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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

OSWER No. 9355.01-83A

MEMORANDUM

SUBJECT: Distribution of OSWER of Radionuclide Preliminary Remediation Goals (PRGs) for
Superfund Electronic Calculator

FROM: Elaine F. Davics, Acting Director
Office of Emergency and Remedial Response (OERR)
Office of Solid Waste and Emergency Response

Stephen D. Page, Director
Office of Radiation and Indoor Air (ORIA)
Office of Air and Radiation

TO: Addressces
PURPOSE

The purpose of this memorandum is to transmit to you a final electronic calculator entitled:
“Radionuclide Preliminary Remediation Goals (PRGs) for Superfund.” The Radionuclide PRG
calculator may be found at the following website
http://epa-prgs.orl.gov/radionuclides. The electronic calculator provides guidance for establishing
PRGs at radioactively contaminated Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA) sitcs.'

The clectronic caleulator transmitted by this memorandum provides guidance on preliminary remediation
goal issues involved at CERCLA sites and is consistent with the National Oil and Hazardous Substances Pollution
Contingency Plan (NCP). 1t does not alter the NCP expectations regarding treatment of principal threat waste and the
use of containment and institutional controls for fow level threat waste. Consistent with CERCLA and the NCP,
response actions must attain or waive applicable or relevant and appropriate requirements (ARARs). CERCLA
response actions for contaminated ground water at radiation sites must attain (or waive as appropriate) the Maximum
Contaminant Levels (MCLs) or non-zero Maximum Contaminant Level Goals (MCLGs) established under the Safe
Drinking Water Act, where the MCLs or MCLGs are relevant and appropriate for the site.



BACKGROUND

The U.S. Environmental Protection Agency (EPA) issued guidance entitled ‘‘Establishment of
Cleanup Lcvels for CERCLA Sites with Radioactive Contamination” (OSWER No. 9200.4-18,
August 22, 1997). This 1997 guidance provided clarification for establishing protective cleanup levels
for radioactive contamination at CERCLA sites. The guidance reiterated that cleanups of radionuclides
are governed by the risk range for all carcinogens established in the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP) when Applicable or Relevant and Appropriate
Requirements (ARARS) arc not available or are not sufficiently protective. Cleanup should generally
achicve a level of risk within the 10 to 10 carcinogenic risk range based on the reasonable maximum
exposure for an individual. In calculating cleanup levels, one should include cxposures from all potential
pathways, and through all media (e.g., soil, ground water, surface water, sediment, air, structures, etc.)
The guidance also provides a listing of radiation standards that are likely to be used as ARARs to
cstablish cleanup levels or to conduct remedial actions.

This Radionuclide PRG calculator is part of a continuing effort between the Office of
Emergency and Remedial Response (OERR) and the Office of Radiation and Indoor Air (ORIA) to
provide updated guidance for addressing radioactively contaminated sites consistent with our guidance
for addressing chemically contaminated sites, except to account for the technical differences between
radionuclides and chemicals. This effort is intended to facilitate compliance with the NCP at
radioactively contaminated sites while incorporating the improvements to the Superfund program that
have been implemented through Administrative Reforms.

Today’s Radionuclide PRG calculator provides updated guidance to the equations that are
found in a previous guidance document issued by EPA entitled ‘Risk Assessment Guidance for
Superfund: Volume [, Human Health Evaluation Manual (Part B, Development of Risk-based
Preliminary Remediation Goals)” (EPA/540/R-92/003, December 1991). Much of the basis for this
updated guidance is found in two other guidance documents issued by EPA entitled “Soil Screening
Guidance for Radionuclides: User’s Guide” (OSWER No. 9355.4-16A, October 2000), and
“Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (Peer Review
Draft)” (OSWER No. 9355.4-24, March 2001).

IMPIL EMENTATION

For questions regarding radiation site policy and guidance for CERCLA cleanup actions,
readers are referred to the RCRA/Superfund Hotline at 1-800-424-9346 or the Superfund Radiation
Webpage at http://www.epa.gov/superfund/resources/radiation/index.htm. The subject matter
specialists for this clectronic calculator are Phil Newkirk and Ron Wilhelm of ORIA and Stuart Walker
of OERR.

Addressees:
National Superfund Policy Managers



CC:

Superfund Branch Chiefs (Regions 1-X)

Superfund Branch Chiefs, Office of Regional Counsel (Regions 1-X)
Radiation Program Managers (Regions I, 1V, V, V1, VII, X)
Radiation Branch Chief (Region II)

Residential Domain Section Chief (Region III)

Radiation and Indoor Air Program Branch Chicf (Region VIII)
Radiation and Indoor Office Director (Region IX)

Federal Facilities Leadership Council

OERR Center Directors and Senior Process Managers
OERR NARPM co-chairs

Steve Page, ORIA

Jim Woolford, FFRRO
Elizabeth Cotsworth, OSW
Craig Hooks, FFEO

Barry Breen, OSRE

Joanna Gibson, HOSC/OERR
Earl Salo, OGC

Jeft Joscphson, Region 11
Marianne Horinko, OSWER
Mike Shapiro, OSWER
Tom Dunne, OSWER

Jeff Denitt, OSWER



Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water Ingestion Food Ingestion  Inhalation  Externai Exposure | Residential  Agricuitural  Outdoor Indoor Tap Fish

Element Slope Factor Slope Factor-Adult ~ Slope Factor Slope Factor  Slope Factor Slope Factor Soil Soil Worker Soif Worker Soif Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope {risk/pCi) (risk/pCi) (risk/pCi} {risk/pCi} (risk/pCi) (riskfy per pCi/g} (pCifg) (pCilg) (pCilg) (pCilg) (pCilL) (pCi/g) (pCi/g) (pCi/g)
Actinium (89) Ac-223 1.55E-08 3.58E+07 3.58E+07 5.78E+07  1.30E+08
Actinium (89) Ac-224 1.53E-11 2.77E-12 5.59E-12 8.03E-12 4.07E-10 6.06E-07 1.156+04  1.15E+04 1.87E+04 4.20E+04 8.52E+00  2.20E-01
Actinium (89) Ac-225 5.18E-10 9.03E-11 1.89E-10 2.71E-10 2.86E-08 4.50E-08 6.36E+02 4.77E+02 244E+03  5.22E+03  2.52E-01 6.51E-03
Actinium (89) Ac-226 2.00E-10 2.84E-11 6.92E-11 1.01E-10 4.33E-09 4.46E-07 1.46E+03 141E+03 252E+03 §5.66E+03  6.88E-01 1.75E-02
Actinium (89) Ac-227 3.81E-10 2.01E-10 201E-10 2.45E-10 1.49E-07 3.48E-10 2.53E+00  1.35E+00  1.22E+01  2.22E+01  2.37E-O1 7.20E-03
Actinium (89) Ac-227+D 1.16E-09 3.45E-10 4.86E-10 6.53E-10 2.09E-07 1.47E-06 1.04E-01 8.31E-02  2.07E-01 4.63E-01 980E-02  2.70E-03
Actinium (89) Ac-228 5.55E-12 9.10E-13 1.99E-12 2.89E-12 4.92E-11 4.53E-06 7.32E+02 7.31E+02 1.18E+03 2.66E+03 2.39E+01  6.10E-01
Aluminum (13) Al-26 4.70E-11 8.18E-12 1.73E-11 2.49E-11 6.92E-11 1.33E-05 8.38E-03  6.28E-03 1.63E-02  3.66E-02 2.75E+00  7.08E-02
Aluminum (13) Al-28 9.32E-06 5.84E+04  5.84E+04  9.43E+04 2.12E+05
Americium (95) Am-237 1.24E-13 3.12E-14 5.07E-14 7.18E-14 5.77E-14 1.35E-06 1.24E+04  1.23E+04 2.00E+04 4.50E+04 9.39E+02 246E+01 | 3.54E+12 1.77E+11
Americium (95) Am-238 2.28E-13 5.96E-14 9.62E-14 1.35E-13 9.51E-14 4.02E-06 3.09E+03 3.09E+03 5.00E+03 1.12E+04 4.95E+02 1.31E+01 | 1.03E+12 5.17E+10
Americium (95) Am-239 3.89E-12 5.99E-13 1.38E-12 2.01E-12 8.40E-13 6.91E-07 247E+03 2.16E+03 3.99E+03 8.98E+03 3.45E+01  8.77E-01 1.36E+09  6.79E+07
Americium (95) Am-240 6.81E-12 1.27E-12 2.59E-12 3.70E-12 1.41E-12 4.69E-06 8.53E+01 8.21E+01  1.38E+02 3.10E+02 1.84E+01 4.77E-01 | 397E+07  1.98E+06
Americium (95) Am-241 2.17E-10 9.10E-11 1.04E-10 1.34E-10 2.81E-08 2.76E-08 187E+00  1.32E-02 568E+00 1.19E+01  4.58E-01 1.32E-02 | 2.58E+00  1.29E-01
Americium (95) Am-242 5.14E-12 7.51E-13 1.79E-12 2.62E-12 5.03E-11 3.48E-08 3.57E+04  7.82E+03  5.88E+04 1.32E+05 266E+01  6.73E-01 | 5.79E+08 2.90E+07
Americium (95) Am-242m 1.29E-10 7.336-11 7.07E-11 8.77E-11 1.56E-08 1.05E-09 563E+00 2.14E-02 227E+01 4.19E+01  6.74E-01 2.01E-02 1.30E-01 6.48E-03
Americium (95) Am-242m+D | 2.21E-10 8.95E-11 1.04E-10 1.36E-10 2.81E-08 4.83E-08 1.45E+00  137E-02 3.86E+00 8.29E+00  4.58E-01 1.30E-02 | 8.81E-02  4.40E-03
Americium (95) Am-243 2.17E-10 9.03E-11 1.03E-10 1.34E-10 2.70E-08 9.47E-08 8.71E-01 1.27E-02  2.05E+00 4.49E+00  4.62E-01 1.32E-02 | 2.52E+00 1.26E-01
Americium (95) Am-243+D 2.32E-10 2.15E-12 1.08E-10 1.42E-10 2.70E-08 6.36E-07 1.66E-01 1.11E-02  3.40E-01 7.66E-01  4.41E-01 1.24E-02 | 2.52E+00  1.26E-01
Americium (95) Am-244 7.03E-12 1.12E-12 2.52E-12 3.66E-12 3.09E-12 3.58E-06 562E+02 535E+02 9.08E+02 2.04E+03 1.89E+01  4.82E-01 1.03E+08  5.16E+07
Americium (95) Am-244m 1.18E-13 3.81E-14 5.11E-14 7.10E-14 1.02E-13 5.09E-09 9.18E+06  5.49E+06  1.49E+07 3.34E+07 9.32E+02 2.48E+01 | 2.77E+13  1.38E+12
Americium (95) Am-245 6.11E-13 1.10E-13 2.22E-13 3.22E-13 1.56E-13 1.04E-07 9.52E+04 B8.28E+04  1.54E+05 3.46E+05 2.15E+02 548E+00 | 2.84E+11  1.42E+10
Americium (95) Am-246 2.93E-13 8.47E-14 1.23E-13 1.73E-13 1.31E-13 2.93E-06 1.07E+04  1.06E+04 1.72E+04 3.88E+04 3.87E+02 1.02E+01 | 511E+12 2.55E+11
Americium (95) Am-246m 1.48E-13 4.96E-14 6.59E-14 9.10E-14 3.96E-14 4.83E-06 1.01E+04 1.01E+04  1.63E+04 3.67E+04 7.23E+02  1.94E+01 | 2.32E+13 1.16E+12
Antimony (51) Sb-115 1.16E-13 3.70E-14 5.14E-14 7.10E-14 2.33E-14 3.92E-06 9.78E+03  9.78E+03  1.58E+04 3.56E+04 9.26E+02 248E+01
Antimony (51) Sb-116 1.07E-13 3.89E-14 4.96E-14 6.81E-14 1.88E-14 1.05E-05 7.35E+03  7.35E+03  1.19E+04 267E+04 9.60E+02 2.59E+01
Antimony (51) Sb-116m 4.00E-13 1.18E-13 1.76E-13 2.45E-13 8.81E-14 1.47E-05 1.38E+03  1.38E+03  2.22E+03 _ 5.00E+03 2.71E+02 _ 7.20E+00
Antimony (51) Sb-117 1.70E-13 3.50E-14 6.59E-14 9.44E-14 4.07E-14 5.78E-07 1.26E+04  1.26E+04 2.03E+04 4.56E+04 7.23E+02  1.87E+01
Antimony (51) Sb-118m 1.67E-12 4.07E-13 6.99E-13 9.81E-13 2.64E-13 1.21E-05 3.36E+02 3.36E+02 543E+02 1.22E+03 6.81E+01  1.80E+00
Antimony (51) Sb-119 1.35E-12 2.01E-13 4.77E-13 6.96E-13 1.74E-13 2.58E-09 1.82E+05 1.57E+05 3.31E+05 7.43E+05 9.98E+01  2.53E+00
Antimony (51) Sb-120a 5.44E-14 1.94E-14 2.48E-14 3.42E-14 1.12E-14 1.94E-06 3.95E+04 3.95E+04 6.39E+04 1.44E+05 1.92E+03 S5.16E+01
Antimony (51) Sb-120b 1.08E-11 2.45E-12 444E-12 6.22E-12 3.30E-12 1.15E-05 1.28E+01  1.28E+01 2.06E+01 4.65E+01 1.07E+01  2.84E-01
Antimony (51) Sb-122 3.03E-11 4.44E-12 1.06E-11 1.55E-11 5.48E-12 1.97E-06 1.59E+02 1.58E+02 2.57E+02 5.78E+02 4.49E+00  1.14E-01
Antimony (51) Sb-124 3.50E-11 6.03E-12 1.29E-11 1.85E-11 2.43E-11 8.89E-06 1.58E+00 1.58E+00 2.56E+00 5.75E+00 3.69E+00  9.53E-02
Antimony (51) Sb-124m 1.56E-06 5.04E+05 5.04E+05 8.15E+05 1.83E+06
Antimony (51) Sb-124n 3.81E-14 1.20E-14 1.67E-14 2.32E-14 1.15E-14 7.76E-12 3.30E+09 1.76E+09 1.06E+10 2.29E+10 2.85E+03  7.60E+01
Antimony (51) Sb-125 1.12E-11 2.38E-12 4.37E-12 6.14E-12 1.66E-11 1.81E-06 4.62E-01 4.61E-01 7.49E-01 1.68E+00 1.09E+01  2.87E-01
Antimony (51) Sb-125+D 1.32E-11 5.13E-12 7.21E-12 1.93E-11 1.81E-06 4.62E-01 4.60E-01 7.49E-01 1.68E+00 9.28E+00  2.45E-01
Antimony (51) Sb-126 2.93E-11 5.40E-12 1.11E-11 1.59E-11 1.15E-11 1.28E-05 533E+00  5.33E+00 862E+00 1.94E+01 4.29E+00  1.11E-01
Antimony (51) Sb-126m 1.48E-13 5.11E-14 6.66E-14 9.21E-14 3.16E-14 6.94E-06 925E+03 9.25E+03  1.49E+04 3.36E+04 7.15E+02 1.91E+01
Antimony (51) Sb-127 2.85E-11 4.29E-12 1.01E-11 1.47E-11 7.51E-12 3.07E-06 7.15E+01  7.12E+01 1.16E+02 260E+02 4.71E+00  1.20E-01
Antimony (51) Sb-128a 1.19E-13 4.44E-14 551E-14 7.55E-14 2.12E-14 9.03E-06 1.30E+04  1.30E+04 2. 10E+04 4.72E+04 8.64E+02  2.34E+01
Antimony (51) Sb-128b 9.21E-12 1.67E-12 3.45E-12 4.96E-12 1.44E-12 1.40E-05 161E+02 1.61E+02 2.60E+02 5.86E+02 1.38E+01  3.56E-01
Antimony (51) Sb-129 6.11E-12 9.81E-13 2.19E-12 3.19E-12 9.62E-13 6.85E-06 6.86E+02 6.86E+02 1.11E+03 2.50E+03 2.17E+01  5.53E-01
Antimony (51) Sb-130 4.77E-13 1.44E-13 2.07E-13 2.88E-13 9.73E-14 1.51E-05 2.02E+03  2.02E+03  3.26E+03  7.34E+03 2.30E+02  6.12E+00
Antimony (51) Sb-131 6.48E-13 1.59E-13 2.56E-13 3.59€-13 9.73E-14 9.08E-06 584E+03  5.84E+03 9.43E+03 2.12E+04 1.86E+02 4.91E+00
Argon (18) Ar-37 0.00E+00
Argon (18) Ar-39 5.94E-10 1.95E+02  1.48E+02 3.76E+02  8.46E+02
Argon (18) Ar-41 6.39E-06 1.74E+03  1.74E+03 2.81E+03  6.32E+03
Arsenic (33) As-69 2.39E-13 7.70E-14 1.05E-13 1.46E-13 4.29E-14 4.43E-06 1.81E+04 1.81E+04 293E+04 6.58E+04 4.54E+02 1.21E+Q1
Arsenic (33} As-70 7.40E-13 2.16E-13 3.20E-13 4.48E-13 1.37E-13 1.96E-05 1.18E+03  1.18E+03  191E+03 4.30E+03 1.49E+02  3.94E+00
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soii Ingestion Water Ingestion Food ingestion Inhalation  External Exposure | Residential Agricuitural  Outdoor Indoor Tap Fish

Element Slope Factor Slope Factor-Adult ~ Slope Factor ~ Slope Factor  Slope Factor Stope Factor Sail Soil Worker Soif Worker Soil ~ Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) (risk/pCi) (risk/pCi) {risk/pCi) (risk/pCi) (risk/y per pCi/g) {pCi/g) {pCi/g) (pCifg) (pCi/g) {pCilL) (pCi/g) {pCi/g) (pCi/g)
Arsenic (33) As-71 6.07E-12 1.09E-12 2.28E-12 3.29E-12 1.52E-12 2.37E-06 1.32E+02  1.31E+02 2.14E+02 4.81E+02 2.09E+01  5.36E-01
Arsenic (33) As-72 2.79E-11 4.55E-12 1.02E-11 1.48E-11 4.29E-12 8.21E-06 9.48E+01  9.39E+01  1.54E+02 3.46E+02 4.67E+00  1.19E-01
Arsenic (33) As-73 4.40€-12 6.85E-13 1.56E-12 2.28E-12 3.88E-12 5.78E-09 1.01E+03 4 53E+02 2.91E+03 6.51E+03 3.05E+01  7.74E-01
Arsenic (33) As-74 1.82€-11 3.17E-12 6.70E-12 9.69E-12 8.44E-12 3.35E-06 1.41E+01  1.39E+01 2.29E+01 5.16E+01 7.11E+00  1.82E-01
Arsenic (33) As-76 2.70E-11 4.14E-12 9.66E-12 1.42E-11 4.14E-12 2.01E-06 3.79E+02 3.65E+02 6.21E+02 1.40E+03 4.93E+00  1.24E-01
Arsenic (33) As-77 7.03E-12 1.06E-12 2.50E-12 3.67E-12 1.76E-12 3.58E-08 1.21E+04  8.19E+03  2.35E+04 5.28E+04 190E+01  481E-O1
Arsenic {33) As-78 1.61E-12 3.59E-13 6.33E-13 9.03E-13 2.69E-13 6.11E-06 2.20E+03  2.20E+03 3.55E+03 8.00E+03 7.52E+01  1.95E+00
Astatine (85) At-207 1.66E-12 4.77E-13 6.96E-13 9.51E-13 7.77E-12 6.11E-06 1.85E+03  1.85E+03 2.98E+03 6.72E+03 6.84E+01  1.85E+00
Astatine (85) At-211 8.21E-11 2.23E-11 3.37E-11 4.63E-11 3.58E-10 7.94E-08 3.10E+04  3.12E+04 65.54E+04 1.24E+05 141E+00  3.81E-02
Astatine (85) At-215 8.09E-10 9.04E+14  9.04E+14  1.46E+15 3.29E+15

Astatine (85) At-216 3.08E-09 7.92E+13  7.92E+13  1.28E+14 2.8BE+14

Astatine (85) At-217 1.32E-09 1.72E+12  1.72E+12  2.77E+12  6.24E+12

Astatine (85) At-218 3.57E-09 1.02E+10  1.02E+10  1.68E+10  3.72E+10

Barium (56) Ba-126 2.24E-12 4.66E-13 8.51E-13 1.22E-12 3.49E-13 5.83E-07 217E+04 2.16E+04 3.50E+04 7.88E+04 560E+01  1.45E+00
Barium (56) Ba-128 4.33E-11 6.92E-12 1.52€-11 2.23E-11 7.22E-12 2.10E-07 1.50E+03  1.54E+03 2.67E+03 6.00E+03 3.13E+00 7.91E-02
Barium (56) Ba-131 5.25E-12 1.02E-12 2.00E-12 2.87E-12 2.91E-12 1.77E-06 4.05E+01 4.05E+01  6.55E+01 147E+02 2.38E+01  6.15E-01
Barium (56) Ba-131m 2.11E-14 6.88E-15 9.25E-15 1.29E-14 1.69E-14 1.67E-07 5.00E+05 5.00E+05 8.08E+05 1.82E+06 5.15E+03  1.37E+02
Barium (56) Ba-133 1.39E-11 4.37E-12 6.81E-12 9.44E-12 1.16E-11 1.44E-06 1.75E-01 1.62E-01 3.03E-01  6.82E-01  6.99E+00  1.87E-01
Barium (56) Ba-133m 9.07E-12 1.42E-12 3.19E-12 4.66E-12 2.04E-12 1.96E-07 2.64E+03  2.62E+03 4.30E+03 9.68E+03 1.49E+01  3.78E-01
Barium (56) Ba-135m 7.29E-12 1.14E-12 2.56E-12 3.74E-12 1.61E-12 1.70E-07 4.13E+03  4.10E+03  6.72E+03  1.51E+04 1.86E+01  4.72E-01
Barium (56) Ba-137m 2 69E-06 1.78E+05  1.78E+05 2.87E+05 6.4BE+05

Barium (56) Ba-139 9.73E-13 2.06E-13 3.70E-13 5.33E-13 1.79E-13 1.65E-07 8.92E+04 8.91E+04 1.44E+05 3.25E+05 1.29E+02 3.31E+00
Barium (56) Ba-140 4.18E-11 6.77€-12 1.49E-11 247E-11 2.03E-11 7.61E-07 867E+01  8.58E+01 141E+02 3.18E+02 3.20E+00 8.13E-02
Barium (56) Ba-141 5.59E-13 1.22E-13 2.14E-13 3.07E-13 9.69E-14 3.79E-06 1.76E+04  1.76E+04 2.84E+04 6.39E+04 223E+02 574E+00
Barium (56) Ba-142 2.27E-13 5.88E-14 9.29E-14 131E-13 4.55E-14 4 85E-06 2.37E+04 2.37E+04 3.83E+04 8.62E+04 513E+02  1.35E+01
Berkelium (97) Bk-245 9.73E-12 1.45E-12 3.43E-12 5.00E-12 7.22E-12 7.09E-07 241E+02 241E+02 3.90E+02 8.78E+02 139E+01  3.53E-01
Berkelium (97) Bk-246 5.25E-12 9.99E-13 2.01E-12 2.88E-12 9.25E-13 4.25E-08 1.09E+02  1.09E+02 1.76E+02 3.96E+02 2.37E+01  6.12E-01
Berkelium (97) Bk-247 2.49E-10 1.12E-10 1.24E-10 1.60E-10 3.26E-08 3.09E-07 3.27E-01  247E-01 6.74E-01  1.50E+0C  3.84E-01 1.10E-02
Berkelium (97) Bk-249 2.95E-12 5.99E-13 1.11E-12 1.57E-12 5.14E-11 2.63E-12 6.34E+03  6.61E+03  5.64E+04 1.02E+05 4.29E+01  1.12E+00
Berkelium (97) Bk-250 1.54E-12 2.77E-13 5.66E-13 8.18E-13 1.03E-12 4.23E-06 1.49E+03  1.49E+03 2.41E+03 542E+03 841E+01  2.16E+00
Beryllium (4) Be-10 2.02E-11 2.96E-12 7.03E-12 1.02E-11 9.40E-11 7.43E-10 2.48E+01  1.16E+01 1.96E+02 4.08E+02 6.77E+00  1.73E-01
Beryllium (4) Be-7 2.02E-13 5.03E-14 8.66E-14 1.20E-13 213E-13 2.13E-07 7.46E+01  7.45E+01 1.20E+02 2.71E+02 5.50E+02 1.47E+01
Bismuth (83) Bi-200 3.65E-13 9.36E-14 1.52E-13 2.13E-13 7.55E-14 1.06E-05 3.16E+03  3.16E+03  5.10E+03  1.15E+04 3.13E+02 8.28E+00
Bismuth (83) Bi-201 1.09E-12 2.26E-13 4.22E-13 6.03E-13 1.90E-13 6.05E-06 1.87E+03  1.86E+03 3.01E+03 6.78E+03 1.13E+02 2.92E+00
Bismuth (83) Bi-202 6.18E-13 1.66E-13 2.65E-13 3.69E-13 1.12E-13 1.24E-05 9.81E+02 9.81E+02 1.59E+03 3.57E+03 1.80E+02 4.78E+00
Bismuth (83) Bi-203 4.85E-12 1.01E-12 1.92E-12 2.73E-12 8.21E-13 1.16E-05 148E+02  1.48E+02 2.40E+02 540E+02 248E+01  6.46E-01
Bismuth (83) Bi-205 8.18E-12 1.79E-12 3.32E-12 4.66E-12 3.24E-12 8.19E-06 6.75E+00 6.72E+00  1.09E+01 246E+01  1.43E+01  3.78E-01
Bismuth (83) Bi-206 1.98E-11 4.00E-12 7.73E-12 1.10E-11 5.85E-12 1.52E-05 891E+00 8.87E+00 1.44E+01 3.24E+01 6.16E+00  1.60E-01
Bismuth (83) Bi-207 1.49E-11 2.77E-12 5.66E-12 8.14E-12 2.10E-11 7.08E-06 2.04E-02  165E-02 3.80E-02 8.56E-02 8.41E+00 217E-01
Bismuth (83) Bi-210 2.55E-11 3.74E-12 8.92E-12 1.30E-11 3.17E-10 2.76E-09 4.80E+03  1.34E+03 8.49E+04 1.84E+05 534E+00  1.36E-01
Bismuth (83) Bi-210m 1.45E-10 2.92E-11 5.51E-11 7.77e-11 1.17€-08 1.01E-06 927E-02 479E-02 2.13E-01 4.80E-01 8.64E-01 2.27E-02
Bismuth (83) Bi-211 1.88E-07 3.03E+06  3.03E+06 _ 4.90E+06  1.10E+07

Bismuth (83) Bi-212 1.78E-12 4.40E-13 7.10E-13 9 99E-13 T77E-11 8.87E-07 2.26E+04 2.24E+04 3.66E+04 8.24E+04 B6.71E+01  1.77E+00
Bismuth (83) Bi-213 1.28E-12 3.17E-13 5.11E-13 7.18E-13 6.85E-11 5.65E-07 471E+04 4.67E+04 7.63E+04 1.72E+05 9.32E+01  2.46E+00
Bismuth (83) Bi-214 4.33E-13 1.47E-13 1.92E-13 2.65E-13 2.90E-11 7.48E-06 8.19E+03 8.19E+03  1.32E+04 2.98E+04 2.48E+02 6.66E+00
Bromine {35) Br-74 3.19E-13 1.22E-13 1.50E-13 2.05E-13 6.44E-14 2.32E-05 2.08E+03  2.08E+03 3.36E+03 7.55E+03 3.17E+02  8.60E+00
Bromine (35) Br-74m 5.29E-13 1.98E-13 2.46E-13 3.36E-13 1.15E-13 2.00E-05 1.47E+03 1.47E+03 2.37E+03 §534E+03 184E+02 5.25E+00
Bromine (35) Br-75 3.42E-13 1.22E-13 1.57E-13 2.13E-13 1.13E-13 5.21E-06 2.39E+03  2.38E+03 3.86E+03 8.68E+03 3.03E+02 828E+00
Bromine (35) Br-76 3.34E-12 9.99E-13 1.45€-12 1.97€-12 1.10E-12 1.30E-05 9.62E+01  9.55E+01  1.56E+02 3.51E+02 23.28E+01  8.95E-01
Bromine (35) Br-77 6.51E-13 2.20E-13 3.01E-13 4.03E-13 2.06E-13 1.34E-06 269E+02  2.65E+02 4.37E+02 9.84E+02 1.58E+02 4.38E+00
Bromine (35) Br-80 1.03E-13 3.85E-14 4.70E-14 6.48E-14 1.80E-14 3.55E-07 1.97E+05 1.95E+05 3.19E+05 7.17E+05 1.01E+03 2.72E+01
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water Ingestion Food Ingestion  Inhalation  External Exposure | Residential Agricultural  Outdoor Indoor Tap Fish

Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor Slope Factor Slope Factor Soit Soil Worker Soit  Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCit) (risk/y per pCilg} {pCifg) (pCi/g) (pCifg) (pCi/g) {pCilL) (pCig) {pCilg) (pCi/g)
Bromine (35) Br-80m 6.70E-13 1.97E-13 2.82E-13 3.89E-13 2.43E-13 5.95E-09 3.64E+05 1.38E+05 1.24E+06 2.79E+06 1.69E+02 4.53E+00
Bromine (35) Br-82 3.70E-12 1.24E-12 1.71E-12 2.30E-12 1.66E-12 1.24E-05 4.63E+01 4.58E+01 7.50E+01 1.69E+02 2.78E+01  7.67E-01
Bromine (35) Br-83 1.94E-13 6.33E-14 8.44E-14 1.16E-13 1.21E-13 3.46E-08 2.32E+05  1.99E+05 3.97E+05 8.93E+05 564E+02 1.52E+01
Bromine (35) Br-84 3.21E-13 1.19E-13 1.48E-13 2.02E-13 7.18E-14 9.35E-06 4.10E+03  4.09E+03 6.62E+03 1.49E+04 3.22E+02 8.73E+00
Cadmium (48) Cd-104 4.14E-13 1.02E-13 1.72E-13 241E-13 7.66E-14 9.70E-07 217E+04 1.74E+04  3.52E+04 7.92E+04 277E+02 7.32E+00 § 5.76E+11 2.88E+10
Cadmium (48) Cd-107 9.99E-13 1.49E-13 3.50E-13 5.11E-13 3.10E-13 3.48E-08 8.16E+04  5.69E+03  1.45E+05 3.27E+05 136E+02 3.45E+00 | 6.21E+08 3.11E+08
Cadmium (48) Cd-109 1.14E-11 3.36E-12 5.00E-12 6.70E-12 2.19E-11 8.73E-09 3.32E+01  269E-01 3.23E+02 7.18E+02 952E+00 2.63E-01 | 569E+02  2.85E+01
Cadmium (48) Cd-113 3.85E-11 2.18E-11 2.28E-11 2.90E-11 1.12E-10 7.36E-11 5.65E-01 2.84E-03  7.83E+01 1.42E+02 2.09E+00 6.08E-02 1.23E-01 6.14E-03
Cadmium (48) Cd-113m 5.11E-11 2.63E-11 2.87E-11 3.64E-11 1.30E-10 4.45E-10 8.70E-01 5.34E-03  1.05E+02 1.94E+02 1.66E+00 4.85E-02 | 3.67E-01 1.83E-02
Cadmium (48) Cd-115 2.47E-11 3.60E-12 8.66E-12 1.27E-11 5.14E-12 1.01E-06 3.46E+02 2.75E+01 6.07E+02 1.37E+03 550E+00  139E-01 | 3.70E+06 1.85E+05
Cadmium (48) Cd-115m 4.74E-11 7.70E-12 1.70E-11 2.46E-11 2.92E-11 1.13E-07 6.69E+01  7.61E-01 2.69E+02 6.04E+02 2.80E+00 7.17E-02 | 4.70E+03  2.35E+02
Cadmium (48) Cd-117 3.81E-12 6.22E-13 1.37E-12 1.99E-12 6.51E-13 5.23E-06 1.56E+03 1.13E+03 2.52E+03 5.67E+03 3.48E+01  8.86E-01 | 1.08E+10 5.39E+08
Cadmium (48) Cd-117m 3.26E-12 6.03E-13 1.22E-12 1.76E-12 6.55E-13 1.03E-05 586E+02 501E+02 9.49E+02 2.13E+03 3.90E+01 1.00E+00 | 6.65E+09 3.33E+08
Calcium (20) Ca-41 5.74E-13 3.24E-13 3.53E-13 4.37E-13 2.09E-13 0.00E+00 2.26E+01 4.12E+00 5.49E+03 9.88E+03 1.35E+02 4.04E+00
Calcium (20) Ca-45 6.07E-12 1.52E-12 247E-12 3.37E-12 9.40E-12 3.96E-11 135E+02 3.31E+01  3.74E+04 6.97E+04 193E+01  5.23E-01
Calcium (20) Ca-47 2.02E-11 3.85E-12 7.55E-12 1.08E-11 7.88E-12 5.24E-06 3.48E+01  3.25E+01 576E+01 1.30E+02 6.31E+00  1.63E-01
Calcium (20) Ca-49 1.75E-05 7.99E+03 7.99E+03 1.29E+04 2.90E+04
Californium (98) Cf-244 2.93E-13 9.03E-14 1.25E-13 1.74E-13 2.96E-11 6.83E-11 554E+08 507E+08 1.28E+09 2.78E+09 3.81E+02 1.01E+01
Californium (98) Cf-246 6.11E-11 8.58E-12 2.11E-11 3.09E-11 1.47E-08 9.25E-11 6.07E+04 5.09E+04 8.03E+05 147E+06 226E+00 5.71E-02
Californium (98) Cf-248 1.18E-10 2.42E-11 4.44E-11 6.22E-11 1.81E-08 4.73E-11 140E+02 1.16E+02 1.32E+03 2.40E+03 1.07E+00  2.84E-02
Californium (98) Cf-249 2.54E-10 1.14E-10 1.27E-10 1.63E-10 3.40E-08 1.37E-06 8.15E-02  6.13E-02 1.60E-01 3.59E-01  3.75E-01 1.08E-02
Californium (98) Cf-250 1.85E-10 7.10E-11 8.62E-11 1.12E-10 2.66E-08 4.48€E-11 7.76E+00 5.67E+00 4.41E+01 7.98E+01  5.52E-01 1.57E-02
Californium (98) Cf-251 2.67E-10 1.17E-10 1.32E-10 1.70E-10 3.40E-08 3.76E-07 2.70E-01 1.99E-01 5.59€E-01 1.25E+00  3.61E-01 1.04E-02
Californium (98) Cf-252 8.66E-11 1.01E+04  1.01E+04 1.64E+04 3.69E+04
Californium (98) Cf-253 1.20E-11 1.96E-12 4.26E-12 6.11E-12 4.22E-09 4.86E-11 2.51E+04 2.11E+04 246E+05 4.65E+05 112E+01  2.89E-01
Californium (98) Cf-254 1.46E-13 9.58E+07 9.58E+07 1.55E+08 3.48E+08
Carbon (6) C-11 8.70E-14 3.32E-14 4.07E-14 5.59E-14 2.78E-14 4.45E-06 1.34E+04 130E+03 2.17E+04 488E+04 117E+03 3.16E+01 | 6.71E+12  3.36E+11
Carbon (6) C-14 2.79€-12 1.38E-12 1.55E-12 2.00E-12 7.07E-12 7.83E-12 4.56E-01 5.63E-05  1.23E+03 2.24E+03 1.29E+00  8.82E-01 | 4.01E+01  2.00E+00
Cerium (58) Ce-134 4.59E-11 6.62E-12 1.59E-11 2.33E-11 6.96E-12 8.24E-09 1.79E+04  9.86E+02 5.04E+04 1.11E+05 2.99E+00 7.57E-02 | 1.35E+07 6.74E+05
Cerium (58) Ce-135 1.02E-11 1.78E-12 3.81E-12 548E-12 1.75E-12 7.74E-06 149E+02 148E+02 2.41E+02 542E+02 125E+01  3.22E-01 | 942E+08 4.71E+07
Cerium (58) Ce-137 3.64E-13 5.85E-14 1.31E-13 1.91E-13 4.11E-14 4.46E-08 5.06E+04 4.82E+04 8.18E+04  1.84E+05 3.64E+02 9.23E+00 | 1.05E+11  5.24E+09
Cerium {58) Ce-137m 9.99E-12 1.42E-12 3.47E-12 5.07E-12 1.94E-12 1.38E-07 423E+03 2.98E+03 6.91E+03  1.55E+04 1.37E+01  3.48E-01 | 2.71E+08 1.35E+07
Cerium (58) Ce-139 3.70E-12 6.07E-13 1.35E-12 1.95E-12 5.66E-12 4.54E-07 1.35E+01  1.20E+01 2.18E+01  4.91E+01 3.53E+01  9.04E-01 | 7.51E+04  3.75E+03
Cerium (58) Ce-141 1.34E-11 1.89€-12 4.63E-12 6.77E-12 1.14E-11 2.27E-07 1.14E+02 8.46E+01 1.85E+02 4.17E+02 103E+01 261E-01 | 3.95E+05 1.97E+04
Cerium (58) Ce-143 2.04E-11 2.93E-12 7.10E-12 1.04E-11 3.74E-12 1.09E-06 563E+02 5.07E+02 9.12E+02 2.05E+03 6.71E+00  1.70E-01 144E+08  7.19E+06
Cerium (58) Ce-144 1.02E-10 1.42E-11 3.52E-11 5.18E-11 1.10E-10 5.02E-08 446E+01  446E+00 9.27E+01 2.07E+02 1.35E+00 3.40E-02 | 564E+02 2.82E+01
Cerium (58) Ce-144+D 1.02E-10 3.53E-11 5.19E-11 1.10E-10 2.44E-07 1.14E+01  3.45E+00 1.97E+01 4.44E+01 1.35E+00 3.40E-02 | 5.64E+02  2.82E+01
Cesium (55) Cs-125 1.28E-13 4.77E-14 5.96E-14 8.18E-14 1.64E-14 2.92E-06 9.28E+03 861E+03  1.50E+04 337E+04 7.99E+02 2.16E+01 | 9B61E+12 4.81E+11
Cesium {55) Cs-126 4.74E-06 1.57E+05 1.57E+05 2.53E+05 5.70E+05
Cesium (55) Cs-127 1.38E-13 5.00E-14 6.51E-14 8.73E-14 2.47E-14 1.68E-06 1.93E+03 1.69E+03  3.13E+03 7.03E+03 7.31E+02 2.02E+01 | 1.27E+11 6.34E+09
Cesium (55} Cs-128 3.92E-06 7.97E+04 7.97E+04 1.29E+05 2.90E+05
Cesium (55) Cs-129 4.00E-13 1.38E-13 1.85E-13 2.48E-13 7.44E-14 1.05E-06 6.03E+02 3.66E+02 9.74E+02 2.19E+03 2.57E+02 7.11E+00 | 1.69E+09 8.45E+07
Cesium (55) Cs-130 1.02E-13 3.85E-14 4.74E-14 6.48E-14 1.24E-14 2.22E-06 1.84E+04 1.70E+04 297E+04 668E+04 1.00E+03 2.72E+01 | 2.74E+13 1.37E+12
Cesium (55) Cs-131 4 11E-13 1.37E-13 1.86E-13 2.49E-13 7.51E-14 4.90E-08 169E+04 1.27E+02 2.87E+04 6.45E+04 256E+02 7.08E+00 | 3.20E+07 1.60E+06
Cesium (55) Cs-132 2.89E-12 1.18E-12 1.46E-12 1.91E-12 5.92E-13 3.11E-06 4.20E+01  1.56E+01 6.79E+01 1.53E+02 3.26E+01  9.23E-01 | 9.12E+06  4.56E+05
Cesium (55) Cs-134 5.81E-11 4.48E-11 4.22E-11 5.14E-11 1.65E-11 7.10E-06 1.57E-01 7.59E-03  2.56E-01 5.76E-01  1.13E+00  3.43E-02 | 1.65E+02 8.24E+00
Cesium (55) Cs-134m 8.84E-14 3.28E-14 4.14E-14 555E-14 1.99E-14 5.02E-08 1.39E+05 3.46E+04 2.25E+05 507E+05 1.15E+03 3.18E+01 | 9.25E+11 4.63E+10
Cesium (55) Cs-135 7.18E-12 4.70E-12 4.74E-12 5.88E-12 1.86E-12 2.36E-11 1.78E+01  5.18E-03  3.63E+02 6.59E+02 1.00E+01  3.00E-01 1.84E+02  9.18E+00
Cesium (55) Cs-135m 9.10E-14 3.66E-14 4.51E-14 6.07E-14 1.32E-14 7.37E-06 3.12E+03  3.05E+03 5.04E+03 1.13E+04 1.06E+03 291E+01 [ 9.16E+12 458E+11
Cesium (55) Cs-136 1.65E-11 7.22E-12 8.66E-12 1.12E-11 3.49E-12 1.00E-05 6.45E+00 1.58E+00 1.04E+01 2.35E+01 550E+00 1.57E-01 | 3.76E+05 1.88E+04
Cesium (55) Cs-137 4 33E-11 3.17E-11 3.04E-11 3.74E-11 1.19E-11 5.32E-10 3.88E+00 1.25E-03 6.49E+01  1.20E+02 1.57E+00  4.72E-02 | 5.66E+01  2.83E+00
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water ingestion Food Ingestion  Inhalation  External Exposure | Residential Agricultural  Outdoor Indoor Tap Fish

