-14 3.01E-14 2.34E-06
Y-92 015751-59-4 354E+00 h S 1.00E-04 2.48E-12 3.61E-12 7.03E-12 9.32E-13 1.26E-06
Y-93 014981-70-5 1.01E+01 h S 1.00E-04 7.18E-12 1.05E-11 2.08E-11 2.64E-12 4.60E-07
Y-94 NA 191E+01 m S 1.00E-04 1.37E-13 | .1"90E-13 3.08E-13 5.51E-14 5.45E-06
Y-95 NA 1.07TE+01 m S 1.00E-04 7.25E-14 9.99E-14 1.59E-13 2.92E-14 4.80E-06
Zinc (30) Zn-62 NA 926E+00 h M 5.00E-01 4.96E-12 7.25E-12 1.34E-11 2.65E-12 1.87E-06
Zn-63 NA 381E401 m M 5.00E-01 1.61E-13 2.26E-13 3.77E-13 7.55E-14 4.87E-06
Zn-65 013982-39-3 244E+02 d M 5.00E-01 1.17E-11 1.54E-11 2.45E-11 5.81E-12 2.81E-06
Zn-69 013982-23-5 570E+01 m M 5.00E-01 7.22E-14 1.03E-13 1.79E-13 6.11E-14 1.67E-09
Zn-69m 013982-23-5m 1.38E+01 h M 1.86E-12 ";73E-12 5.07E-12 1.28E-12 1.77E-06

5.00E-01
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors *®
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) °

as risk/year per pCi/g of soil). If required, slope factors in Table 4 can be converted into the International System (SI) units of becquerels (1 Bq = 1 nuclear transformation per
second) by dividing each inhalation, ingestion, or external exposure value by 0.037. Users can calculate cancer risks using slope factors expressed in either customary units or Sl
units with equivalent results,provided that they also use air, water and soil concentration values in the same system of units. For a discussion on the derivation of radionuclide slope
factors and guidance on their use, refer to the User's Guide section on radionuclide carcinogenicity.

b The curie (Ci), the customary unit of activity is equal to 3.7 x 10* nuclear transformations per second. 1 picocurie (pCi) = 10™2 Ci. The International System (SI) unit of activity
is the becquerel (1 Bq = 1 nuclear transformation per second).

For each radionuclide listed, slope factors correspond to the risks per unit intake or exposure for that radionuclide only, except when marked with a "+D" to indicate that the risks
from associated short-lived radioactive decay products (i.e., those decay products with radioactive half-lives less than or equal to 6 months) are also included. Refer to Exhibit 1 in
the User's Guide section on radionuclide carcinogenicity for guidance on determining slope factors for partial or complete radioactive decay chains.

Chemical Abstract Service Reference Number (CASRN). For risk calculations involving decay chains, a CASRN should be reported for the parent radionuclide and each chain
member. For radionuclides not included in the 1995 HEAST tabulation, CASRN numbers have not yet been assigned and are designated as “NA” (except metastable forms of
isotopes with previously assigned numbers, which are designated with a trailing “m”).

Radioactive half-life: s = second, m = minute, d = day, y = year. For those radionuclides with decay products (+D), half-lives are listed for the parent radionuclide.
f Lung absorption type recommended by the International Commission on Radiological Protection (ICRP): F = fast (particulate), M = medium (particulate), S = slow
(particulate), V = vapor, G = gas.

9 Gastrointestinal (GI) absorption fractions (f;) are the fractional amounts of each radionuclide absorbed across the Gl tract into the bloodstream. Lung absorption types and Gl
absorption fractions are provided for reference only. Do not use these factors to adjust inhalation or ingestion slope factors. See the User's Guide for instructions.

For isotopes of carbon, two inhalation entries are provided: the value in the first line represents inhalation of carbon in particulate aerosols (with default ICRP lung absorption
type M), while the value in the next line represents inhalation of carbon dioxide gas. Values for inhalation of carbon monoxide gas would be lower than the corresponding carbon
dioxide values by a factor of 2 for C-11 and 6 for C-14.

For tritium, two sets of values are provided for ingestion and inhalation pathways. The values in the first line represent ingestion of H-3 in the form of tritiated water and
inhalation of tritiated water vapor, while values in the second line represent ingestion of organically bound tritium and inhalation of H-3 in particulate form (with default ICRP lung
absorption type M). The corresponding value for inhalation of H-3 in organically bound gas would be greater than the value for tritiated water vapor by a factor of 2.3, while the value
for inhalation of elemental hydrogen gas would be lower by a factor of 10,000.

b For radioisotopes of iodine, the values listed for food ingestion represent ingestion of milk; corresponding values for ingestion of nondairy foods would be lower by a factor of
approximately 2. Inhalation values are provided both for inhalation of particulate aerosols (with default ICRP lung absorption type F) and inhalation of vapor. Corresponding values
for inhalation of methyl iodide vapor are also provided in Federal Guidance Report 13, and are slightly lower than the vapor entries in each case.

k For radioisotopes of mercury, Federal Guidance Report No. 13 provides values for inhalation of organic particulates, inorganic particulates and vapors. The inhalation value
presented in the first line represents the maximum of the organic or inorganic particulate vaiues (these values are very similar in most cases), and the value in the second line
represents inhalation of the radionuclide in vapor form. For ingestion, Federal Guidance Report No. 13 provides values for inorganic compounds, organic compounds, and methyl
mercury for each isotope. The ingestion values reported in Table 4 for each isotope represent the maximum of the these three forms.

For radioisotopes of polonium, Federal Guidance Report No. 13 provides values for ingestion of organic (f,=0.5) and inorganic (f,=0.1) compounds. For purposes of this
tabulation, polonium is assumed to be ingested in organic form in foods and in inorganic form in water and soil.
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™ To derive the inhalation slope factor for Rn-222+D, EPA’s Office of Radiation and Indoor Air (ORIA) uses a risk mode! based on radon decay product exposure and the following

exposure assumptions: inhalation rate of 1.78E+04 L/day (Federal Guidance Report 13, p.139); 40% equilibrium for decay products; and a risk coefficient of 5.38E-4 fatal lung cancers
per working level month (WLM) (see EPA 402-R-03-003, EPA Assessment of Risks from Radon in Homes).

" For radioisotopes of sulfur, Federal Guidance Report No. 13 provides values for ingestion of both organic and inorganic compounds. For the purpose of this tabulation, sulfur is
assumed to be ingested in organic form in foods and in inorganic form for ingestion of water and soil. The first inhalation value represents inhalation of inorganic particulates (with
default ICRP lung absorption type M), while the second value represents inhalation of carbon disulfide vapor; Federal Guidance Report No. 13 also provides a value for inhalation of
sulfur dioxide vapor, at approximately 17% of the value for carbon disulfide.
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