Etement Slope Factor Slope Factor-Adult ~ Slope Factor Slope Factor Slope Factor Slope Factor Soil Soit Worker Soil  Worker Soil Water Ingestion DAF=20 DAF=1
{Atomic Number) Isotope (risk/pCi} (risk/pCi} {risk/pCi) (risk/pCi) (risk/pCi) {risk’y per pCilg) {pCi/g} (pCilg) (pCilg) (pCilg) (pCilL) (pCi/g) {pCi'g) (pCi/g)
Cesium (55) Cs-137+D 4.33E-11 3.17E-11 3.04E-11 3.74E-11 1.18E-11 2.55E-06 5.97E-02 1.22E-03  1.1ME-01 2.51E-01 1.57E+00  4.72E-02 | 5.66E+01  2.83E+00
Cesium (55) Cs-138 3.40€-13 1.27E-13 1.58E-13 2.16E-13 4.00E-14 1.19E-05 3.18E+03  3.03E+03 514E+03 1.16E+04 3.01E+02 8.17E+00 | 7.08E+12 3.54E+11
Chlorine {(17) Ci-36 7.66E-12 2.29E-12 3.30E-12 4.44E-12 2.50E-11 1.74E-09 5.65€-02 1.02E-02  1.07E+02  2.33E+02  1.44E+01 3.97E-1
Chlorine (17) Cl-38 4.22E-13 1.55E-13 1.93E-13 2.64E-13 9.40E-14 7.93E-06 407E+03 3.89E+03 6.68E+03 1.50E+04 247E+02 6.68E+00
Chilorine (17) Cl-39 3.31E-13 1.21E-13 1.52E-13 2.08E-13 9.36E-14 7.09E-06 3.05E+03 293E+03 5.00E+03 1.12E+04 3.13E+02 8.48E+00
Chromium (24) Cr-48 1.84E-12 4.07E-13 7.44E-13 1.05E-12 7.51E-13 1.62E-06 5A45E+02 545E+02 8.81E+02 1.98E+03 640E+01  1.68E+00
Chromium (24) Cr-49 3.20E-13 9.10E-14 1.35E-13 1.89E-13 7.36E-14 4 43E-06 6.54E+03 6.54E+03 1.06E+04 2.38E+04 3.53E+02 9.33E+00
Chromium (24) Cr-51 4.96E-13 8.88E-14 1.85E-13 2.66E-13 1.67E-13 1.27E-07 2.41E+02 2.41E+02 3.89E+02 8.75E+02 257E+02 6.63E+00
Cobalt (27) Co-55 1.23E-11 2.38E-12 4.63E-12 6.70E-12 2.07E-12 9.21E-06 1.26E+02  7.42E+00 2.04E+02 4.58E+02 1.03E+01  2.63E-01 | 6.68E+06  3.34E+05
Cobalt (27) Co-56 2.56E-11 5.29E-12 1.01E-11 1.43E-11 1.85E-11 1.80E-05 5.96E-01 3.23E-02 9.64E-01 2.17E+00 4.71E+00  1.23E-01 | 2.62E+02 1.31E+01
Cobalt (27) Co-57 2.78E-12 4.85E-13 1.04E-12 1.49E-12 2.09E-12 3.55E-07 8.73E+00  944E-02 1.42E+0t 3.20E+01 4.58E+01 1.18E+00 | 1.68E+02 8.40E+00
Cobait (27) Co-58 7.44E-12 1.57E-12 2.95E-12 4.18E-12 5.99E-12 4.48E-06 2.66E+00  1.24E-01  4.31E+00 9.70E+00 1.61E+01  4.22E-01 1.11E+03  5.56E+01
Cobalt (27) Co-58m 3.47E-13 5.99E-14 1.26E-13 1.83E-13 6.88E-14 1.00E-12 5.92E+06 552E+02 4.33E+08 7.98E+08 378E+02 9.64E+00 | 8.98E+08 4.49E+07
Cobalt (27) Co-60 4.03E-11 7.33E-12 1.57E-11 2.23E-11 3.58E-11 1.24E-05 361E-02 8.80E-04  5.96E-02 1.34E-01 3.03E+00 7.91E-02 | 241E+00  1.21E-01
Cobalt (27) Co-60m 5.88E-15 2.12E-15 2.66E-15 3.66E-15 3.96E-15 1.86E-08 6.24E+06  1.17E+06 1.01E+07 227E+07 1.79E+04 4.82E+02 | 1.16E+14 5.82E+12
Cobalt (27) Co-61 6.40E-13 1.32E-13 243E-13 3.49E-13 143E-13 2.48E-07 4.95E+04 1.56E+03 8.02E+04 1.80E+05 1.96E+02 5.05E+00 | 1.43E+10 7.16E+08
Cobalt (27) Co-62m 1.79E-13 6.55E-14 8.25E-14 1.13E-13 3.17E-14 1.35E-05 6.50E+03 549E+03 1.05E+04 2.36E+04 577E+02 1.56E+01 | 2.14E+12 1.07E+11
Copper (29) Cu-60 3.00E-13 1.04E-13 1.37E-13 1.89E-13 5.77E-14 1.93E-05 2.72E+03  2.72E+03  4.40E+03  9.90E+03 348E+02  9.33E+00
Copper {29) Cu-61 1.20E-12 2.39E-13 4.63E-13 6.70E-13 2.41E-13 3.63E-06 164E+03  1.64E+03 265E+03 597E+03 1.03E+02 2.63E+00
Copper (29) Cu-62 4.43E-06 2.83E+04 2.83E+04 4.56E+04 1.03E+05
Copper (29) Cu-64 1.72E-12 2.93E-13 6.40E-13 9.32E-13 4.33E-13 8.30E-07 1.92E+03  1.90E+03 3.11E+03 7.01E+03 7.44E+01  1.89E+00
Copper (29) Cu-66 4.32E-07 553E+05 5.53E+05 8.94E+05 2.01E+06
Copper (29) Cu-67 5.29E-12 8.88E-13 1.94E-12 2.83E-12 2.35E-12 3.83E-07 8.38E+02 7.86E+02 1.38E+03 3.11E+03 245E+01  6.23E-01
Curium (96) Cm-238 8.70E-13 1.65E-13 3.28E-13 4.70E-13 1.35E-11 1.90E-07 4.45E+04 4.40E+04 7.20E+04 1.62E+05 145E+02 3.75E+00 | 144E+12 7.21E+10
Curium (96) Cm-240 9 88E-11 1.53E-11 3.49E-11 5.07E-11 9.51E-09 6.19E-11 207E+03 1.23E+02 2.56E+04 4.66E+04 136E+00 3.48E-02 | 1.86E+05 9.29E+03
Curium (96) Cm-241 1.35E-11 2.15E-12 4.85E-12 7.03E-12 1.01E-10 1.94E-06 1.33E+01  1.31E+01 2.15E+01 4.84E+01 9.82E+00 2.51E-01 | 9.06E+05 4.53E+04
Curium (96) Cm-242 1.05E-10 1.87E-11 3.85E-11 5.48E-11 1.51E-08 7.73E-11 3.22E+02  1.80E+01  3.44E+03 6.27E+03 1.24E+00  3.22E-02 | 4.62E+03 2.31E+02
Curium (96) Cm-243 2.05E-10 7.84E-11 9.47E-11 1.23E-10 2.69E-08 4.19E-07 3.49E-01 1.27€-01 6.73E-01 1.51E+00  5.03E-01 143E-02 | 3.64E+01  1.82E+00
Curium (96) Cm-244 1.81E-10 6.88E-11 8.36E-11 1.086-10 2.53E-08 4.85E-11 6.69E+00  3.04E-01 3.92E+01 7.09E+01  5.70E-01 1.63E-02 | 4.35E+01 2.17E+00
Curium (96) Cm-245 2.18E-10 9.14E-11 1.04E-10 1.35E-10 2.77E-08 2.38E-07 4.11E-01 9.22E-02  8.69E-01 1.93E+00  4.58E-01 1.31E-02 | 7.91E-01 3.96E-02
Curium (96) Cm-246 2.12E-10 9.03E-11 1.02E-10 1.31E-10 2.77E-08 4.57E-11 3.40E+00  1.29E-01 1.94E+01  3.50E+01  4.67E-01 1.35E-02 | 8.08E-01 4.04E-02
Curium (96) Cm-247 2.11E-10 8.58E-11 9.95E-11 1.30E-10 2.50E-08 1.31E-06 8.31E-02  4.28E-02 1.64E-01 3.68E-01 4.79E-01 1.36E-02 | 8.25E-01 4.13E-02
Curium (96) Cm-248 3.42E-11 3.26E+03 245E+03 6.32E+03  1.42E+04 2.59E+01  1.29E+00
Curium (96) Cm-249 2.18E-13 4.92E-14 8.40E-14 1.20E-13 7.25E-14 8.51E-08 2.23E+05 2.22E+05 3.60E+05 8.11E+05 5.67E+02 1.47E+01 | 2.83E+13 1.42E+12
Dysprosium (66) Dy-155 1.35E-12 2.68E-13 5.25E-13 7A47E-13 2.45E-13 2.44E-06 8.33E+02 8.33E+02 1.35E+03 3.03E+03 9.07E+01  2.36E+00
Dysprosium (66) Dy-157 5.62E-13 1.21E-13 2.26E-13 3.20E-13 8.33E-14 1.32E-06 1.90E+03  1.90E+03 3.07E+03 6.91E+03 2.11E+02 5.51E+00
Dysprosium (66) Dy-159 1.47E-12 2.37E-13 5.29E-13 7.70E-13 1.28E-12 3.19E-08 1.83E+02 1.83E+02 297E+02 6.69E+02 9.00E+01  2.29E+00
Dysprosium (66) Dy-165 1.16E-12 1.95E-13 4.14E-13 6.03E-13 2.10E-13 9.49E-08 9.17€+04 9.17E+04 1.48E+05 3.34E+05 1.15E+02 2.92E+00
Dysprosium (66) Dy-166 3.22E-11 4.48E-12 1.11E-11 1.63E-11 8.36E-12 6.02E-08 3.85E+03 3.86E+03  6.62E+03  1.49E+04 4.29E+00  1.08E-01
Einsteinium {99) Es-250 1.44E-13 3.55E-14 5.96E-14 8.36E-14 5.07E-13 1.69E-06 573E+03 S5.73E+03 9.25E+03 2.08E+04 7.99E+02 2. 11E+01
Einsteinium {99) Es-251 2.89E-12 4.33E-13 1.02E-12 1.49€-12 6.40E-12 2.55E-07 241E+03 241E+03 3.90E+03 8.77E+03 4.67E+01 1.18E+00
Einsteinium (99) Es-253 1.01E-10 1.44E-11 3.49E-11 511E-11 8.84E-09 1.25E-09 267E+03 2.77E+03 2.18E+04 4.30E+04 1.36E+00  3.45E-02
Einsteinium (99) Es-254 1.50E-10 2.82E-11 551E-11 7.81E-11 1.85E-08 8.55E-09 1.03E+02 1.06E+02 4.10E+02 861E+02  8.64E-01 2.26E-02
Einsteinium (99) Es-254m 7.88E-11 1.11E-11 2.73E-11 4.00E-1 1.53E-09 2.10E-06 245E+02 2.45E+02 3.97E+02 8.94E+02 1.74E+00 4.41E-02
Erbiumn (68) Er-161 8.10E-13 1.65E-13 3.15E-13 4.51E-13 1.34E-13 4.09E-06 1.53E+03  1.53E+03 2.48E+03 S557E+03  1.51E+02  3.91E+00
Erbium (68) Er-165 2.42E-13 4.18E-14 8.95E-14 1.30E-13 3.13E-14 3.05E-08 6.40E+04 6.40E+04 1.03E+05 2.33E+05 532E+02  1.36E+01
Erbium (68) Er-169 7.36E-12 1.02E-12 2.53E-12 3.70E-12 3.85E-12 9.10E-11 8.09E+04 841E+04 6.84E+05 1.34E+06 1.88E+01 4.77E-01
Erbium (68) Er-171 5.74E-12 8.70E-13 2.02E-12 2.96E-12 9.40E-13 1.42E-06 1.90E+03  1.90E+03 3.07E+03 6.92E+03 2.36E+01  5.96E-01
Erbium (68) Er-172 1.70E-11 2.55E-12 5.99E-12 8.77E-12 4.74E-12 2.20E-06 1.87E+02 187E+02 3.03E+02 6.81E+02 795E+00 2.01E-01
Europium (63) Eu-145 6.77E-12 1.46E-12 2.73E-12 3.85E-12 1.81E-12 6.95E-06 2.05E+01  2.05E+01 3.31E+01 7.45E+01 1.74E+C1  4.58E-01
Europium (63) Eu-148 1.12E-11 2.45E-12 4.55E-12 6.40E-12 2.59E-12 1.16E-05 1.58E+01  1.58E+01  2.56E+01 S5.75E+01  1.05E+01 2.76E-01
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil ingestion Soit Ingestion Water Ingestion Food Ingestion  Inhalation  External Exposure | Residential Agricuitural  Qutdoor Indoor Tap Fish

Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor  Slope Factor Slope Factor Soil Soil Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope {risk/pCi) (risk/pCi) (risk/pCi) {risk/pCi) (risk/pCi) (riskly per pCi/g) (pCilg) (pCi/g) {pCifg) (pCi/g) {pCilL) (pCi‘g) (pCi/g) (pCi/g)

Europium (63) Eu-147 5.37E-12 9.69E-13 2.02E-12 2.90E-12 3.85E-12 2.04E-06 1.73E+01  1.73E+01 2.79E+01 6.28E+01 2.36E+01  6.08E-01
Europium (63) Eu-148 1.04E-11 2.38E-12 4.29E-12 6.03E-12 9.92E-12 9.84E-06 1.58E+00  1.58E+00 2.55E+00 5.74E+00 1.11E+01  2.92E-01
Europium (63) Eu-149 1.40E-12 2.34E-13 5.14E-13 740E-13 1.07E-12 1.42E-07 6.39E+01  6.39E+01  1.03E+02 2.33E+02 9.26E+01  2.38£+00
Europium (63 Eu-150a 6.88E-12 9.81E-13 2.38E-12 3.50E-12 1.03E-12 1.95E-07 8.22E+03 8.20E+03  1.34E+04 3.00E+04 2.00E+01  5.04E-01
Europium (63) Eu-150b 1.08E-11 2.43E-12 4.33E-12 6.07E-12 1.12E-10 6.49E-06 2.29E-02  1.88E-02 4.25E-02 9.56E-02 1.10E+01  2.91E-01
Europium (63} Eu-152 1.62E-11 2.96E-12 6.07E-12 8.70E-12 9.10E-11 5.30E-06 4.16E-02  3.76E-02  7.30E-02 1.64E-01  7.84E+00  2.03E-01
Europium (63) Eu-152m 8.51E-12 1.25E-12 2.98E-12 4.37E-12 1.12E-12 1.33E-06 1.64E+03  164E+03 2.65E+03 5.96E+03 1.60E+01  4.04E-01
Europium (63) Eu-154 2.85E-11 4.74E-12 1.03E-11 1.49E-11 1.15E-10 5.83E-06 4.99E-02 472E-02 849E-02 1.91E-01 4.62E+00  1.18E-01
Europium (63) Eu-155 5.40E-12 8.07E-13 1.90E-12 2.77E-12 1.48E-11 1.24E-07 3.80E+00 3.74E+00 6.28E+00 1.41E+0t 251E+01  6.37E-01
Europium (63) Eu-156 3.56E-11 5.44E-12 1.27€-11 1.84E-11 1.37E-11 6.62E-06 8.41E+00 8.40E+00 1.36E+01 3.06E+01 3.75E+00  9.59E-02
Europium (63) Eu-157 1.06E-11 1.54E-12 3.70E-12 5.40E-12 1.57E-12 9.60E-07 1.39E+03  1.39E+03  2.25E+03 5.06E+03 1.29E+01  3.27E-01
Europium (63) Eu-158 5.22E-13 1.38E-13 2.14E-13 3.01E-13 1.10E-13 5.06E-06 5.25E+03 5.25E+03 848E+03 1.91E+04 223E+02 5.86E+00
Fermium (100) Fm-252 4.92E-11 6.92E-12 1.69E-11 2.48E-11 1.03E-09 5.09E-11 1.28E+05 1.34E+05 1.61E+06 293E+06 2.82E+00 7.11E-02
Fermium (100} Fm-253 1.48E-11 2.13E-12 5.14E-12 7.51E-12 1.28E-09 2.24E-07 1.25E+03  1.25E+03 2.03E+03 4.57E+03 9.26E+00  2.35E-01
Fermium (100) Fm-254 6.07E-12 9.58E-13 2.15E-12 3.13E-12 1.98E-10 1.23E-10 6.42E+06  6.66E+06  4.21E+07  8.45E+07 2.21E+01  5.63E-01
Fermium (100) Fm-255 4.77E-11 6.73E-12 1.65E-11 242811 8.84E-10 3.85E-09 9.57E+04 9.83E+04 349E+05 7.53E+05 2.89E+00  7.29E-02
Fermium (100) Fm-257 1.23E-10 2.05E-11 4.40E-11 6.29E-11 2.04E-08 3.06E-07 2.59E+01 2.80E+01 4.39E+01 9.85E+01 1.08E+00  2.80E-02
Fluorine (9) F-18 2.00E-13 7.88E-14 9.73E-14 1.30E-13 1.21E-13 4.45E-06 2.49E+03  2.49E+03 4.02E+03 9.05E+03 4.89E+02  1.36E+01
Francium (87) Fr-219 1.44E-08 242E+11  242E+11  391E+11  8.79E+11
Francium (87) Fr-220 3.25€-08 8.21E+07 8.21E+07 1.33E+08 2.99E+08
Francium (87) Fr-221 1.11E-07 2.20E+06  2.29E+06  3.70E+06  8.32E+06
Francium (87) Fr-222 3.43E-12 1.07E-12 1.48E-12 2.02E-12 2.42E-11 1.14E-08 7.12E+06 7.14E+06 1.19E+07 2.66E+07 3.22E+01  8.73E-01
Francium (87) Fr-223 1.78E-11 4.85E-12 7.29E-12 1.00E-11 3.06E-12 1.40E-07 3.92E+05 3.93E+05 643E+05 1.44E+06 6.53E+00  1.76E-01
Gadolinium (64) Gd-145 1.99E-13 6.59E-14 8.92E-14 1.23E-13 3.63E-14 1.13E-05 4.71E+03  4.71E+03 7.61E+03  1.71E+04 534E+02  1.43E+01%
Gadolinium {(64) Gd-146 1.39E-11 2.26E-12 5.03E-12 7.29E-12 2.27E-11 5.56E-07 3.14E+01 313E+01 5.09E+01 1.15E+02 9.47E+00  2.42E-01
Gadolinium (64) Gd-147 6.33E-12 1.25E-12 2.46E-12 3.50E-12 1.34E-12 5.87E-06 9.08E+01  9.08E+01 147E+02 3.30E+02 1.94E+01  5.04E-01
Gadolinium (64) Gd-148 9.07E-11 3.37E-1 4.22E-11 5.51E-11 1.26E-08 0.00E+00 7.84E+00 3.87E+00 5.68E+01 1.03E+02 1.13E+00  3.20E-02
Gadolinium (64) Gd-149 6.03E-12 1.02E-12 2.23E-12 3.22E-12 2.76E-12 1.59E-06 5.66E+01 5.66E+01  9.15E+01 2.06E+02 2.14E+01  5.48E-01
Gadolinium (64) Gd-151 3.20E-12 4.85E-13 1.14E-12 1.65E-12 2.92E-12 1.20E-07 5.85E+01 5.84E+01 9.49E+01 2.14E+02 4.18E+01  1.07E+00
Gadolinium (64) Gd-152 6.29E-11 2.40E-11 2.97E-11 3.85E-11 9.10E-09 0.00E+00 1.01E+01  4.80E+00 7.27E+01  1.31E+02 1.60E+00  4.58E-02
Gadolinium (64) Gd-153 4.26E-12 6.66E-13 1.52E-12 2.22E-12 6.55E-12 1.62E-07 2.15E+01  2.15E+01 3.49E+01 7.85E+01 3.13E+01  7.94E-01
Gadolinium (64) Gd-159 9.21E-12 1.31E-12 3.19E-12 4.66E-12 1.46E-12 1.74E-07 6.22E+03 6.20E+03 1.01E+04 2.28E+04 149E+01  3.78E-01
Gallium (31) Ga-65 1.39E-13 4.96E-14 6.33E-14 8.73E-14 2.84E-14 5.04E-06 1.59E+04 1.50E+04 2.57E+04 5.78E+04 7.52E+02  2.02E+01
Gallium (31) Ga-66 1.80E-11 2.81E-12 6.40E-12 9.32E-12 2.18E-12 1.26E-05 1.72E+02 1.72E+02 2.77E+02 6.24E+02 7.44E+00  1.89E-01
Gallium (31) Ga-67 2.89E-12 4.59E-13 1.04E-12 1.51E-12 9.55E-13 5.36E-07 4.84E+02 4.84E+02 7.82E+02 1.76E+03 458E+01 1.17E+00
Gallium (31) Ga-68 7.18E-13 1.66E-13 2.83E-13 4.03E-13 1.28E-13 4.17E-06 4.30E+03 4.30E+03  6.95£+03 1.56E+04 1.68E+02  4.38E+00
Gallium (31) Ga-70 1.19E-13 3.96E-14 5.22E-14 7.22E-14 2.92E-14 4.39E-08 1.31E+06 1.31E+06 2.12E+06 4.76E+06 9.12E+02 2.44E+01
Galtium (31) Ga-72 1.53E-11 2.54E-12 5.59€E-12 8.07E-12 2.17€-12 1.37E-05 1.05E+02 1.05E+02 1.70E+02 3.82E+02 8.52E+00  2.19E-01
Gallium (31) Ga-73 3.92E-12 6.07E-13 1.39E-12 2.03E-12 6.14E-13 1.25E-06 3.31E+03 3.31E+03 5.35E+03  1.20E+04 3.43E+01  8.69E-01
Germanium (32) Ge-66 7.99E-13 2.58E-13 3.70E-13 4.88E-13 2.50E-13 2.86E-06 3.12E+03 3.11E+03 5.06E+03 1.14E+04 1.29E+02 3.61E+00
Germanium (32) Ge-67 2.28E-13 8.62E-14 1.06E-13 145€£-13 4.59E-14 8.24E-06 1.04E+04 1.04E+04 1.69E+04 3.80E+04 449E+02 1.22E+01
Germanium (32) Ge-68 1.85E-11 3.48E-12 6.96E-12 9.88E-12 4.88E-11 4.69E-13 3.25E+01  7.98E+00  1.12E+04 2.02E+04 6.84E+00  1.79E-01
Germanium (32) Ge-69 2.35E-12 5.99€E-13 9.84E-13 1.35E-12 8.81E-13 4.02E-06 1.29E+02 1.28E+02 2.09E+02 4.70E+02 4.84E+01  1.31E+00
Germanium (32) Ge-71 1.73E-13 3.19E-14 6.48E-14 9.18E-14 5.18E-14 4.74E-13 8.53E+04 2.10E+04 2.66E+07 4.90E+07 7.35E+02 1.92E+01
Germanium (32) Ge-75 1.85E-13 6.926-14 8.66E-14 1.17E-13 8.44E-14 1.38E-07 1.06E+05 1.03E+05 1.72E+05 3.88E+05 5.50E+02  1.51E-+01
Germanium (32) Ge-77 2.81E-12 7.92E-13 1.22E-12 1.65E-12 1.15€-12 4.82E-06 372E+02 3.68E+02 6.03E+02 1.36E+03 3.90E+01  1.07E+00C
Germanium (32) Ge-78 6.22E-13 2.43E-13 3.09E-13 4.03E-13 2.48E-13 1.10E-06 1.27E+04 1.26E+04 2.06E+04 4.63E+04 1.54E+02 4.38E+00
Gold (79) Au-193 2.05E-12 3.26E-13 7.36E-13 1.07E-12 4.55E-13 4.30E-07 2.65E+03 2.61E+03  4.31E+03 9.70E+03 6.47E+01  1.65E+00
Goid (79) Au-194 4.22E-12 8.70E-13 1.66E-12 2.36E-12 7.92E-13 4.93E-06 1.04E+02 1.04E+02 1.69E+02 3.79E+02 287E+01  7.47E-01
Gold (79) Au-195 4.22E-12 6.48E-13 1.50E-12 2.19E-12 6.48E-12 1.38E-07 3.22E+01  291E+01 S541E+01  1.22E+02 3.17E+01  8.05E-01
Gold (79) Au-185m 7.37E-07 3.25E+06 3.25E+06 5.26E+06  1.18E+07
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soit Ingestion Soil Ingestion Water Ingestion Food Ingestion  Inhalation  External Exposure | Residential Agricultural ~ Outdoor Indoor Tap Fish
Element Slope Factor Siope Factor-Adult  Slope Factor Slope Factor  Slope Factor Slope Factor Soil Soil Worker Soit Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) isotope {risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) {risk/y per pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCilL) (pCilg) {pCifg) (pCi/g)
Gold (79) Au-198 1.78E-11 2.66E-12 6.29E-12 9.18E-12 4.00E-12 1.70E-06 1.82E+02  1.75E+02 2.98E+02 6.70E+02 7.57E+00  1.92E-01
Gold (79) Au-198m 2.09E-11 3.20E-12 7.44E-12 1.08E-11 7.77€-12 1.89E-06 1.92E+02 1.85E+02 3.15E+02 7.08E+02 640E+00  1.63E-01
Gold (79) Au-199 7.92E-12 1.16E-12 2.78E-12 4.07E-12 3.12E-12 2.79E-07 9.32E+02  8.49E+02  1.56E+03  3.51E+03 1.71E+01  4.33E-01
Gold (79) Au-200 3.85E-13 9.92E-14 1.55E-13 2.20E-13 8.55E-14 1.30E-06 1.94E+04  193E+04 3.13E+04 7.04E+04 3.07E+02 8.02E+00
Gold (79) Au-200m 1.48E-11 2.50E-12 5.44E-12 7 88E-12 281E-12 9.04E-06 1.20E+02  1.19E+02  1.94E+02 4.37E+02 8.75E+00 2.24E-01
Gold (79) Au-201 1.01E-13 3.19E-14 4.33E-14 6.03E-14 3.30E-14 2.29E-07 2.02E+05 2.01E+05 3.26E+05 7.33E+05 1.10E+03  2.92E+01
Hafnium (72) Hf-170 5.81E-12 1.05E-12 2.19E-12 3.14E-12 1.20E-12 2.04E-06 6.22E+02  6.22E+02 1.01E+03 2.26E+03 2.17E+01  5.62E-01
Hafnium (72) Hf-172 1.37E-11 2.35E-12 4.96E-12 7.14E-12 6.92E-11 1.62E-07 7.57E+00 7.57E+00 1.23E+01 2.78E+01 9.60E+00  2.47E-01
Hafnium (72) Hf-173 2.85E-12 5.00E-13 1.06E-12 1.52E-12 5.92E-13 1.34E-06 6.32E+02  6.32E+02  102E+03 2.30E+03 4.49E+01 1.16E+00
Hafnium (72) Hf-175 5.29E-12 9.21E-13 1.96E-12 2.83E-12 4.29E-12 1.35E-06 8.95E+00 8.95E+00 1.45E+01 3.26E+01 243E+01  6.23E-01
Hafnium (72) Hf-177m 4.74E-13 1.33E-13 2.01E-13 2.81E-13 1.81E-13 8.58E-06 2.76E+03  2.76E+03 4.47E+03 1.00E+04 237E+02 6.28E+00
Hafnium (72) Hf-178m 3.89E-11 8.40E-12 1.51E-11 2.13E-11 3.70E-10 9.57E-06 1.60E-02 1.32E-02 295E-02  6.64E-02 3.15E+00  8.28E-02
Hafnium (72) Hf-179m 1.81E-11 2.94E-12 6.55E-12 9.51E-12 1.38E-11 3.42E-06 9.86E+00  9.86E+00  1.59E+01 3.58E+01 7.27E+00  1.85E-01
Hafnium (72) Hf-180m 1.89€-12 3.56E-13 7.18E-13 1.03€-12 4.14E-13 3.93E-06 9.40E+02 9.40E+02 1.52E+03 3.42E+03 6.63E+01  1.71E+00
Hafnium (72) Hf-181 1.79E-11 2.75E-12 6.36E-12 9.25E-12 1.76E-11 2.24E-06 8.90E+00  8.90E+00  1.44E+01  3.24E+01  7.49E+00  1.91E-01
Hafnium (72) Hf-182 1.27E-11 3.74E-12 537E-12 7.25E-12 3.41E-10 9.10E-07 1.22€-01 9.18E-02  2.38E-01 5.34E-01 887E+00  243E-01
Hafnium (72) Hf-182m 2.70E-13 6.99€-14 1.11E-13 1.57E-13 1.04E-13 3.83E-06 518E+03 5.18E+03 8.36E+03 1.88E+04 4.29E+02 1.12E+01
Hafnium (72) Hf-183 6.25E-13 1.31E-13 2.39E-13 342E-13 1.65E-13 3.30E-06 5.77E+03 5.77E+03  9.33E+03  2.10E+04 199E+02  5.16E+00
Hafnium (72) Hf-184 8.18E-12 1.26E-12 2.91E-12 4.26E-12 1.38E-12 8.64E-07 570E+03 570E+03 9.22E+03 2.07E+04 1.64E+01  4.14E-01
Holmium (67) Ho-155 2.63E-13 6.25E-14 1.05E-13 1.49E-13 5.29E-14 1.52E-06 167E+04 167E+04 270E+04 6.07E+04 454E+02 1.18E+01
Holmium (67) Ho-157 3.49E-14 1.07E-14 1.54E-14 2.13E-14 7.36E-15 1.84E-06 526E+04 5.26E+04 8.50E+04 1.91E+05 3.09E+03  8.28E+01
Holmium (67) Ho-159 3.96E-14 1.28E-14 1.78E-14 2.46E-14 1.22E-14 1.16E-06 3.18E+04 3.18E+04 5.15E+04 1.16E+05 2.68E+03 7.17E+01
Holmium (67) Ho-161 1.33E-13 2.48E-14 4.96E-14 7.14E-14 1.98E-14 5.52E-08 1.47E+05 1.47E+05 2.38E+05 5.35E+05 9.60E+02 247E+01
Holmium (67) Ho-162 1.29E-14 4.66E-15 5.96E-15 8.18E-15 5.40E-15 6.02E-07 1.35E+05 1.35E+05 2.18E+05 4.91E+05 7.99E+03  2.16E+02
Holmium (67) Ho-162m 1.81E-13 4.55E-14 747E-14 1.05E-13 5.18E-14 2.46E-06 7.29E+03  7.29E+03  1.18E+04 2.65E+04 6.37E+02  1.68E+01
Holmium (67) Ho-164 4.11E-14 1.26E-14 1.75E-14 2.45E-14 1.65E-14 2.78E-08 1.51E+06 1.51E+06 244E+06 550E+06 2.72E+03  7.20E+01
Holmium (67) Ho-164m 1.05E-13 2.50E-14 4.14E-14 5.88E-14 3.48E-14 3.63E-08 8.95E+05 8.95E+05 1.45E+06 3.26E+06 1.15E+03  3.00E+01
Holmium (67) Ho-166 2.67E-11 3.74E-12 9.21E-12 1.35E-11 3.85E-12 1.18E-07 6.19E+03 6.07E+03 1.03E+04 2.32E+04 5.17E+00 1.31E-01
Holmium (67) Ho-166m 2.10E-11 4.29E-12 8.03E-12 1.14E-11 3.09E-10 7.69E-06 1.46E-02 1.10E-02  2.83E-02 6.37E-02 593E+00  1.55E-01
Holmium (67) Ho-167 9.95E-13 1.73E-13 3.64E-13 5.25E-13 2.25E-13 1.45E-06 4.52E+03 4 52E+03  7.30E+03  1.64E+04 1.31E+02  3.36E+00
Hydrogen (1) H-3 2.20E-13 4.51E-14 1.12E-13 1.44E-13 1.99E-13 2.28E+00  1.51E-01 4.23E+00 9.51E+00 4.30E+01 1.22E+01 | 1.65E+02 8.25E+00
Indium (49) n-109 6.25E-13 1.32E-13 2.46E-13 3.50E-13 1.11E-13 2.90E-06 1.67E+03  1.67E+03 2.70E+03 6.06E+03 1.94E+02 5.04E+00
Indium (49) In-110a 7.03€-13 1.68E-13 2.81E-13 4.00E-13 117E-13 7.13E-06 2.47E+03  2.47E+03 4.00E+03  8.99E+03  1.69E+02 4.41E+00
Indium (49) In-110b 1.77E-12 4.51E-13 7.59E-13 1.05E-12 2.65E-13 141E-05 2.94E+02 2.94E+02 4.75E+02 1.07E+03 6.27E+01  1.68E+00
Indium (49) In-111 3.40E-12 6.25E-13 1.29E-12 1.85E-12 8.03E-13 1.42E-06 2.11E+02  2.11E+02 3.40E+02 7.66E+02 3.69E+0t  9.53E-01
Indium (49) In-112 3.70E-14 1.33E-14 1.68E-14 2.32E-14 1.10E-14 1.15E-06 7.36E+04 7.36E+04 1.19E+05 2.68E+05 2.83E+03  7.60E+01
indium (49) In-113m 2.47E-13 5.11E-14 947€-14 1.35E-13 5.18E-14 1.05E-06 1.17E+04 1.17E+04 1.88E+04 4.24E+04 503E+02 1.31E+01
Indium (49) In-114 1.35E-08 7.54E+07  7.54E+07 1.22E+08 2.74E+08
Indium (49) In-114m 7.03E-11 1.07E-11 2.48E-11 3.60E-11 3.00E-11 3.57E-07 463E+01  4.54E+01  7.71E+01  1.73E+02  1.92E+00  4.90E-02
Indium (49} In-115 5.85E-11 3.19E-11 3.38E-11 4.33E-11 4.03E-10 2.70E-10 9.73E+00 4.14E+00 5.14E+01 9.37E+0t 1.41E+00 4.07E-02
indium (49) In-115m 1.24E-12 1.96E-13 4.40E-13 6.40E-13 2.15E-13 6.27E-07 7.21E+03  7.21E+03 1.17E+04 2.62E+04 1.08E+02 2.76E+00
Indium (49) in-116m 3.77E-13 1.07E-13 1.62E-13 2.26E-13 8.77E-14 1.23E-05 1.83E+03  1.83E+03 2.95E+03 6.65E+03 294E+02  7.80E+00
Indium (49) In-117 1.67E-13 4.74E-14 7.03E-14 9.84E-14 5.59€-14 2.90E-06 9.60E+03 9.60E+03  1.55E+04 3.49E+04 6.77E+02 1.79E+01
Indium (49) In-117m 1.22E-12 217E-13 4.44E-13 6.44E-13 2.33E-13 3.35E-07 3.11E+04  3.11E+04 5.02E+04 1.13E+05 1.07E+02 2.74E+00
Indium (49} In-119 3.54E-06 143E+05 143E+05 2.32E+05 5.22E+05
Indium (49) In-119m 1.70E-13 5.85E-14 7.55E-14 1.04E-13 3.34E-14 5.63E-08 1.20E+06 1.20E+06 1.94E+06 4.37E+06 6.31E+02 1.70E+01
todine (53) 1-120 2.33E-12 5.66E-13 9.03E-13 2.46E-12 3.89E-13 1.33£-05 1.13E+03 4.09E+02 1.83E+03 4.11E+03 5.27E+01 7.17E-01 | 441E+09 2.21E+08
lodine (53) -120m 1.20E-12 3.53E-13 5.03E-13 1.30E-12 1.986-13 2.55€-05 9.02E+02 6.07E+02 146E+03 3.28E+03 9.47E+01 1.36E+00 | 1.85E+10 9.26E+08
lodine (53) 1-121 5.59€E-13 1.44E-13 2.27E-13 6.03E-13 9.81E-14 1.863E-06 5.88E+03 1.30E+03 9.50E+03 2.14E+04 2.10E+02 2.92E+00 | 7.12E+09 3.56E+08
lodine (53) -122 4.17E-06 8.08E+04 8.08E+04 1.30E+05 2.94E+05
lodine (53) 1-123 1.96E-12 3.77E-13 6.96E-13 2.05E-12 3.03E-13 5.10E-07 3.01E+03 7.66E+01 4.88E+03 1.10E+04 6.84E+0t1  8.60E-01 } 5.99E+07 3.00E+06
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil ingestion Soil Ingestion Water Ingestion Food Ingestion  Inhalation  External Exposure | Residential Agricultural  Outdoor indoor Tap Fish

Element Slope Factor Slope Factor-Adutt  Slope Factor Slope Factor  Siope Factor Slope Factor Soil Soil Worker Scil Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope {risk/pCi) (risk/pCi} (risk/pCi) (risk/pCi) (risk/pCi} (riskfy per pCi/g) {pCi/g} (pCi/g} (pCi/g) (pCi/g) {pCilL) (pCi/g) (pCifg) {pCilg)
lodine (53) 1-124 1.16E-10 2.18E-11 4.14E-11 1.22E-10 1.76E-11 5.10E-06 3.92E+01 173E-01  641E+01  1.44E+02 1.15E+00 145E-02 | 1.74E+04 8.72E+02
lodine (53) 1-125 5.55E-11 1.70E-11 2.54E-11 6.29€-11 1.06E-11 7.24E-09 3.28E+02  2.35E-02 2.44E+03 521E+03 1.87E+00 2.80E-02 | 1.37E+02 6.87E+00
lodine (563) 1-126 2.31E-10 3.24E-11 8.73E-11 2.48E-10 3.70E-11 1.96E-06 3.10E+01  2.75E-02  5.36E+01 1.20E+02  545E-01 7.11E-03 | 8.55E+02  4.27E+01
lodine (53) 1-128 1.89E-13 6.14E-14 8.14E-14 2.06E-13 3.04E-14 3.74E-07 1.30E+05 2.08E+04 2.11E+05 4.74E+05 585E+02 8.56E+00 | 5.14E+11 2.57E+10
lodine (53) -129 2.71E-10 1.14E-10 1.48E-10 3.22E-10 6.07E-11 6.10E-09 5.96E-01 272E-05 1.08E+01 2.08E+01  3.22E-01 5.48E-03 | 4.60E-03  2.30E-04
lodine (53) -130 1.80E-11 3.41E-12 6.36E-12 1.88E-11 2.76E-12 9.67E-06 169E+02 B866E+00 274E+02 6.16E+02  7.49E+00  9.38E-02 | 7.43E+06 3.71E+05
lodine (53) 1-131 1.26E-10 2.43E-11 4.55E-11 1.34E-10 1.95E-11 1.59E-06 6.32E+01  822E-02 107E+02 2.40E+02 1.05E+00 1.32E-02 | 4.29E+03 2.14E+02
lodine (53) 1-132 2.22E-12 5.07E-13 8.44E-13 2.34E-12 3.74E-13 1.06E-05 8.33E+02 268E+02 1.35E+03 3.03E+03 S5.64E+01  7.54E-01 | 1.63E+09  8.14E+07
lodine (53) 1-132m 1.70E-12 3.40E-13 6.11E-13 1.78E-12 2.70E-13 1.40E-06 1.04E+04 7.93E+02 1.68E+04 3.79E+04 7.79E+01  9.91E-01 | 6.12E+09 3.06E+08
lodine (53) 1-133 4.26E-11 7.25E-12 1.44E-11 4.40E-11 6.25E-12 2.72E-06 3.56E+02  2.31E+00 580E+02 1.30E+03 331E+00 4.01E-02 | 1.17E+06 5.83E+04
lodine (53) 1-134 5.96E-13 1.76E-13 2.50E-13 6.44E-13 1.02E-13 1.24E£-05 187E+03  1.25E+03 3.02E+03 6.79E+03 1.90E+02 274E+00 | 3.78E+10  1.89E+09
lodine (53) -135 8.62E-12 1.64E-12 3.05E-12 8.99E-12 1.34E-12 7.83E-06 3.92E+02 3.28E+01  6.34E+02 _ 1.43E+03  1.56E+01 1.96E-01 | 5.45E+07  2.73E+06
Iridium (77) Ir-182 2.33E-13 6.92E-14 9.95E-14 1.39E-13 5.03E-14 5.85E-06 1.39E+04  1.39E+04 2.24E+04 5.05E+04 4.79E+02 1.27E+01
Iridium (77) Ir-184 1.67E-12 3.38E-13 6.44E-13 9.21E-13 3.30E-13 8.66E-06 7.77E+02  7.77E+02 1.26E+03 2.82E+03 7.39E+01  1.91E+00
Iridium (77) Ir-185 3.61E-12 6.03E-13 1.32E-12 1.91E-12 7.25E-13 2.69E-06 5.39E+02 5.38E+02 8.72E+02  1.96E+03 361E+01  9.23E-01
Iridium (77) Ir-186a 5.44E-12 1.04E-12 2.08E-12 2.98E-12 1.06E-12 7.40E-06 1.74E+02 1.74E+02 281E+02 6.32E+02 2.29E+01  5.92E-01
Iridium (77) Ir-186b 5.07E-13 1.12E-13 2.00E-13 2.84E-13 1.11E-13 4.22E-06 275E+03  2.75E+03 4.45E+03 1.00E+04 2.38E+02 621E+00
Iridium (77) Ir-187 1.57E-12 2.71E-13 5.77E-13 8.33E-13 2.87E-13 1.42E-06 136E+03 1.36E+03 2.20E+03  4.95E+03  8.25E+01  2.12E+Q0
tridium (77) ir-188 6.40E-12 1.30E-12 2.52E-12 3.58E-12 1.38E-12 7.68E-06 6.37E+01  6.37E+01 1.03E+02 2.32E+02 1.89E+01  4.93E-01
Iridium (77) Ir-189 4.29€-12 6.44E-13 1.51E-12 2.21E-12 2.33E-12 1.69E-07 3.72E+02 3.62E+02 6.08E+02 1.37E+03 3.15E+01  7.98E-01
Iridium (77) Ir-190 1.50E-11 2.72E-12 5.66E-12 8.10E-12 8.81E-12 5.99E-06 1.17E+01  1.16E+01  1.89E+01 4.25E+01 8.41E+00  2.18E-01
Iridium (77) Ir-190m 8.44E-14 1.59E-14 3.17E-14 4.55E-14 3.89E-14 8.69E-13 3.93E+08 122E+08 9.76E+09 1.87E+10 1.50E+03 3.88E+01
Iridium (77) Ir-190n 1.07E-12 2.33E-13 4.26E-13 6.03E-13 2.14E-13 6.48E-06 1.01E+03  1.01E+03 163E+03 3.68E+03 1.12E+02 2.92E+00
Iridium (77) Ir-191m 1.58E-07 9.37E+07 9.37E+07 1.51E+08 3.41E+08
Iridium (77) 1r-192 2.04E-11 3.30E-12 7.36E-12 1.07E-11 2.41E-11 3.40E-06 3.36E+00  3.33E+00 5.44E+00 1.22E+01 6.47E+00  1.65E-01
Iridium (77) Ir-192m 2.16E-12 6.77E-13 9.81E-13 1.32E-12 1.02E-10 5.39E-07 2.16E-01 1.63E-01 4.16E-01 9.36E-01  4.85E+01  1.34E+00
Iridium (77) Ir-194 2.49E-11 3.52E-12 8.62E-12 1.26E-11 3.40E-12 4.09E-07 251E+03 237E+03  4.18E+03  9.3GE+03 552E+00  1.40E-01
tridium (77) Ir-194m 2.29E-11 4.55E-12 8.88E-12 1.26E-11 4.59E-11 1.01E-05 490E-01  4.88E-01 7.92E-01 178E+00 5.36E+00  1.40E-01
fridium (77) Ir-195 1.10E-12 1.85E-13 3.96E-13 5.77E-13 2.39E-13 1.12E-07 7.22E+04  7.14E+04 1.17E+05 2.64E+05 1.20E+02  3.06E+00
Iridium (77) Ir-195m 2.89E-12 4.63E-13 1.03E-12 1.50E-12 5.96E-13 1.58E-06 3.38E+03 3.37E+03  547E+03  1.23E+04 4.62E+01  1.18E+00
Iron (26) Fe-52 1.94E-11 3.29E-12 7.07E-12 1.03E-11 2.73E-12 3.07E-06 7.99E+02  195E+02 1.29E+03 2.91E+03 6.74E+00 1.71E-01 | 2.15E+08 1.08E+07
Iron (26) Fe-55 2.09E-12 5.18E-13 8.62E-13 1.16E-12 7.99E-13 0.00E+00 2.69E+03  8.00E-01 221E+04 3.97E+04 552E+01 1.52E+00 | 1.02E+03 5.08E+01
Iron (26) Fe-59 2.07E-11 4.07E-12 7.88E-12 1.11E-11 1.33E-11 5.83E-06 3.26E+00 1.18E+00 5.27E+00  1.19E+01 6.04E+00  1.59E-01 1.16E+04  5.80E+02
tron (26) Fe-60 3.53E-10 1.28E-10 1.80E-10 2.39E-10 1.84E-10 6.38E-12 2.03E+00  3.78E-04  1.39E+01 2.50E+01  2.65E-01 7.38€-03 | 1.75E-02  8.73E-04
Krypton (36) Kr-74 4.90E-06 2.16E+04  2.16E+04 3.50E+04  7.86E+04
Krypton (36) Kr-76 1.73E-06 7.94E+02  7.94E+02  1.28E+03  2.88E+03
Krypton (36) Kr-77 4.22E-06 3.87E+03 3.87E+03 6.25E+03 1.41E+04
Krypton (36) Kr-79 1.08E-06 538E+02 5.38E+02 8.68E+02 1.95E+03
Krypton (36) Kr-81 2.18E-08 5.12E+00  3.84E+00  9.92E+00  2.23E+01
Krypton (36) Kr-81m 4.60E-07 1.22E+07  1.22E+07  1.98E+07  4.45E+07
Krypton (36) Kr-83m 1.34E-11 8.20E+08 829E+08 1.34E+09 3.01E+09
Krypton (36) Kr-85 1.05E-08 241E+01  2.23E+01  4.16E+01  9.36E+01
Krypton (36) Kr-85m 5.46E-07 831E+03 8.31E+03  1.34E+04  3.02E+04
Krypton (36) Kr-87 4.00E-06 3.99E+03 3.99E+03 6.45E+03  1.45E+04
Krypton (36) Kr-88 1.02E-05 7.01E+02 7.01E+02 _ 1.13E+03 2.55E+03
Lanthanum (57) La-131 2.28E-13 5.74E-14 9.32E-14 1.31E-13 5.48E-14 2.76E-06 749E+03 7 49E+03 1.21E+04 2.72E+04 5.11E+02  1.35E+01
Lanthanum (57) La-132 4.85E-12 8.44E-13 1.78E-12 2.58E-12 6.25E-13 9.52E-06 445E+02 4.45E+02 7.18E+02 1.62E+03 268E+01  6.84E-01
Lanthanum (57) La-134 3.05E-06 5.99E+04 5.99E+04 9.68E+04 2.18E+05
Lanthanum (57) La-135 3.96E-13 6.70E-14 1.46E-13 2.11E-13 5.03E-14 5.21E-08 2.00E+04  2.00E+04 3.23E+04 7.27E+04 3.26E+02 8.36E+00
Lanthanum (57) La-137 9.44E-13 1.67E-13 3.48E-13 5.00E-13 1.39E-11 6.75E-09 1.61E+01  1.20E+01 3.20E+01 7.18E+01 1.37E+02 3.53E+00
Lanthanum (57) La-138 8.81E-12 2.03E-12 3.53E-12 4.96E-12 3.05E-10 6.07E-06 184E-02  138E-02  3.56E-02 8.02E-02  1.35E+01  3.56E-01
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water Ingestion Food ingestion Inhalation  External Exposure | Residential Agricultural  Outdoor indoor Tap Fish

Element Slope Factor Stope Factor-Adult  Slope Factor Slope Factor  Slope Factor Slope Factor Soil Soil Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope {risk/pCi}) {risk/pCi) (risk/pCi}) (risk/pCi} (risk/pCi) (riskly per pCi/g) (pCiig) (pCi/g) (pCi'g) {pCifg) (pCilL) (pCilg) (pCilg) {pCifg)
Lanthanum (57} La-140 3.056-11 4.85E-12 1.10E-11 1.59E-11 4.77E-12 1.15E-05 438E+01 4.38E+01 7.08E+01 159E+02 4.33E+00 1.11E-01
Lanthanum (57) Lta-141 5.37E-12 8.18E-13 1.88E-12 2.74E-12 7.44E-13 2.37E-07 2.17E+04 217E+04 3.52E+04 7.93E+04 2.53E+01  6.44E-01
Lanthanum (57) La-142 1.48E-12 3.23E-13 5.77E-13 8.21E-13 2.42E-13 1.44E-08 9.15E+02 9.15E+02 1.48E+03 3.33E+03 8.25E+01  2.15E+00
Lanthanum (57) La-143 3.14E-13 8.03E-14 1.26E-13 1.78E-13 5.66E-14 5.11E-07 1.68E+05 1.68E+05 2.71E+05 6.11E+05 3.78E+02 9.91E+00
Lead (82) Pb-195m 1.20E-13 4.18E-14 548E-14 7.55E-14 4.37E-14 6.90E-06 112E+04 1.11E+04 181E+04 4.06E+04 B869E+02 2.34E+01 | 5.15E+13 2.58E+12
Lead (82) Pb-198 6.18E-13 1.62E-13 2.60E-13 3.63E-13 1.43E-13 1.62E-06 5.23E+03  4.55E+03 8.44E+03 1.90E+04 1.83E+02 4.86E+00 | 1.31E+11  6.54E+09
Lead (82) Pb-199 3.28E-13 9.29E-14 1.42E-13 1.97E-13 7.44E-14 6.87E-06 1.97E+03 193E+03 3.19E+03 717E+03 3.35E+02 8.95E+00 | 6.13E+11  3.06E+10
Lead (82) Pb-200 4.03€6-12 8.70E-13 1.58E-12 2.24E-12 1.16E-12 5.97E-07 1.58E+03 4.54E+02 2.56E+03 5.75E+03 3.01E+01 7.87E-01 268E+08  1.34E+07
Lead (82) Pb-201 147E-12 3.41E-13 5.92E-13 8.36E-13 3.50E-13 3.18E-06 6.80E+02 5.79E+02  1.10E+03 247E+03 8.04E+01 2.11E+00 | 3.74E+09 1.87E+08
Lead (82) Pb-202 3.74E-11 1.74E-11 2.22E-11 2.93E-11 1.43E-11 3.09E-12 948E+00 4.31E-03  1.02E+02 1.84E+02 2.15E+00  6.02E-02 2.66E-01 1.33E-02
Lead (82) Pb-202m 9.84E-13 2.65E-13 4.18E-13 5.85E-13 2.25E-13 9.32E-06 6.02E+02 578E+02 9.73E+02 2.19E+03 1.14E+02 3.01E+00 | 3.58E+10  1.79E+09
Lead (82) Pb-203 2.65E-12 5.59E-13 1.02E-12 1.46E-12 7.55E-13 1.09E-06 3.58E+02 1.90E+02 5.78E+02 1.30E+03 4.67E+01 1.21E+00 | 7.07E+07  3.54E+06
Lead (82) Pb-205 1.26E-12 4.92E-13 6.33E-13 8.25E-13 6.44E-13 3.50E-12 3.07E+02  1.53E-01 341E+03 6.21E+03 7.52E+01 2.14E+00 | 9.33E+00  4.66E-01
Lead (82) Pb-209 6.55E-13 1.22E-13 2.41E-13 3.49E-13 1.90E-13 5.37E-10 8.85E+06 2.70E+04 1.83E+07 4.09E+07 1.98E+02 5.05E+00 | 7.69E+10  3.85E+09
Lead (82) Pb-210 1.84E-09 5.99E-10 8.81E-10 1.18E-09 2.77E-09 1.41E-09 3.28E-01 1.87E-04 4.18E+00 7.57E+00 541E-02 1.49E-03 1.58E-02  7.92E-04
Lead (82) Pb-210+D 2.66E-09 2.04E-09 1.27E-09 3.44E-09 1.39E-08 4.21E-09 1.50E-01 6.41E-05 123E+00 2.23E+00 375E-02 5.13E-04 1.10E-02 5.50E-04
Lead (82) Pb-211 1.04E-12 2.63E-13 4.11E-13 581E-13 3.70E-11 2.29E-07 147E+05 550E+04 238E+05 5.36E+05 116E+02 3.04E+00 | 1.32E+12 658E+10
Lead (82) Pb-212 6.70E-11 1.31E-11 2.50E-11 3.54E-11 5.77E-10 5.09€-07 3.64E+03 B.00E+01 6.07E+03 1.36E+04 1.90E+00 4.98E-02 | 6.97E+07 3.49E+06
Lead (82) Pb-214 8.51E-13 2.21E-13 3.44E-13 4.85E-13 3.63E-11 9.82E-07 463E+04 3.49E+04 7.48E+04 168E+05 1.38E+02 3.64E+00 | 2.85E+12 1.43E+11
Lutetium (71} Lu-169 5.03E-12 9.69E-13 1.94E-12 277E-12 1.33E-12 4.73E-06 126E+02 1.26E+02 204E+02 4.58E+02 245E+0t1  6.37E-01
Lutetium (71) Lu-170 1.06E-11 2. 11E-12 4.14E-12 5.88E-12 2.25E-12 1.26E-05 3.36E+01  3.36E+01  543E+01  1.22E+02  1.15E+01 3.00E-01
Lutetium (71) tu-171 8.84E-12 1.52E-12 3.27E-12 4.70E-12 3.50E-12 2.90E-06 3.55E+01  3.55E+01 5.74E+01  1.29E+02 1.46E+01  3.75E-01
Lutetium (71) Lu-172 147E-11 2.75E-12 5.59E-12 8.03E-12 6.03E-12 8.70E-06 145E+01  145E+01 235E+01 5.28E+01 8.52E+00  2.20E-01
Lutetium (71) Lu-173 3.74E-12 6.03E-13 1.35E-12 1.96E-12 8.70E-12 2.92E-07 5.79E+00 5.79E+00  9.37E+00 2.11E+01  3.53E+01 9.00E-01
Lutetium (71) Lu-174 4.11E-12 6.44E-13 1.46E-12 2.12E-12 1.42E-11 4.26E-07 1.65E+00 164E+0C 267E+00 6.01E+00 3.26E+01 8.32E-01
Lutetium (71) Lu-174m 9.73E-12 1.39E-12 3.38E-12 4.96E-12 1.51E-11 9.88E-08 5.95E+01 596E+01 9.73E+01 2.19E+02  1.41E+01 3.56E-01
Lutetium (71) Lu-176 2.60E-11 4.11E-12 9.29E-12 1.35E-11 1.41E-10 1.83E-06 6.08E-02  4.56E-02 1.18E-01 266E-01  5.13E+00  1.31E-01
Lutetium (71) Lu-176m 2.43E-12 3.74E-13 8.55E-13 1.25E-12 4.55E-13 2.78E-08 1.96E+05 1.96E+05 320E+05 7.20E+05 557E+01 1.41E+00
Lutetium (71) Lu-177 1.02E-11 1.43E-12 3.53E-12 5.18E-12 4.66E-12 1.14E-07 1.09E+03 1.09E+03 1.79E+03 4.02E+03 1.35E+01 3.40E-01
Lutetium (71) Lu-177m 2.60E-11 4.14E-12 9.36E-12 1.36E-11 5.70E-11 3.63E-06 145E+00  145E+00 2.34E+00 5.26E+00 5.09E+00  1.30E-01
Lutetium (71) Lu-178 2.02E-13 6.25E-14 8.62E-14 1.20E-13 5.29E-14 6.76E-07 6.35E+04 6.35E+04 1.03E+05 231E+05 552E+02 147E+01
tutetium (71) Lu-178m 1.59E-13 5.37E-14 7.10E-14 9.84E-14 5.85E-14 4.26E-06 126E+04 1.26E+04 2.04E+04 4.58E+04 6.71E+02 1.79E+01
Lutetium (71) Lu-179 3.21E-12 4.81E-13 1.12E-12 1.64E-12 5.14E-13 1.196-07 3.71E+04 3.71E+04 6.01E+04 1.35E+05 4.25E+01  1.08E+00
Magnesium (12) Mg-28 3.06E-11 5.22E-12 1.14E-11 1.65E-11 5.14E-12 6.56E-06 148E+02 148E+02 239E+02 5.39E+02 4.18E+00 1.07E-01
Manganese (25) Mn-51 5.11E-13 1.37E-13 2.09E-13 2.95E-13 9.55E-14 4.37E-06 6.04E+03 562E+03 9.76E+03 220E+04 2.28E+02 598E+00 | 1.30E+12 6.50E+10
Manganese (25) Mn-52 1.58E-11 3.60E-12 6.44E-12 9.07E-12 4.40E-12 1.67E-05 9.03E+00 5.67E+00 1.47E+01  3.30E+01 7.39E+00  1.94E-01 1.39E+06  6.95E+04
Manganese (25) Mn-52m 2.82E-13 9.66E-14 1.27€-13 1.75E-13 5.07E-14 1.15E-05 5.02E+03 4.94E+03 8.12E+03  1.83E+04 3.75E+02 1.01E+01 | 1.03E+13 5.13E+11
Manganese (25) Mn-53 4.37E-13 6.99E-14 1.56E-13 2.25E-13 217E-13 0.00E+00 7.14E+01  3.37E-01 2.54E+04 4.58E+04 3.05E+02 7.84E+00 | 3.11E+01 1.56E+00
Manganese (25) Mn-54 5.14E-12 1.48E-12 2.28E-12 3.11E-12 5.88E-12 3.80E-06 6.92E-01 3.70E-01 1.12E+00  2.53E+00  2.09E+01 5.67E-01 742E+02  3.71E+01
Manganese (25) Mn-56 2.78E-12 5.11E-13 1.03E-12 1.48E-12 4.14E-13 8.44E-06 9.32E+02 7.82E+02 1.51E+03 3.39E+03 462E+01 1.19E+00 | 2.35E+10 1.17E+09
Mendelevium (101) Md-257 1.67E-12 2.59E-13 5.88E-13 8.58E-13 7.70E-11 3.62E-07 1.08E+04 1.08E+04 174E+04 3.92E+04 B8.10E+01 2.06E+00
Mendelevium (101) Md-258 1.23E-10 1.95E-11 4.33E-11 6.25E-11 1.68E-08 1.31E-09 8.24E+02 8.56E+02 6.57E+03  1.28E+04 1.10E+00  2.82E-02
Mercury (80) Hg-193 1.14E-12 1.87E-13 4. 11E-13 5.99E-13 2.53E-13 5.55E-07 1.04E+04 1.01E+04 1.69E+04 3.80E+04 1.16E+02 2.94E+00
Mercury (80) Hg-193m 537E-12 9.10E-13 1.97E-12 2.84E-12 9.40E-13 4.54E-06 401E+02 3.94E+02 6.51E+02 147E+03 242E+01  6.21E-01
Mercury (80) Hg-194 1.55E-10 2.00E-12 8.07E-11 1.06E-10 2.88E-11 5.04E-12 1.27E-01 2.35E-02  9.00E+02  1.63E+03  5.90E-01 1.66E-02
Mercury {80} Hg-195 141E-12 2.27E-13 5.07E-13 7.36E-13 2.84E-13 7.34E-07 277E+03 2.70E+03  4.52E+03 1.02E+04 939E+01 2.40E+00
Mercury (80) Hg-195m 9.55E-12 1.42E-12 3.36E-12 4.92E-12 2.33E-12 7.68E-07 6.02E+02 5.18E+02 1.03E+03 2.31E+03  1.42E+01 3.58E-01
Mercury (80) Hg-197 4.07E-12 5.99E-13 1.43E-12 2.09E-12 1.25E-12 1.14E-07 240E+03 1.69E+03 4.49E+03 1.01E+04 3.33E+01 8.44E-01
Mercury (80) Hg-197m 8.62E-12 1.24E-12 3.00E-12 4.40E-12 2.28E-12 2.50E-07 2.96E+03 2.10E+03 551E+03 1.24E+04 1.58E+01  4.01E-01
Mercury (80) Hg-199m 1.63E-13 4.44E-14 6.70E-14 9.44E-14 6.33E-14 5.77E-07 4.95E+04 4.93E+04 B8.01E+04 1.80E+05 7.11E+02 1.87E+01
Mercury (80) Hg-203 1.27E-11 1.35E-12 5.70E-12 7.62E-12 8.95E-12 9.21E-07 1.84E+01 153E+01 3 19E+01 717E+01 8.35E+00  2.31E-01
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water Ingestion Food Ingestion Inhalation  External Exposure | Residential Agriculturat  Outdoor Indoor Tap Fish

Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor  Slope Factor Slope Factor Soil Soit Worker Soil Worker Soit Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) (risk/pCi}) (risk/pCi) {risk/pCi) {risk/pCi) (risk/y per pCi/g) (pCi/g) (pCilg) (pCi/g} {pCirg) (pCilL) {pCilg) (pCifg) (pCilg)
Molybdenum (42)  Mo-101 1.48E-13 5.59E-14 6.88E-14 9.44E-14 4.33E-14 6.62E-06 1.26E+04  1.26E+04 2.04E+04 4.59E+04 692E+02  1.87E+01
Molybdenum (42)  Mo-90 1.39E-12 5.03E-13 6.59E-13 8.73E-13 1.24E-12 3.41E-06 1.05E+03  1.05E+03 1.70E+03 3.82E+03 7.23E+01  2.02E+00
Mclybdenum (42)  Mo-93 5.29E-12 3.38E-12 3.35E-12 4.18E-12 1.27E-12 2.17E-10 8.58E+00 1.64E+00  3.45E+02 6.67E+02 1.42E+01  4.22E-01
Molybdenum (42)  Mo-93m 6.62E-13 2.51E-13 3.20E-13 4.26E-13 4.33E-13 1.09E-05 2.72E+02  2.72E+02  4.40E+02 9.89E+02 149E+02 4.14E+00
Molybdenum (42)  Mo-99 3.50E-12 1.18E-12 1.60E-12 211E-12 4.29€-12 6.64E-07 4.59E+02 4.46E+02 7.49E+02 1.68E+03 2.98E+01  8.36E-01
Neodymium (60) Nd-136 6.70E-13 1.64E-13 2.70E-13 3.81E-13 1.34E-13 1.01E-06 238E+04 238E+04 3.85E+04 B.65E+04 1.76E+02  4.63E+00
Neodymium (60) Nd-138 9.69E-12 1.49E-12 3.42E-12 5.00E-12 1.24E-12 6.73E-08 5.85E+04 5.78E+04 9.65E+04 2.17E+D5 1.39E+01  3.53E-01
Neodymium (60) Nd-139 1.21E-13 3.11E-14 4.96E-14 6.96E-14 2.37E-14 1.72E-06 2.39E+04  2.39E+04 3.86E+04 8.68E+04 9.60E+02 2.53E+01
Neodymium (60) Nd-139m 2.86E-12 5.37E-13 1.08E-12 1.56E-12 4.96E-13 7.13E-06 5.18E+02  5.18E+02 8.37E+02 1.88E+03 4.41E+01 1.13E+00
Neodymium (60) Nd-141 8.07E-14 1.61E-14 3.09E-14 4.40E-14 1.34E-14 2.28E-07 3.58E+04 3.58E+04 5.78E+04  1.30E+05 154E+03 4.01E+01
Neodymium (60) Nd-141m 3.48E-06 3.37E+05 3.37E+05 5.44E+05 1.22E+06
Neodymium (60) Nd-147 2.01E-11 2.86E-12 6.96E-12 1.02E-11 9.36E-12 4.87E-07 1.57E+02 1.56E+02  2.55E+02 5.74E+02 6.84E+00  1.73E-01
Neodymium (60) Nd-149 1.51E-12 2.58E-13 5.44E-13 7.92E-13 3.19E-13 1.49E-06 7.88E+03 7.88E+03 1.27E+04 2.87E+04 8.75E+01  2.23E+00
Neodymium (60) Nd-151 1.83E-13 4.63E-14 7.36E-14 1.04E-13 3.92E-14 4.10E-06 2.40E+04 240E+04 3.87E+04 8.72E+04 6.47E+02 1.70E+01
Neon (10) Ne-19 4.47E-06 9.561E+05 9.51E+05  1.54E+06  3.46E+06
Neptunium (93) Np-232 4.14E-14 1.57E-14 1.97E-14 2.70E-14 3.17E-14 5.25E-06 1.58E+04  1.56E+04 2.55E+04 5.74E+04 2.42E+03 6.53E+01 | 8.01E+12 4.01E+11
Neptunium (93) Np-233 1.14E-14 3.58E-15 5.03E-15 6.99E-15 2.49E-15 2.29E-07 147E+05 1.38E+05 2.3BE+05 5.35E+05 947E+03 252E+02 | 5.18E+12 258E+11
Neptunium (93) Np-234 8.77E-12 1.72E-12 3.40E-12 4.85E-12 1.86E-12 7.06E-06 2.72E+01  1.12E+01  4.40E+01  9.91E+01 140E+01  3.64E-01 | 2.50E+05 1.25E+04
Neptunium (93) Np-235 9.99E-13 1.42E-13 3.46E-13 5.07E-13 1.15E-12 2.13E-09 8.57E+02 2.03E+00 1.61E+03 3.61E+03 1.38E+02 3.48E+00 | 3.03E+02 1.52E+01
Neptunium {93) Np-236a 2.56E-11 7.18E-12 1.05E-11 1.44E-11 9.77E-10 3.25E-07 3.33E-01 277E-03  6.64E-01 1.49E+00 4.54E+00  1.22E-01 2.72E-02 1.36E-03
Neptunium (93) Np-236b 3.19E-12 4.74E-13 1.11E-12 1.63E-12 8.07E-12 1.34E-07 6.68E+03 2.57E+02 1.09E+04 2.45E+04 4.20E+01 1.08E+00 | 1.69E+07 8.43E+05
Neptunium (93) Np-237 1.46E-10 4.70E-11 6.18E-11 8.29E-11 1.77€-08 5.36E-08 1.00E+00  487E-04 3.64E+00 8.00E+00 7.71E-01 2.13E-02 | 9.00E-02  4.50E-03
Neptunium (93) Np-237+D 1.62E-10 4.92E-11 6.74E-11 9.10E-11 1.77E-08 7.97E-07 1.30E-01 442E-04  2.69E-01 6.05E-01  7.07E-01 1.94E-02 | 9.00E-02  4.50E-03
Neptunium {93) Np-238 1.52E-11 2.33E-12 5.40E-12 7.88E-12 4.18E-12 2.62E-06 1.52E+02 2 11E+01  2.46E+02 5.54E+02 8.82E+00 2.24E-01 | 6.78E+05 3.39E+04
Neptunium (33) Np-239 1.47E-11 2.15E-12 5.14E-12 7.51E-12 4.00E-12 5.41E-07 6.57E+02  2.23E+01 1.07E+03 241E+03 9.26E+00  2.35E-01 575E+05 2.87E+04
Neptunium (93) Np-240 5.556-13 1.37E-13 2.23E-13 3.16E-13 1.95E-13 5.80E-06 3.23E+03  291E+03 522E+03 1.18E+04 2.14E+02 5.58E+00 | 3.62E+10 1.81E+09
Neptunium (93) Np-240m 1,51E-06 1.08E+05 1.09E+05 1.76E+05 3.97E+05
Nickel (28) Ni-56 6.70E-12 1.64E-12 2.83E-12 3.96E-12 2.88E-12 7.74E-06 1.79E+01  1.71E+01 2.90E+01 6.52E+01 1.68E+01  4.45E-01 1.78E+07 8.91E+05
Nickel (28) Ni-57 1.02E-11 1.89E-12 3.89E-12 5.55E-12 1.78E-12 9.43E-06 596E+01  564E+01 964E+01 2.17E+02 122E+01  3.18E-01 | 213E+08 1.07E+07
Nicket {28) Ni-59 7.33E-13 1.44E-13 2.74E-13 3.89E-13 4.66E-13 0.00E+00 208E+02 2.15E+00 1.23E+04 2.22E+04 1.74E+02 4.53E+00 | 2.05E+02 1.03E+01
Nicket (28) Ni-63 1.79E-12 3.50E-13 6.70E-13 9.51E-13 1.64E-12 0.00E+00 9.48E+01  1.01E+00 555E+03 9.99E+03 7.11E+01 1.85E+00 | 3.80E+01  1.90E+00
Nickel (28) Ni-65 1.926-12 3.34E-13 6.96E-13 1.01E-12 3.03E-13 2.74E-06 294E+03  2.84E+03 4.75E+03 1.07E+04 6.84E+01 1.75E+00 | 2.44E+11 1.22E+10
Nickel (28) Ni-66 5.77E-11 8.18E-12 2.00E-11 2.94E-11 8.99E-12 2.67E-11 9.12E+03 1.27E+02 5.88E+05 1.06E+06  2.38E+00  6.00E-02 | 1.81E+07  9.06E+05
Niobium (41) Nb-88 2.45E-13 8.92E-14 1.13E-13 1.55E-13 451E-14 1.89€-05 4.51E+03 4.51E+03 7.20E+03 1.64E+04 4.21E+02 1.14E+01
Niobium (41) Nb-89a 1.01E-12 2.35E-13 4.00E-13 5.66E-13 1.74E-13 8.48E-06 2.18E+03  218E+03  3.52E+03 7.92E+03 1.19E+02  3.12E+00
Niobium {41) Nb-89b 2.82E-12 5.22E-13 1.04E-12 1.51E-12 4.07E-13 6.64E-06 1.50E+03  150E+03 2.43E+03 5.47E+03 4.58E+01  1.17E+00
Niobium (41) Nb-90 1.52E-11 2.75E-12 5.70E-12 8.21E-12 2.27E-12 2.13E-05 6.53E+01  6.53E+01  1.06E+02 2.38E+02 8.35E+00 2.15E-01
Niobium (41) Nb-93m 2.31E-12 3.32E-13 8.03E-13 1.17E-12 1.90E-12 3.83E-11 3.50E+02  1.37E+02 4.86E+03 9.69E+03 5.93E+01 1.51E+00
Niobium (41) Nb-94 2.05E-11 3.89E-12 7.77E-12 1.11E-11 3.77E-11 7.29E-06 153E-02 115E-02 2.97E-02  6.68E-02 6.13E+00  1.59E-01
Niobium (41) Nb-95 6.36E-12 1.23E-12 2.45E-12 3.50E-12 5.44E-12 3.53E-06 6.81E+00 6.81E+00 1.10E+01 248E+01 1.94E+01  5.04E-01
Niobium (41) Nb-95m 1.05E-11 1.50E-12 3.66E-12 5.37E-12 3.27E-12 2.32E-07 1.00E+03  9.84E+02 1.63E+03 3.67E+03 1.30E+01  3.28E-01
Niobium (41) Nb-96 1.35E-11 2.41E-12 5.03E-12 7.25E-12 2.28E-12 1.15E-05 7.55E+01  7.54E+01  1.22E+02 2.74E+02 947E+00  2.43E-01
Niobium (41) Nb-97 5.00E-13 1.14E-13 1.96E-13 2.79E-13 1.07E-13 2.97E-06 5.69E+03 5.69E+03 9.20E+03 2.07E+04 243E+02 6.32E+00
Niobium (41) Nb-97m 3.34E-06 3.65E+05 3.65E+05 5.90E+05 1.33E+06
Niobium (41) Nb-98 6.73E-13 1.81E-13 2.80E-13 3.92E-13 1.23E-13 1.16E-05 2.04E+03  2.04E+03  3.30E+03  7.42E+03 1.70E+02  4.50E+Q0
Nitrogen (7) N-13 4.45E-06 2.75E+04  2.75E+04 4.44E+04 9.99E+04
Osmium (76) Os-180 7.92E-14 2.72E-14 3.63E-14 5.00E-14 2.62E-14 1.08E-07 5.13E+05 5.13E+05 8.29E+05 1.87E+06 1.31E+03 3.53E+01
Osmium (76} Os-181 9.21E-13 1.83E-13 3.54E-13 5.07E-13 1.95E-13 5.41E-06 2.15E+03  2.15E+03 347E+03 7.80E+03 1.35E+02  3.48E+00
Osmium (76) 0s-182 6.92E-12 1.23E-12 2.59E-12 3.74E-12 1.45E-12 1.63E-06 566E+02 5.66E+02 9.15E+02 2.06E+03  1.84E+01  4.72E-01
Osmium (76) Os-185 4.77E-12 1.04E-12 1.92E-12 2.70E-12 6.14E-12 3.11E-06 2.90E+00 2.80E+00 4.68E+00 1.05E+01 248E+01  6.53E-01
Osmium (76) Os-189m 2.94E-13 4.29E-14 1.02E-13 1.50E-13 3.44E-14 7.20E-13 8.05E+07 840E+07 9.21E+08 1.70E+08 4.67E+02  1.18E+01
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soit ingestion Water Ingestion Food Ingestion  Inhalation  External Exposure | Residential  Agricultural  Outdoor Indoor Tap Fish

Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor  Slope Factor Siope Factor Soil Soit Worker Soil Worker Soi Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) (risk/pCi) (risk/pCt) (risk/pCi) (risk/pCi) (risk/y per pCifg) (pCiig) {pCi/g} (pCilg) (pCi/g) (pCilL) {pCi/g) (pCi/g) (pCi/g}
Osmium (76) 0s-190m 6.76E-06 1.82E+04 1.82E+04 2.94E+04 6.62E+04
Osmium (76) Os-191 1.05E-11 1.50E-12 3.64E-12 5.33E-12 7.10E-12 1.66E-07 3.28E+02 3.28E+02 5.34E+02 1.20E+03 1.31E+01  3.31E-01
Osmium (76) Os-191m 1.76E-12 2.51E-13 6.11E-13 8.95E-13 6.36E-13 1.05E-08 1.45E+05 1.46E+05 2.40E+05 S539E+05 7.79E+01  1.97E+00
Osmium (76) Os-193 1.53E-11 2.16E-12 5.29€E-12 7.77€E-12 271E-12 2.69E-07 2.50E+03 2.50E+03 4.06E+03 9.14E+03 9.00E+00  2.27E-Ot
Osmium (76) Os-194 4.37E-11 6.55E-12 1.53E-11 2.23E-11 2.55E-10 6.57E-10 5.87E+01 5.96E+01 4.54E+02 8.99E+02 311E+00 7.91E£-02
Oxygen (8) 0-15 4.46E-06 1.34E+05  1.34E+05 2.17E+05  4.89E+05
Palladium (46) Pd-100 1.05E-11 1.99E-12 4.03E-12 5.77E-12 3.10E-12 2.22E-07 9.87E+02 8.43E+02 1.70E+03 3.81E+03 1.18E+01  3.06E-01
Palladium (46) Pd-101 1.12E-12 2.03E-13 4.22E-13 6.07E-13 1.97E-13 1.38E-06 1.78E+03  1.77E+03 2.88E+03 6.47E+03 1.13E+02 2.91E+00
Palladium (46) Pd-103 3.61E-12 5.07E-13 1.25E-12 1.84E-12 1.77E-12 1.15E-09 8.67E+03 2.67E+03  6.64E+04 1.48E+05 381E+01  9.50E-01
Palladium (46) Pd-107 7.25E-13 1.01E-13 2.50E-13 3.67E-13 1.69E-12 0.00E+00 1.22E+02 2.40E+01 1.76E+04 3.17E+04 1.90E+02 4.81E+00
Paliadium (46) Pd-109 1.01E-11 1.43E-12 3.50E-12 5.14E-12 1.85E-12 1.27€-08 5.94E+04 246E+04 1.90E+05 4.27E+05 1.36E+01  3.43E-01
Phosphorus (15) P-30 4.50E-06 1.08E+05 1.08E+05 1.75E+05  3.94E+05
Phosphorus (15) P-32 2.21E-11 5.37€-12 8.95E-12 1.23E-11 1.22E-11 9.41E-09 2.07E+02 5.15E+01  9.50E+03 2.10E+04 5.32E+00  1.43E-01
Phosphorus (15) P-33 2.47E-12 5.62E-13 9.81E-13 1.36E-12 5.11E-12 3.72E-11 1.09E+03  2.64E+02 5.10E+05 9.87E+05 4.85E+01  1.30E+00
Platinum (78) Pt-186 1.03E-12 1.97E-13 3.926-13 5.62E-13 8.25E-14 3.20E-06 3.17E+03  3.17E+03  5.13E+03  1.15E+04 1.21E+02  3.14E+00
Platinum (78) Pt-188 1.03E-11 1.74E-12 3.77E-12 5.44E-12 1.88E-12 6.02E-07 1.38E+02  1.38E+02 2.23E+02 5.01E+02 1.26E+01  3.24E-01
Platinum (78) Pt-189 1.61E-12 2.76E-13 5.92E-13 8.55E-13 1.32E-13 1.17E-06 1.59E+03  1.59E+03 2.57E+03 5.79E+03 8.04E+01  2.06E+00
Platinum (78) Pt-191 4.85E-12 7.88E-13 1.76E-12 2.55E-12 4.63E-13 9.78E-07 3.09E+02  3.09E+02 4.99E+02 1.12E+03 2.71E+01  6.92E-01
Platinum (78) Pt-193 6.14E-13 8.51E-14 2.11E-13 3.09E-13 111E-13 2.78E-12 1.53E+03 1.27E+03 1.95E+04 3.66E+04 2.26E+02 5.71E+00
Platinum (78) Pt-193m 8.81E-12 1.23E-12 3.03E-12 4.44E-12 7.73E-13 1.68E-08 1.08E+04  1.09E+04 1.86E+04 4.18E+04 157E+01  3.97E-01
Platinum (78) Pt-195m 1.19E-11 1.69E-12 4.11E-12 6.03E-12 1.05E-12 1.26E-07 1.65E+03  1.65E+03 2.70E+03 6.06E+03  1.16E+01  2.92E-01
Platinum (78) Pt-197 7.59E-12 1.07E-12 2.62E-12 3.85E-12 5.22E-13 5.63E-08 1.94E+04 1.94E+04 3.18E+04 7.15E+04 1.82E+01  4.58E-01
Platinum (78) Pt-197m 1.12E-12 1.81E-13 4.00E-13 5.81E-13 8.66E-14 2.38E-07 5.42E+04 542E+04 B8.77E+04 197E+05 1.19E+02  3.04E+00
Platinum (78) Pt-199 2.18E-13 5.66E-14 8.84E-14 1.25E-13 2.48E-14 8.69E-07 4.55E+04 4.55E+04 7.36E+04  1.66E+05 539E+02 1.41E+01
Platinum (78) Pt-200 2.23E-11 3.16E-12 7.73E-12 1.13E-11 1.48E-12 1.58E-07 1.01E+04 1.01E+04 1.66E+04 3.73E+04 6.16E+00  1.56E-01
Plutonium (94) Pu-234 2.39E-12 3.85E-13 8.58E-13 1.25E-12 6.85E-11 1.61E-07 1.43E+04 8.88E+03 2.32E+04 521E+04 555E+01 141E+00 { 247E+09 1.24E+08
Plutonium (94) Pu-235 9.73E-15 3.24E-15 4.37E-15 6.03E-15 2.39E-15 2.37E-07 2.03E+05 2.03E+05 3.28E+05 7.39E+05 1.09E+04 2.92E+02 | 2.11E+14 1.06E+13
Plutonium (94) Pu-236 1.74E-10 5.55E-11 7.47E-11 9.92E-11 2.28E-08 1.19E-1C 3.03E+01  1.04E-01 1.88E+02 341E+02 6.37E-01 1.78E-02 | 3.53E+0C  1.77E-01
Plutonium (94) Pu-237 1.62E-12 2.53E-13 5.77E-13 8.40E-13 1.27E-12 1.12E-07 1.66E+02 1.05E+02 2.70E+02 6.06E+02 8.25E+01 2.10E+00 | 2.41E+05 1.20E+04
Plutonium (94) Pu-238 2.72E-10 1.17E-10 1.31E-10 1.69E-10 3.36E-08 7.22E-11 2.97E+00  7.30E-03 1.64E+01 2.97E+01  3.64E-01 1.04E-02 | 1.75E+00  8.76E-02
Plutonium (94) Pu-239 2.76E-10 1.21E-10 1.35E-10 1.74E-10 3.33E-08 2.00E-10 2.58E+00  6.08£-03  1.43E+01 2.59E+01  3.53E-01 1.01E-02 | 1.56E+00  7.80E-02
Plutonium (94) Pu-240 2.77E-10 1.21E-10 1.35E-10 1.74E-10 3.33E-08 6.98E-11 2.60E+00  6.09E-03  144E+01 2.61E+01  3.53E-01 1.01E-02 | 1.56E+00 7.81E-02
Plutonium (94) Pu-241 3.29E-12 1.73E-12 1.76E-12 2.28E-12 3.34E-10 4.11E-12 406E+02 1.05E+00 1.72E+03 3.11E+03 2.71E+01  7.74E-O1 1.00E+01  5.02E-01
Plutonium (94) Pu-242 2.63E-10 1.15E-10 1.28E-10 1.65E-10 3.13E-08 6.25E-11 2.73E+00  6.41E-03  1.52E+01 2.74E+01  3.72E-01 1.07E-02 | 1.56E+00  7.80E-02
Plutonium (94) Pu-243 1.34E-12 2.06E-13 4.74E-13 6.92E-13 2.94E-13 5.50E-08 7.42E+04 3.73E+04 1.20E+05 2.71E+05 1.00E+02 2.55E+00 | 141E+10 7.04E+08
Plutonium (94) Pu-244 2.94E-10 1.15E-10 1.37E-10 1.80E-10 2.93E-08 3.01E-11 2.45E+00 587E-03  1.52E+01 2.75E+01  3.48E-01 9.80E-03 | 1.56E+00  7.80E-02
Plutonium (94) Pu-244+D 3.14E-10 1.44E-10 1.90E-10 2.93E-08 1.51E-06 7.16E-02  5.06E-03  1.43E-01 3.22E-01 3.31E-01 9.28E-03 | 1.56E+00  7.80E-02
Plutonium (94) Pu-245 1.28E-11 1.89E-12 4.48E-12 6.55E-12 2.07E-12 1.77E-06 1.09E+03 8.46E+02 1.77E+03 3.97E+03 1.06E+01  2.69E-01 | 3.33E+08 1.66E+07
Plutonium (94) Pu-246 4.92E-11 7.40E-12 1.73E-11 2.53E-11 1.73E-11 4.04E-07 1.80E+02  3.23E+01  3.10E+02 6.97E+02 275E+00  6.97E-02 | 1.39E+05 6.94E+03
Polonium (84) Po-203 3.92E-13 9.77E-14 1.63E-13 1.88E-13 7.73E-14 7.65E-06 4.34E+03 4.34E+03 7.02E+03  1.58E+04 2.92E+02  9.38E+00
Polonium (84) Po-205 4.26E-13 1.12E-13 1.81E-13 2.41E-13 1.72E-13 7.36E-06 1.53+03  1.53E+03 2.48E+03 5.58E+03 263E+02 7.32E+00
Polonium (84) Po-207 1.28E-12 2.86E-13 5.18E-13 5.55E-13 1.99E-13 6.08E-06 5.73E+02 5.73E+02 9.26E+02 2.08E+03 9.19E+01  3.18E+00
Polonium (84 Po-210 7.96E-10 2.96E-10 3.77E-10 2.25E-09 1.08E-08 3.95E-11 3.79E+01  1.94E+01  2.74E+02 4.94E+02  1.26E-01 7.84E-04
Polonium (84) Po-211 3.58E-08 3.96E+09 3.96E+09 6.40E+09  1.44E+10
Polonium (84) Po-212 0.00E+00
Polonium (84) Po-213 0.00E+00
Polonium (84) Po-214 3.86E-10 1.16E+15 1.16E+15 1.87E+15 4.20E+15
Polonium {(84) Po-215 7.48E-10 5.49E+13  5.40E+13  8.88E+13 2.00E+14
Polonium (84) Po-216 7.87E-11 6.20E+12  6.20E+12 1.00E+13  2.25E+13
Polonium (84) Po-218 4.26E-11 9.38E+09 9.38E+09  1.52E+10 3.41E+10
Potassium (19) K-38 1.61E-05 9.91E+03 9.91E+03 160E+04 3.60E+04
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil ingestion Soil Ingestion Water Ingestion Food Ingestion  Inhalation  External Exposure | Residential Agricuitural  Outdoor indoor Tap Fish
Element Slope Factor Slope Factor-Aduit  Slope Factor Slope Factor Slope Factor Slope Factor Soil Soil Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) (risk/pCi}) (risk/pCi) {risk/pCi) (risk/pCi) (risk/y per pCi/g) {pCi/g) (pCi/g) (pCifg) {pCiig) {pCilL) (pCilg) {pCi/g) (pCirg)
Potassium (19) K-40 6.18E-11 1.51E-11 2.47E-11 3.43E-11 1.03E-11 7.97E-07 1.08E-01 476E-02 271E-01 6.09E-01  193E+00  5.14E-02
Potassium (19) K-42 3.06E-12 8.40E-13 1.26E-12 1.74E-12 4.33E-13 1.46E-06 1.11E+03  1.09E+03 1.81E+03 4.08E+03 3.78E+01  1.01E+00
Potassium (19) K-43 1.81E-12 5.48E-13 7.88E-13 1.07E-12 3.09E-13 4.23E-06 2.12E+02  2.11E+02  3.43E+02 7.73E+02 6.04E+01  1.65E+00Q
Potassium (19) K-44 3.00E-13 1.13E-13 1.39E-13 1.91E-13 3.39E-14 1.19E-05 464E+03 4.63E+03 7.49E+03 1.69E+04 343E+02 9.23E+00
Potassium (19) K-45 1.93E-13 7.29E-14 8.95E-14 1.22E-13 2.33E-14 9.53E-06 6.40E+03 6.39E+03  1.03E+04 2.33E+04 5.32E+02 1.45E+01
Praseodymium (59) Pr-136 1.27E-13 4.66E-14 5.88E-14 8.07E-14 2.15E-14 9.74E-06 9.55E+03  9.55E+03  1.54E+04 3.47E+04 8.10E+02 2.19E+01
Praseodymium (59) Pr-137 3.22E-13 6.99E-14 1.25E-13 1.78E-13 5.55E-14 2.14E-06 7.44E+03  7.44E+03 1.20E+04 2.70E+04 3.81E+02 9.91E+00
Praseodymium (59) Pr-138 3.57E-06 236E+05 2.36E+05 3.80E+05 8.56E+05
Praseodymium (59) Pr-138m 1.03E-12 2.41E-13 4.18E-13 592E-13 1.76E-13 1.13E-05 8.56E+02 8.56E+02 1.38E+03  3.11E+03  1.14E+02 2.98E+00
Praseodymium (59) Pr-139 4.03E-13 6.85E-14 1.47E-13 2.12E-13 6.96E-14 4.41E-07 1.02E+04 1.02E+04 1.65E+04 3.71E+04 324E+02 8.32E+00
Praseodymium (59) Pr-142 2.49E-11 3.50E-12 8.58E-12 1.26E-11 3.38E-12 3.14E-07 3.34E+03  3.32E+03  547E+03 1.23E+04 555E+00  1.40E-01
Praseodymium (59) Pr-142m 3.20E-13 4.48E-14 1.10E-13 1.62E-13 4.33E-14 0.00E+00 1556409  1.04E+09 2.47E+10  4.45E+10 4.33E+02  1.09E+01
Praseodymium (59) Pr-143 2.29€-11 3.19E-12 7.92E-12 1.16E-11 9.73E-12 1.63E-09 1.13E+04 8.41E+03 4.98E+04 1.07E+05 6.01E+00  1.52E-01
Praseodymium (59) Pr-144 1.82E-13 6.33E-14 8.10E-14 1.12E-13 3.58E-14 1.94E-07 3.63E+05 3.63E+05 5.87E+05 1.32E+06 5.88E+02 1.57E+01
Praseodymium (59) Pr-144m 8.73E-09 1.94E+07  1.94E+07 3.13E+07  7.05E+07
Praseodymium (59) Pr-145 6.59E-12 9.66E-13 2.29E-12 3.36E-12 9.25E-13 6.95E-08 481E+04 4.77E+04 7.89E+04 1.77E+05 2.08E+01  525E-01
Praseodymium (59) Pr-147 1.32E-13 4.40E-14 5.85E-14 8.10E-14 3.58E-14 3.78E-06 237E+04 237E+04 3.83E+04 862E+04 8.14E+02 2.18E+01
Promethium (61) Pm-141 1.526-13 4.96E-14 6.66E-14 9.25E-14 2.85E-14 3.33E-06 175E+04 1.75E+04 2.83E+04 6.37E+04 7.15E+02 1.91E+01
Promethium (61) Pm-142 3.86E-06 4.68E+05 4.68E+05 7.56E+05 1.70E+06
Promethium (61) Pm-143 2.20E-12 4.59E-13 8.73E-13 1.24E-12 5.37E-12 1.33E-06 240E+00 240E+00 3.88E+00 8.73E+00 545E+01 1.42E+00
Promethium (61) Pm-144 8.10E-12 1.86E-12 3.34E-12 4.66E-12 2.76E-11 6.90E-06 3.38E-01 3.38E-01 5.46E-01  1.23E+00  1.43E+01 3.78E-01
Promethium (61) Pm-145 1.54E-12 2.54E-13 5.59E-13 8.07E-13 6.59E-12 1.61E-08 1.16E+01  1.00E+01  2.10E+01 4.73E+01 8.52E+01 2.19E+00
Promethium (61) Pm-146 1.12E-11 2.00E-12 4.18E-12 5.99E-12 5.40E-11 3.29E-06 1.30E-01 1.28E-01 2,15E-1 4.84E-01  1.14E+01  2.94E-01
Promethium (61) Pm-147 4.88E-12 6.92E-13 1.69E-12 2.48E-12 1.61E-11 3.21E-11 1.03E+03  7.01E+02 1.23E+04  2.34E+04 2.82E+01  7.11E-01%
Promethium (61) Pm-148 4.96E-11 7.07E-12 1.72E-11 2.52E-11 1.05E-11 2.80€E-06 561E+01 561E+01  9.09E+01 2.05E+02 2.77E+00  7.00E-02
Promethium (61) Pm-148m 2.13E-11 3.85E-12 7.99E-12 1.15E-11 2.12E-11 8.98E-06 2.28E+00  2.28E+00 3.69E+00 8.30E+00 5.96E+00  1.53E-01
Promethium (61) Pm-149 1.93E-11 2.69E-12 6.66E-12 9.77E-12 3.66E-12 4.60E-08 7.77E+03 7.52E+03 1.33E+04 3.00E+04 7.15E+00 1.81E-01
Promethium (61) Pm-150 2.94E-12 5.25€-13 1.08E-12 1.56E-12 4.63E-13 6.87E-06 1.10E+03  1.10E+03  1.78E+03 4.01E+03 441E+01 1.13E+00
Promethium (61) Pm-151 1.28E-11 1.88E-12 451E-12 6.59E-12 2.36E-12 1.27E-06 562E+02 562E+02 9.10E+02 2.05E+03 1.06E+01  2.68E-01
Protactinium (91)  Pa-227 2.38E-12 6.48E-13 9.69E-13 1.37E-12 2.12E-10 4.37E-08 718E+05 7.03E+05 1.17E+06 2.64E+06 4.91E+01  1.29E+00
Protactinium (91) Pa-228 9.84E-12 1.68E-12 3.60E-12 5.18E-12 2.33E-10 5.10E-06 1.81E+02 1.81E+02 2.93E+02 6.58E+02 1.32E+01  3.40E-O1
Protactinium (91) Pa-230 1.02E-11 1.80E-12 3.77E-12 5.40E-12 2.58E-09 2.86E-06 170E+01  1.70E+01 2.75E+01 6.18E+01 1.26E+01  3.27E-01
Protactinium (91) Pa-231 3.74E-10 1.54E-10 1.73E-10 2.26E-10 4.55E-08 1.39E-07 4.61E-01 210E-01  1.37E+00 2.99E+00  2.75E-01 7.80E-03
Protactinium (91)  Pa-232 9.55E-12 1.59E-12 3.48E-12 5.03E-12 6.81E-12 4.29€-06 1.51E+02 1.50E+02 243E+02 548E+02 1.37E+01 3.51E-01
Protactinium (91)  Pa-233 1.59E-11 2.34E-12 5.55E-12 8.14E-12 1.42E-11 7.43E-07 420E+01  4.17E+01  6.82E+01 1.53E+02 8.58E+00 2.17E-01
Protactinium (91)  Pa-234 7.03E-12 1.20E-12 2.56E-12 3.70E-12 1.46E-12 8.71E-06 3.48E+02 3.48E+02 563E+02 1.27E+03 1.86E+01  4.77E-01
Protactinium (31)  Pa-234m 6.87E-08 1.526+07 1.52E+07 2.45E+07 5.51E+07
Radium {88) Ra-222 3.71E-08 5.19E+07  5.19E+07 8.38E+07  1.89E+08
Radium (88) Ra-223 6.44E-10 1.23E-10 2.38E-10 3.39E-10 2.50E-08 4.34E-07 899E+01  8.92E-01 2.67E+02 5.96E+02  2.00E-01 5.20E-03 | 5.67E+03  2.84E+02
Radium (88) Ra-224 4.51E-10 8.44E-11 1.67E-10 2.38E-10 9.99E-09 3.72E-08 7.41E+02 3.98E+00 7.86E+03 1.68E+04 9.50E-04 7.41E-03 | 7.84E+04  3.92E+03
Radium (88) Ra-225 2.72E-10 7.44E-11 1.14E-10 1.54E-10 2.10E-08 5.91E-09 3.16E+02 1.52E+00 6.13E+03 1.20E+04  4.18E-01 1.15E-02 | 7.03E+03 3.51E+02
Radium (88) Ra-226 7.29E-10 2.95E-10 3.85E-10 5.14E-10 1.15E-08 2.29E-08 1.93E-01 6.72E-04 3.69E+00  7.21E+00  8.23E-04 3.43E-03 [ 3.22E-01 1.61E-02
Radium (88) Ra-226+D 7.30E-10 2.95E-10 3.86E-10 5.15E-10 1.16E-08 8.49E-06 1.24E-02  6.29E-04 255E-02 5.73E-02 8.16E-04  3.42E-03 | 3.22E-01 1.61E-02
Radium (88) Ra-227 2.48E-13 7.44E-14 1.05E-13 1.46E-13 3.13E-13 6.22E-07 4.64E+04 4.39E+04 7.50E+04 1.69E+05 4.54E+02 1.21E+01 { 1.95E+12 9.73E+10
Radium (88) Ra-228 2.28E-09 6.70E-10 1.04E-09 1.43E-09 5.18E-09 0.00E+00 2.60E-01 1.16E-03 8.40E+00 1.51E+01  4.58E-02 1.23E-03 | 1.19E+00  5.94E-02
Radium (88) Ra-228+D 2.29E-09 6.70E-10 1.04E-09 1.43E-09 5.23E-09 4.53E-06 6.77E-02  1.15E-03  1.49E-01 3.33E-01  4.58E-02 1.236-03 | 1.19E+00 5.94E-02
Radon (86) Rn-218 3.39E-09 6.16E+11  6.16E+11  9.96E+11  2.24E+12
Radon (86) Rn-219 2.25E-07 8.21E+07 8.21E+07  1.33E+08 2.98E+08
Radon (86) Rn-220 1.70E-09 7.74E+08 7.74E+08 125E+09 281E+09
Radon (86) Rn-222 1.74E-09 127E+05 1.27E+05 2.06E+05 4.63E+05 2.38E+03  1.19E+02
Radon (86) Rn-222+D 7.57E-12 5.45E+09 5.30E+09 7.93E+09 1.78E+10 1.26E+00 2.38E+03  1.19E+02
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil ingestion Soil Ingestion Water Ingestion Food Ingestion Inhalation  External Exposure | Residential Agricultural ~ Outdoor Indoor Tap Fish
Element Slope Factor Slope Factor-Adult ~ Slope Factor Slope Factor  Siope Factor Slope Factor Soil Soif Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) (risk/pCi) (risk/pCi) {risk/pCi) {risk/pCi) (risk/y per pCifg) (pCi/g) {pCilg) (pCi/g) (pCi/g) (pCi/L} {pCig) {pCilg) (pCifg}
Rhenium (75) Re-177 1.05E-13 3.28E-14 4.55E-14 6.33E-14 2.97E-14 2.62E-06 3.32E+04 3.32E+04 537E+04 1.21E+05 1.05E+03 2.79E+01
Rhenium (75) Re-178 9.32E-14 3.37E-14 4.26E-14 5.85E-14 2.33E-14 5.65E-06 1.63E+04 1.63E+04 2.64E+04 594E+04 1.12E+03 3.01E+01
Rhenium (75) Re-180 5.29E-06 0.48E+04 0.48E+04 153E+05  3.45E+05
Rhenium (75) Re-181 3.64E-12 7.96E-13 1.41E-12 2.00E-12 7.96E-13 3.18E-06 3.19E+02 3.18E+02 5.16E+02 1.16E+03 3.38E+01  8.82E-01
Rhenium (75) Re-182a 2.16E-12 5.22E-13 8.70E-13 1.22E-12 551E-13 5.37E-06 2.98E+02 2.98E+02 4.81E+02 1.08E+03 5.47E+01 1.45E+00
Rhenium (75) Re-182b 1.26E-11 2.86E-12 4.96E-12 6.99E-12 4.44E-12 8.22E-06 3.86E+01 3.86E+01 6.24E+01 140E+02 9.60E+00  2.52E-01
Rhenium (75) Re-184 7.66E-12 1.94E-12 3.16E-12 4.40E-12 6.73E-12 3.93E-06 567E+00 567E+00 9.16E+00 2.06E+01 1.51E+01  4.01E-01
Rhenium (75) Re-184m 1.27E-11 2.78E-12 4.88E-12 6.96E-12 2.26E-11 1.52E-06 3.37E+00 3.37E+00 545E+00 1.23E+01 9.76E+00  2.53E-01
Rhenium (75) Re-186 1.53E-11 2.84E-12 5.50E-12 8.03E-12 4.26E-12 5.49E-08 3.93E+03  3.94E+03 656E+03 147E+04 8.52E+00  2.20E-01
Rhenium (75) Re-186m 1.95E-11 4.03E-12 7.33E-12 1.05E-11 4.18E-11 1.75E-08 551E+00 4.16E+00 1.20E+01 269E+0t 6.50E+00  1.68E-01
Rhenium (75) Re-187 4.81E-14 9.47E-15 1.79E-14 2.56E-14 2.51E-14 0.00E+00 1.65E+04 1.29E+04 1.88E+05 3.38E+05 2.66E+03  6.89E+01
Rhenium (75) Re-188 1.35E-11 2.52E-12 4.88E-12 7.07E-12 2.22E-12 2.38E-07 4.98E+03 4.98E+03  8.10E+03  1.82E+04 9.76E+00  2.49E-01
Rhenium (75) Re-188m 2.69E-13 5.29E-14 9.92E-14 1.42E-13 5.07E-14 1.28E-07 5.12E+05 5.12E+05 8.27E+05 1.86E+06 4.80E+02 1.24E+01
Rhenium {75) Re-189 7.84E-12 1.47E-12 2 86E-12 4.11E-12 1.73E-12 2.42E-07 3.44E+03 3.44E+03 558E+03 1.25E+04 1.67E+01  4.29E-01
Rhodium {45) Rh-100 6.62E-12 1.42E-12 2.65E-12 3.74E-12 1.04E-12 1.38E-05 7.07E+01  7.06E+01 1.14E+02 257E+02 1.80E+01  4.72E-01
Rhodium (45) Rh-101 5.37E-12 1.22E-12 2.15E-12 3.01E-12 1.81E-11 8.84E-07 8.12E-01 7.87E-01 1.33E+00 2.99E+00 2.21E+0t1  5.86E-01
Rhodium (45) Rh-101m 2.46E-12 4.63E-13 9.40E-13 1.34E-12 7.14E-13 1.19E-06 1.63E+02 1.62E+02 2.65E+02 5.96E+02 5.07E+01 1.32E+00
Rhodium (45) Rh-102 1.71E-11 5.22E-12 7.70E-12 1.04E-11 5.99E-11 9.73E-06 8.20E-02  8.11E-02 1.33E-01 3.00E-01  6.18E+00  1.70E-01
Rhodium (45) Rh-102m 1.66E-11 2.85E-12 6.07E-12 8.73E-12 2.56E-11 2.11E-06 1.91E+00 1.84E+00 3.13E+00 7.04E+00 7.84E+00  2.02E-01
Rhodium (45) Rh-103m 2.40E-14 5.66E-15 9.40E-15 1.34E-14 9.14E-15 9.31E-11 1.61E+08 B8.44E+07 3.74E+08 B8.41E+08 507E+03  1.32E+02
Rhodium (45) Rh-105 6.73E-12 9.66E-13 2.34E-12 3.43E-12 1.58E-12 3.15E-07 1.76E+03  1.61E+03 2.94E+03 6.62E+03  2.04E+01 5.14E-01
Rhodium {45) Rh-106 9.66E-07 2.53E+06 2.53E+06 4.09E+06 9.21E+06
Rhodium (45) Rh-106m 1.37E-12 3.09E-13 5.48E-13 7.73E-13 2.71E-13 1.37E-05 6.74E+02 6.74E+02 1.09E+03 245E+03 8.69E+01 2.28E+00
Rhodium (45) Rh-107 9.51E-14 3.19E-14 4.18E-14 5.81E-14 2.88E-14 1.28E-06 4.39E+04 4.39E+04  7.09E+04 1.60E+05 1.14E+03  3.04E+01
Rhodium (45) Rh-99 5.77€-12 1.10E-12 2.21€-12 3.15E-12 3.33E-12 2.50E-06 2.11E+01  2.08E+01 342E+01 7.69E+01 2.15E+01  5.60E-01
Rhodium (45) Rh-99m 6.03E-13 1.32E-13 2.42E-13 3.42E-13 9.99E-14 3.02E-06 143E+03  1.43E+03 231E+03 520€E+03 1.97E+02 5.16E+00
Rubidium (37) Rb-79 1.79E-13 6.77E-14 8.36E-14 1.14E-13 2.37E-14 5.85E-06 9.10E+03  9.10E+03  1.47E+04  3.31E+04 5.70E+02  1.55E+01
Rubidium (37) Rb-80 5.56E-06 3.87E+05 3.87E+05 6.25E+05 1.41E+06
Rubidium (37) Rb-81 2.83E-13 9.69E-14 1.28E-13 1.74E-13 4.63E-14 2.59E-06 1.71E+03  1.71E+03 2.77E+03 6.23E+03 3.72E+02  1.01E+01
Rubidium (37) Rb-81m 4.55E-14 1.57E-14 2.05E-14 2.80E-14 1.10E-14 9.08E-09 4.16E+06  4.04E+06  6.78E+06  1.52E+07  2.32E+03  6.30E+01
Rubidium (37) Rb-82 4.85E-06 1.93E+05 1.93E+05 3.12E+05 7.03E+05
Rubidium (37) Rb-82m 7.25E-13 2.75E-13 3.51E-13 4.70E-13 1.35E-13 1.35E-05 243E+02 243E+02 3.92E+02 8.82E+02 1.36E+02 3.75E+00
Rubidium (37) Rb-83 1.18E-11 4.40E-12 5.70E-12 7.51E-12 2.326-12 2.18E-06 4.46E+00  4.32E+00  7.28E+00  1.64E+01  8.35E+00  2.35E-01
Rubidium (37) Rb-84 1.91E-11 6.55E-12 8.81E-12 1A7E-11 3.59E-12 4.22E-06 6.06E+00 5.92E+00 9.88E+00 2.22E+01 541E+00  1.51E-01
Rubidium (37) Rb-86 2.37E-11 6.59E-12 9.88€-12 1.34E-11 4.00E-12 4.67E-07 8.89E+01  7.17E+01  1.56E+02 3.52E+02 4.82E+00  1.32E-01
Rubidium (37) Rb-87 1.25E-11 3.43E-12 5.22E-12 7.07E-12 2.14E-12 9.11E-11 5.01E+00 9.64E-01  4.25E+02 7.94E+02 9.12E+00  2.49E-01
Rubidium (37) Rb-88 3.06E-13 1.14E-13 1.40E-13 1.92E-13 3.17E-14 3.36E-06 2.04E+04 2.04E+04 3.29E+04 7.41E+04 3.40E+02 9.19E+00
Rubidium (37) Rb-89 1.70E-13 6.40E-14 7.88E-14 1.08E-13 2.09E-14 1.05E-05 7.64E+03 7.64E+03 1.23E+04 278E+04 6.04E+02 1.63E+01
Ruthenium (44) Ru-103 1.05E-11 1.76E-12 3.85E-12 5.55E-12 8.926-12 2.04E-06 1.05E+01  9.65E+00 1.71E+01 3.84E+01 1.24E+01  3.18E-01 | 480E+04 2.40E+03
Ruthenium (44) Ru-105 3.77E-12 6.07E-13 1.35E-12 1.96E-12 6.48E-13 3.51E-06 1.30E+03  1.28E+03 211E+03 4.74E+03 3.53E+01  9.00E-01 6.17E+08  3.09E+08
Ruthenium {44) Ru-106 1.19E-10 1.84E-11 4.22E-11 6.11E-11 1.026-10 0.00E+00 4.00E+01 1.08E+00 1.66E+03 2.99E+03 1.13E+00 2.89E-02 | 643E+01 3.22E+00
Ruthenium (44) Ru-106+D 1.19E-10 4.22E-11 6.11E-11 1.02E-10 9.66E-07 2.25E+00 744E-01  3.85E+00 8.66E+00 1.13E+00  2.89E-02 | 643E+01 3.22E+00
Ruthenium (44) Ru-84 8.03E-13 1.61E-13 3.06E-13 4.37E-13 1.23E-13 2.31E-06 1.02E+04 1.01E+04 165E+04 3.70E+04 1.56E+02 4.04E+00 | 7.20E+11 3.60E+10
Ruthenium (44) Ru-97 1.65E-12 3.15E-13 6.36E-13 9.07E-13 3.36E-13 8.63E-07 3.38E+02 3.26E+02 546E+02 1.23E+03 7.49E+01 1.94E+00 | 5.33E+07 2.67E+06
Samarium (62) Sm-141 1.59E£-13 5.37E-14 7.10E-14 9.81E-14 2.79E-14 6.39E-06 1.87E+04 1.87E+04 3.02E+04 6.80E+04 6.71E+02  1.80£+01
Samarium (62) Sm-141m 3.26E-13 9.81E-14 1.40E-13 1.95E-13 6.29E-14 9.04E-06 597E+03 597E+03 9.64E+03 2.17E+04 340E+02 S.04E+00
Samarium (62) Sm-142 1.40E-12 3.05E-13 5.37E-13 7.70E-13 2.13E-13 2.99E-07 5.62E+04 562E+04 9.08E+04 2.04E+05 8.87E+01  2.29E+00
Samarium (62) Sm-145 3.27E-12 5.11E-13 1.17E-12 1.70E-12 4.51E-12 3.83E-08 6.41E+01  6.36E+01  1.05E+02 2.36E+02 4.07E+01  1.04E+00
Samarium (62) Sm-146 8.36E-11 3.49E-11 4.11E-11 5.25E-11 7.88E-09 0.00E+00 7.58E+00 3.57E+00 5.04E+01 9.09E+01 1.16E+00  3.36E-02
Samarium (62) Sm-147 7.59E-11 3.17E-11 3.74E-11 4.77E-11 6.88E-09 0.00E+00 8.35E+00 3.93E+00 555E+01 1.00E+02 1.27E+00  3.70E-02
Sarnarium (62) Sm-151 1.59E-12 2.35E-13 5.55E-13 8.07E-13 4.88E-12 3.60E-13 465E+02 242E+02 8.20E+03  148E+04 8.58E+01  2.19E+00
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water ingestion Food Ingestion  Inhalation  External Exposure} Residential Agricultural ~ Qutdoor Indoor Tap Fish

Element Slope Factor Slope Factor-Adutt  Slope Factor Slope Factor Slope Factor Slope Factor Soil Soil Worker Soit Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) (risk/pCi} (risk/pCi) (risk/pCi) {risk/pCi) (risk/y per pCi/g) (pCi/g) (pCi/g) (pCi/g} (pCi/g) {pCilL) (pCilg) {pCi/g) (pCi/g)
Samarium (62) Sm-153 1.40E-11 1.97E-12 4.85E-12 7.10E-12 2.95E-12 1.06E-07 4.02E+03 3.97E+03 6.62E+03 1.49E+04 9.82E+00  248E-01
Samarium (62) Sm-155 1.13E-13 3.74E-14 4.96E-14 6.88E-14 3.15E-14 2.81E-07 1.96E+05 1.96E+05 3.17E+05 7.14E+05 9.60E+02 2.56E+01
Samarium (62) Sm-156 4.26E-12 6.29E-13 1.49E-12 2.18E-12 9.69E-13 3.79E-07 569E+03 5.69E+03 9.21E+03 2.07E+04  3.20E+01  8.09E-01
Scandium {21) Sc-43 221E-12 3.96E-13 8.18E-13 1.18E-12 3.81E-13 4.73E-06 1.10E+03  1.10E+03  1.78E+03 4.01E+03 582E+01  1.49E+00
Scandium (21) Sc-44 4.22E-12 7.51E-13 1.56E-12 2.25E-12 6.44E-13 9.95E-06 520E+02 520E+02 8.39E+02 1.89E+03 3.05E+01  7.84E-01
Scandium (21) Sc-44m 3.89E-11 6.03E-12 1.38E-11 2.01E-11 6.96E-12 1.15E-06 3.00E+02 299E+02 4.87E+02 1.10E+03 345E+00 8.77E-02
Scandium (21) Sc-46 1.62E-11 3.07E-12 6.22E-12 8.88E-12 2.47E-11 9.63E-06 1.05E+00 1.05E+00 1.69E+00 3.81E+00 7.66E+00  1.99E-01
Scandium (21) Sc-47 1.00E-11 1.44E-12 3.49E-12 5.11E-12 3.05E-12 3.62E-07 6.95E+02 6.94E+02  1.13E+03 2.54E+03 1.36E+01  3.45E-01
Scandium (21) Sc-48 1.93E-11 3.59E-12 7.33E-12 1.05E-11 3.96E-12 1.62E-05 2.87E+01  2.87E+01  4.64E+01 1.04E+02 6.50E+00  1.68E-01
Scandium (21) Sc-49 5.25E-13 1.22E-13 2.05E-13 2.92E-13 1.07E-13 1.90E-08 1.11E+06 1.11E+06 1.80E+06 4.06E+06 2.32E+02 6.04E+00
Selenium (34) Se-70 6.92E-13 1.95E-13 2.95E-13 4.11E-13 7.36E-14 4.22E-06 7.04E+03 7.04E+03 1.14E+04 2.56E+04 1.61E+02 4.29E+00
Selenium (34) Se-73 1.99E-12 4.48E-13 7.96E-13 1.13E-12 1.99E-13 4.52E-06 6.28E+02  6.27E+02 1.02E+03  2.29E+03  5.98E+01  1.56E+00
Selenium (34) Se-73m 2.02E-13 5.07E-14 8.29E-14 1.17E-13 2.06E-14 1.06E-06 2.95E+04 2.95E+04 4.76E+04 1.07E+05 574E+02 1.51E+01
Selenium (34) Se-75 1.67E-11 6.25E-12 8.14E-12 1.08E-11 3.77E-12 1.45E-06 4.78E+00  4.55E+00 7.86E+00 1.77E+01 585E+00  1.63E-01
Selenium (34) Se-77m 2.85E-07 1.47E+07  1.47E+07  2.37E+07  5.33E+07
Selenium (34) Se-79 1.60E-11 5.29€-12 7.29€-12 9.69E-12 3.33E-12 1.10E-11 469E+00 9.11E-01  3.30E+02 597E+02 653E+00 1.82E-01
Selenium (34) Se-81 9.58E-14 3.36E-14 4.29E-14 5.92E-14 1.27E-14 4.68E-08 140E+06  1.39E+06 2.27E+06 512E+06 1.11E+03  2.98E+01
Selenium (34) Se-81m 3.24E-13 8.07E-14 1.30E-13 1.85E-13 3.54E-14 3.56E-08 5.90E+05 5.70E+05 9.65E+05 2.17E+06 366E+02 9.53E+00
Selenium (34) Se-83 2.33E-13 7.33E-14 1.02E-13 1.43E-13 2.72E-14 1.15E-05 471E+03 4.71E+03 7.61E+03 1.71E+04 4.67E+02 1.23E+01
Silicon (14) Si-31 1.81E-12 2.97E-13 6.48E-13 9.40E-13 3.05E-13 1.11E-08 6.84E+05 6.85E+05 1.13E+06 2.53E+06 7.35+01  1.88E+00
Silicon (14) Si-32 9.81E-12 1.50E-12 3.44E-12 5.00E-12 2.93E-10 2.18E-11 8.14E+01 641E+01 1.07E+03 1.97E+03  1.38E+01 3.53E-01
Silver (47) Ag-102 1.56E-13 6.74E-14 7.25E-14 9.95E-14 2.56E-14 1.60E-05 591E+03 588E+03 954E+03 2.15E+04 6.57E+02 1.77E+01 | 2.73E+13  1.37E+12
Silver (47) Ag-103 2.96E-13 7.22E-14 1.20E-13 1.69E-13 6.07E-14 3.33E-06 557E+03 539E+03 9.00E+03 2.03E+04 3.97E+02 1.04E+01 | 6.37E+11  3.18E+10
Silver (47) Ag-104 3.77E-13 1.10E-13 1.65E-13 2.29E-13 6.25E-14 1.25€E-05 141E+03  1.39E+03 2.28E+03 5.12E+03 2.89E+02 7.70E+00 | 4.17E+11  2.09E+10
Silver (47) Ag-104m 2.81E-13 8.29€-14 1.21E-13 1.68E-13 4.92E-14 5.50E-06 6.62E+03 6.49E+03 1.07E+04 2.41E+04 3.94E+02 1.05E+01 | 2.43E+12 1.21E+11
Silver (47) Ag-105 4.40E-12 9.77E-13 1.77E-12 2.49E-12 2.83E-12 2.15E-06 9.56E+00 548E+00 1.55E+01 3.49E+01 2.69E+01  7.08E-01 | 5.35E+04 2.67E+03
Silver (47) Ag-106 1.34E-13 4.44E-14 5.92E-14 8.21E-14 2.72E-14 3.08E-06 1.65E+04  1.62E+04 2.66E+04 6.00E+04 8.04E+02 2.15E+01 | 9.67E+12 4.84E+11
Silver (47) Ag-106m 1.14E-11 2.82E-12 4.81E-12 6.73E-12 3.54E-12 1.31E-05 7.67E+00 576E+00 1.24E+01 2.79E+01 9.90E+00 2.62E-01 | 4.67E+05 2.34E+04
Siiver (47) Ag-108 8.56E-08 6.01E+06 6.01E+06 9.71E+06 2.18E+07
Silver (47) Ag-108m 1.92E-11 5.07E-12 8.14E-12 1.12E-11 2.67E-11 7.18E-06 1.68E-02 6.44E-03 3.22E-02  7.25E-02 585E+00  1.57E-01 3.99E-01 1.99E-02
Silver (47) Ag-109m 7.66E-09 2.41E+08 2.41E+08 3.90E+08 8.77E+08
Silver (47) Ag-110 1.69E-07 1.76E+07 1.76E+07 2.84E+07 6.40E+07
Silver (47} Ag-110m 2.37E-11 5.96E-12 9.88E-12 1.37E-11 2.83E-11 1.30E-05 2.60E-01 1.55E-01 4.21E-01 947E-01  4.82E+00  1.29E-01 1.58E+02 _ 7.92E+00
Silver (47) Ag-111 2.37E-11 3.36E-12 8.21E-12 1.21E-11 6.66E-12 1.09E-07 7.44E+02 142E+01 1.68E+03 3.77E+03 580E+00  1.46E-01 | 3.49E+05 1.75E+04
Silver (47} Ag-112 5.59E-12 9.10E-13 1.99E-12 2.90E-12 7.25€-13 3.23E-06 2.01E+03 1.27E+03 3.26E+03 7.33E+03 239E+01 6.08E-01 | 4.73E+09 2.36E+08
Silver (47) Ag-115 3.46E-13 8.92E-14 1.40E-13 1.98E-13 6.81E-14 3.44E-06 1.77E+04 1.71E+04 2.86E+04 6.44E+04 340E+02 B.91E+00 | 5.89E+12  2.94E+11
Sodium (11) Na-22 1.97E-11 7.47E-12 9.62E-12 1.26E-11 3.89E-12 1.03E-05 8.65E-02 861E-02  140E-01 3.15E-01 4.95E+00  1.40E-01
Sodium (11) Na-24 2.64E-12 9.29E-13 1.23E-12 1.65E-12 4.74E-13 2.20E-05 6.16E+01  6.15E+01  9.95E+01 2.24E+02 3.87E+01 1.07E+00
Strontium (38) Sr-80 2.83E-12 6.11E-13 1.09E-12 1.55E-12 4.51E-13 5.08E-11 1.13E+06  8.03E+03  1.57E+08 3.08E+08 4.37E+01 1.14E+00 | 1.25E+10 6.26E+08
Strontium (38) Sr-81 4.03E-13 1.17€-13 1.71E-13 2.39E-13 8.07E-14 5.97E-06 8.01E+03 7.71E+03 1.29E+04 291E+04 2.78E+02 7.38E+00 | 1.23E+12 6.14E+10
Strontium (38) Sr-82 8.47E-11 1.57E-11 3.13E-11 4.48E-11 3.69E-11 5.00E-11 1.09E+02  7.72E-01 2.79E+04 505E+04 1.52E+00  3.94E-02 | 3.36E+03  1.68E+02
Strontium (38) Sr-83 5.85E-12 1.14E-12 2.21E-12 3.17E-12 1.26E-12 3.60E-06 1.73E+02  9.35E+01 281E+02 6.33E+02 2.15E+01  5.56E-01 163E+07  8.17E+05
Strontium (38) Sr-85 5.03E-12 1.42E-12 2.26E-12 3.11E-12 2.56E-12 2.20E-06 5.88E+00 249E+00 9.59E+00 2.16E+0t1 2.11E+01  5.67E-01 | 6.93E+03  3.47E+02
Strontium (38} Sr-85m 3.74E-14 1.14E-14 1.67E-14 2.31E-14 8.32E-15 8.21E-07 2.14E+04 2.08E+04 3.45E+04 7.77E+04 2.85E+03 7.63E+01 | 1.69E+12 8.46E+10
Strontium (38) Sr-87m 2.69E-13 6.03E-14 1.07E-13 1.51E-13 5.62E-14 1.33E-06 5.43E+03 4.89E+03 8.78E+03 198E+04 4.45E+02 1.17E+01 | 4.49E+10 2.24E+09
Strontium (38) Sr-89 347E-11 6.48E-12 1.28E-11 1.84E-11 2.34E-11 7.19E-09 1.24E+02  9.30E-01  3.39E+03 7.45E+03 372E+00 9.59E-02 | 2.02E+03 1.01E+02
Strontium (38) Sr-90 9.18E-11 5.18E-11 5.59E-11 6.88E-11 1.05E-10 4.82E-10 3.31E-01 1.93E-03 4.23E+01 7.72E+01  B8.52E-01 2.56E-02 | 2.69E-01 1.34E-02
Strontium (38) Sr-90+D 1.44E-10 5.92E-11 7.40E-11 9.53E-11 1.13E-10 1.96E-08 2.31E-01 1.39E-03  1.07E+01 2.26E+01  644E-01 1.85E-02 | 2.69E-01 1.34E-02
Strontium (38) Sr-91 8.81E-12 1.57E-12 3.22E-12 4.66E-12 1.70E-12 3.30E-06 6.42E+02 2.72E+02 1.05E+03 2.36E+03 148E+01  3.78E-01 1.30E+08 6.52E+06
Strontium (38) Sr-92 6.18E-12 1.07E-12 2.25E-12 3.26E-12 1.03E-12 6.69E-06 1.12E+03  7.58E+02 1.81E+03 4.07E+03 2.12E+01 541E-01 | 2.29E+09 1.15E+08
Sulfur (16) S-35 1.24E-12 3.27E-13 5.14E-13 3.70E-12 5.03E-12 8.77E-12 1.96E+02 4.71E+01  3.22E+05  6.02E+05 9.26E+01  4.77E-01
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals {(PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water Ingestion Food Ingestion  Inhalation  External Exposure | Residential Agricultural  Outdoor indoor Tap Fish
Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor  Slope Factor Siope Factor Soil Soil Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
{Atomic Number) Isotope {risk/pCi) (risk/pCi}) (risk/pCi) (risk/pCi} {risk/pCi) {riskfy per pCi/g) (pCilg) (pCi/g) (pCi/g) (pCi/g) {pCi/L) (pCi/g) (pCi/g) (pCi‘g)
Tantalum (73) Ta-172 2.64E-13 7.96E-14 1.14E-13 1.59E-13 7.22E-14 7.04E-06 4.71E+03 4.71E+03 7.60E+03 1.71E+04 4.18E+02 1.11E+01
Tantatum (73) Ta-173 2.49E-12 4.22E-13 9.03E-13 1.31E-12 4.44E-13 2.38E-06 2.34E+03 2.34E+03 3.78E+03 8.50E+03 5.27E+01  1.35E+00
Tantalum (73) Ta-174 411E-13 9.47E-14 1.62E-13 2.30E-13 1.11E-13 2.55E-06 6.64E+03 664E+03 1.07E+04 241E+04 294E+02 7.67E+00
Tantalum (73) Ta-175 2.25E-12 4.37E-13 8.70E-13 1.24E-12 4.37E-13 4.16E-06 4.65E+02 4.65E+02 7.52E+02 169E+03 547E+01  1.42E+00
Tantalum (73) Ta-176 3.18E-12 6.55E-13 1.25E-12 1.78E-12 5.96E-13 1.06E-05 2.37E+02 237E+02 3.83E+02 862E+02 3.81E+01 991E-01%
Tantatum (73) Ta-177 1.65E-12 2.58E-13 5.88E-13 8.58E-13 4.44E-13 1.20E-07 2.98E+03 295E+03 4.83E+03 1.09E+04 8.10E+01  2.06E+00
Tantalum (73) Ta-178a 3.29E-07 3.98E+05 3.98E+05 6.43E+05 1.45E+06
Tantalum (73) Ta-178b 6.29E-13 1.38E-13 2.49E-13 3.53E-13 1.79E-13 3.78E-06 244E+03  244E+03 3.95E+03 8.88E+03 1.91E+02 5.00E+00
Tantalum (73) Ta-179 9.51E-13 1.54E-13 3.44E-13 5.00E-13 2.05E-12 3.62E-08 3.48E+01  3.42E+01  5.688E+01  1.28E+02 1.38E+02  3.53E+00
Tantalum (73) Ta-180 1.23E-11 1.99E-12 444E-12 6.44E-12 7.25E-11 2.03E-06 548E-02  4.09E-02  1.07E-01 2.40E-01 1.07E+01  2.74E-01%
Tantalum (73) Ta-180m 8.58E-13 1.31E-13 3.03E-13 4.40E-13 1.86E-13 6.13E-08 4.07E+04 4.03E+04 6.61E+04 1.49E+05 1.57E+02 4.01E+00
Tantalum (73) Ta-182 2.19E-11 3.59E-12 7.96E-12 1.15E-11 3.74E-11 6.04E-06 1.22E+00 1.21E+00 1.97E+00 443E+00 5.98E+00  1.53E-01
Tantalum (73) Ta-182m 4.44E-14 1.54E-14 1.99E-14 2.76E-14 3.41E-14 7.38E-07 1.05E+05 1.05E+05 1.69E+05 3.80E+05 239E+03 6.39E+01
Tantalum (73) Ta-183 2.38E-11 3.44E-12 8.33E-12 1.226-11 8.81E-12 9.40E-07 1.75E+02  1.72E+02 2.85E+02 6.42E+02 572E+00  145E-01
Tantalum (73) Ta-184 9.81E-12 1.58E-12 3.53E-12 5.11E-12 1.73E-12 7.02E-06 3.33E+02  3.32E+02  5.37E+02  1.21E+03 _ 1.35E+01  3.45E-01
Tantalum (73) Ta-185 3.92E-13 9.88E-14 1.57E-13 2.22E-13 1.18E-13 6.24E-07 3.99E+04 3.98E+04 6.44E+04 1.45E+05 3.03E+02 7.94E+00
Tantalum (73) Ta-186 1.19E-13 4.44E-14 5.51E-14 7.55E-14 2.69€-14 6.69E-06 1.74E+04 1.74E+04 280E+04 6.31E+04 8.64E+02 2.34E+01
Technetium (43) Tc-101 6.81E-14 2.42E-14 3.06E-14 4.22E-14 1.85E-14 1.37E-06 6.25E+04 564E+04 1.01E+05 2.28E+05 1.56E+03 4.18E+01 | 3.82E+12 1.91E+11
Technetium (43) Tc-104 3.09E-13 1.07E-13 1.38E-13 1.90E-13 5.33E-14 9.75E-06 6.86E+03  6.42E+03 1.11E+04 2.50E+04 3.45E+02 9.28E+00 | 5.15E+11  2.57E+10
Technetium (43) Tc-93 3.55E-13 1.04E-13 1.59€-13 2.20E-13 6.36E-14 7.31E-06 1.01E+03  9.12E+02  1.63E+03 3.67E+03 2.99E+02 8.02E+00 | 544E+09 2.72E+08
Technetium (43) Tc-93m 1.55E-13 4.51E-14 6.81E-14 9.44E-14 3.17E-14 3.62E-06 772E+03  7.08E+03 1.25E+04 2.81E+04 6.99E+02 1.87E+01 | 1.83E+11  Q.13E+09
Technetium (43) Tc-94 1.48E-12 3.92E-13 6.36E-13 8.88E-13 2.80E-13 1.24E-05 3.33E+02 267E+02 542E+02 1.22E+03  7.49E+01 1.996+00 | 4.31E+08 2.16E+07
Technetium (43) Tc-94m 574E-13 1.55E-13 2.36E-13 3.32E-13 1.03E-13 8.70E-06 268E+03 237E+03 4.35E+03 9.80E+03 2.02E+02 531E+00 | 3.69E+10  1.84E+09
Technetium (43) Tc-95 1.35E-12 3.50E-13 5.77E-13 8.03E-13 2.63E-13 3.63E-06 273E+02  1.56E+02 4.52E+02 1.02E+03 8.25E+01 2.20E+00 | 2.83E+07 1.42E+06
Technetium (43) Tc-95m 4.29E-12 1.10E-12 1.80E-12 251E-12 3.40E-12 2.93E-06 4.32E+00 1.16E+00 7.65E+00 1.72E+01 2.65E+01  7.03E-01 169E+03  8.47E+01
Technetium (43) Tc-96 7.81E-12 2.15E-12 3.42E-12 4.74E-12 2.00E-12 1.16E-05 1.63E+01 690E+00 2.75E+01 6.20E+01 1.39E+01  3.72E-01 181E+05 9.06E+03
Technetium (43) Tc-96m 8.36E-14 2.27E-14 3.59E-14 5.00E-14 2.05E-14 2.13E-07 108E+05 6.02E+04  1.80E+05 4.04E+05 1.33E+03 3.53E+01 | 2.47E+11  1.24E+10
Technetium (43) Tc-97 7.40E-13 1.34E-13 2.70E-13 3.89E-13 8.51E-13 2.94E-10 2.56E+00 597E-02 6.97E+02 1.55E+03 1.76E+02 4.53E+00 | 7.30E-01 3.65E-02
Technetium (43) Tc-97m 6.62E-12 1.14E-12 2.38E-12 3.44E-12 1.12E-11 1.04E-09 2.53E+01  7.85E-01 1.33E+04  2.92E+04 2.00E+01  5.13E-01 | 6.30E+02  3.15E+01
Technetium (43) Tc-98 1.83E-11 3.92E-12 7.10E-12 1.01E-11 3.01E-11 6.45E-06 147E-02  195E-03  3.35E-02 754E-02 6.71E+00  1.75E-01 2.78E-02 1.39E-03
Technetium {43) Tc-99 7.66E-12 1.32E-12 2.75E-12 4.00E-12 1.41E-11 8.14E-11 2.50E-01 581E-03  8.94E+02 1.72E+03 1.73E+01 4.41E-01 | 3.73E+00  1.86E-01
Technetium (43) Tc-99m 2.03E-13 4.37E-14 7.96E-14 1.14E-13 5.70E-14 3.93E-07 8.32E+03 4 20E+03  1.39E+04 3.12E+04 598E+02 1.55E+01 | 2.27E+09  1.13E+08
Tellurium (52) Te-116 1.75E-12 3.48E-13 6.73E-13 9.62E-13 3.20E-13 1.34E-07 5.55E+04 4 35E+04 9.84E+04  2.21E+05 7.08E+01  1.83E+00
Tellurium (52) Te-121 3.40E-12 9.07E-13 1.46E-12 2.01E-12 1.30E-12 2.46E-06 2.00E+01  194E+01 3.27E+01 7.36E+01 3.26E+01  8.77E-01
Tellurium (52) Te-121m 1.42E-11 4.51E-12 6.40E-12 8.51E-12 1.44E-11 7.83E-07 6.12E+00  4.37E+0C  1.13E+01  2.55E+01 7.44E+00 2.07E-01
Tellurium (52) Te-123 6.77E-12 4.07E-12 4.11E-12 511E-12 2.50E-12 2.73E-09 155E+00 291E-01  6.71E+C1  145E+02  1.16E+01  3.45E-01
Tellurium (52) Te-123m 1.02E-11 2.46E-12 4.14E-12 5.66E-12 1.36E-11 4.48E-07 1.34E+01  9.24E+00  2.54E+01 5.72E+01 1.15E+01  3.12E-01
Tellurium (52) Te-125m 8.92E-12 1.70E-12 3.33E-12 4.70E-12 1.17E-11 6.95E-09 2.06E+02 542E+01 3.30E+03 7.36E+03 143E+01  3.75E-01
Tellurium (52) Te-127 2.87E-12 4.226-13 1.00E-12 1.48E-12 6.11E-13 2.10E-08 5.286+04 2.10E+04 1.67E+05 3.75E+05 4.76E+01  1.19E+00
Tellurium (52) Te-127m 2.25E-11 4.77€-12 8.62E-12 1.20E-11 2.58E-11 2.73E-09 4.68E+01 1.16E+01 3.79E+03 8.17E+03 5.52E+00 1.47E-01
Tellurium (52) Te-129 4.40E-13 9.88E-14 1.71E-13 2.44E-13 9.95E-14 2.45e-07 7.05E+04 6.77E+04 1.15E+05 2.60E+05 2.78E+02  7.23E-+00
Tellurium (52) Te-129m 4.26E-11 7.18E-12 1.53E-11 2.20E-11 2.49E-11 1.38E-07 576E+01  1.85E+01  2.93E+02 6.59E+02 3.11E+00  8.02E-02
Tellurium (52) Te-131 5.62E-13 1.31E-13 2.17E-13 3.05E-13 6.40E-14 1.79E-06 2.72E+04  2.70E+04  4.40E+04 9.90E+04 2.19E+02 5.78E+00
Tellurium (52) Te-131m 2.28E-11 4.00E-12 8.25E-12 1.19E-11 4.22E-12 6.61E-06 1.00E+02 9.31E+01 1.66E+02 3.72E+02 577E+00  1.48E-01
Tellurium (52) Te-132 4.77E-11 8.25E-12 1.70E-11 2.44E-11 9.32E-12 7.83E-07 2.33E+02 1.21E+02 5.35E+02 1.20E+03 2.80E+00  7.23E-02
Tellurium (52) Te-133 5.29E-13 1.11E-13 1.92E-13 2.73E-13 4.92E-14 4.29E-06 2.27E+04  2.27E+04 3.67E+04 B.26E+04 248E+02 6.46E+00
Tellurium (52) Te-133m 2.42E-12 4.7T4E-13 8.73E-13 1.24E-12 2.64E-13 1.08E-05 2.02E+03 201E+03 3.26E+03 7.34E+03 5.45E+01 1.42E+00
Tellurium (52) Te-134 7.51E-13 1.89E-13 3.01E-13 4.18E-13 1.60E-13 3.78E-06 7.70E+03 767E+03  1.25E+04 2.80E+04  1.58E+02  4.22E+00
Terbium (65) Tb-147 1.37E-12 2.88E-13 5.33E-13 7.59€-13 2.26E-13 7.30E-06 1.69E+03 169E+03 273E+03 6.13E+03 8.93E+01  2.32E+00
Terbium (65) Tb-149 2.90E-12 5.25E-13 1.08E-12 1.56E-12 1.65E-11 7.60E-06 6.44E+02 6.44E+02 1.04E+03 2.34E+03 441E+01  1.13E+00
Terbium (65) Tb-150 2.92E-12 5.25E-13 1.08E-12 1.56E-12 3.88E-13 7.79E-06 7.98E+02 798E+02 1.29E+03 2.90E+03 4.41E+01  1.13E+00
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soit Ingestion Water Ingestion Food Ingestion  Inhalation  External Exposure | Residential Agricultural  Outdoor Indoor Tap Fish
Element Slope Factor Slope Factor-Aduit  Slope Factor Slope Factor Slope Factor Slope Factor Soil Soil Worker Soil Worker Soit Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) (risk/pCi} {risk/pCi) {risk/pCi) (risk/pCi) (risk/y per pCi/g) (pCilg) (pCifg) (pCi/g} {pCi/g) (pCi/L) (pCi/g) (pCi/g) (pCifg)
Terbium (65) Tb-151 3.92E-12 7.25€-13 1.49E-12 2.13E-12 7.73E-13 3.65E-06 3.16E+02  3.16E+02 5.11E+02 1.15E+03 3.20E+01  8.28E-01
Terbium (65) Tb-153 3.54E-12 5.77E-13 1.28E-12 1.86E-12 8.18E-13 7.24E-07 4.99E+02 499E+02 B.07E+02 1.82E+03 3.72E+01  9.48E-01
Terbium (65) Tb-154 6.51E-12 1.34E-12 2.57E-12 3.64E-12 1.14E-12 1.18E-05 8.05E+01 B.05E+01  130E+02 292E+02 185E+01  4.85E-01
Terbium (65) Tb-155 2.97E-12 4.81E-13 1.08E-12 1.56E-12 8.99E-13 3.26E-07 4.87E+02 4.87E+02 7.89E+02 1.77E+03 4.41E+01  1.13E+00
Terbium {65) Tb-156 1.30E-11 2.46E-12 4.96E-12 7.10E-12 4.22E-12 8.37E-06 1.89E+01  1.89E+01  3.06E+01 6.89E+01 9.60E+00  2.48E-01
Terbium (65) Tb-156m 2.29E-12 3.92E-13 8.44E-13 1.22E-12 847E-13 2.16E-08 3.79E+04 3.75E+04 B8.21E+04  1.40E+05 5B4E+01  1.45E+00
Terbium (65) Th-156n 1.11E-12 1.82E-13 4.03E-13 5.85E-13 3.77E-13 4.06E-09 9.56E+05 9.34E+05 161E+06 3.61E+06 1.18E+02 3.01E+00
Terbium (65) Tb-157 5.29E-13 7.99E-14 1.86E-13 2.70E-13 1.46E-12 1.63E-09 6.95E+01  519E+01  140E+02 3.14E+02 2.56E+02 6.53E+00
Terbium (65) Tb-158 1.32E-11 2.38E-12 4.88E-12 6.99E-12 8.29E-11 3.57E-06 3.34E-02 2.56E-02 6.41E-02 1.44E-01  9.76E+00  2.52E-01
Terbium (65) Tb-160 2.42E-11 3.85E-12 8.70E-12 1.27E-11 2.45E-11 5.23E-06 2.24E+00 2.24E+00 3.62E+00 8.14E+00 547E+00  1.39E-01
Terbium (65) Tb-161 1.38E-11 1.95E-12 4.77E-12 7.03E-12 5.03E-12 3.44E-08 3.33E+03  3.23E+03 5.71E+03 1.28E+04 9.88E+00  2.51E-01
Thallium (81) TI-194 3.68E-14 1.48E-14 1.81E-14 245E-14 5.11E-15 3.25E-06 114E+04  1.14E+04 1.84E+04 4.13E+04 2.63E+03  7.20E+0t
Thallium (81) TI-194m 1.63E-13 6.36E-14 7.81E-14 1.06E-13 2.50E-14 1.01E-05 3.68E+03 3.68E+03 595E+03 1.34E+04 6.10E+02 1.66E+01
Thallium (81) Ti-195 1.36E-13 5.00E-14 6.40E-14 8.70E-14 2.08E-14 6.02E-06 2.91E+03 291E+03 4.70E+03 1.06E+04 7.44E+02 2.03E+01
Thallium (81) Ti-197 1.41E-13 4.51E-14 6.25E-14 8.55E-14 2.39E-14 1.65E-06 433E+03  4.33E+03  7.01E+03  1.58E+04 7.62E+02  2.06E+01
Thallium (81) TI-198 4.26E-13 1.61E-13 2.06E-13 2.75E-13 7.92E-14 9.67E-06 3.96E+02 3.96E+02 6.41E+02 1.44E+03 231E+02 6.41E+00
Thallium (81) TI-198m 2.76E-13 1.01E-13 1.30E-13 1.75€E-13 4.92E-14 5.04E-06 2.16E+03  2.15E+03  3.48E+03 7.84E+03 3.66E+02 1.01E+01
Thallium {81) TI-199 1.64E-13 5.33E-14 7.36E-14 9.99E-14 2.89E-14 8.56E-07 3.20E+03 3.19E+03  5.17E+03  1.16E+04 6.47E+02 1.77E+01
Thallium (81) TI-200 1.31E-12 4.55E-13 6.14E-13 8.21E-13 2.52E-13 5.93E-06 131E+02  131E+02 2.12E+02 4.77E+02 7.76E+01  2.15E+00
Thaltium (81) T1-201 8.81E-13 2.23E-13 3.61E-13 5.00E-13 1.49E-13 1.88E-07 146E+03 141E+03 2.39E+03 5.38E+03 1.32E+02 3.53E+00
Thallium {81) Ti-202 3.28E-12 1.05E-12 1.49E-12 2.01E-12 6.14E-13 1.83E-06 3.77E+01  3.72E+01  6.13E+01  1.38E+02 3.20E+01  8.77E-01
Thallium (81) Ti-204 1.54E-11 3.16E-12 5.85E-12 8.25E-12 2.45€-12 2.76E-09 1.48E+01  3.90E+00 3.19E+02 6.95E+02 8.14E+00  2.14E-01
Thallium (81) Ti-206 6.05E-09 4.80E+07 4.80E+07 7.75E+07 1.74E+08
Thallium (81) T1-207 1.52E-08 1.68E+07 1.68E+07 2.72E+07 6.11E+07
Thallium (81) TI-208 1.76€E-05 226E+04 2.26E+04 3.65E+04 8.20E+04
Thatlium (81) TI-209 9.83E-06 5.64E+04 564E+04 9.11E+04  2.05E+05
Thorium (30) Th-226 1.58E-12 4.77E-13 6.66E-13 9.32E-13 1.56E-10 2.36E-08 165E+06 4.59E+05 2.69E+06  6.06E+06  7.15E+01  1.89E+00 | 3.61E+12 1.81E+11
Thorium (90) Th-227 1.37E-10 2.03E-11 4.74E-11 6.92E-11 3.51E-08 3.78E-07 1.13E+02 9.04E+00 1.92E+02 4.32E+02 1.00E+00 2.55E-02 | 6.68E+04 3.34E+03
Thorium (90) Th-228 2.89E-10 6.40E-11 1.07E-10 1.48E-10 1.32E-07 5.59E-09 2.42E+01 1.23E-01  1.39E+02 2.74E+02  4.45E-01 1.19E-02 | 6.60E+01  3.30E+00
Thorium (90} Th-228+D 8.09E-10 1.62E-10 3.00E-10 4 22E-10 1.43E-07 7.76E-06 1.54E-01 3.38E-02  2.52E-01 5.67E-01 1.59E-01 4.18E-03 | 6.60E+01  3.30E+00
Thorium (90) Th-229 4.96E-10 1.97E-10 224E-10 2.90E-10 1.75E-07 2.25E-07 3.70E-01 4.28E-03 8.66E-01 1.90E+00 2.13E-01 6.08E-03 | 6.07E+00  3.03E-01
Thorium (90) Th-229+D 1.29E-09 3.63E-10 5.28E-10 7.16E-10 2.25E-07 1.17E-06 8.16E-02  1.71E-03  1.78E-01 3.97E-01  9.02E-02  246E-03 | 6.07E+00  3.03E-01
Thorium (90) Th-230 2.02E-10 7.73E-11 9.10E-11 1.18E-10 2.85E-08 8.19E-10 348E+00 105E-02 2.08E+01 3.82E+01  5.23E-01 148E-02 | 6.06E+00  3.03E-01
Thorium (90) Th-231 6.36E-12 9.14E-13 2.21E-12 3.24E-12 1.52E-12 2.45E-08 3.13E+04  3.30E+03 523E+04 1.18E+05 2.15E+01 5.44E-01 | 4.44E+08 2.22E+07
Thorium (90) Th-232 2.31€-10 8.47E-11 1.01E-10 1.33E-10 4.33E-08 3.42E-10 3.10E+00 9.41E-03  1.98E+01 3.61E+01 4.71E-01 1.33E-02 | 6.06E+00  3.03E-01
Thorium (90) Th-234 6.70E-11 9.51E-12 2.31E-11 3.40E-11 3.07E-11 1.63E-08 1.33E+03 153E+01 3.25E+03  7.20E+03 2.06E+00 519E-02 | B.26E+04 4.13E+03
Thulium (69) Tm-162 1.24€-13 4.29E-14 5.66E-14 7.77E-14 2.72E-14 8.69E-06 6.46E+03 6.46E+03  1.04E+04 2.35E+04 8.41E+02 227E+01
Thulium (69) Tm-166 2.86E-12 5.85E-13 1.126-12 1.59E-12 5.14E-13 8.98E-06 2.94E+02 294E+02 4.75E+02 1.07E+03 4.25E+01  1.11E+00
Thulium (69) Tm-167 9.88E-12 1.44E-12 3.46E-12 5.07E-12 4.37E-12 3.97E-07 2.30E+02 230E+02 3.73E+02 8.38E+02 1.38E+01  3.48E-01
Thulium (69) Tm-170 2.59E-11 3.61E-12 8.92E-12 1.31E-11 2.43E-11 1.01E-08 478E+02  4.83E+02 1.01E+03 2.24E+03 534E+00  1.35E-01
Thulium (69) Tm-171 2.02E-12 2.85E-13 6.99E-13 1.026-12 3.33E-12 6.97E-10 1.23E+03  1.25E+03  2.67E+03 593E+03 6.81E+01  1.73E+00
Thulium (69) Tm-172 3.09E-11 4.44E-12 1.08E-11 1.57E-11 5.62E-12 2.35E-06 1.36E+02  1.36E+02  2.20E+02 4.94E+02 441E+00  1.12E-01
Thulium (69) Tm-173 4.88E-12 7.44E-13 1.72E-12 2.52E-12 7.73E-13 1.62E-06 1.52E+03  1.52E+03  2.46E+03 553E+03 277E+01  7.00E-O01
Thulium (69) Tm-175 1.19E-13 3.85E-14 5.22E-14 7.25E-14 3.26E-14 4.78E-06 1.68E+04 1.68E+04 2.71E+04 6.10E+04 G9.12E+02 2.43E+01
Tin (50) Sn-110 5.18E-12 8.36E-13 1.87E-12 2.71E-12 6.70E-13 1.13E-06 449E+03 449E+03  7.26E+03 1.63E+04 2.55E+01  6.51E-01
Tin (50) Sn-111 1.32E-13 3.61E-14 5.51E-14 7.70E-14 2.83E-14 2.29E-06 1.51E+04 1.51E+04 2.44E+04 548E+04 B.64E+02  229E+01
Tin {50) Sn-113 1.22E-11 1.86E-12 4.33E-12 6.33E-12 1.00E-11 2.02E-08 3.31E+02 3.16E+02 582E+02 1.31E+03 1.10E+0t1  2.79E-01
Tin (50} Sn-117m 1.25E-11 1.83E-12 4.37E-12 6.40E-12 B.84E-12 4.69E-07 1.32E+02 1.32E+02  2.14E+02 4.82E+02 1.09E+01  2.76E-01
Tin (50) Sn-119m 6.36E-12 9.14E-13 2.21E-12 3.24E-12 781E-12 1.20E-09 1.27E+03 1.03E+03 3.56E+03 7.84E+03 2.15E+01  5.44E-01
Tin (50) Sn-121 4.33E-12 6.11E-13 1.50€-12 2.20E-12 1.02E-12 1.30E-10 8.71E+05 6.13E+05 593E+06 1.22E+07 3.17E+01  8.02E-01
Tin (50) Sn-121m 6.66E-12 9.99E-13 2.34E-12 341E-12 1.54E-11 8.85E-10 6.66E+01  4.14E+01  2.50E+02 547E+02 2.04E+01  5.17E-01
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soit Ingestion Soil ingestion Water Ingestion Food Ingestion  Inhalation  External Exposure | Residential Agricultural  Qutdoor Indoor Tap Fish
Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor  Slope Factor Siope Factor Soit Soit Worker Soil Worker Soit Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) {risk/y per pCilg) (pCi/g) (pCilg) (pCi‘g) {pCiig) (pCilL) (pCi/g) (pCilg) {pCi/g)
Tin (50) Sn-123 4.03E-11 5.70E-12 1.40E-11 2.05E-11 3.03E-11 3.88E-08 1.44E+02  1.34E+02 2.68E+02 6.01E+02 3.40E+00 8.60E-02
Tin (50) Sn-123m 1.94E-13 5.33E-14 7.96E-14 1.12E-13 5.62E-14 4 62E-07 6.58E+04  6.58E+04 1.06E+05 2.39E+05 5.98E+02 1.57E+01
Tin (50) Sn-125 5.81E-11 8.25E-12 2.01E-11 2.95E-11 141E-11 1.53E-06 5.70E+01  5.69E+01 9.27E+01 2.08E+02 2.37E+00  5.98E-02
Tin (50) Sn-126 7.07E-11 1.17E-11 2.56E-11 3.69E-11 9.95E-11 9.96E-08 1.00E+00  7.11E-01 2.14E+00 4.80E+00 1.86E+00 4.78E-02
Tin (50) Sn-127 2.22E-12 4.11E-13 8.25E-13 1.19E-12 4.40E-13 9.25E-06 1.05E+03 1.05E+03 1.69E+03 3.80E+03 577E+01 148E+00
Tin (50) Sn-128 1.09E-12 2.57E-13 4.33E-13 6.14E-13 2.29E-13 2.62E-06 7.87E+03  7.87E+03  1.27E+04 2.86E+04 1.10E+02 2.87E+00
Titanium (22) Ti-44 6.73E-11 1.34E-11 2.56E-11 3.64E-11 3.41E-10 2.39€E-07 5.55E-01 4.46E-01 1.07E+00 241E+00 1.86E+00  4.85E-02
Titanium (22) Ti-45 1.75E-12 3.12E-13 6.44E-13 9.32E-13 3.09E-13 3.79E-06 1.74E+03  1.74E+03 2.81E+03 6.33E+03 7.39E+01  1.89E+00
Tungsten (74) W-176 1.05E-12 2.13E-13 4.11E-13 5.88E-13 1.24E-13 3.20E-07 2.76E+04 2.75E+04 4.46E+04 1.00E+05 1.16E+02 3.00E+00
Tungsten (74) W-177 5.00E-13 1.13E-13 2.01E-13 2.84E-13 5.99E-14 3.63E-06 249E+03  249E+03 4.02E+03  9.04E+03 2.37E+02 6.21E+00
Tungsten (74) W-178 3.33E-12 5.37E-13 1.21E-12 1.75E-12 3.85E-13 1.59E-08 229E+03  2.03E+03 3.95E+03 8.87E+03 3.94E+01  1.01E+00
Tungsten (74) W-179 1.68E-14 5.00E-15 7.22E-15 1.01E-14 1.83E-15 6.01E-08 541E+05 541E+05 B8.74E+05 1.97E+06 6.60E+03  1.75E+02
Tungsten (74) W-181 1.07E-12 1.83E-13 3.96E-13 5.70E-13 1.35€-13 4.86E-08 143E+02 1.41E+02 2.32E+02 5.23E+02 1.20E+02 3.09E+00
Tungsten (74) W-185 8.36E-12 1.21E-12 2.93E-12 4.29E-12 9.36E-13 2.92E-10 3.54E+03  1.32E+03 4.15E+04 8.61E+04 1.63E+01  4.11E-01
Tungsten (74) W-187 1.03E-11 1.59E-12 3.67E-12 5.37E-12 1.11E-12 2.04E-06 416E+02 4.15E+02 6.73E+02 1.51E+03  1.30E+01  3.28E-01
Tungsten (74) W-188 4.00E-11 5.77E-12 1.40E-11 2.05E-11 4.63E-12 7.02E-09 5.85E+02 2.62E+02 2.55E+03 5.61E+03 3.40E+00  8.60E-02
Uranium (92) U-230 5.66E-10 1.04E-10 2.09E-10 2.98E-10 4.55E-08 3.07E-09 4.09E+02 390E-01 4.11E+03 7.72E+03  2.28E-01 5.92E-03 | 3.58E+12 1.79E+11
Uranium (92) U-231 5.00E-12 7.40E-13 1.75E-12 2.56E-12 1.80E-12 1.60E-07 1.25E+03 1.91E+02 2.03E+03 4.58E+03 272E+01  6.89E-01 | 8.74E+13  4.37E+12
Uranium (92) U-232 5.74E-10 2.45E-10 2.92E-10 3.85€-10 1.95E-08 5.98E-10 1.25E+00 7.47E-04 7.97E+00 1.44E+01 1.63E-01 4.58E-03 | 8.86E+06 4.43E+05
Uranium (92) U-233 1.60E-10 5.22E-11 7.18E-11 9.69E-11 1.16E-08 9.82E-10 3.86E+00 246E-03 2.92E+01 541E+01  6.63E-01 1.82E-02 | 347E+03 1.74E+02
Uranium (92) U-234 1.58E-10 5.11E-11 7.07E-11 9.55E-11 1.14E-08 2.52E-10 4.01E+00  2.50E-03  3.31E+01 6.01E+01  6.74E-01 1.85E-02 | 2.24E+03  1.12E+02
Uranium (92) U-235 1.57€-10 4.92E-11 6.96E-11 9.44E-11 1.01€-08 5.18E-07 2.05E-01 249E-03  4.13E-01 9.26E-01  6.84E-01 1.87E-02 | 7.77E-01 3.89E-02
Uranium (92) U-235+D 1.63E-10 5.03E-11 7.18E-11 9.76E-11 1.01E-08 5.43E-07 1.95E-01 241E-03  3.94E-01 8.84E-01  6.63E-01 1.81E-02 | 7.77E-01 3.89E-02
Uranium (92) U-236 1.49E-10 4.85E-11 6.70E-11 9.03E-11 1.05E-08 1.25E-10 427E+00  264E-03  3.55E+01 6.43E+01  7.11£-01 1.95E-02 | 2.33E+01  1.16E+00
Uranium (92) U-237 1.39E-11 2.05E-12 4.88E-12 7.14E-12 6.44E-12 3.76E-07 3.31E+02 4.36E+01 5.39E+02 1.21E+03 9.76E+00 2.47E-01 | 3.30E+13 1.65E+12
Uranium (92) U-238 1.43E-10 4.66E-11 6.40E-11 8.66E-11 9.32E-09 4.99E-11 446E+00 2.76E-03 3.75E+01 6.77E+01  7.44E-01 2.04E-02 1.21E-01 6.04E-03
Uranium (92) U-238+D 2.10E-10 5.62E-11 8.71E-11 1.21E-10 9.35E-09 1.14E-07 7.42E-01 1.97E-03  1.79E+00 3.97E+00  5.47E-01 1.46E-02 1.21E-01 6.04E-03
Uranium (92) U-239 1.90E-13 4.40E-14 7.40E-14 1.06E-13 5.70E-14 1.21E-07 429E+05 3.28E+05 6.93E+05 1.56E+06 644E+02 166E+01 { 559E+18 2.80E+17
Uranium (92) U-240 2.02E-114 2.96E-12 7.03E-12 1.03E-11 2.98E-12 7.33E-10 3.48E+05 3.99E+02 2.13E+06 4.43E+06 6.77E+00 1.71E-01 | 4.30E+15 2.15E+14
Vanadium (23} V-47 2.92E-13 8.88E-14 1.25E-13 1.74E-13 5.96E-14 4.36E-06 8.58E+03  8.58E+03  1.39E+04 3.12E+04 3.81E+02  1.01E+01
Vanadium (23) V-48 2.13e-11 4.11E-12 8.21E-12 1.17E-11 9.29E-12 1.40E-05 3.73E+00 3.73E+00 6.03E+00 1.36E+01 5.8CE+00  1.51E-01
Vanadium (23) V-49 3.53E-13 5.00E-14 1.22E-13 1.79E-13 1.47E-13 0.00E+00 517E+04 539E+04 6.81E+05 1.23E+06 3.90E+02 9.85E+00
Xenon (54) Xe-120 1.70E-06 179E+04 1.79E+04 2.90E+04 6.52E+04
Xenon (54) Xe-121 8.73E-06 3.48E+03 348E+03 563E+03 1.27E+04
Xenon (54) Xe-122 1.83E-07 552E+03 5.52E+03 8.92E+03 2.01E+04
Xenen (54) Xe-123 2.72E-08 3.59E+03 3.50E+03  5.80E+03 1.31E+04
Xenon (54) Xe-125 9.38E-07 1.27E+03  1.27E+03 2.06E+03 4.63E+03
Xenon (54) Xe-127 9.52E-07 2.44E+01  244E+01  3.95E+01  8.88E+01
Xenon (54) Xe-129m 4.25E-08 2.49E+03  2.49E+03  4.02E+03  9.05E+03
Xenon (54) Xe-131m 1.41E-08 5.05E+03 5.05E+03 8.15E+03  1.83E+04
Xenon (54) Xe-133 6.62E-08 244E+03 244E+03 3.94E+03  8.85E+03
Xenon (54) Xe-133m 9.25E-08 418E+03  4.18E+03 6.75E+03  1.52E+04
Xenon (54) Xe-135 ! 8.70E-07 230E+03 2.30E+03 3.72E+03  8.38E+03
Xenon (54} Xe-135m 1.86E-06 428E+04  428E+04 6.92E+04  1.56E+05
Xenon (54) Xe-138 5.62E-06 1.53E+04 1.53E+04 247E+04 5.55E+04
Ytterbium (70) Yb-162 1.21E-13 3.62E-14 5.22E-14 7.29E-14 3.00E-14 3.26E-07 1.98E+05 1.98E+05 3.20E+05 7.19E+05 9.12E+02 2.42E+01
Ytterbium (70) Yb-166 1.17E-11 2.08E-12 4.37€-12 6.29E-12 2.89E-12 9.46E-08 3.72E+03 3.73E+03 6.10E+03  1.37E+04 1.09E+01  2.80E-01
Ytterbium (70) Yb-167 3.70E-14 1.04E-14 1.56E-14 2.18E-14 1.71E-14 6.21E-07 112E+05  1.12E+05 1.81E+05 4.08E+05 3.05E+03  8.09E+01
Ytterbium (70) Yb-169 1.12E-11 1.73E-12 4.00E-12 5.85E-12 1.08E-11 7.75-07 3.41E+01  3.41E+01 5.51E+01 1.24E+02 1.19E+01  3.01E-01
Ytterbium (70) Yb-175 8.29E-12 1.17E-12 2.87E-12 4.22E-12 2.95E-12 1.54E-07 1.30E+03  1.30E+03 2.12E+03 4.76E+03 1.66E+01  4.18E-01
Ytterbium (70) Yb-177 9.51E-13 1.69E-13 3.46E-13 5.03E-13 2.29E-13 8.35E-07 1.28E+04  1.28E+04 2.07E+04 466E+04 138E+02 3.51E+00
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Radionuclide Toxicity and Preliminary Remediation Goals for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water Ingestion Food Ingestion Inhalation  External Exposure | Residential Agricultural  Outdoor Indoor Tap Fish

Element Siope Factor Slope Factor-Adult  Slope Factor Slope Factor Slope Factor Slope Factor Soil Soll Worker Soil  Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope {risk/pCi) (risk/pCi) (risk/pCi} (risk/pCi) (risk/pCi} (riskiy per pCi/g) (pCilg) (pCi/g) (pCilg) (pCifg) {pCilL) (pCilg) (pCifg) (pCilg)
Ytterbium (70) Yb-178 1.06E-12 1.92E-13 3.89E-13 5.59E-13 2.38E-13 1.44E-07 1.14E+05 1.14E+05 1.85E+05 4.16E+05 1.22E+02 3.16E+00
Yttrium (39) Y-86 1.05E-11 2.03E-12 4.07E-12 5.81E-12 1.58E-12 1.73E-05 7.98E+01  7.99E+01 1.29E+02 2.90E+02 1.17E+01 3.04E-01
Yitrium (39) Y-86m 6.11E-13 1.18E-13 2.35E-13 3.35E-13 9.29E-14 8.35E-07 3.04E+04 3.04E+04 4.91E+04 1.11E+05 2.03E+02 5.26E+00
Yttrium (39) Y-87 6.92E-12 1.21E-12 2.58E-12 3.70E-12 1.49E-12 1.94E-06 1.30E+02  1.30E+02 2.11E+02 4.74E+02 1.85E+01 4.77E-01
Yttrium (39) Y-88 9.92E-12 2.40E-12 4.18E-12 5.85E-12 1.70E-11 1.37E-05 577E-01 5.77E-01 9.33E-01  210E+00  1.14E+01 3.01E-01
Yttrium (39) Y-90 5.25E-11 7.29E-12 1.81E-11 2.65E-11 8.40E-12 1.91E-08 1.14E+04 9.83E+03 2.57E+04 571E+04 2.63E+00  6.66E-02
Yttrium (39) Y-90m 2.95E-12 4.40E-13 1.04E-12 1.51E-12 4.81E-13 2.58E-06 247E+03 2.47E+03 3.99E+03 8.97E+03 458E+01 1.17E+00
Yttrium (39) Y-91 4.66E-11 6.48E-12 1.60E-11 2.35E-11 3.36E-11 2.51E-08 4.39E+02 3.93E+02 9.03E+02 2.02E+03 2.98E+00  7.50E-02
Yttrium (39) Y-31m 8.51E-14 2.15E-14 3.52E-14 4.96E-14 3.01E-14 2.34E-06 1.05E+04 1.05E+04 1.69E+04 3.81E+04 1.35E+03 3.56E+01
Yttrium (39) Y-92 7.03E-12 1.10E-12 2.48E-12 3.61E-12 9.32E-13 1.26E-06 455E+03 4.55E+03  7.36E+03 1.66E+04 1.92E+01  4.89E-01
Yitrium (39) Y-93 2.08E-11 2.96E-12 7.18E-12 1.05E-11 2.64E-12 4.60E-07 4.34E+03 4.32E+03 7.06E+03 1.59E+04 6.63E+00  1.68E-01
Yttrium (39) Y-94 3.08E-13 1.06E-13 1.37E-13 1.90E-13 5.51E-14 5.45E-06 117E+04 1.17E+04 1.89E+04 4.26E+04 3.48E+02  9.28E+00
Ytirium (39) Y-95 1.59E-13 5.85E-14 7.25E-14 9.99E-14 2.92E-14 4.80E-06 2.37E+04 2.37E+04 3.83E+04 8.63E+04 657E+02 1.77E+01
Zinc (30) Zn-62 1.34E-11 2.25E-12 4.96E-12 7.25E-12 2.65E-12 1.87E-06 1.13E+03  3.94E+00 1.90E+03 4.26E+03 9.60E+00 243E-01 | 223E+07 1.11E+06
Zinc (30) Zn-63 3.77E-13 1.13E-13 1.61E-13 2.26E-13 7.55E-14 4.87E-06 6.57E+03 144E+03 1.06E+04 2.39E+04 2.96E+02  7.80E+00 | 1.46E+11  7.30E+09
Zinc (30) Zn-65 2.45E-11 8.95E-12 1.17E-11 1.54E-11 581E-12 2.81E-08 1.18E+00  2.93E-03  1.99E+00 4.49E+00 4.07E+00 1.15E-01 [ 5.60E+01  2.80E+00
Zinc (30) Zn-69 1.79E-13 4.51E-14 7.22E-14 1.03E-13 6.11E-14 1.67E-09 8.19E+06 2. 71E+03 2.06E+07 4.64E+07 6.60E+02 1.71E+01 | 1.45E+11  7.27E+09
Zinc (30) Zn-69m 5.07E-12 8.33E-13 1.86E-12 2.73E-12 1.28E-12 1.77E-06 8.20E+02 6.98E+00 1.34E+03 3.02E+03 256E+01 6.46E-01 | 268E+07  1.34E+06
Zinc (30) Zn-71m 2.50E-12 4.92E-13 9.66E-13 1.39€-12 5.33E-13 6.84E-06 7.56E+02 4 57E+01  1.22E+03  2.75E+03 4.93E+01 1.27E+00 | 6.38E+08 3.19E+07
Zinc (30) Zn-72 1.71E-11 3.34E-12 6.59E-12 9.44E-12 5.48E-12 4.68E-07 7.88E+02  6.03E-01 151E+03  3.39E+03 7.23E+00  1.87E-01 | 6.65E+05 3.33E+04
Zirconium (40) Zr-86 1.02E-11 1.86E-12 3.85E-12 5.55E-12 1.56E-12 1.04E-06 118E+03  1.18E+03 1 91E+03 4.30E+03 1.24E+01 3.18E-01
Zirconium (40) Zr-88 3.74E-12 9.36E-13 1.58E-12 2.18E-12 8.95E-12 1.65E-06 6.15E+00 6.15E+00 9.94E+00 2.24E+01  3.01E+01 8.09E-01
Zirconiurm (40) Zr-89 9.58E-12 1.72E-12 3.60E-12 5.18E-12 1.92E-12 5.38E-06 4.82E+01 4.82E+01 7.78E+01 1.75E+02 1.32E+01 3.40E-01
Zirconium (40) Zr-93 2.12E-12 8.81E-13 1.11E-12 1.44E-12 7.29E-12 0.00E+00 338E+02 2.00E+02  1.81E+03 3.26E+03 4.29E+01  1.22E+Q0
Zirconium (40) Zr-95 1.23E-11 2.16E-12 4.59E-12 6.59E-12 1.65E-11 3.40E-06 3.89E+00 3.89E+00 6.29E+00 141E+01 1.04E+01  2.68E-01
Zirconium (40) 2r-97 3.576-1 5.25E-12 1.25E-11 1.83E-11 4.81E-12 8.62E-07 1.39E+03  1.38E+03 2.25E+03 5.07E+03 3.81E+00  9.64E-02
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soit ingestion Water Ingestion Food Ingestion Inhalation  External Exposure | Residential Agricultural  Outdoor indoor Tap Fish

Element Slope Factor Slope Factor-Adult ~ Stope Factor Stope Factor  Slope Factor Stope Factor Soit Sail Worker Soil  Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) (risk/pCi) (nsk/pCi} (risk/pCi} (risk/pCi) {risk/y per pCi/g) {ma’kg) (mg/kg) (mg/kg) {mg/kg) {mglL) (ma/kg) {mg/kg) (mg/kg)
Actinium (89} Ac-223 1.55E-08 9.34E-08 9.34E-08 1.51E-07 3.40E-07
Actinium (89) Ac-224 1.53E-11 2.77E-12 5.59E-12 8.03E-12 4.07E-10 6.06E-07 2.39E-09 2.39E-09  3.88E-09 8.72E-09 1.77E-15  4.56E-14
Actinium (89) Ac-225 5.18E-10 9.03E-11 1.89E-10 2.71E-10 2.86E-08 4.50E-08 1.10E-08 8.23E-09  4.20E-08 9.02E-08  4.35E-15 1.12E-13
Actinium (89) Ac-226 2.00E-10 2.84E-11 6.92E-11 1.01E-10 4.33E-09 4.46E-07 3.06E-09  2.96E-09 5.28E-09 1.18E-08 1.44E-15 3.66E-14
Actinium (89) Ac-227 3.81E-10 2.01E-10 2.01E-10 2.45E-10 1.49€E-07 3.48E-10 3.51E-08 1.88E-08 1.69E-07 3.07E-07  3.28E-12 9.97E-11
Actinium (89) Ac-227+D 1.16E-09 3.45E-10 4.86E-10 6.53E-10 2.09E-07 1.47E-06 1.44E-09 1.15E-09  2.87E-09  6.41E-09 1.36E-12 3.74E-11
Actinium (89) Ac-228 5.565E-12 9.10E-13 1.99E-12 2.89E-12 4.92E-11 4.53E-06 327E-10  327E-10  5.28E-10 1.19E-09 1.07E-14 2.73E-13
Aluminum {(13) Al-26 4.70E-11 8.18E-12 1.73E-11 2.49E-11 6.92€-11 1.33E-05 4.37E-07 3.28E-07  8.48E-07 1.91E-06 1.43E-07 3.69E-06
Aluminum (13) Al-28 9.32E-06 1.95E-11 1.95E-11 3.15€-11 7.09E-11
Americium (95) Am-237 1.24E-13 3.12E-14 5.07E-14 7.18E-14 5.77E-14 1.35E-06 1.14E-09 1.14E-09 1.84E-09  4.14E-09  8.66E-14 2.26E-12 2.18E-06 1.09E-07
Americium (95) Am-238 2.28€-13 5.96E-14 9.62E-14 1.35E-13 9.51E-14 4.02E-06 3.84E-10 3.84E-10  6.21E-10 1.40E-09 6.15E-14 1.62E-12 1.15E-06 5.76E-08
Americium (95} Am-239 3.89E-12 5.99E-13 1.38E-12 2.01E-12 8.40E-13 6.91E-07 2.24E-09 1.97E-09 3.63E-09  8.16E-09  3.14E-14 7.98E-13 8.07E-08 4.03E-09
Americium (95) Am-240 6.81E-12 1.27E-12 2.59E-12 3.70E-12 1.41E-12 4.69E-06 3.32E-10  320E-10  5.37E-10 1.21E-09  7.16E-14 1.86E-12 | 4.32E-08 2.16E-09
Americium (95) Am-241 2.17E-10 9.10E-11 1.04E-10 1.34E-10 2.81E-08 2.76E-08 544E-07  3.85E-09 1.66E-06  3.48E-06 1.33E-10 3.84E-09 7.39E-07 3.70E-08
Americium (95) Am-242 5.14E-12 7.51E-13 1.79E-12 262E-12 5.03E-11 3.48E-08 4.42E-08 9.68E-09  7.28E-08 1.64E-07  3.29E-14 8.33E-13 | 6.30E-08 3.15E-09
Americium (95) Am-242m 1.29E-10 7.33E-11 7.07e-11 8.77E-11 1.56E-08 1.05E-08 5.79E-07 221E-09 234E-06 4.32E-06 6.94E-11 2.07E-09 1.25E-08 6.23E-10
Americium (95) Am-242m+D 2.21E-10 8.95E-11 1.04E-10 1.36E-10 2.81E-08 4.83E-08 1.49E-07 141E-09  3.897E-07 8.54E-07  4.72E-11 1.34E-09 848E-09  4.24E-10
Americium {95) Am-243 2.17E-10 9.03E-11 1.03E-10 1.34E-10 2.70E-08 9.47E-08 4 37E-06  6.36E-08 1.03E-05 2.25E-05  2.32E-08 6.61E-08 1.26E-05 6.30E-07
Americium (95) Am-243+D 2.32E-10 2.15E-12 1.08E-10 1.42E-10 2.70E-08 6.36E-07 8.35E-07 5 58E-08 1.71E-06 3.84E-06  2.21E-09 6.24E-08 1.26E-05 6.30E-07
Americium (95) Am-244 7.03E-12 1.12E-12 252E-12 3.66E-12 3.09E-12 3.58E-06 443E-10  422E-10  7.15E-10 1.61E-09 1.49€-14 3.80E-13 | 4.51E-08 2.25E-09
Americium (95) Am-244m 1.18E-13 3.81E-14 511E-14 7.10E-14 1.02E-13 5.09E-09 3.10E-07 1.85E-07 5.03E-07 1.13E-06  3.15E-14 8.40E-13 2.22E-06 1.11E-07
Americium (95) Am-245 6.11E-13 1.10E-13 2.22E-13 3.22E-13 1.56E-13 1.04E-07 1.53E-08 1.33E-08  2.47E-08 556E-08  3.44E-14 8.79E-13 5.14E-07 2.57E-08
Americium (95) Am-246 2.93E-13 8.47E-14 123E-13 1.73E-13 1.31E-13 2.93E-06 545E-10  544E-10  8.81E-10 1.98E-09 1.98E-14 5.21E-13 9.31E-07 4.66E-08
Americium (95) Am-246m 1.48E-13 4.96E-14 6.59E-14 9.10E-14 3.96E-14 4.83E-06 3.31E-10 3.30E-10 5.34E-10 1.20E-09 2.37E-14 6.35E-13 1.74E-06 8.69E-08
Antimony (51) Sb-115 1.16E-13 3.70E-14 5.14E-14 7.10E-14 2.33E-14 3.92E-06 1.91E-10 1.91E-10 3.08E-10  6.93E-10 1.80E-14 4.84E-13
Antimony (51) Sb-116 1.07E-13 3.89E-14 4.96E-14 6.81E-14 1.88E-14 1.05E-05 7.17E-11 7A7E-11 1.16E-10  2.61E-10  9.37E-15 2.53E-13
Antimony (51) Sb-116m 4.00E-13 1.18E-13 1.76E-13 2.45E-13 8.81E-14 1.47E-05 5.12E-11 5.12E-11 8.28E-11 1.86E-10 1.01E-14 2.68E-13
Antimony (51) Sb-117 1.70E-13 3.50E-14 6.59E-14 9.44E-14 4.07€-14 5.78E-07 1.31E-09 131E-09 2.12E-09 4.78E-09 7.57E-14 1.96E-12
Antimony (51) Sb-118m 1.67E-12 4.07E-13 6.99E-13 9.81E-13 2.64E-13 1.21E-05 6.33E-11 6.33E-11 1.02E-10 2.30E-10 1.28E-14 3.39E-13
Antimony (51) Sb-119 1.35E-12 2.01E-13 4.77E-13 6.96E-13 1.74E-13 2.58E-09 2.64E-07  2.27E-07  4.79E-07 1.08E-06 1.45E-13 3.67E-12
Antimony (51) Sb-120a 5.44E-14 1.94E-14 2.48E-14 3.42E-14 1.12E-14 1.94E-06 4.02E-10  4.02E-10  6.49E-10 1.46E-09 1.95E-14 5.24E-13
Antimony (51) Sb-120b 1.08E-11 2.45E-12 4.44E-12 6.22E-12 3.30E-12 1.15E-05 6.78E-11 6.77E-11 109E-10  246E-10  5.89E-14 1.50E-12
Antimony (51) Sb-122 3.03E-11 4.44E-12 1.06E-11 1.55E-11 5.48E-12 1.97E-06 4.01E-10  3.98E-10  6.50E-10 1.46E-09 1.14E-14 2.88E-13
Antimony (51) Sb-124 3.50E-11 6.03E-12 1.29E-11 1.85E-11 2.43E-11 8.89E-06 9.05€-11 9.04E-11 146E-10  3.29E-10 2.11E-13 5.46E-12
Antimony (51) Sb-124m 1.56E-06 5.16E-10  5.16E-10 8.34E-10 1.88E-09
Antimony (51) Sb-124n 3.81E-14 1.20E-14 1.67E-14 2.32E-14 1.15E-14 7.76E-12 4.41E-05  2.34E-05 141E-04  3.05€-04  3.80E-14 1.01E-12
Antimony (51) Sb-125 1.12E-11 2.38E-12 4.37E-12 B6.14E-12 1.66E-11 1.81E-06 4.48E-10  4.47E-10  7.26E-10 1.63E-09 1.06E-11 2.78E-10
Antimony (51) Sb-125+D 1.32E-11 5.13E-12 7.21E-12 1.93E-11 1.81E-06 4.48E-10  4.46E-10  7.26E-10 1.63E-09  9.00E-12 2.37E-10
Antimony (51) Sb-126 2.93E-11 5.40E-12 1.11E-11 1.59E-11 1.15E-11 1.28E-05 6.39E-11 6.38E-11 1.03E-10 2.32E-10  5.14E-14 1.33E-12
Antimony (51) Sb-126m 1.48E-13 5.11E-14 6.66E-14 9.21E-14 3.16E-14 6.94E-06 1.18E-10 1.18E-10 1.90E-10  4.29E-10  9.12E-15 2.44E-13
Antimony (51) Sh-127 2.85E-11 4.29E-12 1.01E-11 1.47E-11 7.51E-12 3.07E-06 268E-10 267E-10  4.34E-10 9.76E-10 1.77E-14 4.50E-13
Antimony (51) Sb-128a 1.19E-13 4.44E-14 5.51E-14 7.55E-14 2.12E-14 9 03E-06 9.21E-11 9.21E-11 1.49E-10 3.35E-10  8.13E-15 1.66E-13
Antimony (51) Sb-128b 9.21E-12 1.67E-12 3.45E-12 4.96E-12 1.44E-12 1.40E-05 5.94E-11 5.94E-11 9.59€-11 2.16E-10  5.09E-15 1.31E-13
Antimony (51) 8b-129 6.11E-12 9.81E-13 2.19E-12 3.19E-12 9.62E-13 6.85E-06 1.22e-10 1.22E-10 1.98E-10  4.45E-10  3.87E-15 9.85E-14
Antimony (51) Sb-130 4.77E-13 1.44E-13 2.07E-13 2.88E-13 9.73E-14 1.51E-05 5.59E-11 5.59E-11 9.03E-11 2.03E-10  6.37E-15 1.70E-13
Antimony (51) Sb-131 6.48E-13 1.59E-13 2.56E-13 3.59E-13 9.73E-14 9.08E-06 9.37E-11 9.37E-11 1.51E-10 3.41E-10  2.99E-15 7.88E-14
Argon (18) Ar-37 0.00E+00
Argon (18) Ar-38 5.94E-10 5.73E-06  4.35E-06 1.10E-05 2.49E-05
Argon (18) Ar-41 6.39E-06 417E-11 4.17E-11 6.73E-11 1.51E-10
Arsenic {33) As-69 2.39E-13 7.70E-14 1.056-13 1.46E-13 4.29€-14 4.43E-06 1.01E-10 1.01E-10 1.63E-10  3.68E-10  2.53E-15 6.75E-14
Arsenic (33) As-70 7.40E-13 2.16E-13 3.20E-13 4.48E-13 1.37E-13 1.96E-05 2.32E-11 2.32E-11 3.75E-11 8.43E-11 2.92E-15 7.72E-14
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water Ingestion Food Ingestion Inhalation  External Exposure | Residential Agricultural  Outdoor indoor Tap Fish

Element Slope Factor Slope Factor-Adult  Slope Factor Siope Factor  Slope Factor Slope Factor Soil Soit Worker Soit Worker Soil Water Ingestion DAF=20 DAF=1
{Atomic Number} {sotope (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) {risk/pCi) {risk/y per pCi/g) (markg) (mg/kg) {mg/kg) {magfkg) {mglL) (mg/kg) {mg/kg) (mg/kg)
Arsenic (33) As-71 6.07E-12 1.09E-12 2.28E-12 3.29E-12 1.52E-12 2.37E-06 1.94E-10  193E-10  3.14E-10  7.07E-10  3.07E-14  7.88E-13
Arsenic (33) As-72 2.79E-11 4.55E-12 1.02E-11 1.48E-11 4.29E-12 8.21E-06 5.67E-11 562E-11 9.20E-11 2.07E-10  2.79E-15  7.13E-14
Arsenic (33) As-73 4.40E-12 6.85E-13 1.56E-12 2.28E-12 3.88E-12 5.78E-09 454E-08 2.04E-08  131E-07 2.93E-07 137E-12  3.48E-1
Arsenic (33) As-74 1.82E-11 3.17E-12 6.70E-12 9.69E-12 8.44E-12 3.35E-06 1.43E-10  140E-10  232E-10 5.21E-10  7.18E-14 1.84E-12
Arsenic (33) As-76 2.70E-11 4.14E-12 9.66E-12 1.42E-11 4.14E-12 2.01E-06 242E-10  2.33E-10 3.97E-10  8.92E-10 3.15E-15  7.94E-14
Arsenic (33) As-77 7.03E-12 1.06E-12 2.50E-12 3.67E-12 1.76E-12 3.58E-08 1.15E-08  7.82E-09 2.25E-08 5.05E-08 1.82E-14  4.59E-13
Arsenic (33) As-78 1.61E-12 3.59E-13 6.33E-13 9.03E-13 2.69E-13 6.11E-06 8.29E-11 8.28E-11 1.34E-10  3.0tE-10  2.84E-15  7.36E-14
Astatine (85) At-207 1.66E-12 4.77E-13 6.96E-13 9.51E-13 7.77€-12 6.11E-06 220E-10  220E-10  3.55E-10 8.00E-10  8.15E-15  221E-13
Astatine (85) At-211 8.21E-11 2.23E-11 3.37E-11 4.63E-11 3.58E-10 7.94E-08 151E-08 1.51E-08 270E-08 6.02E-08 6.87E-16 1.85E-14
Astatine (85) At-215 8.09E-10 1.73E-06 1.73E-06  2.79E-06  6.27E-06

Astatine (85) At-216 3.08E-09 4.55E-07 4.55E-07  7.36E-07 1.66E-06

Astatine (85) At-217 1.32E-09 1.07E-06 1.07E-06 1.72E-06  3.88E-06

Astatine (85) At-218 3.57E-09 3.97E-07 3.97E-07 6.41E-07 1.44E-06

Barium (56) Ba-126 2.24E-12 4.66E-13 8.51E-13 1.22E-12 3.49E-13 5.83E-07 1.40E-09  140E-09 227E-09 5.10E-09  3.62E-15  9.36E-14
Barium (56) Ba-128 4.33E-11 6.92E-12 1.52E-11 2.23E-11 7.22E-12 2.10E-07 3.80E-09 3.68E-09 6.37E-09  143E-08  7.48E-15 1.89E-13
Barium (56) Ba-131 5.25E-12 1.02E-12 2.00E-12 2.87E-12 2.91E-12 1.77E-06 480E-10  480E-10  7.77E-10  1.75E-09  2.82E-13  7.29E.12
Barium (56) Ba-131m 2.11E-14 6.88E-15 9.25E-15 1.298-14 1.69E-14 1.67E-07 5.09E-09 5.09E-09 8.23E-09 1.85E-08 5.25E-14 1.39E-12
Barium (56) Ba-133 1.39E-11 4.37E-12 6.81E-12 9.44E-12 1.16E-11 1.44E-06 6.99E-10  6.46E-10  1.21E-09  2.72E-09  2.79E-11 7.44E-10
Barium (56) Ba-133m 9.07E-12 1.42E-12 3.19E-12 4.66E-12 2.04E-12 1.96E-07 4.37E-09 4.33E-09 7.11E-09 1.60E-08  2.47E-14  6.26E-13
Barium (56) Ba-135m 7.29€E-12 1.14E-12 2.56E-12 3.74E-12 1.61E-12 1.70E-07 511E-09  5.08E-09 8.33E-09 1.87E-08  2.30E-14  5.84E-13
Barium (56) Ba-137m 2.69E-06 3.31E-10 3.31E-10  5.34E-10 1.20E-09

Barium (56) Ba-139 9.73E-13 2.06E-13 3.70E-13 5.33E-13 1.79E-13 1.65E-07 546E-09 5.46E-09 8.84E-09  1.99E-08 7.88E-15  2.03E-13
Barium (56) Ba-140 4.18E-11 6.77E-12 1.49E-11 2.17E-11 2.03E-11 761E-07 118E-09 117E-09 1.93E-09 4.34E-09 4.36E-14 1.11E-12
Barium (56) Ba-141 5.59E-13 1.22E-13 2.14E-13 3.07E-13 9.69E-14 3.79E-06 242E-10  2.42E-10  3.90E-10  8.78E-10  3.06E-15 _ 7.90E-14
Barium (56) Ba-142 2.27E-13 5.88E-14 9.29E-14 1.31E-13 4.55E-14 4.85E-06 1.90E-10  1.90E-10  3.07E-10 691E-10 4.11E-15 1.08E-13
Berkelium (97) Bk-245 9.73E-12 1.45E-12 3.43E-12 5.00E-12 7.22E-12 7.09E-07 2.24E-09 2.24E-09 3.62E-09 8.16E-09  1.29E-13  3.27E-12
Berkelium (97) Bk-246 5.25E-12 9.99E-13 2.01E-12 2.88E-12 9.25E-13 4.25E-08 3.76E-10  3.76E-10  6.07E-10  1.37E-09 8.18E-14  2.11E-12
Berkelium (97) Bk-247 2.49E-10 1.12E-10 1.24E-10 1.60E-10 3.26E-08 3.09E-07 3.12E-07 2.35E-07  6.43E-07 1.43E-06 3.67E-10 1.05E-08
Berkelium (97) Bk-249 2.95E-12 5.99E-13 1.11E-12 1.57E-12 5.14E-11 2.63E-12 3.87E-06 4.04E-06 345E-05 6.25E-05 2.62E-11 6.87E-10
Berkelium (97) Bk-250 1.54E-12 2.77E-13 5.66E-13 8.18E-13 1.03E-12 4.23E-06 3.84E-10  3.84E-10  6.20E-10  1.40E-09 2.16E-14  5.55E-13
Beryllium (4) Be-10 2.02E-11 2.96E-12 7.03E-12 1.02E-11 9.40E-11 7.43E-10 1.11E-03  518E-04 8.78E-03  1.83E-02  3.03E-07  7.75E-06
Beryllium (4) Be-7 2.02E-13 5.03E-14 8.66E-14 1.20E-13 2.13E-13 2.13E-07 2.13E-10  2.13E-10  3.45E-10  7.76E-10  1.57E-12  4.21E-11
Bismuth {83) Bi-200 3.65E-13 9.36E-14 1.52E-13 2.13E-13 7.55E-14 1.06E-05 1.23E-10  1.23E-10  1.98E-10  445E-10  1.21E-14  3.21E-13
Bismuth (83) B8i-201 1.09E-12 2.26E-13 4.22E-13 6.03E-13 1.90E-13 6.05E-06 2.16E-10  2.16E-10  349E-10  7.84E-10  1.30E-14  3.38E-13
Bismuth (83) 8i-202 6.18E-13 1.66E-13 2.65E-13 3.69E-13 1.12E-13 1.24E-05 1.06E-10  1.06E-10  1.71E-10  3.85E-10  1.94E-14  5.15E-13
Bismuth (83) Bi-203 4.85E-12 1.01E-12 1.92E-12 2.73E-12 8.21E-13 1.16E-05 1.14E-10  113E-10  1.84E-10  4.13E-10  1.90E-14  4.95E-13
Bismuth (83) Bi-205 8.18E-12 1.79E-12 3.32E-12 4.66E-12 3.24E-12 8.19E-08 1.62E-10 162E-10 263E-10 581E-10  3.45E-13  9.11E-12
Bismuth (83) Bi-206 1.98E-11 4.00E-12 7.73E-12 1.10E-11 5.85E-12 1.52E-05 8.79E-11 8.74E-11 142E-10  3.20E-10  B6.07E-14 1.58E-12
Bismuth (83) Bi-207 1.49E-11 2.77E-12 5.66E-12 8.14E-12 2.10E-11 7.08E-06 4.49E-10  3.63E-10  8.38E-10  1.89E-09  1.85E-10  4.77E-09
Bismuth (83) Bi-210 2.55E-11 3.74E-12 8.92E-12 1.30E-11 3.17E-10 2.76E-09 387E-08 1.08E-08 6.85E-07 1.49E-06 431E-14 1.09E-12
Bismuth (83) Bi-210m 1.45E-10 2.92E-11 5.51E-11 7.77E-11 1.17E-08 1.01E-06 1.64E-04  8.44E-05 3.76E-04 8.46E-04 152E-06 4.00E-05
Bismuth (83) Bi-211 1.88E-07 7.29E-09  7.29E-09 1.18E-08  2.65E-08

Bismuth (83) Bi-212 1.78E-12 4.40E-13 7.10E-13 9.99E-13 7.77e-1 8.87E-07 1.55€-09 1.54E-09 251E-09 5.64E-09 4.59E-15 1.21E-13
Bismuth (83) Bi-213 1.28E-12 3.17E-13 5.11E-13 7.18E-13 6.85E-11 5.65E-07 244E-09 242E-09 3.96E-09 890E-09 4.83E-15 1.27E-13
Bismuth (83) Bi-214 4.33E-13 1.47E-13 1.92E-13 2.65E-13 2.90E-11 7.48E-06 1.86E-10 1.86E-10 3.00E-10  6.75E-10  5.63E-15 1.51E-13
Bromine (35) Br-74 3.19E-13 1.22E-13 1.50E-13 2.05E-13 6.44E-14 2.32E-05 2.07E-11 2.07E-11 3.35E-11 7.53E-11  3.17E-15  B.58E-14
Bromine (35) Br-74m 5.29E-13 1.98E-13 2.46E-13 3.36E-13 1.15E-13 2.00E-05 240E-11 2.40E-11 3.88E-11 8.74E-11  3.17E-15  8.59E-14
Bromine (35) Br-75 3.42E-13 1.22E-13 1.57E-13 2.13E-13 1.13E-13 5.21E-06 9.34E-11 9.32E-11 1.51E-10  3.40E-10 1.19E-14  3.24E-13
Bromine (35) Br-76 3.34E-12 9.99E-13 1.45E-12 1.97E-12 1.10E-12 1.30E-05 3.79E-11 3.76E-11 6.13E-11 1.38E-10  1.29E-14  3.52E-13
Bromine (35) Br-77 6.51E-13 2.20E-13 3.01E-13 4.03E-13 2.06E-13 1.34E-06 371E-10  3.65E-10  6.03E-10  1.36E-09  2.18E-13  6.03E-12
Bromine (35) Br-80 1.03E-13 3.85E-14 4.70E-14 6.48E-14 1.80E-14 3.55E-07 146E-09  144E-09 2.36E-09 5.32E-09 7.51E-15  2.02E-13
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soit Ingestion  Soil ingestion ~ Water Ingestion Food ingestion Inhalation  Externai Exposure [ Residential Agricultural ~ Outdoor Indoor Tap Fish

Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor  Slope Factor Slope Factor Soil Soil Worker Soil  Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) {sotope (risk/pCi} (risk/pCi) {risk/pCi) {risk/pCi} (risk/pCi) (risk/y per pCifg} (mg/kg) (mgrkg) {mg/kg) (mg/kg) (mgiL) (mg/kg) {mg/kg) {mg/kg)
Bromine (35) Br-80m 6.70E-13 1.97E-13 2.82E-13 3.89E-13 2.43E-13 5.95E-09 4.12E-08  1.56E-08 1.41E-07 3.16E-07 1.91E-14  5.12E-13
Bromine (35) Br-82 3.70E-12 1.24E-12 1.71E-12 2.30E-12 1.66E-12 1.24E-05 4.28E-11  4.24E-11 6.94E-11 1.56E-10  2.58E-14  7.09E-13
Bromine (35) Br-83 1.94E-13 6.33E-14 8.44E-14 1.16E-13 1.21E-13 3.46E-08 147E-08  1.26E-08  2.52E-08  5.66E-08  3.58E-14  9.64E-13
Bromine (35) Br-84 3.21E-13 1.19E-13 1.48E-13 2.02E-13 7.18E-14 9.35E-06 5.83E-11 5.83E-11 9.43E-11  2.12E-10  4.58E-15 1.24E-13
Cadmium (48) Cd-104 4.14E-13 1.02E-13 1.72E-13 2.41E-13 7.66E-14 9.70E-07 6.95E-10  5.57E-10  1.12E-09 253E-09 8.85E-15  2.34E-13 | 9.72E-08  4.86E-09
Cadmium (48) Cd-107 9.99E-13 1.49E-13 3.50E-13 5.11E-13 3.10E-13 3.48E-08 1.81E-08  1.26E-09 3.22E-08 725E-08 3.02E-14  7.66E-13 | 4.92E-08 246E-09
Cadmium (48) Cd-109 1.14E-11 3.36E-12 5.00E-12 6.70E-12 2.19E-11 8.73E-09 1.29E-08  1.05E-10  1.25E-07 2.78E-07  3.70E-12 1.02E-10 | 1.33E-08 6.67E-10
Cadmium (48) Cd-113 3.85E-11 2.18E-11 2.28E-11 2.90E-11 1.12E-10 7.36E-11 1.66E+06 8.36E+03  2.30E+08 4.17E+08 6.15E+03 1.79E+05 | 3.59E+05 1.79E+04
Cadmium (48) Cd-113m 5.11E-11 2.63E-11 2.87E-11 3.64E-11 1.30E-10 4.45E-10 3.74E-09  2.30E-11 452E-07 833E-07  7.14E-12  208E-10 | 8.08E-10  4.04E-11
Cadmium (48) Cd-115 2.47E-11 3.60E-12 8.66E-12 1.27E-11 5.14E-12 1.01E-06 6.80E-10  5.40E-11 1.19E-09  2.69E-09 1.08E-14  2.73E-13 | 2.14E-09  1.07E-10
Cadmium (48) Cd-115m 4.74E-11 7.70E-12 1.70E-11 2.46E-11 2.92E-11 1.13E-07 2.63E-09  299E-11 1.06E-08 2.38E-08 1.10E-13  2.82E-12 | 1.09E-09  5.44E-11
Cadmium (48) Cd-117 3.81E-12 6.22E-13 1.37E-12 1.99E-12 6.51E-13 5.23E-06 145E-10  1.05E-10  2.35E-10  5.28E-10  3.24E-15  8.25E-14 | 1.37E-08  6.87E-10
Cadmium (48) Cd-117m 3.26E-12 6.03E-13 1.22E-12 1.76E-12 6.55E-13 1.03E-05 7.37E-11 6.29E-11 119E-10  2.68E-10 4.90E-15  1.26E-13 | 1.54E-08 7.71E-10
Calcium (20) Ca-41 5.74E-13 3.24E-13 3.53E-13 4.37E-13 2.09E-13 0.00E+00 363E-04 6.63E-05 882E-02 159E-01 217E-06 6.49E-05
Calcium (20) Ca-45 6.07E-12 1,52E-12 247E-12 3.37E-12 9.40E-12 3.96E-11 762E-09 186E-09 2.10E-06  392E-06 1.08E-12  2.94E-11
Calcium (20) Ca-47 2.02E-11 3.85E-12 7.55E-12 1.08E-11 7.88E-12 5.24E-06 569E-11 5.32E-11 9.41E-11 2.12E-10  1.03E-14  2.67E-13
Calcium (20) Ca-49 1.75E-05 1.82E-11 1.82E-11 2.94E-11 6.61E-11
Californium (98) Cf-244 2.93E-13 9.03E-14 1.25E-13 1.74E-13 2.96E-11 6.83E-11 140E-05 1.28E-05 322E-05 7.01E-05 9.61E-15  2.56E-13
Californium (98) Cf-246 6.11E-11 8.58E-12 2.11E-11 3.09E-11 1.47E-09 9.25€-11 1.70€E-07  1.43E-07 2.25E-06 4.13E-06  6.34E-15 1.60E-13
Californium (98) Cf-248 1.18E-10 2.42E-11 4.44E-11 6.22E-11 1.81E-08 4.73E-11 8.89E-08  7.39E-08  8.40E-07 1.53E-06 6.81E-13 1.80E-11
Californium (98) Cf-249 2.54E-10 1.14E-10 1.27€-10 1.63E-10 3.40E-08 1.37E-06 1.99E-08  1.50E-08  3.92E-08  8.80E-08  9.18E-11 2.65E-09
Californium (98) Cf-250 1.85E-10 7.10E-11 8.62E-11 1.12E-10 2.66E-08 4.48E-11 7.12E-08  5.20E-08  4.04E-07 7.31E-07 507E-12 1.44E-10
Californium (98) Cf-251 2.67E-10 1.17E-10 1.32E-10 1.70E-10 3.40E-08 3.76E-07 1.71E-07  1.25E-07 3.53B-07 7.87E-07 2.28E-10  6.55E-09
Californium (98) Cf-252 8.66E-11 1.89E-05 189E-05 3.06E-05 6.88E-05
Californium (98) Cf-253 1.20E-11 1.96E-12 4.26E-12 6.11E-12 4.22E-09 4.86E-11 8.68E-07  7.29E-07 8.50E-06 1.61E-05 3.86E-13 9.97E-12
Californium (98) Cf-254 1.46E-13 1.13E-02  1.136-02  1.83E-02 4.11E-02
Carbon (6) C-11 8.70E-14 3.32E-14 4.07E-14 5.59E-14 2.78E-14 4.45E-06 1.60E-11 1.55E-12  2.59E-11 5.84E-11 140E-15  3.77E-14 | 1.50E-08  7.49E-10
Carbon (6) C-14 2.79€E-12 1.38E-12 1.55E-12 2.00E-12 7.07E-12 7.83E-12 1.03E-07  1.26E-11 2.77E-04  5.03E-04 2.90E-10  1.98E-07 | 9.00E-06  4.50E-07
Cerium (58) Ce-134 4.59E-11 6.62E-12 1.59E-11 2.33E-11 6.96E-12 8.24E-09 553E-08 3.04E-09 1.55E-07 342E-07 9.24E-15  2.33E-13 | 1.64E-08 8.22E-10
Cerium (58) Ce-135 1.02E-11 1.78E-12 3.81E-12 5.48E-12 1.75E-12 7.74E-06 113E-10  112E-10  1.83E-10  4.12E-10 9.49E-15  244E-13 | 6.91E-08  3.46E-09
Cerium (58) Ce-137 3.64E-13 5.85E-14 1.31E-13 1.91E-13 4.11E-14 4.46E-08 199E-08  1.90E-08  3.22E-08 7.25E-08  1.43E-13 3.64E-12 | 2.04E-06 1.02E-07
Cerium (58) Ce-137Tm 9.99E-12 1.42E-12 3.47E-12 5.07E-12 1.94E-12 1.38E-07 6.37E-09  448E-09 1.04E-08 234E-08 2.07E-14 524E-13 | 7.70E-08  3.85E-09
Cerium (58) Ce-139 3.70E-12 6.07E-13 1.35E-12 1.95E-12 5.66E-12 4.54E-07 1.99E-09  1.89E-09  3.21E-09  7.23E-09  5.19E-12 1.33E-10 | 2.01E-07 _ 1.00E-08
Cerium (58) Ce-141 1.34E-11 1.89E-12 4.63E-12 6.77E-12 1.14E-11 2.27E-07 4.00E-09 298E-09 6.51E-09 1.46E-08 3.62E-13  9.16E-12 | 5.94E-08 2.97E-09
Cerium (58) Ce-143 2.04E-11 2.93E-12 7.10E-12 1.04E-11 3.74E-12 1.09E-06 8.49E-10  765E-10  1.38E-09  3.10E-09 1.01E-14  2.56E-13 | 3.93E-08 1.97E-09
Cerium (58) Ce-144 1.02E-10 1.42E-11 3.52E-11 5.18E-11 1.10E-10 5.02E-08 1.40E-08  140E-09 2.91E-08  6.49E-08  4.24E-13 1.07E-11 6.41E-09  3.20E-10
Cerium (58) Ce-144+D 1.02E-10 3.53E-11 5.19E-11 1.10E-10 2.44E-07 359E-09 1.08E-09 6.19E-09  1.39E-08  4.23E-13 1.07E-11 6.41E-09  3.20E-10
Cesium (55) Cs-125 1.29E-13 4.77E-14 5.96E-14 8.18E-14 1.64E-14 2.92E-06 278E-10  2.58E-10  4.49E-10 1.01E-09 2.39E-14  6.46E-13 | 1.19E-06  5.93E-08
Cesium (55) Cs-126 4.74E-06 1.73E-10  1.73E-10  2.79E-10  6.28E-10
Cesium (55) Cs-127 1.38E-13 5.00E-14 6.51E-14 8.73E-14 2.47E-14 1.68E-06 491E-10  4.30E-10  793E-10 1.78E-09 1.86E-13  513E-12 | 1.10E-06  5.52E-08
Cesium (55) Cs-128 3.92E-06 212E-10  212E-10  3.43E-10  7.71E-10
Cesium (55) Cs-129 4.00E-13 1.38E-13 1.85E-13 2.48E-13 7.44E-14 1.05E-06 798E-10  4.84E-10  129E-09 290E-09 341E-13  9.41E-12 | 3.94E-07 1.97E-08
Cesium (55) Cs-130 1.02E-13 3.85E-14 4.74E-14 6.48E-14 1.24E-14 2.22E-06 3.80E-10  3.52E-10  6.14E-10  1.38E-09 2.08E-14  564E-13 | 1.55E-06 7.75E-08
Cesium (55) Cs-131 4.11E-13 1.37E-13 1.86E-13 2.49E-13 7.51E-14 4.90E-09 1.64E-07 1.23E-09 2.80E-07 6.28E-07 249E-12  6.90E-11 3.98E-07  1.99E-08
Cesium (55) Cs-132 2.89E-12 1.18E-12 1.46E-12 1.91E-12 5.92E-13 3.11E-06 2.75E-10  1.03E-10  445E-10  1.00E-09 2.14E-13  6.06E-12 | 511E-08 2.56E-09
Cesium (55) Cs-134 5.81E-11 4.48E-11 4.22E-11 5.14E-11 1.65E-11 7.10E-06 1.226-10  5.87E-12  1.98E-10  4.45E-10 8.72E-13  2.65E-11 1.26E-08  6.32E-10
Cesium (55) Cs-134m 8.84E-14 3.28E-14 4.14E-14 5.55E-14 1.99E-14 5.02E-08 1.73E-08  4.29E-09  2.80E-08 6.30E-08  143E-13  3.95E-12 | 1.83E-06 9.15E-08
Cesium (55) Cs-135 7.18E-12 4.70E-12 4.74E-12 5.88E-12 1.86E-12 2.36E-11 1.55E-02  4.50E-06  3.16E-01 5.73E-01  873E-06 2.61E-04 | 1.53E-01 7.96E-03
Cesium (55) Cs-135m 9.10E-14 3.66E-14 451E-14 6.07E-14 1.32E-14 7.37E-06 1.19E-10  1.16E-10  1.92E-10  4.32E-10  4.02E-14  1.11E-12 | 1.69E-06  8.46E-08
Cesium (55) Cs-136 1.65E-11 7.22E-12 8.66E-12 1.12E-11 3.49E-12 1.00E-05 8.82E-11 2.17E-11 143E-10  3.21E-10  7.52E-14  215E-12 | 8.88E-09 4.44E-10
Cesium (55) Cs-137 4.33E-11 3.17E-11 3.04E-11 3.74E-11 1.19E-11 5.32E-10 4.46E-08  1.44E-11 747E-07  1.38E-06 _ 1.80E-11 5.43E-10 | 4.69E-07  2.35E-08
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Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil ingestion Water Ingestion Food ingestion Inhalation  External Exposure | Residential Agricultural  Qutdoor Indoor Tap Fish
Element Slope Factor Slope Factor-Adult ~ Slope Factor Slope Factor Slope Factor Slope Factor Soil Soit Worker Soit  Worker Soil Water Ingestion DAF=20 DAF=1
{Atomic Number) Isotope (risk/pCi) {risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (riskly per pCi/g) {mg/kg) (mg/kg) {mg/kg) (mg/kg} {mg/L) (mg/kg) (mg/kg) {mg/kg)
Cesium (55) Cs-137+D 4.33E-11 3.17E-11 3.04E-11 3.74E-11 1.19E-11 2.55E-06 6.87E-10  1.40E-11 1.28E-09 2.89E-09  1.80E-11 543E-10 | 4.69E-07  2.35E-08
Cesium (55) Cs-138 3.40E-13 1.27E-13 1.58E-13 2.16E-13 4.00E-14 1.19E-05 7.53E-11 7A7E-11 1.22E-10  2.74E-10  7.13E-15 1.93E-13 | 4.94E07 247E-08
Chlorine (17) CI-36 7.66E-12 2.29E-12 3.30E-12 4.44E-12 2.50E-11 1.74E-09 171E-06  3.09E-07  3.25E-03  7.07E-03  4.38E-07 1.21E-05
Chlorine (17) CI-38 4.22E-13 1.55E-13 1.93E-13 2.64E-13 9.40E-14 7.93E-06 3.07E-11 2.93E-11 5.03E-11 113E-10  1.86E-15  5.03E-14
Chlorine (17) Cl-39 3.31E-13 1.21E-13 1.52E-13 2.08E-13 9.36E-14 7.09E-06 3.53E-11 3.39E-11 5.77€-11 1.30E-10  3.62E-15  9.79E-14
Chromium (24) Cr-48 1.84E-12 4.07E-13 7.44E-13 1.05E-12 7.51E-13 1.62E-06 1.92E-10  192E-10  3.11E-10  699E-10 2.26E-14  5.93E-13
Chromium (24) Cr-48 3.20E-13 9.10E-14 1.356-13 1.89E-13 7.36E-14 4.43E-06 7.18E-11 7.18E-11 1.16E-10  261E-10  3.88E-15 1.03E-13
Chromium (24} Cr-51 4.96E-13 8.88E-14 1.85E-13 2.66E-13 1.67E-13 1.27E-07 261E-09 261E-09 4.21E-09 948E-09 279E-12  7.18E-11
Cobait (27) Co-55 1.23E-11 2.38E-12 4.63E-12 6.70E-12 2.07E-12 9.21E-06 3.87E-11 2.28E-12  6.27E-11 1.41E-10 316E-15  8.10E-14 1.98E-10  9.88E-12
Cobalt (27) Co-56 2.56E-11 5.29E-12 1.01E-11 1.43E-11 1.85E-11 1.80E-05 2.02E-11 1.09E-12  3.26E-11 7.34E-11 1.60E-13  4.18E-12 | 9.22E-11 4.61E-12
Cobalt (27) Co-57 2.78E-12 4.85E-13 1.04E-12 1.49E-12 2.09E-12 3.55E-07 1.03E-09  1.12E-11 1.68E-09  3.79E-09 543E-12 1.40E-10 | 7.20E-10  3.60E-11
Cobalt (27) Co-58 7.44E-12 1.57E-12 2.95E-12 4.18E-12 5.99E-12 4.48E-06 8.39E-11 391E-12  136E-10  3.06E-10  5.08E-13 1.33E-11 3.27E-10 1.64E-11
Cobailt (27) Co-58m 3.47E-13 5.99E-14 1.26E-13 1.83E-13 6.88E-14 1.00E-12 1.00E-06  9.36E-11 7.34E-05  1.35E-04 6.41E-14 1.63E-12 | 7.66E-09  3.83E-10
Cobalt (27) Co-60 4.03E-11 7.33E-12 1.67E-11 2.23E-11 3.58E-11 1.24E-05 3.19E-11 7.79E-13  5.27E-11 1.19E-10  2.69E-12  7.00E-11 5.34E-10  2.67E-11
Cobalt (27) Co-60m 5.88E-15 2.12E-15 2.66E-15 3.66E-15 3.96E-15 1.86E-08 2.09E-08 3.93E-09 338E-08 7.62E-08 6.01E-14 1.62E-12 | 3.75E-07  1.88E-08
Cobait (27) Co-61 6.40E-13 1.32E-13 2.43E-13 3.49E-13 1.43E-13 2.48E-07 1.59E-09  5.00E-11 2.58E-09 5.81E-09  6.30E-15 1.63E-13 | 4.18E-09  2.09E-10
Cobalt (27) Co-62m 1.79E-13 6.55€-14 8.25E-14 1.13E-13 3.17E-14 1.35E-05 2.98E-11 2.52E-11 4.82E-11 1.08E-10  265E-15  7.17E-14 1.25E-08  6.25E-10
Copper (29) Cu-60 3.00E-13 1.04E-13 1.37E-13 1.89E-13 5.77E-14 1.93E-05 2.02E-11 2.02E-11 3.26E-11 7.34E-11  2.58E-15 6 92E-14
Copper (29) Cu-61 1.20E-12 2.39E-13 4.63E-13 6.70E-13 2.41E-13 3.63E-06 1.09E-10  109E-10  1.76E-10  3.97E-10  6.84E-15 1.75€-13
Copper (29) Cu-62 4.43E-06 9.09E-11 9.09E-11 147E-10  3.30E-10
Copper (29) Cu-64 1.72E-12 2.93E-13 6.40E-13 9.32€-13 4.33E-13 8.30E-07 4.99E-10  4.94E-10  8.09E-10  1.82E-09  1.93E-14  4.92E-13
Copper (29) Cu-66 4.32E-07 9.92E-10  9.92E-10 1.60E-09  3.61E-09
Copper (29) Cu-67 5.29E-12 8.88E-13 1.94E-12 2.83E-12 2.35E-12 3.83E-07 1.11E-09  1.04E-09  1.83E-09 4.138-09 3.25E-14  8.26E-13
Curium (96) Cm-238 8.70E-13 1.65E-13 3.28E-13 4.70E-13 1.35E-11 1.90E-07 813E-09 8.04E-09 131E-08 296E-08 2.65E-14  6.85E-13 | 3.47E-06  1.73E-07
Curium (96) Cm-240 9.88E-11 1.53E-11 3.49E-11 5.07E-11 9.51E-09 6.19E-11 1.03E-07 6.13E-09 1.27E-06 2.32E-06 6.78E-14 1.73E-12 | 3.29E-08  1.64E-09
Curium (96) Cm-241 1.35E-11 2.15E-12 4.85E-12 7.03E-12 1.01E-10 1.94E-06 8.06E-10  7.92E-10  1.30E-09  293E-09 5.95E-13 1.52E-11 2.37€-07  1.19E-08
Curium (96) Cm-242 1.05E-10 1.87E-11 3.85E-11 5.48E-11 1.51E-08 7.73E-11 9.74E-08 572E-09 1.04E-06 190E-06 3.74E-13  8.74E-12 3.00E-08 _ 1.50E-09
Curium (96) Cm-243 2.05E-10 7.84E-11 9.47E-11 1.23E-10 2.69E-08 4.19E-07 6.76E-09  246E-09  1.31E-08 2.92E-08 9.75E-12  2.78E-10 | 5.00E-07 2.50E-08
Curium (96) Cm-244 1.81E-10 6.88E-11 8.36E-11 1.08E-10 2.53E-08 4.85E-11 8.28£-08  3.76E-09 4.85E-07 B8.77E-07 7.04E-12  2.02E-10 | 3.28E-07 1.64E-08
Curium (96) Cm-245 2.18E-10 9.14E-11 1.04E-10 1.35E-10 2.77E-08 2.38E-07 240E-06 538E-07 5.06E-06  1.13E-05 267E-09  7.62E-08 | 4.61E-06  2.30E-07
Curium (96) Cm-246 2.12E-10 9.03E-11 1.02E-10 1.31E-10 2.77E-08 4.57E-11 1.11E-06  4.20E-07 6.30E-05 1.14E-04 1.52E-09 4.39E-08 | 2.63E-06 1.31E-07
Curium (96) Cm-247 2.11E-10 8.58E-11 9.95E-11 1.30E-10 2.50E-08 1.31E-06 8.96E-04 461E-04 1.77E-03 3.97E-03 5.16E-06 1.46E-04 | 8.90E-03  4.45E-04
Curium (96) Cm-248 3.42E-11 7.68E-01 5.76E-01  149E+00  3.35E+00 6.03E-03  3.02E-04
Curium (96) Cm-249 2.18E-13 4.92E-14 8.40E-14 1.20E-13 7.25E-14 8.51E-08 1.90E-08 1.89E-08 3.07E-08 6.91E-08  4.83E-14 1.25E-12 1.42E-05  7.08E-07
Dysprosium (66) Dy-155 1.35E-12 2.68E-13 5.25E-13 7.47E-13 2.45E-13 2.44E-06 4.13E-10  4.13E-10 6.67E-10  1.50E-09  4.49E-14 1.17E-12
Dysprosium (66) Dy-157 5.62E-13 1.21E-13 2.26E-13 3.20E-13 8.33E-14 1.32E-06 772E-10  772E-10  125E-09 281E-09  8.56E-14  224E-12
Dysprosium (66) Dy-159 1.47E-12 2.37E-13 5.29E-13 7.70E-13 1.28E-12 3.19E-08 3.22E-08 3.22E-08 523E-08 118E-07 1.58E-11 4.02E-10
Dysprosium (66) Dy-165 1.15E-12 1.95E-13 4.14E-13 6.03E-13 2.10E-13 9.49E-08 113E-08  1.13E-08 1.82E-08 410E-08 1.41E-14  3.59E-13
Dysprosium (66) Dy-166 3.22E-11 4.48E-12 1. 11E-11 1.63E-11 8.36E-12 6.02E-08 167E08 167E-08 287E-08 644E-08 1.86E-14 468E-13
Einsteinium (99) Es-250 1.44E-13 3.55E-14 5.96E-14 8.36E-14 5.07E-13 1.69E-06 961E-10  961E-10  1.55E-09  3.49E-09 1.34E-13  3.54E-12
Einsteinium (99) Es-251 2.89E-12 4.33E-13 1.02E-12 1.48E-12 6.40E-12 2.55E-07 6.38E-09  6.38E-09  1.03E-08  2.32E-08 1.24E-13  3.13E-12
Einsteinium (99) Es-253 1.01E-10 1.44E-11 3.49E-11 5.11E-11 8.84E-09 1.25E-09 1.06E-07 1.10E-07  8.69E-07 1.71E-06 __ 5.43E-14 1.37E-12
Einsteinium (99) Es-254 1.50E-10 2.82E-11 551E-11 7.81E-11 1.85E-08 8.55E-09 555E-08 5.72E-08  2.20E-07 4.63E-07 4.65E-13 1.21E-11
Einsteinium (99) Es-254m 7.88E-11 1.11E-11 2.73E-11 4.00E-11 1.53E-09 2.10E-06 781E-10  7.82E-10 1.27E-09  2.85E-09 557E-15 1.41E-13
Erbium (68) Er-161 8.10E-13 1.65E-13 3.15E-13 4.51E-13 1.34E-13 4.09E-06 2.56E-10  2.56E-10  4.13E-10  9.29E-10_ 2.52E-14  6.52E-13
Erbium (68) Er-165 2.42E-13 4.18E-14 8.95E-14 1.30E-13 3.13E-14 3.05E-08 3.51E-08 3.51E-08 568E-08 1.28E-07 292E-13  7.44E-12
Erbium (68) Er-169 7.36E-12 1.02E-12 2.53E-12 3.70E-12 3.85E-12 9.10E-11 9.75E-07 1.01E-06 8.24E-06 1.62E-05 2.27E-13  5.75E-12
Erbium (68) Er-171 5.74E-12 8.70E-13 2.02E-12 2.96E-12 9.40E-13 1.42E-06 7.82E-10  7.82E-10 1.26E-09 284E-09 9.69E-15  2.45E-13
Erbium (68) Er-172 1.70E-11 2.55€-12 5.99E-12 8.77E-12 4.74E-12 2.20E-06 5.07E-10  5.07E-10  8.20E-10  1.85E-09  2.15E-14  5.45E-13
Europium (63) Eu-145 6.77E-12 1.46E-12 2.73E-12 3.85E-12 1.81E-12 6.95E-06 1.35E-10  1.35E-10  2.19E-10  4.93E-10  1.15E-13  3.03E-12
Europium (63) Eu-146 1.12E-11 2.45E-12 4.55E-12 6.40E-12 2.50E-12 1.16E-05 8.17E-11 8.17E-11 1.32E-10  2.97E-10  5.40E-14 1.42E-12
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity

Preliminary Remediation Goals (PRG)

Soil to Groundwater

Soil Ingestion Soil Ingestion Water ingestion Food Ingestion Inhalation  External Exposure | Residential Agricuitural  Qutdoor Indoor Tap Fish

Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor  Siope Factor Slope Factor Soil Soil Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCt) (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk/y per pCilg) (ma/kg) {ma/kg) (ma/kg) (mg’kg) (mg/L) (ma/kg) (mg/kg) {mg/kg)
Europium (63) Eu-147 5.37E-12 9.69E-13 2.02E-12 2.90E-12 3.85E-12 2.04E-06 468E-10  4.68E-10  7.56E-10 1.70E-09  6.38E-13 1.65€-11
Europium (63) Eu-148 1.04E-11 2.38E-12 4.29E-12 6.03E-12 9.92E-12 9.84E-06 9.77E-11 9.77E-11 1.58E-10  3.55E-1C  6.87E-13 1.81E-11
Europium (63) Eu-149 1.40E-12 2.34E-13 5.14E-13 7.40E-13 1.07E-12 1.42E-07 6.80E-09  6.80E-09 1.10E-08  2.48E-08  9.86E-12 2.54E-10
Europium (63) Eu-150a 6.88E-12 9.81E-13 2.38E-12 3.50E-12 1.03E-12 1.95E-07 497E-09  495E-09  8.07E-09 1.81E-08 1.21E-14 3.04E-13
Europium (63) Eu-150b 1.08E-11 2.43E-12 4.33E-12 6.07E-12 1.12E-10 6.49E-06 3.29E-10  2.70E-10  6.10E-10 137E-09 1.58E-10 4.17E-09
Europium (63) Eu-152 1.62E-11 2.96E-12 6.07E-12 8.70E-12 9.10E-11 5.30E-06 235E-10  2.13E-10  4.13E-10 _ 9.30E-10 4 44E-11 1.15E-09
Europium (63) Eu-152m 8.51E-12 1.25E-12 2.98E-12 4.37E-12 1.12E-12 1.33E-06 7.41E-10 7.41E-10 1.20E-09  2.70E-09  7.24E-15 1.83E-13
Europium (63) Eu-154 2.85E-11 4.74E-12 1.03E-11 1.49E-11 1.15E-10 5.83E-06 1.89E-10 1.79E-10  3.22E-10  7.25B-10  1.75E-11 4.49€-10
Europium (63) Eu-155 540E-12 8.07E-13 1.90E-12 2.77E-12 1.48E-11 1.24E-07 8.18E-03  8.06E-09 1.35E-08  3.04E-08  5.40E-11 1.37E-09
Europium (63) Eu-156 3.56E-11 5.44E-12 1.27E-11 1.84E-11 1.37E-11 6.62E-06 1.53E-10 1.53E-10  247E-10 556E-10 6.82E-14 1.74E-12
Europium (63) Eu-157 1.06E-11 1.54E-12 3.70E-12 5.40E-12 1.57E-12 9.60E-07 1.06E-09 1.06E-09 1.72E-09  3.86E-09 9.82E-15  2.49E-13
Europium (63) Eu-158 5.22E-13 1.39E-13 2.14E-13 3.01E-13 1.10E-13 5.06E-06 2.03E-10  2.03E-10  3.28E-10  7.37E-10  8.60E-15 2.26E-13
Fermium (100) Fm-252 4.92E-11 6.92E-12 1.68E-11 2.48E-11 1.03E-09 5.09E-11 2.35E-07 245E-07 294E-06 536E-06 5.15E-15 1.30E-13
Fermium (100) Fm-253 1.48E-11 2.13E-12 5.14E-12 7.51E-12 1.28E-09 2.24E-07 7.27E-08  7.27E-09 1.18E-08 2.66E-08 539E-14 1.37E-12
Fermium (100) Fm-254 6.07E-12 9.58E-13 2.15E-12 3.13E-12 1.98E-10 1.23E-10 1.69E-08 1.75E-06 111E-05 2.22E-05  5.83E-15 148E-13
Fermium (100) Fm-255 4.77E-11 6.73E-12 1.65E-11 2.42E-11 8.84E-10 3.85E-09 1.57E-07 1.61E-07  5.72E-07 1.23E-06 4.73E-15 1.19E-13
Fermium (100) Fm-257 1.23E-10 2.05E-11 4.40E-11 6.29E-11 2.04E-08 3.06E-07 5.16E-09 5.17E-09  8.74E-09 1.96E-08 2.16E-13 5.58E-12
Fluorine (9) F-18 2.00E-13 7.88E-14 9.73E-14 1.30E-13 1.21E-13 4.45E-06 2.63E-11 2.63E-11 4.24E-11 9.55E-11 5.16E-15 143E-13
Francium (87) Fr-219 1.44E-08 9.88E-08 9.88E-08 1.60E-07  3.59E-07

Francium (87) Fr-220 3.25E-08 4.40E-08  4.40E-08  7.10E-08 1.60E-07

Francium (87) Fr-221 1.11E-07 1.29E-08 120E-08  2.09E-08  4.70E-08

Francium (87) Fr-222 3.43E-12 1.07E-12 1.48E-12 2.02E-12 2.42E-11 1.14E-08 1.21E-07 1.22E-07 2.02E-07 4.53E-07 548E-16 1.49E-14
Francium (87) Fr-223 1.78E-11 4.85E-12 7.29E-12 1.00E-11 3.06E-12 1.40E-07 1.02E-08 1.02E-08 166E-08 3.74E-08 1.69E-16  4.57E-15
Gadolinium (64) Gd-145 1.99E-13 6.50E-14 8.92E-14 1.23E-13 3.63E-14 1.13E-05 8.33E-11 8.33E-11 1.35E-10  303E-10  9.44E-15  2.54E-13
Gadolinium (64) Gd-146 1.39E-11 2.26E-12 5.03E-12 7.29E-12 2.27E-11 5.56E-07 1.70E-09 169E-09 275E-09 6.20E-09 5.12E-13 1.31E-11
Gadolinium (64) Gd-147 6.33E-12 1.25E-12 2.48E-12 3.50E-12 1.34E-12 5.87E-06 1.63E-10 1.63E-10  2.63E-10 591E-10  3.47E-14 9.02E-13
Gadolinium (64) Gd-148 9.07E-11 3.37E-11 4.22E-11 551E-11 1.26£-08 0.00E+00 3.02E-07 149E-07 219E-06 3.95E-06 4.35E-11 1.23E-09
Gadolinium (64) Gd-149 6.03E-12 1.02E-12 2.23E-12 3.22E-12 2.76E-12 1.59E-06 6.086-10  6.08E-10  9.83E-10  2.21E-09 229E-13  5.88E-12
Gadolinium (64) Gd-151 3.20E-12 4.85E-13 1.14E-12 1.65E-12 2.92E-12 1.20E-07 8.14E-09 8.12E-09 1.32E-08 297E-08 5.81E-12 1.49E-10
Gadolinium (64) Gd-152 6.29E-11 2.40E-11 2.97E-11 3.85E-11 9.10E-09 0.00E+00 465E+05 2.21E+05 3.34E+06  6.04E+06 7.37E+01 2.11E+03
Gadolinium (64) Gd-153 4.26E-12 6.66E-13 1.62E-12 2.22E-12 6.55E-12 1.62E-07 6.11E-09  6.09E-09 9.90E-09 2.23E-08 8.90E-12 2.26E-10
Gadolinium (64) Gd-159 9.21E-12 1.31E-12 3.19E-12 4.66E-12 1.46E-12 1.74E-07 5.88E-09 586E-09 9.58E-09 2.15E-08 1.41E-14 3.58E-13
Gallium (31) Ga-65 1.39E-13 4.96E-14 6.33E-14 8.73E-14 2.84E£-14 5.04E-06 8.38E-11 8.38E-11 1.35E-10  3.04E-10  3.96E-15 1.06E-13
Gallium (31) Ga-66 1.80E-11 2.81E-12 6.40E-12 9.32E-12 2.18E-12 1.26E-05 3.40E-11 3.40E-11 5.50E-11 1.24E-10  1.48E-15 3.75E-14
Gallium (31) Ga-67 2.89E-12 4.58E-13 1.04E-12 1.51E-12 9.55E-13 5.36E-07 8.11E-10  8.11E-10 1.31E-09  2.95E-09  7.68E-14 1.96E-12
Gallium (31) Ga-68 7.18E-13 1.66E-13 2.83E-13 4.03E-13 1.28E-13 4.17E-06 1.06E-10 1.06E-10 1.71E-10 3.85E-10  4.14E-15 1.08E-13
Gailium (31) Ga-70 1.19E-13 3.96E-14 5.22E-14 7.22E-14 2.92E-14 4.39E-08 1.04E-08 1.04E-08 167E-08 3.76E-08 7.21E-15 1.93E-13
Gallium (31) Ga-72 1.53E-11 2.54E-12 5.59E-12 8.07E-12 217E-12 1.37E-05 3.41E-11 341E-11 5.51E-11 1.24E-10  2.76E-15 7.09E-14
Gallium (31) Ga-73 3.92E-12 6.07E-13 1.39E-12 2.03E-12 6.14E-13 1.25E-06 3.79E-10 3.79E-10 _ 6.13E-10 _ 1.38E-09  3.92E-15 9.95E-14
Germanium (32) Ge-66 7.99E-13 2.58E-13 3.70E-13 4.88E-13 2.50E-13 2.86E-06 1.50E-10 149E-10  242E-10 5.45E-10  6.16E-15 1.73E-13
Germanium {32) Ge-67 2.28E-13 8.62E-14 1.06E-13 1.45E-13 4.59E-14 6.24E-06 6.97E-11 6.97E-11 113E-10  2.53E-10  3.00E-15 8.12E-14
Germanium (32) Ge-68 1.85E-11 3.48E-12 6.96E-12 9.88E-12 4.88E-11 4 69E-13 4.88E-09 1.20E-09 1.68E-06 3.03E-06 1.03E-12  2.68E-11
Germanium (32) Ge-69 2.35E-12 5.99E-13 9.84E-13 1.35E-12 8.81E-13 4.02E-06 1.11E-10 1.10E-10 1.80E-10  4.05E-10  4.17E-14 1.13E-12
Germanium (32) Ge-71 1.73E-13 3.19E-14 6.48E-14 9.18E-14 5.18E-14 4.74E-13 5.48E-07 1.35E-07 1.71E-04  3.15E-04 4.72E-12 1.23E-10
Germanium (32) Ge-75 1.85E-13 6.92E-14 8.66E-14 1.17E-13 8.44E-14 1.38E-07 3.50E-08 342E-03 570E-09 1.28E-08 1.82E-14  4.89£-13
Germanium (32) Ge-77 2.81E-12 7.92E-13 1.22E-12 1.65E-12 1.15E-12 4.82E-06 1.03E-10 1.02E-10 1.68E-10  3.77E-10 1.09E-14 2.97E-13
Germanium (32) Ge-78 6.22E-13 2.43E-13 3.09E-13 4.03E-13 2.48E-13 1.10E-06 4.59E-10  4.54E-10  7.44E-10 1.67E-09  5.57E-15 1.58E-13
Gold (79) Au-193 2.05E-12 3.26E-13 7.36E-13 1.07E-12 4.55€-13 4.30E-07 290E-09 285E-09 471E-09 1.06E-08 7.06E-14 1.80E-12
Gold (79) Au-194 4.22E-12 8.70E-13 1.66E-12 2.36E-12 7.926-13 4.93E-06 255E-10  2.54E-10  4.13E-10  9.29E-10  7.03E-14 1.83E-12
Gold (79) Au-195 4.22E-12 6.48E-13 1.50E-12 2.19E-12 6.48E-12 1.38E-07 8.83E-09  7.97E-09 148E-08 3.33E-08 869E-12  2.20E-10
Gold (79) Au-195m 7.37E-07 1.72E-08 1.72E-09 2.78E-09  6.25E-09
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity

Preliminary Remediation Goais (PRG)

Soil to Groundwater

Sail Ingestion Soil Ingestion Water Ingestion Food Ingestion  Inhalation  External Exposure | Residential Agriculturat  Outdoor tndoor Tap Fish
Element Siope Factor Slope Factor-Adult  Slope Factor Siope Factor  Siope Factor Stlope Factor Soil Soil Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
{Atomic Number) Isotope (risk/pCi} (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk/y per pCifg} (mg/kg) (mg/kg) {mg/kg) (mgrkg) (mg/t) (mg/kg) (mg/kg) (mg/kg)
Gold (79) Au-198 1.78E-11 2.66E-12 6.29E-12 9.18E-12 4.00E-12 1.70E-06 7.46E-10  7.18E-10 122E-09 2.75E-03  3.10E-14 7.88E-13
Gold (79) Au-198m 2.09E-11 3.20E-12 7.44E-12 1.08E-11 7.77E-12 1.89E-06 6.71E-10  6.45E-10  1.10E-09 247E-09 2.24E-14 5.70E-13
Gold (79) Au-199 7.92E-12 1.16E-12 2.78E-12 4.07E-12 3.12E-12 2.79E-07 447E-09 4.07E-09  74BE-09 1.68E-08  8.21E-14 2.08E-12
Gold (79) Au-200 3.85E-13 9.92E-14 1.55E-13 2.20E-13 8.55E-14 1.30E-06 9.99E-10  998E-10  161E-03  3.63E-09 1.58E-14  4.13E-13
Gold (79) Au-200m 1.48E-11 2.50E-12 5.44E-12 7.88E-12 2.81E-12 9.04E£-06 1.43E-10 1.43E-10  2.32E-10  5.22E-10 1.05E-14  2.68E-13
Gold (79) Au-201 1.01E-13 3.19E-14 4.33E-14 6.03E-14 3.30E-14 2.29€-07 570E-09 569E-09 9.21E-09 2.07E-08  3.11E-14 8.27E-13
Hafnium (72) Hf-170 5.81E-12 1.05E-12 2.19E-12 3.14E-12 1.20E-12 2.04E-06 541E-10  541E-10  8.74E-10 1.97E-09 1.89E-14  4.88E-13
Hafnium (72) Hf-172 1.37E-11 2.35E-12 4.96E-12 7.14E-12 6.92E-11 1.62E-07 6.81E-09  6.82E-09 1.11E-08  2.50E-08 8.65E-12  2.22E-10
Hafnium (72) Hf-173 2.85E-12 5.00E-13 1.06E-12 1.52E-12 5.92E-13 1.34E-06 8.38E-10  8.38E-10 1.35E-09  3.05E-09 5.96E-14 1.54E-12
Hafnium (72) Hf-175 5.29E-12 9.21E-13 1.96E-12 2.83E-12 4.29E-12 1.35E-06 8.41E-10 841E-10  136E-03  3.06E-09  2.28E-12 5.86E-11
Hafnium (72) Hf-177m 4.74E-13 1.33E-13 2.01E-13 2.81E-13 1.81E-13 8.58E-06 1.34E-10 1.34E-10 216E-10  4.87E-10 1.15E-14 3.04E-13
Hafnium (72) Hf-178m 3.89E-11 8.40E-12 1.51E-11 2.13E-11 3.70E-10 9.57E-06 247E-10  2.04E-10  4.56E-10 1.03E-09 _ 4.87E-11 1.28E-09
Hafnium (72) Hf-179m 1.81E-11 2.94E-12 6.55E-12 9.51E-12 1.38E-11 3.42E-06 3.40E-10  340E-10  5.49E-10 1.24E-09  2.51E-13 6.39E-12
Hafnium (72) Hf-180m 1.89E-12 3.56E-13 7.18E-13 1.03E-12 4.14E-13 3.93E-06 297E-10  297E-10  4.81E-10 1.08E-09  2.10E-14 5.42E-13
Hafnium (72) Hf-181 1.79E-11 2.75E-12 6.36E-12 9.25E-12 1.76E-11 2.24E-06 5.24E-10  5.24E-10  8.48E-10 1.91E-09  441E-13 1.12E-11
Hafnium (72) Hf-182 1.27E-11 3.74E-12 5.37E-12 7.25E-12 3.41E-10 9.10E-07 561E-04 421E-04  1.09E-03 245E-03  4.07E-05 1.12E-03
Hafnium (72) Hf-182m 2.70E-13 6.99E-14 1.11E-13 1.57E-13 1.04E-13 3.83E-06 3.09E-10  3.08E-10  4.99E-10 1.12E-09 2.56E-14  6.70E-13
Hafnium (72) Hf-183 6.25E-13 1.31E-13 2.39E-13 3.42E-13 1.65E-13 3.30E-06 360E-10  3.60E-10  5.82E-10 1.31E-09 1.24E-14 3.22E-13
Hafnium (72) Hf-184 8.18E-12 1.26E-12 2.91E-12 4.26E-12 1.38E-12 8.64E-07 1.38E-09 1.38E-09 2.23E-09 5.03E-09  3.97E-15 1.00E-13
Holmium (67) Ho-155 2.63E-13 6.25E-14 1.05E-13 1.49E-13 5.29E-14 1.52E-06 6.62E-10  6.62E-10 1.07E-09  2.41E-09 1.80E-14  4.69E-13
Holmium (67) Ho-157 3.49E-14 1.07E-14 1.54E-14 2.13E-14 7.36E-15 1.84E-06 554E-10  554E-10 895E-10 2.01E-09  3.26E-14 8.73E-13
Holmium (67} Ho-158 3.96E-14 1.28E-14 1.78E-14 2.46E-14 1.22E-14 1.16E-06 8.90E-10  8.90E-10 144E-09  3.24E-09 7.48E-14 2.00E-12
Holmium (67) Ho-161 1.33E-13 2.48E-14 4.96E-14 7.14E-14 1.98E-14 5.52E-08 1.89E-08 1.89E-08 3.06E-08 6.89E-08 1.24E-13 3.18E-12
Holmium (67) Ho-162 1.29E-14 4.66E-15 5.96E-15 8.18E-15 5.40E-15 6.02E-07 1.75E-08  1.75E-09 282E-09 6.35E-09 1.03E-13  2.79E-12
Holmium (67) Ho-162m 1.81E-13 4.55E-14 7.47E-14 1.05E-13 5.18E-14 2.46E-06 428E-10  428E-10  6.91E-10 1.55E-09  3.74E-14 9.86E-13
Holmium (67) Ho-164 4.11E-14 1.26E-14 1.75e-14 2.45E-14 1.65E-14 2.78E-08 3.83E-08 3.83E-08 6.19E-08 1.39E-07 6.89E-14 1.82E-12
Holmium (67) Ho-164m 1.05E-13 2.50E-14 4.14E-14 5.88E-14 3.48E-14 3.63E-08 2.93E-08  2.93E-08 4.74E-08 1.07E-07 3.77E-14  9.83E-13
Holmium (67) Ho-166 2.67E-11 3.74E-12 9.21E-12 1.35E-11 3.85E-12 1.18E-07 8.80E-09  864E-09 147E-08 3.31E-08 7.35E-15 1.86E-13
Holmium (67) Ho-166m 2.10E-11 4.29E-12 8.03E-12 1.14E-11 3.09E-10 7.69E-06 8.16E-09  6.13E-09 158E-08 3.56E-08 3.31E-09  8.63E-08
Holmium (67) Ho-167 9.95E-13 1.73E-13 3.64E-13 5.25E-13 2.25E-13 1.45E-08 7.48E-10  7.48E-10 121E-09  2.72€-09  2.16E-14 5.56E-13
Hydrogen (1) H-3 2.20E-13 4.51E-14 1.12E-13 1.44E-13 1.99E-13 2.38E-10 1.57E-11 440E-10 9.91E-10  4.48E-12 1.28E-09 | 8.40E-09  4.20E-10
Indium (49) In-109 6.25E-13 1.32E-13 2.46E-13 3.50E-13 1.11E-13 2.90E-06 2.44E-10  244E-10  394E-10 887E-10  2.83E-14 7.37E-13
Indium (49) In-110a 7.03E-13 1.68E-13 2.81E-13 4.00E-13 1.17E-13 7.13E-06 1.00E-10 1.00E-10 1.62E-10  3.64E-10  6.86E-15 1.79E-13
Indium (49) in-110b 1.77E-12 4.51E-13 7.58E-13 1.05E-12 2.65E-13 1.41E-05 5.07E-11 5.07E-11 8.19E-11 1.84E-10 1.08E-14  2.89E-13
Indium (49) in-111 3.40E-12 6.25E-13 1.29€-12 1.85E-12 8.03E-13 1.42E-06 5.07E-10  507E-10  8.20E-10 1.85E-09  8.90E-14 2.30E-12
Iindium (49) In-112 3.70E-14 1.33E-14 1.68E-14 2.32E-14 1.10E-14 1.15E-06 6.33E-10  6.33E-10 1.02E-09 2.30E-09 244E-14  6.53E-13
Indium (49) In-113m 2.47E-13 5.11E-14 9.47E-14 1.35E-13 5.18E-14 1.05E-06 6.99E-10 6.99E-10  1.13E-09 254E-09 3.01E-14  7.83E-13
Indium (49) In-114 1.35E-08 5.48E-08 548E-08  B.86E-08 1.99E-07
Indium (49) In-114m 7.03E-11 1.07E-11 2.48E-11 3.60E-11 3.00E-11 3.57E-07 2.00E-09 197E-09 3.34E-09 7.50E-09  8.31E-14  2.12E-12
Indium (49) In-115 5.85E-11 3.19€-11 3.38E-11 4.33E-11 4.03E-10 2.70E-10 1.60E+07 6.81E+06 8.44E+07 154E+08 231E+03 6.69E+04
Indium (49) in-115m 1.24E-12 1.96E-13 4.40E-13 6.40E-13 2.15E-13 6.27E-07 1.19E-09 1.19E-09  1.92E-09  4.33E-09 179E-14  4.55E-13
Indium (49) In-116m 3.77E-13 1.07E-13 1.62E-13 2.26E-13 8.77E-14 1.23E-05 6.12E-11 6.12E-11 9.90E-11 2.23E-10  9.85E-15  2.61E-13
Indium (49) In-117 1.67E-13 4.74E-14 7.03E-14 9.84E-14 5.59E-14 2.90E-06 2.62E-10  262E-10  4.23E-10  9.52E-10 1.85E-14  4.89E-13
Indium (49) In-117m 1.22E-12 2.17E-13 4.44E-13 6.44E-13 2.33E-13 3.35E-07 227E-09 227E-09 366E-09 8.24E-09 7.82E-15  2.00E-13
Indium (49) In-119 3.54E-06 218E-10  218E-10  3.53E-10  7.94E-10
Indium (49) In-119m 1.70E-13 5.85E-14 7.55E-14 1.04E-13 3.34E-14 5.63E-08 1.37E-08 1.37E-08 222E-08 4.99E-08  7.20E-15 1.84E-13
lodine (53) 1-120 2.33E-12 5.66E-13 9.03E-13 2.46E-12 3.8SE-13 1.33E-05 5.86E-11 2.12E-11 9.47E-11 2.13E-10  2.73E-15 3.71E-14 1.69E-09 847E-11
lodine (53) -120m 1.20E-12 3.53E-13 5.03E-13 1.30E-12 1.98E-13 2.55E-05 3.06E-11 2.06E-11 4.94E-11 1.11E-10  3.21E£-15  4.60E-14 | 3.04E-09 1.52E-10
lodine (53) -121 5.59E-13 1.44E-13 2.27E-13 6.03E-13 9.81E-14 1.63E-06 4.82E-10 1.06E-10  7.79E-10 1.75E-09 1.72E-14  240E-13 | 6.80E-09  3.40E-10
lodine (53) 1-122 4.17E-06 1.90E-10 1.90E-10  307E-10  6.91E-10
lodine (53) 1-123 1.96E-12 3.77E-13 6.96E-13 2.05E-12 3.03E-13 5.10E-07 1.56E-03  3.98E-11 253E-09 569E-09 3.55E-14  446E-13 2.25E-08 1.13E-10
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Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil ingestion Water Ingestion Food Ingestion Inhalation  External Exposure | Residential Agricultural  Qutdoor indoor Tap Fish
Eiement Siope Factor Slope Factor-Adult  Slope Factor Siope Factor  Siope Factor Slope Factor Soit Soil Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) (risk/pCi) (risk/pCi} (risk/pCi) (risk/pCi) (risk/y per pCi/g) {mg/kg) {mg/kg) {mg/kg) {mg/kg) (mg/L} (mg/kg) (mg/kg) (mg/kg)
lodine (53) -124 1.16E-10 2.18E-11 4.14E-11 1.22E-10 1.76E-11 5.10E-06 156E-10  6.88E-13  255E-10  5.74E-10  4.57E-15 5.75E-14 3.82E-11 1.91E-12
lodine (53) 1-125 5.55E-11 1.70E-11 2.54E-11 6.29E-11 1.06E-11 7.24E-09 1.89E-08 1.35E-12 141E-07 3.00E-07 1.08E-13 1.62E-12 6.28E-11 3.14E-12
todine (53) 1-126 2.31E-10 3.24E-11 8.73E-11 2.48E-10 3.70E-11 1.96E-06 3.89E-10  3.45E-13  6.73E-10 1.51E-03  6.85E-15 8.94E-14 1.84E-11 9.20E-13
lodine (53) -128 1.89E-13 6.14E-14 8.14E-14 2.06E-13 3.04E-14 3.74E-07 222E-09 355E-10 3.59E-09  8.08E-09 9.97E-15 1.46E-13 2.01E-08 1.00E-09
lodine (53) 1-129 2.71E-10 1.14E-10 1.48E-10 3.22E-10 6.07E-11 6.10E-08 3.38E-03 1.54E-07  6.14E-02 1.18E-01 1.82E-06 3.11E-05 2.62E-05 1.31E-06
lodine (53) 1-130 1.80E-11 3.41E-12 6.36E-12 1.88E-11 2.76E-12 9.67E-08 8.72E-11 4.46E-12 141E-10  3.17E-10  3.86E-15 4.83E-14 2.61E-10 1.30E-11
lodine (53) 1-131 1.26E-10 2.43E-11 4.55E-11 1.34E-10 1.95E-11 1.59E-06 5.10E-10  6.84E-13  B.63E-10 1.94E-09  846E-15 1.06E-13 3.67E-11 1.84E-12
lodine (53) 1-132 2.22E-12 5.07E-13 8.44E-13 2.34E-12 3.74E-13 1.06E-05 8.09E-11 2.60E-11 1.31E-10  2.94E-10  548E-15 7.31E-14 1.98E-08  9.97E-11
todine (53) 1-132m 1.70E-12 3.40E-13 6.11E-13 1.78E-12 2.70E-13 1.40E-06 6.12E-10  4.66E-11 9.89E-10  2.23E-03  4.58E-15 5.82E-14 2.75E-09 1.38E-10
lodine (53) -133 4.26E-11 7.25E-12 1.44E-11 4.40E-11 6.25E-12 2.72E-06 3.15E-10  2.04E-12 5.13E-10 1.15E-09  2.92E-15 3.54E-14 1.18E-10  5.89E-12
lodine (53) 1-134 5.96E-13 1.76E-13 2.50E-13 6.44E-13 1.02E-13 1.24E-05 7.02E-11 4.69E-11 1.13E-10  255E-10  7.15E-15 1.03E-13 6.83E-09  3.42E-10
lodine (53) -135 8.62E-12 1.64E-12 3.05E-12 8.99E-12 1.34E-12 7.83E-06 1.12E-10  9.36E-12 1.81E-10  4.07E-10  4.45E-15 5.60E-14 5.64E-10  2.82E-11
Iridiurm (77) Ir-182 2.33E-13 6.92E-14 9.95E-14 1.39E-13 5.03E-14 5.85E-06 2.02E-10  2.02E-10  3.26E-10  7.34E-10  6.96E-15 1.85E-13
Iridium (77) fr-184 1.67E-12 3.38E-13 6.44E-13 9.21E-13 3.30E-13 8.66E-06 1.38E-10 1.38E-10  223E-10  5.02E-10 1.31E-14 3.40E-13
Iridium (77) Ir-185 3.61E-12 6.03E-13 1.32E-12 1.91E-12 7.25E-13 2.69E-06 446E-10  4.46E-10  7.22E-10 1.62E-09  2.99E-14 7.64E-13
Iridium (77) Ir-186a 5.44E-12 1.04E-12 2.08E-12 2.98E-12 1.06E-12 7.40E-06 1.63E-10 1.63E-10  2.64E-10  593E-10 2.15E-14 5.56E-13
Iridium (77) Ir-186b 5.07E-13 1.12E-13 2.00E-13 2.84E-13 1.11€-13 4.22E-06 2.86E-10  2.86E-10  4.62E-10 1.04E-09  248E-14 6.46E-13
Iridium (77) Ir-187 1.57E-12 2.71E-13 577E-13 8.33E-13 2.87E-13 1.42E-06 8.55E-10  8.54E-10 1.38E-09 3.11E-09  5.18E-14 1.33E-12
Iridiurn (77) Ir-188 6.40E-12 1.30E-12 2.52E-12 3.58E-12 1.38E-12 7.68E-06 1.59E-10 1.59E-10  257E-10  5.78E-10 4.71E-14 1.238-12
Iridium (77) Ir-189 4.29E-12 6.44E-13 1.51E-12 2.21E-12 2.33E-12 1.69E-07 717E-08  6.99E-09 1.17E-08  2.64E-08  6.08E-13 1.54E-11
Iridium (77) Ir-190 1.50E-11 2.72E-12 5.66E-12 8.10E-12 8.81E-12 5.99E-06 2.06E-10  2.05E-10  3.33E-10  7.49E-10  148E-13 3.84E-12
tridium (77) Ir-190m 8.44E-14 1.59€-14 3.17E-14 4.55E-14 3.89E-14 8.69E-13 287E-05 891E-06 7.11E-04 1.36E-03  1.09E-13 2.82E-12
tridium (77) Ir-190n 1.07E-12 2.33E-13 4.26E-13 6.03E-13 2.14E-13 6.48E-06 1.90E-10 1.90E-10  3.08E-10  6.92E-10  2.10E-14 5.51E-13
tridium (77) Ir-191m 1.58E-07 7.85E-09 7.85E-09 1.27E-08  2.85E-08
Iridium (77) tr-192 2.04E-11 3.30E-12 7.36E-12 1.076-11 2.41E-11 3.40E-06 3.66E-10  3.63E-10  5.92E-10 1.33E-09  7.05E-13 1.80E-11
Iridium (77) Ir-192m 2.16E-12 6.77E-13 9.81E-13 1.32E-12 1.02E-10 5.39E-07 2.79E-08  2.11E-08  5.39E-08 1.21E-07  6.29E-09 1.73E-07
Iridium (77) Ir-194 2.49E-11 3.52E-12 8.62E-12 1.26E-11 3.40E-12 4.09E-07 2.99E-09 2.82E-09  497E-09 1.12E-08  6.58E-15 1.67E-13
Iridium (77) ir-194m 2.29E-11 4.55E-12 8.88E-12 1.26E-11 4.59E-11 1.01E-05 1.25E-10 1.24E-10  2.02E-10  4.53E-10  1.36E-12 3.56E-11
Iridium (77) r-185 1.10E-12 1.85E-13 3.96E-13 577E-13 2.39E-13 1.126-07 1.13E-08 1.11E-08 1.83E-08  4.11E-08 1.87E-14 4.76E-13
tridium (77) Ir-195m 2.89E-12 4.63E-13 1.03E-12 1.50E-12 5.96E-13 1.58E-06 8.01E-10  7.99E-10 1.29E-09  2.91E-09  1.10E-14 2.78E-13
Iron (26) Fe-52 1.94E-11 3.29E-12 7.07E-12 1.03E-11 2.73E-12 3.07E-06 1.10E-10  2.68E-11 1.78E-10  4.00E-10  9.27E-16 2.36E-14 1.35E-09  6.73E-11
tron (26) Fe-55 2.09E-12 5.18E-13 8.62E-13 1.16E-12 7.99E-13 0.00E+00 1.12E-06 3.33E-10  9.17E-06 1.65E-05  2.30E-11 6.32E-10 548E-08  2.74E-09
fron (26) Fe-59 2.07E-11 4.07E-12 7.88E-12 1.11E-11 1.33E-11 5.83E-06 6.57E-11 2.38E-11 1.06E-10  2.39E-10  1.22E-13 3.20E-12 1.37E-09  6.85E-11
Iron (26) Fe-60 3.53E-10 1.28E-10 1.80E-10 2.39E-10 1.84E-10 6.38E-12 3.41E-05 6.36E-09 233E-04 420E-04 444E-09 1.24E-07 | 2.93E-07 1.47E-08
Krypton (36) Kr-74 4.90E-08 9.81E-11 9.81E-11 158E-10  3.57E-10
Krypton (36) Kr-76 1.73E-06 2.85E-10  2.85E-10  4.61E-10 1.04E-09
Krypton (36) Kr-77 4.22E-08 1.19E-10 1.19E-10 1.91E-10  4.31E-10
Krypton (36) Kr-79 1.08E-06 4.75E-10  4.75E-10 7.68E-10 1.73E-09
Krypton (36) Kr-81 2.18E-08 2.44E-04 1.83E-04  4.73E-04 1.06E-03
Krypton (36) Kr-81m 4.60E-07 1.14E-09 1.14E-09 1.85E-09  4.16E-09
Krypton (36) Kr-83m 1.34E-11 402E-05 4.02E-05 6.50E-05 1.46E-04
Krypton (36) Kr-85 1.05E-08 6.14E-08 5.68E-08 1.06E-07  2.38E-07
Krypton (36) Kr-85m 5.46E-07 1.01E-09 1.01E-08 1.63E-09  3.68E-09
Krypton (36) Kr-87 4.00E-06 1.41E-10 1.41E-10  2.28E-10  5.13E-10
Krypton (36) Kr-88 1.02E-05 5.60E-11 5.60E-11 9.05E-11 2.04E-10
Lanthanum (57) La-131 2.28E-13 5.74E-14 9.32E-14 1.31E-13 5.48E-14 2.76E-086 3.08E-10  3.08E-10  4.98E-10 112E-09  2.10E-14 5.54E-13
Lanthanum (57) La-132 4.85E-12 8.44E-13 1.78E-12 2.58E-12 6.25E-13 9.52E-06 9.00E-11 9.00E-11 145E-10  3.27E-10 5.42E-15 1.38E-13
Lanthanum (57) La-134 3.05E-06 2.85E-10  2.85E-10  461E-10 1.04E-09
Lanthanum (57) La-135 3.96E-13 6.70E-14 146E-13 2.11E-13 5.03E-14 5.21E-08 1.68E-08 1.68E-08  272E-08 6.12E-08  2.74E-13 7.03E-12
Lanthanum (57) La-137 9.44E-13 1.67E-13 3.48E-13 5.00E-13 1.39E-11 6.75E-09 3.72E-04  2.75E-04  7.35E-04 1.65€-03  3.15E-06 8.12E-05
Lanthanum (57) La-138 8.81E-12 2.03E-12 3.53E-12 4.96E-12 3.05E-10 6.07E-06 9.59E-01 7.19E-01 1.86E+00  4.18E+00  7.04E-01 1.85E+01
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity

Preliminary Remediation Goals (PRG)

Soil to Groundwater

Soil ingestion Soit Ingestion Water ingestion Food Ingestion Inhalation  External Exposure | Residentiai  Agricultural  Outdoor Indoor Tap Fish

Element Siope Factor Slope Factor-Adult  Slope Factor Slope Factor  Slope Factor Slope Factor Soil Soit Worker Soil Worker Soii Water Ingestion DAF=20 DAF=1
{Atomic Number) Isotope {risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk/y per pCi/g) {ma/kg) {mg/kg) (mg/kg) (mg/kg) {mgiL.) (mg/kg) {mg/kg) (mg/kg)
Lanthanum (57) La-140 3.05E-11 4.85E-12 1.10E-11 1.59E-11 4.77E-12 1.15E-05 7.90E-11 7.90E-11 1.28E-10  287E-10  7.81E-15  2.00E-13

Lanthanum (57} La-141 5.37E-12 8.18E-13 1.88E-12 2.74E-12 7.44E-13 2.37E-07 3.85E-09  3.84E-09  6.24E-09  140E-08 4.49E-15 1.14E-13

Lanthanum (57) La-142 1.48E-12 3.23E-13 5.77E-13 8.21E-13 2.42E-13 1.44E-05 6.40E-11 6.40E-11 1.03E-10  2.33E-10  5.77E-15 1.50E-13

Lanthanum (57) La-143 3.14E-13 8.03E-14 1.26E-13 1.78E-13 5.66E-14 511E-07 1.82E-09 182E-09 2.94E-09 661E-09 4.09E-15 1.07E-13

Lead (82) Pb-195m 1.20E-13 4.18E-14 548E-14 7.55E-14 4.37E-14 6.90E-06 1.84E-10 1.82E-10 297E-10  6.67E-10  1.43E-14  3.83E-13 1.22E-06  6.12E-08
Lead (82) Pb-198 6.18E-13 1.62E-13 2.60E-13 3.63E-13 1.43E-13 1.62E-06 7.94E-10 681E-10 128609 289E-09 2.78E-14  7.38E-13 | 2.62E-07 1.31E-08
Lead (82) Pb-199 3.28E-13 9.29E-14 1.42E-13 1.97E-13 7.44E-14 6.87E-06 1.88E-10 1.85E-10  3.04E-10  6.84E-10  3.20E-14  8.54E-13 | 4.82E-07 241E-08
Lead (82) Pb-200 4.03E-12 8.70E-13 1.58E-12 2.24E-12 1.16E-12 5.97E-07 217E-09  6.24E-10  3.51E-08 7.91E-08 4.14E-14 1.08E-12 | 4.35E-08  2.18E-09
Lead (82) Pb-201 1.47E-12 3.41E-13 5.92E-13 8.36E-13 3.50E-13 3.18E-06 4.10E-10  3.50E-10 _ 6.63E-10 1.49E-09  4.86E-14 1.27E-12 1.17E-07  5.84E-09
Lead (82) Pb-202 3.74E-11 1.74E-11 2.22E-11 2.93E-11 1.43E-11 3.09E-12 1.61E-03  7.31E-07 1.73E-02 3.12E-02  3.64E-07 1.02E-05 } 4.51E-05 2.26E-06
Lead (82) Pb-202m 9.84E-13 2.65E-13 4.18E-13 5.85E-13 2.25E-13 9.32E-06 1.41E-10 1.35E-10 227E-10 5.12E-10 2.66E-14  7.05E-13 1.66E-07  8.31E-09
Lead (82) Pb-203 2.65E-12 5.59E-13 1.02E-12 146E-12 7.55E-13 1.09E-06 121E-09 641E-10 1.95E-09 440E-09  1.58E-13  4.08E-12 | 6.84E-08 3.42E-09
Lead (82) Pb-205 1.26E-12 4.92E-13 6.33E-13 8.25E-13 6.44E-13 3.50E-12 2.52E+00  1.26E-03  2.80E+01 5.10E+01 6.17E-04 1.75E-02 | 766E-02  3.83E-03
Lead (82) Pb-209 6.55E-13 1.22E-13 2.41E-13 3.49E-13 1.90E-13 5.37E-10 1.92E-06 585E-09 3.97E-06 8.88E-06 4.29E-14 110E-12 | 2.98E-07 1.49E-08
Lead (82) Pb-210 1.84E-09 5.99E-10 8.81E-10 1.18E-09 2.77€E-09 1.41E-09 431E-09 245E-12 549E-08 9.92E-08  7.09E-13 1.96E-11 1.35E-10 __ 6.76E-12
Lead (82) Pb-210+D 2.66E-09 2.04E-09 1.27E-09 3.44E-09 1.39E-08 4.21E-09 1.97E-09  841E-13  1.62E-08  2.92E-08 4.92E-13  6.72E-12 | Q.37E-11 4.69E-12
Lead (82) Pb-211 1.04E-12 2.63E-13 4.11E-13 5.81E-13 3.70E-11 2.29E-07 5.98E-09 2.23E-039 967E-09 217E-08 4.70E-15 1.23E-13 1.76E-07  8.82E-09
Lead (82) Pb-212 6.70E-11 1.31E-11 2.50E-11 3.54E-11 5.77E-10 5.08E-07 262E-09 574E-11  4.36E-03  9.79E-09  1.37E-15  3.58E-14 | 2.91E-09 1.46E-10
Lead (82) Pb-214 8.51E-13 2.21E-13 3.44E-13 4.85E-13 3.63E-11 9.82E-07 1.41E-09 1.07E-09 2.29E-09 5.14E-09 4.23E-15 1.1E-13 | 2.14E-07 1.07E-08
Lutetium (71) Lu-169 5.03E-12 9.69E-13 1.94E-12 2.77E-12 1.33E-12 4.73E-06 2.32E-10  2.32E-10  3.75E-10  843E-10  4.52E-14 1.17E-12

Lutetium (71) Lu-170 1.06E-11 2.11E-12 4.14E-12 5.88E-12 2.25E-12 1.26E-05 8.76E-11 8.76E-11 1.42E-10  3.19E-10  3.00E-14  7.82E-13

Lutetium (71) Lu-171 8.84E-12 1.52E-12 3.27E-12 4.70E-12 3.50E-12 2.90E-06 3.83E-10  3.83E-10  6.19E-10  1.39E-09 157E-13  4.05E-12

Lutetium (71) Lu-172 1.47E-11 2.75E-12 5.59E-12 8.03E-12 6.03E-12 8.70E-06 1.28E-10 1.28E-10  2.07E-10  4.67E-10  7.53E-14 1.94E-12

Lutetium (71) Lu-173 3.74E-12 6.03E-13 1.35E-12 1.96E-12 8.70E-12 2.92E-07 3.84E-09 3.84E-09  6.21E-09  1.40E-08  2.34E-11 5.97E-10

Lutetium (71) Lu-174 4.11E-12 6.44E-13 1.46E-12 2.12E-12 1.42E-11 4.26E-07 2.65E-09 2.65E-09 4.31E-09 9.69E-09  5.26E-11 1.34E-09

Lutetium (71) Lu-174m 9.73E-12 1.39E-12 3.38E-12 4.96E-12 1.51E-11 9.88E-08 1.136-08  1.13E-08  1.84E-08 4.15E-08 2.67E-12  6.74E-11

Lutetium (71) Lu-176 2.60E-11 4.11E-12 9.29€-12 1.35E-11 1.41E-10 1.83E-06 1.08E+00  8.10E-01  2.10E+00  4.72E+00  9.09E-02  2.32E+00

Lutetium (71) Lu-176m 2.43E-12 3.74E-13 8.55E-13 1.25E-12 4.55E-13 2.78E-08 4.06E-08 4.06E-08 6.63E-08 1.49E-07 1.15E-14 2 92E-13

Lutetium (71) Lu-177 1.02E-11 1.43E-12 3.53E-12 5.18E-12 4.66E-12 1.14E-07 996E-08 9.96E-09 163E-08 366E-08 1.23E-13  3.10E-12

Lutetium (71) Lu-177m 2.60E-11 4.14E-12 9.36E-12 1.36E-11 5.70E-11 3.63E-06 3.16E-10  3.16E-10  5.12E-10 1.15E-09 1.11E-12  2.83E-11

Lutetium (71) Lu-178 2.02E-13 6.25E-14 8.62E-14 1.20E-13 5.29E-14 6.76E-07 1.71E-09 1.71E-09 276E-09 6.22E-09 1.49€-14  3.96E-13

Lutetium (71) Lu-178m 1.59€-13 5.37E-14 7.10E-14 9.84E-14 5.85E-14 4.26E-06 271E-10  271E-10 4.38E-10 9.86E-10  1.44E-14  3.86E-13

Lutetium (71) Lu-179 3.21E-12 4.81E-13 1.12E-12 1.64E-12 5.14E-13 1.19E-07 9.73E-09  9.73E-09  1.58E-08  3.55E-08  1.12E-14  2.82E-13

Magnesium (12) Mg-28 3.06E-11 5.22E-12 1.14E-11 1.65E-11 5.14E-12 6.56E-06 2.77E-11 27711 448E-11 1.01E-10  7.81E-16  2.00E-14

Manganese (25) Mn-51 5.11E-13 1.37E-13 2.09€-13 2.95E-13 9.55E-14 4.37E-06 7.58E-11 7.05E-11 1.22E-10  2.76E-10  2.86E-15  7.50E-14 | 6.90E-08  3.45E-09
Manganese (25) Mn-52 1.58E-11 3.60E-12 6.44E-12 9.07E-12 4.40E-12 1.67E-05 2.01E-11 1.26E-11 3.27E-11 7.35E-11 1.65€-14  4.34E-1 2.28E-09 1.14E-10
Manganese (25) Mn-52m 2.82E-13 9.66E-14 1.27E-13 1.75E-13 5.07E-14 1.15€-05 2.94E-11 2.89E-11  474E-11 1.07E-10  2.19E-15  5.89E-14 1.16E-07  5.79E-09
Manganese (25) Mn-53 4.37E-13 6.99E-14 1.56E-13 2.25E-13 2.17E-13 0.00E+00 3.92E-02 1.85E-04 1.40E+01 251E+01 1.68E-04  4.30E-03 1.71E-02  8.55E-04
Manganese (25) Mn-54 5.14E-12 1.48E-12 2.28E-12 3.11E-12 5.88E-12 3.89E-06 8.97E-11 4.79E-11 146E-10  3.28E-10  2.71E-12 _ 7.35E-11 3.98E-09 1.99E-10
Manganese (25) Mn-56 2.78E-12 5.11E-13 1.03E-12 1.48E-12 4.14E-13 8.44E-06 4.30E-11 3.61E-11 6.96E-11 1.57E-10  2.14E-15  5.50E-14 1.54E-08  7.69E-10
Mendelevium (101) Md-257 1.67E-12 2.59E-13 5.88E-13 8.58E-13 7.70E-11 3.62E-07 4.61E-09 4861E-039 745E-09 1.68E-08 3.46E-14  8.78E-13

Mendelevium (101) Md-258 1.23E-10 1.95E-11 4.33E-11 6.25E-11 1.68E£-08 1.31E-09 8.96E-08 9.32E-08  7.16E-07  1.39E-06  1.20E-13 3 07E-12

Mercury (80) Hg-193 1.14E-12 1.87E-13 4.11E-13 5.99E-13 2.53E-13 5.55£-07 2.24E-09 218E-08 3.65E-09 8.21E-09 2.50E-14  6.36E-13

Mercury (80) Hg-193m 537E-12 9.10E-13 1.97E-12 2.84E-12 9.40E-13 4.54E-06 2.75E-10  2.70E-10  4.46E-10  1.00E-09 1.66E-14  4.25E-13

Mercury (80) Hg-194 1.55E-10 2.00E-12 8.07E-11 1.06E-10 2.88E-11 5.04E-12 1.79E-08  332E-09 1.27E-04 2.30E-04  8.33E-11 2.35E-09

Mercury (80) Hg-195 141E-12 2.27E-13 5.07E-13 7.36E-13 2.84E-13 7.34E-07 1.71E-09 167E-09 279E-09 6.27E-09 5.80E-14 1.48E-12

Mercury (80) Hg-195m 9.55E-12 1.42E-12 3.36E-12 4.92€E-12 2.33E-12 7.88E-07 1.56E-09 1.34E-08 266E-09 599E-09 3.67E-14  9.29E-13

Mercury (80) Hg-197 4.07E-12 5.99E-13 1.43E-12 2.09E-12 1.25E-12 1.14E-07 9.68E-09 6.80E-09 1.81E-08 4.08E-08 1.34E-13  3.41E-12

Mercury (80) Hg-197m 8.62E-12 1.24E-12 3.00E-12 4.40E-12 2.28€-12 2.508-07 444E-09  3.15E-09 8.26E-09 1.86E-08 2.38E-14  6.01E-13

Mercury (80) Hg-199m 1.63E-13 4.44E-14 6.70E-14 9.44E-14 6.33E-14 577€-07 2.24E-09  2.23E-09 3.62E-09 8.14E-09 3.21E-14  B8.44E-13

Mercury (80) Hg-203 1.27E-11 1.35E-12 5.70E-12 7.62E-12 8.95E-12 9.21E-07 1.34E-08 1.11E-09 231E-09 5.20E-03  6.06E-13 1.68E-11
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water Ingestion Food Ingestion Inhalation  External Exposure | Residential Agriculturai  Outdoor Indoor Tap Fish
Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor  Slope Factor Slope Factor Soit Soil Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk/y per pCifg) (mg/kg) {mg/kg) {malkg) (mg/kg) (mgit) (mg/kg) {mg/kg) (ma/kg)
Molybdenum (42)  Mo-101 1.48E-13 5.59E-14 6.88E-14 9.44E-14 4.33E-14 6.62E-06 9.91E-11 9.91E-11 1.60E-10  3.60E-10  544E-15  147E-13
Molybdenum (42)  Mo-90 1.39E-12 5.03E-13 6.59E-13 8.73E-13 1.24E-12 3.41E-06 1.71E-10  1.71E-10  277E-10  6.23E-10  1.18E-14  3.30E-13
Molybdenum (42)  Mo-93 5.29E-12 3.38E-12 3.35E-12 4.18E-12 1.27E-12 2.17E-10 782E-06  150E-06 3.15E-04  6.08E-04  1.30E-08  3.85E-07
Molybdenum (42)  Mo-93m 6.62E-13 2.51E-13 3.20E-13 4.26E-13 4.33E-13 1.09E-05 5.54E-11 5.54E-11 8.95E-11 2.01E-10  3.03E-14  8.43E-13
Molybdenum (42)  Mo-99 3.50E-12 1.18E-12 1.60E-12 2.11E-12 4.29E-12 6.64E-07 9.59E-10  9.32E-10  1.56E-09  3.52E-09 6.22E-14  1.75E-12
Neodymium (60) Nd-136 6.70E-13 1.64E-13 2.70E-13 3.81E-13 1.34E-13 1.01E-06 874E-10  8.74E-10 141E-09 3.18E-09 648E-15  1.70E-13
Neodymium (60) Nd-138 9.69E-12 1.49E-12 3.42E-12 5.00E-12 1.24E-12 8.73E-08 1.30E-08  1.296-08  2.15E-08 4.82E-08 3.10E-15  7.84E-14
Neodymium (60) Nd-139 1.21E-13 3.11E-14 4.96E-14 6.96E-14 2.37E-14 1.72E-06 525E-10  5.25E-10  8.48E-10 191E-09 2.11E-14  5.57E-13
Neodymium (60) Nd-139m 2.86E-12 5.37E-13 1.08E-12 1.56E-12 4.96E-13 7.13E-06 1276-10  127E-10  2.05E-10  4.60E-10  1.08E-14  2.76E-13
Neodymium (60) Nd-141 8.07E-14 1.61E-14 3.09E-14 4.40E-14 1.34E-14 2.28E-07 4.02E-09 4.02E-08 649E-09 146E-08 1.73E-13  4.50E-12
Neodymium (60) Nd-141m 3.48E-06 2.63E-10  263E-10  4.25E-10  9.57E-10
Neodymium (60) Nd-147 2.01E-11 2.86E-12 6.96E-12 1.02E-11 9.36E-12 4.87E-07 195E-09  194E-09 3.16E-03  7.12E-09  8.49E-14  2.14E-12
Neodymium (60) Nd-149 1.51E-12 2.58E-13 5.44E-13 7.92E-13 3.18E-13 1.49E-06 6.48E-10  649E-10  1.05E-09 236E-09 7.21E-15  1.83E-13
Neodymium (60) Nd-151 1.83E-13 4.63E-14 7.36E-14 1.04E-13 3.92E-14 4.10E-06 2.39E-10  2.39E-10  386E-t0 869E-10 6.45E-15  1.69E-13
Neon (10) Ne-19 4.47E-06 2.76E-11 2.76E-11 4.46E-11 1.00E-10
Neptunium (93) Np-232 4.14E-14 1.57E-14 1.97E-14 2.70E-14 3.17E-14 5.25E-06 287E-10  2.84E-10  4.64E-10  1.04E-09 4.39E-14  1.19E-12 | 1.96E-07 9.79E-09
Neptunium (93) Np-233 1.14E-14 3.58E-15 5.03E-15 6.99E-15 2.49E-15 2.29E-07 661E-09 6.21E-09 1.07E-08 2.40E-08 4.25E-13  1.13E-11 7.70E-07  3.85£-08
Neptunium (93) Np-234 8.77E-12 1.72E-12 3.40E-12 4.85E-12 1.86E-12 7.06E-06 2.15E-10  8.88E-11 348E-10 7.82E-10  1.11E-13  2.87E-12 | 1.14E-08 5.72E-11
Neptunium (93) Np-235 9.99E-13 1.42E-13 3.46E-13 5.07E-13 1.15E-12 2.13E-09 6.12E-07  145E-09 1.15E-06 2.58E-06  9.83E-11 2.48E-09 | 1.13E-08  5.65E-10
Neptunium (93) Np-236a 2.56E-11 7.18E-12 1.05E-11 1.44E-11 9.77E-10 3.25E-07 2.538-05 211E-07 504E-05 1.13E-04 345E-07 9.31E-06 | 2.07E-06  1.03E-07
Neptunium (93) Np-236b 3.19E-12 4.74E-13 1.11E-12 1.63E-12 8.07E-12 1.34E-07 1.13E-08 4.36E-10 1.85E-08 4.16E-08 7.28E-14 1.84E-12 3.54E-09 1.77E-10
Neptunium (93) Np-237 1.46€E-10 4.70E-11 6.18E-11 8.29E-11 1.77E-08 5.36E-08 143E-03 6.91E-07 517E-03  1.14E-02 109E-06 3.02E-05 { 1.26E-04  6.30E-06
Neptunium (93) Np-237+D 1.62E-10 4.92E-11 6.74E-11 9.10E-11 1.77E-08 7.97E-07 1.84E-04 6.27E-07 3.82E-04 859E-04 100E-06 2.75E-05 1.26E-04  6.30E-06
Neptunium (93) Np-238 1.52E-11 2.33E-12 5.40E-12 7.88E-12 4.18E-12 2.62E-06 5.89E-10  8.16E-11 9.53E-10 214E-09 341E-14  866E-13 | 7.33E-10 _ 3.67E-11
Neptunium (93) Np-239 1.47E-11 2.15E-12 5.14E-12 7.51E-12 4.00E-12 5.41E-07 2.84E-09 964E-1t  463E-09 1.04E-08 4.01E-14  1.02E-12 | 7.73E-10  3.87E-11
Neptunium (93) Np-240 5.55E-13 1.37E-13 2.23E-13 3.16E-13 1.95E-13 5.80E-06 269E-10 241E-10  4.34E-10 9.77E-10 1.77E-14  4.64E-13 | 1.79E-08  8.95E-10
Neptunium (83) Np-240m 1.51E-06 1.03E-09 1.03E-09 167E-09 3.75E-08
Nickel (28) Ni-56 6.70E-12 1.64E-12 2.83E-12 3.96E-12 2.88E-12 7.74E-06 470E-11  4.47E-11 7.59€-11 1.71E-10  4.41E-14  1.17E-12 | 3.75E-08  1.88E-09
Nickel (28) Ni-57 1.02E-11 1.89E-12 3.89E-12 5.55E-12 1.78E-12 9.43E-06 3.92E-11 371E-11  6.34E-11 1.43E-10  8.05E-15  2.09€-13 | 2.78E-08  1.38E-09
Nickel (28) Ni-58 7.33E-13 1.44E-13 2.74E-13 3.89E-13 4.66E-13 0.00E+00 258E-03 2.67E-05 1.53E-01  2.75E-01 2.15E-06  5.62E-05 | 2.53E-03  1.27E-04
Nickel (28) Ni-63 1.79E-12 3.50E-13 6.70E-13 9.51E-13 1.64E-12 0.00E+00 161E-06 1.72E-08 9.40E-05 1.69E-04 1.20E-09 3.14E-08 | 5.81E-07 2.91E-08
Nickel (28) Ni-65 1.92E-12 3.34E-13 6.96E-13 1.01E-12 3.03E-13 2.74E-06 1.54E-10  148E-10 249E-10 5.60E-10 3.58E-15  9.14E-14 1.77E-07  8.85E-09
Nickel (28) Ni-66 577E-11 8.18E-12 2.00E-11 2.94E-11 8.99E-12 2.67E-11 1.05E-08 146E-10  6.78E-07 1.23E-06 2.74E-15 691E-14 | 6.26E-09 3.13E-10
Niobium (41) Nb-88 2.45E-13 8.92E-14 1.13E-13 1.55E-13 451E-14 1.89E-05 3.02E-11 3.02E-11  4.88E-11 1.10E-10  2.83E-15  7.63E-14
Niobium (41) Nb-89a 1.01E-12 2.35E-13 4.00E-13 5.66E-13 1.74E-13 8.48E-06 6.82E-11 6.82E-11 110E-10  248E-10 3.73E-15  9.75E-14
Niobium (41) Nb-89b 2.82E-12 5.22E-13 1.04E-12 1.51E-12 4.07E-13 6.64E-06 8.70E-11 8.70E-11 141E-10  3.16E-10 2.65E-15  6.76E-14
Niobium (41) Nb-80 1.52E-11 2.75E-12 5.70E-12 8.21E-12 2.27E-12 2.13E-05 2.74E-11 2.74E-11  4.43E-11 9.98E-11  3.51E-16  9.02E-14
Niobium (41) Nb-93m 2.31E-12 3.32E-13 8.03E-13 1.17E-12 1.90E-12 3.83E-11 1.24E-06 4.85E-07 1.72E-05 343E-05 210E-10  5.34E-09
Niobium (41) Nb-94 2.05E-11 3.89E-12 7.77E-12 1.11E-11 3.77E-11 7.29€-06 8 18E-08  6.13E-08 159E-07 3.57E-07 3.27E-08  8.49E-07
Niobium (41) Nb-95 6.36E-12 1.23E-12 2.45E-12 3.50E-12 5.44E-12 3.53E-06 1.75E-10  1.75E-10  2.82E-10  6.35E-10 4.99E-13  1.29E-11
Niobium (41) Nb-95m 1.05E-11 1.50E-12 3.66E-12 5.37E-12 3.27E-12 2.32E-07 263E-09 259E-09 4.29E-09 9.66E-09 3.42E-14  B.64E-13
Niobium (41) Nb-96 1.35E-11 2.41E-12 5.03E-12 7.25E-12 2.28E-12 1.15E-05 5.42€-11 5.42E-11_ 8.76E-11 197E-10  6.80E-15  1.75E-13
Niobium (41) Nb-97 5.00E-13 1.14E-13 1.96E-13 2.79E-13 1.07E-13 2.97E-06 212E-10  2.12E-10  3.43E-10 7.71E-10  9.05E-15  2.36E-13
Niobium (41) Nb-97m 3.34E-06 1.89E-10  1.89E-10  3.05E-10  6.86E-10
Niobium (41) Nb-98 6.73E-13 1.81E-13 2.80E-13 3.92E-13 1.23E-13 1.16E-05 5.49E-11 5.49E-11 8.86E-11 199E-10 4.57E-15  1.21E-13
Nitrogen (7) N-13 4.45E-06 1.90E-11 1.90E-11 3.07e-11 6.90E-11
Osmium (76) Os-180 7.92E-14 2.72E-14 3.63E-14 5.00E-14 2.62E-14 1.08E-07 108E-08  1.08E-08  1.75E-08 3.93E-08 277E-14  7.44E-13
Osmium (76) 0s-181 9.21E-13 1.83E-13 3.54E-13 5.07E-13 1.95E-13 5.41E-06 217E-10  217E-10  3.51E-10  7.90E-10  1.36E-14  3.52E-13
Osmium (76) 0s-182 6.92E-12 1.23E-12 2.59E-12 3.74E-12 1.45E-12 1.63E-06 7.25E-10  7.25E-10  1.17E-09 2.64E-09 2.35E-14  6.04E-13
Osmium (76) Os-185 4.77€-12 1.04E-12 1.92E-12 2.70E-12 6.14E-12 3.11E-06 3.86E-10  3.86E-10  6.24E-10  140E-09 3.31E-12 8.71E-11
Osmium (76) Os-189m 2.94E-13 4.29E-14 1.02E-13 1.50E-13 3.44E-14 7.20E-13 292E-05 3.04E-05 3.34E-04 6.16E-04 169E-13  4.26E-12
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water Ingestion Food Ingestion Inhalation  Externai Exposure | Residential Agricultural  Outdoor Indoor Tap Fish
Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor  Siope Factor Slope Factor Soil Soil Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) {risk/pCi} (risk/pCi) {risk/pCi) (risk/pCi) (risk/y per pCilg) (mgrkg) (mg/kg) (mg/kg) {mg/kg) {mg/L) {mg/kg) {mg/kg) {mg/kg)
Osmium (76) Os-190m 6.76E-06 1.83E-10 1.83E-10  2.95E-10  6.64E-10
Osmium (76) Os-191 1.05E-11 1.50E-12 3.64E-12 5.33E-12 7.10E-12 1.66E-07 741E-09  741E-09 1.21E-08 2.71E-08 2.95E-13  7.47E-12
Osmium {76) Os-191m 1.76E-12 2.51E-13 6.11E-13 8.95E-13 6.36E-13 1.05£-08 1.15E-07  1.16E-07  1.90E-07  4.28E-07 6.19E-14 1.56E-12
Osmium (76) Os-193 1.53E-11 2.16E-12 5.29E-12 7.77E-12 2.71E-12 2.69€E-07 462E-09 462E-09 7.52E-09 1.69E-08 1.67E-14  4.20E-13
Osmium (76) Os-194 4.37E-11 6.55E-12 1.53E-11 2.23E-11 2.55E-10 6.57E-10 1.91E-07 1.94E-07 1.48E-06  2.93E-06 1.01E-11 2.58E-10
Oxygen (8) 0O-15 4.46E-06 2.18E-11 2.18E-11 3.53E-11 7.94E-11
Paltadium (46) Pd-100 1.05E-11 1.99E-12 4.03E-12 5.77E-12 3.10E-12 2.22E-07 2.75E-09  235E-09  4.72E-09 1.06E-08  3.29E-14  8.51E-13
Palladium (46) Pd-101 1.12E-12 2.03E-13 4.22E-13 6.07E-13 1.97E-13 1.38E-06 475E-10  473E-10  7.68E-10 1.73E-09 3.01E-14  7.76E-13
Palladium (46) Pd-103 361E-12 5.07E-13 1.25E-12 1.84E-12 1.77E-12 1.15E-09 1.16E-07  3.58E-08 892E-07 1.98E-06 5.12E-13 1.29E-11
Palladium (46) Pd-107 7.25E-13 1.01E-13 2.50E-13 3.67E-13 1.69E-12 0.00E+00 2.37E-01 466E-02 342E+01 6.17E+01  3.71E-04  9.36E-03
Palladium (46) Pd-109 1.01E-11 1.43E-12 3.50E-12 5.14E-12 1.85E-12 1.27E-08 2.77E-08 115E-08 8.88E-08 1.99E-07 6.35E-15 1.60E-13
Phosphorus (15) P-30 4.50E-06 4.33e-11 4.33E-11 7.00E-11 1.57E-10
Phosphorus (15) P-32 2.21E-11 5.37E-12 8.95E-12 1.23E-11 1.22E-11 9.41E-09 727E-10  181E-10  3.34E-08  7.39E-08  1.87E-14  5.03E-13
Phosphorus (15) P-33 247E-12 5.62E-13 9.81E-13 1.36E-12 511E-12 3.72E-11 7.00E-09 1.70E-09  3.28E-06 6.35E-06 3.12E-13  8.34E-12
Platinum (78) Pt-186 1.03E-12 1.97E-13 3.92E-13 5.62E-13 8.25E-14 3.20E-06 3.77E-10  3.77E-10__ 6.10E-10 1.37E-09  144E-14  3.73E-13
Platinum (78) Pt-188 1.03E-11 1.74E-12 3.77E-12 5.44E-12 1.88E-12 6.02E-07 202E-09 202E-09 328E-09 7.37E-09 186E-13 4.77E-12
Platinum (78) Pt-189 161E-12 2.76E-13 5.92E-13 8.55E-13 1.32E-13 1.17E-06 1.05E-09 105E-09 169E-09 3.81E-09 530E-14 1.36E-12
Platinum (78) Pt-191 4.85E-12 7.88E-13 1.76E-12 2.55E-12 4.63E-13 9.78E-07 1.27E-09 127E-09 205E-09 4.61E-09 1.11E-13  2.84E-12
Piatinum (78) Pt-193 6.14E-13 8.51E-14 2.11E-13 3.09€-13 1.11E-13 2.78E-12 4.14E-05  3.44E-05 526E-04 9.90E-04  6.10E-09 1.54E-07
Ptatinum (78) Pt-193m 8.81E-12 1.23E-12 3.03E-12 4.44E-12 7.73E-13 1.68E-08 6.95E-08  6.97E-08 119E-07  2.68E-07 1.01E-13  2.55E-12
Platinum (78) Pt-195m 1.19E-11 1.69E-12 4.11E-12 6.03E-12 1.05E-12 1.26E-07 9.92E-09  9.92E-09 162E-08  3.65E-08  6.97E-14 1.76E-12
Platinum (78) Pt-197 7.59E-12 1.07E-12 2.62E-12 3.85E-12 5.22E-13 5.63E-08 2.23E-08 223E-08 366E-08 8.24E-08 2.09E-14  5.28E-13
Platinum (78) Pt-197m 1.12E-12 1.81E-13 4.00E-13 581E-13 8.66E-14 2.38E-07 637E-09 537E-09 8.6B8E-09 1.95E-08 1.18E-14  3.01E-13
Platinum (78) Pt-199 2.18E-13 5.66E-14 8.84E-14 1.25E-13 2.48E-14 8.69E-07 149E-09 149E-09 2.40E-09 541E-09 176E-14 4.61E-13
Platinum (78) Pt-200 2.23E-11 3.16E-12 7.73E-12 1.13E-11 1.48€E-12 1.58E-07 8.06E-09 807E-09 1.32E-08 298E-08 4.92E-15 1.25E-13
Plutonium (94} Pu-234 2.39E-12 3.85E-13 8.58E-13 1.25E-12 6.85E-11 1.61E-07 942E-09  585E-09  1.52E-08  3.43E-08 3.65E-14 9.29E-13 | 7.86E-08  3.93E-09
Piutonium (94) Pu-235 9.73E-15 3.24E-15 4.37E-15 6.03E-15 2.39E-15 2.37€-07 6.44E-09  6.43E-09  1.04E-08  2.34E-08  3.45E-13  9.26E-12 1.55E-05 _ 7.75E-07
Plutonium (94) Pu-236 1.74E-10 5.55E-11 7.47E-11 9.92E-11 2.28E-08 1.19E-10 570E-08 195E-10  3.54E-07 6.42E-07 1.20E-12  3.35E-11 9.11E-10  4.56E-11
Piutonium (94) Pu-237 1.62E-12 2.53E-13 5.77€-13 8.40E-13 1.27E-12 1.12E-07 1.37E-08  8.62E-09  222E-08 4.99E-08  6.80E-12 1.73E-10 1.18E-07  5.92E-09
Piutonium (94) Pu-238 2.72E-10 1.17E-10 1.31E-10 1.69E-10 3.36E-08 7.22E-11 1.73E-07  4.27E-10  960E-07 1.73E-06 2 12E-11 6.10E-10 | 9.15E-08  4.58E-09
Plutonium (94) Pu-239 2.76E-10 1.21E-10 1.35E-10 1.74£-10 3.33E-08 2.00E-10 4.18E-05 9.81E-08 231E-04 4.18E-04 5.69E-09 1.63E-07 | 2.50E-05  1.25E-06
Plutonium (94) Pu-240 2.77E-10 1.21E-10 1.35E-10 1.74E-10 3.33E-08 6.98E-11 1.14E-05  2.68E-08  6.35E-05 1.15E-04  155E-09 445E-08 | 6.86E-06 3.43E-07
Plutonium (94) Pu-241 3.29E-12 1.73E-12 1.76E-12 2.28E-12 3.34E-10 4.11E-12 395E-06 102E-08 1.67E-05 3.02E-05 263E-10  7.52E-09 | 5.17E-08 2.58E-09
Plutonium (94) Pu-242 2.63E-10 1.15E-10 1.28E-10 1.65E-10 3.13E-08 6.25E-11 6.96E-04 163E-06 387E-03 6.99E-03 9.48E-08 272E-06 | 3.95E-04 1.98E-05
Plutonium (94) Pu-243 1.34E-12 2.06E-13 4.74E-13 6.92E-13 2.94E-13 5.50E-08 2.86E-08 144E-08 463E-08  1.04E-07 3.87E-14  9.82E-13 1.48E-07  7.39E-09
Plutonium (94) Pu-244 2.94E-10 1.15E-10 1.37E-10 1.80E-10 2.93E-08 3.01E-11 1.38E-01 332E-04 860E-01  1.55E+00 1.96E-05 553E-04 | 8.84E-02 4.42E-03
Plutonium (94} Pu-244+D 3.14E-10 1.44E-10 1.90E-10 2.93E-08 1.51E-06 4.04E-03  2.85E-04 B8.08E-03 1.82E-02 187E-05 524E-04 | 8.84E-02 4.42E-03
Plutonium (94) Pu-245 1.28E-11 1.89E-12 4.48E-12 6.55E-12 2.07E-12 1.77€-06 8.98E-10  6.95E-10  1.45E-09  3.27E-09 8.74E-15 2.21E-13 1.58E-08  7.88E-10
Plutonium (94) Pu-246 4.92E-11 7.40E-12 1.73E-11 2.53E-11 1.73E-11 4.04E-07 3.88E-09 6.64E-1C  6.37E-09  1.43E-08 566E-14 1.43E-12 | 4.10E-09  2.05E-10
Polonium (84) Po-203 3.92E-13 9.77E-14 1.63E-13 1.88E-13 7.73E-14 7.65E-06 1.72E-10 1.72E-10  278E-10  6.26E-10  1.16E-14  3.72E-13
Polonium (84) Po-205 4.26E-13 1.12E-13 1.81E-13 2.41E-13 1.72E-13 7.36E-06 181E-10  181E-10 2.92E-10  6.58E-10  3.10E-14  8.63E-13
Polonium (84) Po-207 1.28E-12 2.86E-13 5.18E-13 5.55E-13 1.99E-13 6.08E-06 221E10 221E-10  3.57E-10  B.04E-10  3.55E-14 1.23E-12
Polonium (84) Po-210 7.96E-10 2.96E-10 3.77E-10 2.25E-09 1.08E-08 3.95E-11 842E-09 432E-09 6.10E-08 1.10E-07 281E-14 1.74E-13
Polonium (84) Po-211 3.58E-08 3.83E-08 3.83E-08 6.18E-08  1.39E-07
Polonium (84) Po-212 0.00E+00
Polonium (84) Po-213 0.00E+00
Polonium (84) Po-214 3.86E-10 3.60E-06 3.60E-06 5.82E-06 1.31E-05
Poionium (84) Po-215 7.48E-10 1.87E-06  1.87E-06  3.02E-06  6.79E-06
Polonium (84) Po-216 7.87E-11 1.78E-05 1.78E-05 2.88E-05  6.48E-05
Polonium (84) Po-218 4.26E-11 3.32E-05 3.32E-05  5.37E-05 1.21E-04
Potassium (19) K-38 1.61E-05 1.53E-11 1.53E-11 2.48E-11 5.57E-11
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil ingestion Soil Ingestion Water Ingestion Food ingestion Inhalation  External Exposure | Residential Agriculturai  Outdoor Indoor Tap Fish
Element Slope Factor Slope Factor-Adult ~ Slope Factor Siope Factor Slope Factor Slope Factor Soil Soil Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk/y per pCifg) {mg/kg) {mg/kg) (mg/kg) (mg/kg) (mg/L} (mg/kg) {mag/kg) (mg/kg)
Potassium {19) K-40 6.18E-11 1.51E-11 2.47E-11 3.43E-11 1.036-11 7.97E-07 1.55E-02 6.83E-03  3.88E-02 8.73E-02 2.76E-04 7.37E-03
Potassium (19) K-42 3.06E-12 8.40E-13 1.26E-12 1.74E-12 4.33E-13 1.46E-06 1.85E-10 181E-10  3.02E-10  6.79E-10  6.29E-15 1.69E-13
Potassium (19) K-43 1.81E-12 5.48E-13 7.88E-13 1.07E-12 3.09E-13 4.23E-08 6.59E-11 6.56E-11 1.07E-10  2.40E-10 1.88E-14 5.12E-13
Potassium (19) K-44 3.00E-13 1.13E-13 1.39E-13 1.91E-13 3.39e-14 1.19E-05 2.40E-11 2.40E-11 3.88E-11 8.73E-11 1.77E-15  4.78E-14
Potassium (19} K-45 1.93E-13 7.29E-14 8.95E-14 1.22E-13 2.33E-14 9.53E-06 3.07E-11 3.07E-11 4.95E-11 1.11E-10  2.55E-15  6.93E-14
Praseodymium (58) Pr-136 1.27E-13 4.66E-14 5.88E-14 8.07E-14 2.15E-14 9.74E-06 9.07E-11 9.07E-11 147E-10  3.30E-10  7.68E-15 2.07E-13
Prasecdymium (59) Pr-137 3.22E-13 6.99E-14 1.25E-13 1.78E-13 5.55E-14 2.14E-06 4.16E-10  4.16E-10  6.72E-10 1.51E-09 2.13E-14 5.54E-13
Praseodymium (58) Pr-138 3.57E-06 2.51E-10  2.51E-10  4.06E-10  9.13E-10
Praseodymium (59) Pr-138m 1.03E-12 2.41E-13 4.18E-13 5.92E-13 1.76E-13 1.13E-05 7.93E-11 7.93E-11 1.28E-10  2.88E-10 1.06E-14  2.76E-13
Praseodymium (59) Pr-139 4.03E-13 6.85E-14 1.47E-13 2.12E-13 6.96E-14 4.41E-07 205E-09 2.05E-09 331E-09 7.44E-09 6.49E-14 1.67E-12
Praseodymium (59) Pr-142 2.49E-11 3.50E-12 8.58E-12 1.26E-11 3.38E-12 3.14E-07 2.90E-09  2.88E-09 474E-09 1.07E-08  4.81E-15 1.21E-13
Praseodymium {59) Pr-142m 3.20E-13 4.48E-14 1.10E-13 1.62E-13 4.33E-14 0.00E+00Q 1.71E-05 1.14E-05  2.73E-04 4.92E-04 4.78E-15 1.20E-13
Praseodymium (59) Pr-143 2.29E-11 3.19E-12 7.92E-12 1.16E-11 9.73E-12 1.63E-09 1.69E-07 1.26E-07  7.43E-07 1.60E-06 897E-14  227E-12
Praseodymium (59) Pr-144 1.82E-13 6.33E-14 8.10E-14 1.12E-13 3.58E-14 1.94E-07 4.82E-09 482809  7.79E-09 1.75E-08  7.80E-15 2.09E-13
Praseodymium (59) Pr-144m 8.73E-09 1.07E-07 1.07E-07 1.73E-07 _ 3.89E-07
Praseodymium (59) Pr-145 6.59E-12 9.66E-13 2.29E-12 3.36E-12 9.25E-13 6.95E-08 1.33E-08 1.32E-08 2.19E-08 4.92E-08 576E-15 1.45E-13
Praseodymium (59) Pr-147 1.32E-13 4.40E-14 5.85E-14 8.10E-14 3 59E-14 3.78E-06 2.53E-10  2.53E-10  4.08E-10  9.18E-10  867E-15  2.32E-13
Promethium (61) Pm-141 1.52E-13 4.96E-14 6.66E-14 9.25E-14 2.85E-14 3.33E-06 2.75E-10  2.75E-10  4.44E-10 1.00E-09  1.12E-14  2.99E-13
Promethium (61) Pm-142 3.86E-06 2.39E-10  2.39E-10  3.86E-10  8.68E-10
Promethium (61) Pm-143 2.20E-12 4.59E-13 8.73E-13 1.24E-12 5.37E-12 1.33E-06 6.98E-10 698E-10  1.13E-09 254E-09 1.59E-11 4.13E-10
Promethium (61) Pm-144 8.10E-12 1.86E-12 3.34E-12 4.66E-12 2.76E-11 6.90E-06 1.36E-10 1.35E-10  2.19E-10  4.93E-10 572E-12 1.52E-10
Promethium (61) Pm-145 1.54E-12 2.54E-13 5.58E-13 8.07€-13 6.59E-12 1.61E-08 8.33E-08  7.22E-08 1.51E-07  3.40E-07 6.12E-10 1.57E-08
Promethium (61) Pm-146 1.12E-11 2.00E-12 4.18E-12 5.99E-12 5.40E-11 3.28E-06 2.95E-10  2.90E-10  4.87E-10 1.10E-09  2.58E-11 6.66E-10
Promethium (61) Pm-147 4.88E-12 6.92E€-13 1.69E-12 2.48E-12 1.61E-11 3.21E-11 1.12E-06  7.56E-07 1.33E-05  2.53E-05  3.04E-11 7.67E-10
Promethium (61) Pm-148 4.96E-11 7.07€-12 1.72E-11 2.52E-11 1.05E-11 2.80E-06 3.42E-10  3.42E-10  554E-10 1.25E-09  1.69E-14  4.27E-13
Promethium (61) Pm-148m 2.13E-11 3.85E-12 7.99E-12 1.15E-11 2.12E-11 8.98E-06 1.07E-10 1.07E-10 1.73E-10  3.89E-10  2.79E-13 7.19E-12
Promethium (61) Pm-148 1.93E-11 2.69E-12 6.66E-12 9.77E-12 3.66E-12 4.60E-08 1.96E-08 1.90E-08 337E-08 7.58E-08 1.81E-14 4 57E-13
Promethium (61) Pm-150 2.94E-12 5.25E-13 1.08E-12 1.56E-12 4.63E-13 6.87E-06 1.42E-10 142E-10 229E-10  515E-10  567E-15 1.45E-13
Promethium (61) Pm-151 1.28E-11 1.88E-12 4.51E-12 6.59E-12 2.36E-12 1.27E-06 7.71E-10  7.70E-10 1.256-09 281E-09  1.45E-14 3.67E-13
Protactinium (91) Pa-227 2.38E-12 6.48E-13 9.69E-13 1.37E-12 2.12E-10 4.37E-08 3.32E-08  3.26E-08  5.44E-08 1.22E-07  2.28E-15 5.96E-14
Protactinium (91) Pa-228 9.84E-12 1.68E-12 3.60E-12 5.18E-12 2.33E-10 5.10E-06 2.90E-10  2.90E-10  4.69E-10 1.06E-09 2.12E-14 5.46E-13
Protactinium (91) Pa-230 1.02E-11 1.80E-12 3.77E-12 5.40E-12 2.58E-09 2.86E-06 522E-10  5.21E-10  8.44E-10 1.90E-09  3.88E-13 1.00E-11
Protactinium (91) Pa-231 3.74E-10 1.54E-10 1.73E-10 2.26E-10 4.55E-08 1.39E-07 9.78E-06 445E-06 290E-05 6.35E-05  5.84E-09 1.66E-07
Protactinium (91) Pa-232 9.55E-12 1.59E-12 3.48€-12 5.03E-12 6.81E-12 4.29E-06 3.51E-10  3.51E-10 567E-10 1.28E-09 3.18E-14  8.17E-13
Protactinium (91) Pa-233 1.59E-11 2.34E-12 5.55E-12 8.14E-12 1.42E-11 7 43E-07 2.03E-09 201E-09 329E-09 7.40E-09 4.14E-13 1.05E-11
Protactinium (91) Pa-234 7.03E-12 1.20E-12 2.56E-12 3.70E-12 1.46E-12 8.71E-06 1.74E-10 1.74E-10  2.82E-10  6.34E-10 9.32E-15  2.39E-13
Protactinium (91) Pa-234m 6.87E-08 221E-08 2.21E-08 3.57E-08  8.04E-08
Radium (88) Ra-222 3.71E-08 3.89E-08  3.89E-08  6.28E-08 1.41E-07
Radium (88) Ra-223 6.44E-10 1.23E-10 2.38E-10 3.38E-10 2.50E-08 4.34E-07 1.75E-09 1.74E-11 5.21E-09 1.16E-08  3.90E-15 1.01E-13 1.66E-10  8.31E-12
Radium (88) Ra-224 4.51E-10 8.44E-11 1.67E-10 2.38E-10 9.99E-09 3.72E-08 466E-09  2.50E-11 4.95E-08 1.06E-07 5.98E-18  4.66E-14 2.38E-10 1.19E-11
Radium (88) Ra-225 2.72E-10 7.44E-11 1.14E-10 1.54E-10 2.10E-08 591E-09 8.07E-09  3.88E-11 156E-07 3.08E-07 1.07E-14  2.93E-13 3.50E-10 1.75E-11
Radium (88) Ra-226 7.29E-10 2.95E-10 3.85E-10 5.14E-10 1.15E-08 2.29E-08 1.956-07 6.81E-10  3.74E-06  7.30E-06  8.33E-13 3.47E-C9 3.26E-07 1.63E-08
Radium (88} Ra-226+D 7.30E-10 2.95E-10 3.86E-10 5.15E-10 1.16E-08 8.49E-06 1.26E-08 6.36E-10 2.58E-08 580E-08  8.26E-13 3.47E-09 3.26E-07 1.63E-08
Radium (88) Ra-227 2.48E-13 7.44E-14 1.05E-13 1.46E-13 3.13E-13 6.22E-07 2.37E-09 2.24E-09 383E-09 862E-09 231E-14  6.16E-13 3.84E-07 1.92E-08
Radium (88) Ra-228 2.28E-09 6.70E-10 1,.04E£-09 1.43E-09 5.18E-09 0.00E+00 9.56E-10  4.27E-12  3.09E-08 555E-08  1.68E-13  4.53E-12 1.15E-08  5.76E-11
Radium (88) Ra-228+D 2.29E-09 6.70E-10 1.04E-09 1.43E-09 5.23E-09 4.53E-06 2.49E-10  4.22E-12  546E-10  1.22E-09  1.68E-13  4.53E-12 1.15E-08  5.76E-11
Radon (86) Rn-218 3.39E-09 418E-07 4.18E-07  B6.75E-07 1.52E-06
Radon (86) Rn-219 2.256-07 6.32E-09  6.32E-09 1.02E-08  2.30E-08
Radon (86) Rn-220 1.70E-09 8.40E-07  8.40E-07 1.36E-06 3.06E-06
Radon {86) Rn-222 1.74E-09 8.29E-07  8.29E-07 1.34E-06 3.01E-06 7.81E-12  3.90E-13
Radon (86) Rn-222+D 7.57E-12 3.55E-02 3.45E-02  5.16E-02 1.16E-01 8.18E-15 7.81E-12  3.90E-13
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water Ingestion Food Ingestion  Inhalation  External Exposure | Residential Agricultural  Qutdoor Indoor Tap Fish
Element Slope Factor Siope Factor-Adult  Slope Factor Slope Factor Siope Factor Slope Factor Soil Soit Worker Soil Worker Soit Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi} {risk/pCi} (risk/pCi} {risk/pCi) (risk/pCi) (riskily per pCilg) (mg/kg) {ma/kg) {mg/kg) (mg/kg) {mg/L) {mg/kg) (mg/kg) (mg/kg)
Rhenium (75) Re-177 1.05E-13 3.28E-14 4.55E-14 6.33E-14 2.97E-14 2.62E-06 4.39E-10  4.39E-10  7.08E-10 1.59E-09  1.38E-14  3.68E-13
Rhenium (75) Re-178 9.32E-14 3.37E-14 4.26E-14 5.85E-14 2.33E-14 5.65E-06 2.05E-10  2.05E-10  3.31E-10  7.44E-10  1.40E-14  3.77E-13
Rhenium (75) Re-180 5.29E-06 221E-10  2.21E-10  3.57E-10  8.03E-10
Rhenium (75) Re-181 3.64E-12 7.96E-13 1.41E-12 2.00E-12 7.96E-13 3.18E-06 3.70E-10  3.70E-10  5.97E-10 1.34E-09  3.91E-14 1.02E-12
Rhenium (75) Re-182a 2.16E-12 5.22E-13 8.70E-13 1.22E-12 5.51E-13 5.37E-06 220E-10  220E-10  3.56E-10  8.00E-10  4.04E-14 1.07E-12
Rhenium (75) Re-182b 1.26E-11 2.86E-12 4.96E-12 6.99E-12 4.44E-12 8.22E-06 1.44E-10  1.44E10 2.32E-10  5.23E-10 3.57E-14  9.39E-13
Rhenium (75) Re-184 7.66E-12 1.94E-12 3.16E-12 4.40E-12 6.73E-12 3.93E-06 3.04E-10  3.04E-10  4.91E-10 1.11E-09  8.08E-13  2.15E-11
Rhenium (75) Re-184m 1.27E-11 2.78E-12 4.88E-12 6.96E-12 2.26E-11 1.52E-06 7.85E-10  7.85E-10  1.27E-09  2.86E-09 2.27E-12  5.90E-11
Rhenium (75) Re-186 1.53E-11 2.84E-12 5.59E-12 8.03E-12 4.26E-12 5.49E-08 212E-08  212E-08 3.53E-08 7.94E-08 4.59E-14 1.18E-12
Rhenium (75) Re-186m 1.95E-11 4.03E-12 7.33E-12 1.05E-11 4.18E-11 1.75E-08 574E-04 4.33E-04  1.25E-03 2.80E-03 6.77E-07 1.75E-05
Rhenium (75) Re-187 4.81E-14 9.47E-15 1.79E-14 2.56E-14 2.51E-14 0.00E+00 4.32E+05 3.38E+05 4.91E+06 8.85E+06 6.96E+01  1.80E+03
Rhenium (75) Re-188 1.35E-11 2.52E-12 4.88E-12 7.07E-12 2.22E-12 2.38E-07 5.09E-09  5.09E-09  8.28E-09 1.86E-08 9.97E-15  2.55E-13
Rhenium (75) Re-188m 2.69E-13 5.29E-14 9.92E-14 1.42E-13 5.07E-14 1.28E-07 954E-09  9.54E-09  1.54E-08 347E-08 8.94E-15  231E-13
Rhenium (75) Re-189 7.84E-12 1.47E-12 2.86E-12 4.11E-12 1.73E-12 2.42E-07 5.05E-09 5.05E-03  8.19E-09 1.84E-08 2.44E-14  6.30E-13
Rhodium (45) Rh-100 6.62E-12 1.42E-12 2.65E-12 3.74E-12 1.04E-12 1.38E-05 4.70E-11 4.69E-11 7.60E-11 1.71E-10  1.198-14  3.14E-13
Rhodium (45) Rh-101 5.37E-12 1.22E-12 2.15E-12 3.01E-12 1.81E-11 8.84E-07 7.35E-10 7.12E-10 1.20E-09 271E-09  2.00E-11 5.30E-10
Rhodium (45) Rh-101m 2.46E-12 4.63E-13 9.40E-13 1.34E-12 7.14E-13 1.18E-06 549E-10  5.44E-10  8.91E-10  2.00E-09  1.70E-13  4.43E-12
Rhodium (45) Rh-102 1.71E-11 5.22E-12 7.70E-12 1.04E-11 5.99E-11 9.73E-06 6.79E-11 6.72E-11 1.10E-10  248E-10  5.12E-12 1.40E-10
Rhodium (45) Rh-102m 1.66E-11 2.85E-12 6.07E-12 8.73E-12 2.56E-11 2.11E-06 3.10E-10  2.99E-10  507E-10  1.14E-09  1.27E-12  3.27E-11
Rhodium (45) Rh-103m 2.40E-14 5.66E-15 9.40E-15 1.34E-14 9.14E-15 9.31E-11 495E-06 2.60E-06 1.15E-05 2.59E-05 1.56E-13  4.05E-12
Rhodium (45) Rh-105 6.73E-12 9.66E-13 2.34E-12 3.43E-12 1.58E-12 3.15E-07 200E-09 191E-09 3.50E-09  7.87E-09 2.42E-14  6.11E-13
Rhodium (45) Rh-106 9.66E-07 713E-10  7.13E-10  1.15E-09  2.59E-09
Rhodium (45) Rh-106m 1.37E-12 3.09E-13 5.48E-13 7.73E-13 2.71E-13 1.37E-05 5.02E-11 5.02E-11 8.12E-11 1.83E-10  6.48E-15 1.70E-13
Rhodium (45) Rh-107 9.51E-14 3.19E-14 4.18E-14 5.81E-14 2.88E-14 1.28E-06 543E-10  543E-10 8.77E-10 1.97E-09  1.41E-14  3.75E-13
Rhodium (45) Rh-99 5.77E-12 1.10E-12 2.21E-12 3.15E-12 3.33E-12 2.50E-08 2.56E-10  2.53E-10 4.15E-10 9.35E-10  2.62E-13  6.80E-12
Rhodium (45) Rh-98m 6.03E-13 1.32E-13 2.42E-13 3.42E-13 9.99E-14 3.02E-06 2.13E-10  2.13E-10  3.44E-10  7.74E-10  2.93E-14  7.67E-13
Rubidium (37) Rb-79 1.79E-13 6.77E-14 8.36E-14 1.14E-13 2.37€-14 5.85E-06 8.77E-11 8 77E-11 1.42E-10  3.19E-10  5.49E-15 1.49E-13
Rubidium (37) Rb-80 5.56E-06 9.34E-11 9.34E-11 1.51E-10  3.40E-10
Rubidium (37) Rb-81 2.83E-13 9.69E-14 1.28E-13 1.74E-13 4.63€-14 2.59E-06 2.03E-10  2.03E-10  3.28E-10  7.38E-10  4.41E-14 1.20E-12
Rubidium (37) Rb-81m 4.55E-14 1.57E-14 2.05E-14 2.80E-14 1.10E-14 9.08E-09 574E-08 5.58E-08  9.36E-08 2.11E-07  3.21E-14  8.70E-13
Rubidium (37) Rb-82 4 85E-06 1.10E-10  1.10E-10 1.77E-10  3.99E-10
Rubidium (37) Rb-82m 7.25E-13 2.75E-13 3.51E-13 4.70E-13 1.35E-13 1.35E-05 3.94E-11 3.94E-11 6.37E-11 143E-10  2.20E-14  6.10E-13
Rubidium (37) Rb-83 1.18E-11 4.40E-12 5.70E-12 7.51E-12 2.32E-12 2.18E-06 245E-10  237E-10  3.99E-10  8.99E-10  4.59E-13 1.29E-11
Rubidium (37) Rb-84 1.91E-11 6.55E-12 8.81E-12 1.17E-11 3.59E-12 4.22E-06 1.28E-10  1.25E-10  2.09E-10  4.70E-10  1.14E-13  3.19E-12
Rubidium (37) Rb-86 2.37E-11 6.59E-12 9.88E-12 1.34E-11 4.00E-12 4.67€E-07 1.10E-09  885E-10  1.93E-09 4.34E-09 5.95E-14 1.62E-12
Rubidium (37) Rb-87 1.25E-11 3.43E-12 5.22E-12 7.07E-12 2.14E-12 9.11E-11 573E+01  1.10E+01 487E+03 O.09E+03  1.04E-01  2.86E+00
Rubidium (37) Rb-88 3.06E-13 1.14E-13 1.40E-13 1.92E-13 3.17E-14 3.36E-06 1.70E-10  1.70E-10  2.75E-10  6.18E-10  2.84E-15  7.67E-14
Rubidium (37) Rb-89 1.70E-13 6.40E-14 7.88E-14 1.08E-13 2.09E-14 1.05E-05 5.50E-11 5.50E-11 8.89E-11 2.00E-10  4.36E-15  1.18E-13
Ruthenium (44) Ru-103 1.05E-11 1.76E-12 3.85E-12 5.55E-12 8.92E-12 2.04E-06 3.27E-10  3.00E-10  5.30E-10 119E-09  3.84E-13  9.87E-12 | 7.71E-09  3.86E-10
Ruthenium (44) Ru-105 3.77E-12 6.07E-13 1.356-12 1.96E-12 6.48E-13 3.51E-06 194E-10  191E-10  3.14E-10  7.06E-10  5.26E-15 1.34E-13 | 2.24E-08 1.12E-09
Ruthenium (44) Ru-106 1.19E-10 1.84E-11 4.22E-11 6.11E-11 1.02E-10 0.00E+00 120E-08 3.24E-10 497E-07 894E-07 3.38E-13  8.64E-12 | 9.36E-10  4.68E-11
Ruthenium (44) Ru-106+D 1.19E-10 4.22E-11 6.11E-11 1.02E-10 9.66E-07 6.73E-10  223E-10  1.15E-09 2.50E-09  3.38E-13  8.64E-12 | 9.36E-10  4.68E-11
Ruthenium (44) Ru-94 8.03E-13 1.61E-13 3.06E-13 4.37E-13 1.23E-13 2.31E-06 2.64E-10  263E-10 427E-10 9.61E-10  4.04E-15 1.05E-13 | 8.86E-08  4.43E-09
Ruthenium (44) Ru-97 1.65E-12 3.15E-13 6.36E-13 9.07E-13 3.36E-13 8.63E-07 7.29E-10  7.04E-10  1.18E-09 2.65E-09 1.62E-13  4.20E-12 | 440E-08  2.20E-09
Samarium (62) Sm-141 1.59E-13 5.37E-14 7.10E-14 9.81E-14 2.79E-14 6.39E-06 1.43E-10 143E-10  2.32E-10  521E-10  514E-15 1.38E-13
Samarium (62) Sm-141m 3.26E-13 9.81E-14 1.40E-13 1.95E-13 6.29E-14 9.04E-06 1.01E-10  1.01E-10 1.64E-10  3.68E-10  5.77E-15 1.54E-13
Samarium (62) Sm-142 1.40E-12 3.05€-13 5.37E-13 7.70E-13 2.13E-13 2.99E-07 3.08E-09 3.08E-09 498E-09 1.12E-08 4.86E-15 1.26E-13
Samarium (62) Sm-145 3.27E-12 5.11E-13 1.17E-12 1.70E-12 4.51E-12 3.83E-08 242E-08  241E-08  3.97E-08  8.92E-08  1.54E-11 3.92E-10
Samarium (62) Sm-146 8.36E-11 3.49E-11 4.11E-11 5.25E-11 7.88E-09 0.00E+00 3.19E-01 1.50E-01 2.12E+00 3.83E+00 4.88E-05 1.41E-03
Samarium (62) Sm-147 7.59E-11 3.17E-11 3.74E-11 4.77E-11 6.88E-09 0.00E+00 3.64E+02 1.71E+02 2.42E+03 4.37E+03 556E-02 1.61E+00
Samarium (62) Sm-151 1.59E-12 2.35E-13 5.55E-13 8.07E-13 4.88E-12 3.60E-13 177E-05 9.22E-06 3.12E-04 563E-04 3.26E-03  8.32E-08
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water Ingestion Food Ingestion  Inhalation  External Exposure | Residential  Agricufturai  Outdoor Indoor Tap Fish

Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor  Slope Factor Slope Factor Soil Soil Worker Soit  Worker Soit Water Ingestion DAF=20 DAF=1
{(Atomic Number) Isotope (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) {risk/pCi) (riskfy per pCi/g) {mg/kg} {mg/kg) (mg/kg) {mg/kg) (mgit) {mg/kg) (mg/kg) (mg/kg)
Samarium (62) Sm-153 1.40E-11 1.97E-12 4.85E-12 7.10E-12 2.95E-12 1.06E-07 9.17E-09  9.07E-09 151E-08 3.40E-08 224E-14 567E-13
Samarium (62) Sm-155 1.13E-13 3.74E-14 4.96E-14 6.88E-14 3.15E-14 2.81E-07 3.58E-09 3.58E-09 5.79E-03  1.30E-08 1.75E-14  4.68E-13
Samarium (62) Sm-156 4.26E-12 6.29E-13 1.49E-12 2.18E-12 9.69E-13 3.79E-07 2676-09 267E-09 432E-09 971E-09 1.50E-14  3.79E-13
Scandium (21) Sc-43 221E-12 3.96E-13 8.18E-13 1.18E-12 3.81E-13 4.73E-06 5.90E-11 5.90E-11 9.54E-11 2.15E-10  3.1ME-15  7.99E-14
Scandium (21) Sc-44 4.22E-12 7.51E-13 1.56E-12 2.25E-12 6.44E-13 9.95E-06 2.87E-11 2.87E-11 4.64E-11 1.04E-10 1.69E-15  4.33E-14
Scandium (21) Sc-44m 3.88E-11 6.03E-12 1.38E-11 2.01E-11 6.96E-12 1,15E-06 247E-10 247E-10  4.01E-10  9.03E-10  284E-15  7.23E-14
Scandium (21) Sc-46 1.62E-11 3.07E-12 6.22E-12 8.88E-12 2.47E-11 9.63E-06 3.10E-11 3.10E-11 5.01E-11 113E-10  2.26E-13  5.87E-12
Scandium (21) Sc-47 1.00E-11 1.44E-12 3.49E-12 5.11E-12 3.05E-12 3.62E-07 8.39E-10  8.38E-10 1.36E-09  3.06E-09 1.65E-14  4.17E-13
Scandium (21) Sc-48 1.93E-11 3.59E-12 7.33E-12 1.05E-11 3.96E-12 1.62E-05 1.92E-11 1.92E-11 3.11E-11 6.99E-11 4.36E-15 1.13E-13
Scandium (21) Sc-49 5.25E-13 1.22E-13 2.05E-13 2.92E-13 1.07E-13 1.90E-08 1.67E-08 166E-08 2.70E-08 6.08E-08 3.48E-15  9.05E-14
Selenium (34) Se-70 6.92E-13 1.95€-13 2.95E-13 4.11E-13 7.36E-14 4.22E-06 1.08E-10 1.08E-10 1.74E-10  3.92E-10  2.47E-15  6.56E-14
Selenium (34) Se-73 1.99E-12 4.48E-13 7.96E-13 1.13E-12 1.99E-13 4.52E-06 1.05E-10 1.05E-10 1.69E-10  3.81E-10  9.98E-15  2.60E-13
Selenium (34) Se-73m 2.02E-13 5.07E-14 8.29E-14 1.17E-13 2.06E-14 1.06E-06 447€-10  447E-10  7.23E-10 1.638-09 8.71E-15  2.29E-13
Selenium (34) Se-75 1.67E-11 6.25E-12 8.14E-12 1.08E-11 3.77E-12 1.45E-06 3.30E-10  3.14E-10  542E-10 1.226-09  4.04E-13 1.13E-11
Selenium (34) Se-77m 2.85E-07 1.75E-09 1.75E-09  2.83E-09  6.38E-08
Selenium (34) Se-79 1.60E-11 5.29E-12 7.29E-12 9.69E-12 3.33E-12 1.10E-11 6.74E-05  1.31E-05 4.75E-03  8.58E-03  9.39E-08  2.62E-08
Selenium (34) Se-81 9.58E-14 3.36E-14 4.29E-14 5.92E-14 1.27E-14 4.68E-08 1.12E-08 1.11E-08 1.82E-08 4.096-08 8.86E-15  2.38E-13
Selenium (34) Se-81m 3.24E-13 8.07E-14 1.30E-13 1.85€-13 3.54E-14 3.56E-08 1.46E-08 141E-08 239E-08 5.37E-08 9.06E-15  2.36E-13
Selenium (34) Se-83 2.33E-13 7.33E-14 1.02E-13 1.43E-13 2.72E-14 1.15E-05 4.69E-11 4.69E-11 7.57E-11 1.70E-10  4.64E-15 1.23E-13
Silicon (14) Si-31 1.81E-12 2.97E-13 6.48E-13 9.40E-13 3.05E-13 1.11E-08 1.77E-08  1.77E-08  2.92E-08 6.57E-08 191E-15  4.86E-14
Silicon (14) Si-32 9.81E-12 1.50E-12 3.44E-12 5.00E-12 2.93E-10 2.18E-11 3.28E-06 259E-06 431E-05 7.956-05  5.58E-10 1.42E-08
Silver (47) Ag-102 1.56E-13 5.74E-14 7.25E-14 9.95E-14 2.56E-14 1.60E-05 4.14E-11 4.12E-11 6.69E-11 1.51E-10  4.60E-15 1.24E-13 | 2.26E-07 1.13E-08
Silver (47) Ag-103 2.96E-13 7.22E-14 1.20E-13 1.69E-13 6.07E-14 3.33E-06 2.01E-10 1.94E-10  3.25E-10  7.30E-10  1.43E-14 3.76E-13 1.38E-07  6.90E-09
Silver (47) Ag-104 3.77E-13 1.10E-13 1.65E-13 2.29E-13 6.25E-14 1.25E-05 5 40E-11 5.34E-11 8.73E-11 1.96E-10  1.11E-14  2.95E-13 1.01E-07  5.07E-09
Silver (47) Ag-104m 2.81E-13 8.29E-14 1.21E-13 1.68E-13 4.92E-14 5.50E-06 1.23E-10 1.20E-10  1.98E-10 4.46E-10  7.30E-15 1.95E-13 1.38E-07  6.91E-09
Silver (47) Ag-105 4.40E-12 9.77E-13 1.77E-12 2.49E-12 2.83E-12 2.15E-06 3.16E-10  1.81E-10  5.12E-10  1.156-09  8.88E-13  2.34E-11 9.54E-09  4.77E-10
Silver (47) Ag-106 1.34E-13 4.44E-14 5.92E-14 8.21E-14 2.72E-14 3.08E-06 2.236-10  2.20E-10  3.61E-10  8.12E-10 1.09E-14  291E-13 | 2.88E-07  1.44E-08
Silver (47) Ag-106m 1.14E-11 2.82E-12 4.81E-12 6.73E-12 3.54E-12 1.31E-05 5.25E-11 3.94E-11 8.49E-11 1.91E-10  6.77E-14 1.79E-12 | 3.54E-09 1.77E-10
Silver (47) Ag-108 8.56E-08 8.19E-09  819E-08  1.32E-08  2.98E-08
Silver (47) Ag-108m 1.92E-11 5.07E-12 8.14E-12 1.12E-11 2.67E-11 7.18E-06 6.43E-10  247E-10 1.24E-09 2.78E-09  2.25E-10__ 6.05E-09 1.41E-08  7.06E-10
Silver (47) Ag-109m 7.66E-09 9.24E-08  9.24E-08 1.49E-07  3.36E-07
Silver (47) Ag-110 1.69E-07 4.23E-09 4.23E-09  6.83E-09 1.54E-08
Silver (47) Ag-110m 2.37E-11 5.96E-12 9.88E-12 1.37E-11 2.83E-11 1.30E-05 5.47E-11 3.26E-11 8.88E-11 2.00E-10  1.02E-12  2.72E-11 1.10E-09  551E-11
Silver (47) Ag-111 2.37E-11 3.36E-12 8.21E-12 1.21E-11 6.66E-12 1.09E-07 472E-09 9.03E-11 1.06E-08 2.39E-08 3.68E-14  9.25E-13 | 2.17E-09  1.09E-10
Silver (47) Ag-112 5.59E-12 9.10E-13 1.99E-12 2.90E-12 7.25€-13 3.23E-06 2.24E-10 142E-10  3.64E-10  8.19E-10  2.67E-15 6.79E-14 | 9.05E-09  4.52E-10
Silver (47) Ag-115 3.46E-13 8.92E-14 1.40E-13 1.98E-13 6.81E-14 3.44E-06 2.17E-10  2.09E-10  3.51E-10  7.89E-10  4.17E-15 1.09E-13 1.32E-07 _ 6.60E-09
Sodium (11) Na-22 1.97E-11 7.47E-12 9.62E-12 1.26E-11 3.89E-12 1.03E-05 1.39E-11 1.38E-11 2.24E-11 5.05E-11 7.93E-13  2.24E-11
Sodium (11) Na-24 2.64E-12 9.29€-13 1.23E-12 1.65E-12 4.74E-13 2.20E-05 7.08E-12  7.08E-12  1.14E-11 2.58E-11 4.45E-15 1.23E-13
Strontium (38) Sr-80 2.83E-12 6.11E-13 1.09E-12 1.55E-12 4.51E-13 5.08E-11 4.82E-08  342E-10  6.71E-06  1.31E-05 1.86E-15 4.85E-14 | 4.88E-09 2.44E-10
Strontium (38) Sr-81 4.03E-13 1.17€-13 1.71E-13 2.39E-13 8.07E-14 5.97E-06 8.81E-11 8.48E-11 142E-10  3.20E-10  3.06E-15  8.12E-14 | 3.15E-08  1.58E-09
Strontium (38) Sr-82 8.47E-11 1.57€-11 3.13E-11 4.48E-11 3.69E-11 5.00E-11 1.71E-09 1.21E-11 4.39E-07  7.94E-07  239E-14  6.19E-13 | 1.74E-10 8.71E-12
Strontium (38) Sr-83 5.85E-12 1.14E-12 2.21E-12 3.17E-12 1.26E-12 3.60E-06 149E-10  8.04E-11 242E-10  544E-10  185E-14  4.78E-13 | 2.50E-09  125E-10
Strontium (38) Sr-85 5.03E-12 1.42E-12 2.26E-12 3.11E-12 2.56E-12 2.20E-08 2.49E-10 1.05E-10  4.05E-10  9.12E-10  8.90E-13  240E-11 2.50E-09  1.25E-10
Strontium (38) Sr-85m 3.74E-14 1.14E-14 1.67E-14 2.31E-14 8.32E-15 8.21E-07 6.72E-10  6.54E-10 1.09E-09  244E-09 897E-14  240E-12 | 3.39E-07  1.69E-08
Strontium (38) Sr-87m 2.69E-13 6.03E-14 1.07E-13 1.51E-13 5.62E-14 1.33E-06 4.24E-10  3.82E-10  6.86E-10 1.54E-09  3.48E-14 9.13E-13 | 541E-08 2.70E-09
Strontium (38) Sr-89 3.47E-11 6.48E-12 1.28E-11 1.84E-11 2.34E-11 7.19E-09 4.29E-09 3.21E-11 1.17€-07 257E-07 1.28E-13  3.30E-12 | 4.63E-10 2.31E-11
Strontium (38) Sr-90 9.18E-11 5.18E-11 5.59E-11 6.88E-11 1.05E-10 4.82E-10 243609  1.41E-11 3.10E-07  5.66E-07  6.25E-12 1.88E-10 1.42E-09  7.08E-11
Strontium (38) Sr-90+D 1.44E-10 5.92E-11 7.40E-11 9.53E-11 1.13E-10 1.96E-08 1.70E-09  1.02E-11 7.85E-08  1.66E-07  4.72E-12 1.36E-10 1.42E-09  7.08E-11
Strontium (38) Sr-91 8.81E-12 1.57E-12 3.22E-12 4.66E-12 1.70E-12 3.30E-06 1.77E-10  7.52E-11 2.89E-10  6.51E-10  4.09E-15 1.05E-13 1.88E-09  9.40E-11
Strontium (38) Sr-92 6.18E-12 1.07E-12 2.25E-12 3.26E-12 1.03E-12 6.69E-06 8.90E-11 6.05E-11 144E-10  3.256-10 1.69E-15  4.31E-14 | 272E-09  1.36E-10
Sulfur (16) $-35 1.24E-12 3.27E-13 5.14E-13 3.70E-12 5.03E-12 8.77E-12 4.59E-09 1.11E-08  7.56E-06  141E-05 2.17E-12 1.12E-11
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil ingestion Soil Ingestion Water ingestion Food Ingestion  Inhalation  External Exposure | Residential Agricultural  Outdoor Indoor Tap Fish
Element Slope Factor Slope Factor-Adult  Slope Factor Stope Factor  Slope Factor Siope Factor Soil Soil Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
{Atomic Number) Isotope (risk/pCi) (risk/pCi) {risk/pCi) (risk/pCi) (risk/pCi) (risk/y per pCi/g) (mafkg) {mg/kg) {mg/kg) {mgfkg) (mgiL) (mg/kg) {mg/kg) (maikg)
Tantalum (73) Ta-172 2.64E-13 7.96E-14 1.14E-13 1.59E-13 7.22E-14 7.04E-06 1.59E-10 1.59E-10  2.56E-10  5.77E-10 1.41E-14 3.74E-13
Tantalum (73) Ta-173 2.49E-12 4.22E-13 9.03E-13 1.31E-12 4.44E-13 2.38E-06 4.72E-10  4.72E-10  7.63E-10 1.72E-09 1.06E-14 2.72E-13
Tantalum (73) Ta-174 4.11E-13 9.47E-14 1.62E-13 2.30E-13 1.11E-13 2.55E-06 4.43E-10  443E-10  7.16E-10 1.61E-09 1.96E-14 512E-13
Tantalum (73) Ta-175 2.25E-12 4.37E-13 8.70E-13 1.24E-12 4.37E-13 4.16E-06 273E-10  273E-10  441E-10  9.93E-10  3.21E-14 8.35E-13
Tantatum (73) Ta-176 3.18E-12 6.55E-13 1.25E-12 1.78E-12 5.96E-13 1.06E-05 1.08E-10 1.08E-10 1.74E-10  3.92E-10 1.73E-14  4.50E-13
Tantalum (73) Ta-177 1.65E-12 2.58E-13 5.88E-13 8.58E-13 4.44E-13 1.20E-07 9.53E-09  9.44E-09 1.55E-08  3.48E-08  2.59E-13  6.58E-12
Tantalum (73} Ta-178a 3.29E-07 3.51E-09  351E-09  5.68E-09 1.28E-08
Tantalum (73) Ta-178b 6.29E-13 1.38E-13 249E-13 3.53E-13 1.79E-13 3.78E-06 3.06E-10  3.06E-10  4.94E-10 1.11E-09  2.39E-14  6.25E-13
Tantalum (73) Ta-179 9.51E-13 1.54E-13 3.44E-13 5.00E-13 2.05E-12 3.62E-08 3.18E-08  3.12E-08  5.19E-08 1.17E-07  1.26E-10 3.22E-09
Tantalum (73) Ta-180 1.23E-11 1.99E-12 4.44E-12 6.44E-12 7.25E-11 2.03E-06 2.76E+02 206E+02 5.37E+02 1.21E+03 541E+01  1.38E+03
Tantalum (73) Ta-180m 8.58E-13 1.31E-13 3.03E-13 4.40E-13 1.86E-13 6.13E-08 1.90E-08 1.88E-08  3.08E-08 6.93E-08 7.32E-14 1.87E-12
Tantalum (73) Ta-182 2.19E-11 3.59E-12 7.96E-12 1.15E-11 3.74E-11 6.04E-06 1.95E-10 1.95E-10  3.16E-10  7.11E-10  9.61E-13  246E-11
Tantalum (73) Ta-182m 4.44E-14 1.54E-14 1.99E-14 2.76E-14 3.41E-14 7.38E-07 1.60E-09 1.60E-09 259E-09 582E-09 3.67E-14  9.79E-13
Tantalum (73) Ta-183 2.38E-11 3.44E-12 8.33E-12 1.22E-11 8.81E-12 9.40E-07 1.25E-09 1.23E-09  2.04E-09 4.59E-09 4.09E-14 1.04E-12
Tantalum (73) Ta-184 9.81E-12 1.58E-12 3.53E-12 5.11E-12 1.73E-12 7.02E-06 1.70E-10 1.70E-10  2.75E-10 _ 6.19E-10__ 6.90E-15 1.77E-13
Tantalum (73) Ta-185 3.92E-13 9.88E-14 1.57E-13 2.22E-13 1.18E-13 6.24E-07 1.92E-09 1.92E-09 311E-09  7.00E-09 1.46E-14 3.84E-13
Tantalum (73) Ta-186 1.19E-13 4.44E-14 5.51E-14 7.55E-14 2.69E-14 6.69E-06 1.81E-10 181E-10 292E-10  6.56E-10  8.99E-15  243E-13
Technetium {43) Tc-101 6.81E-14 2.42E-14 3.06E-14 4.22E-14 1.85E-14 1.37E-06 4.77E-10  4.31E-10  7.74E-10 1.74E-09 1.13E-14 3.19E-13 3.79E-08 1.89E-09
Technetium (43) Tc-104 3.09E-13 1.07E-13 1.38E-13 1.90E-13 5.33E-14 9.75€-06 6.91E-11 6.47E-11 1.12E-10  2.52E-10  348E-15  9.36E-14 8.65E-09  4.32E-10
Technetium (43) Tc-93 3.55E-13 1.04E-13 1.59E-13 2.20E-13 6.36E-14 7.31E-06 8.23E-11 7.45E-11 1.33E-10  3.00E-10  2.45E-14  6.55E-13 | 6.71E-09 3.36E-10
Technetium (43) Tc-93m 1.55E-13 4.51E-14 6.81E-14 9.44E-14 3.17E-14 3.62E-06 1.66E-10 1.53E-10  2.70E-10  6.07E-10 1.51E-14  4.03E-13 1.57E-08 7.84E-10
Technetium (43) Tc-94 1.48E-12 3.92E-13 6.36E-13 8.88E-13 2.80E-13 1.24E-05 4.88E-11 3.81E-11 7.95E-11 1.79€-10 1.10E-14 2.91E-13 1.70E-09 8.48E-11
Technetium (43) Tc-84m 5.74E-13 1.55E-13 2.36E-13 3.32E-13 1.03E-13 8.70E-06 6.99E-11 6.17E-11 1.13E-10  2.55E-10  5.25E-15 1.38E-13 | 4.57E-09  2.29E-10
Technetium (43) Tc-95 1.35E-12 3.50E-13 5.77E-13 8.03E-13 2.63E-13 3.63E-06 1.66E-10  9.46E-11 2.75E-10  6.18E-10  5.01E-14 1.33E-12 1.89E-09 9.45E-11
Technetium (43} Tc-95m 4.29E-12 1.10E-12 1.80E-12 2.51E-12 3.40E-12 2.93E-06 1.92E-10  5.15E-11 3.40E-10  7.65E-10  1.18E-12 3.12E-11 6.06E-10 3.03E-11
Technetium (43) Tc-96 7.81E-12 2.15E-12 3.42E-12 4.74E-12 2.00E-12 1.16E-05 5.14E-11 217E-11 8.68E-11 1.95E-10  4.39E-14 1.17E-12 | 3.22E-10 1.61E-11
Technetium (43) Tc-96m 8.36E-14 2.27E-14 3.59E-14 5.00E-14 2.05E-14 2.13E-07 2.85E-09 1.50E-09 473E-03 1.06E-08 3.49E-14 9.29E-13 | 3.07E-08 1.53E-09
Technetium (43) Tc-97 7.40E-13 1.34E-13 2.70E-13 3.89E-13 8.51E-13 2.94E-10 1.81E-03  4.22E-05  4.92E-01 1.09E+00  1.25E-04 3.20E-03 | 5.16E-04  2.58E-05
Technetium (43) Tc-97m 6.62E-12 1.14E-12 2.38E-12 3.44E-12 1.12E-11 1.04E-09 1.64E-09  5.08E-11 8.63E-07 1.89E-06 1.30E-12 3.32E-11 468E-10  2.34E-11
Technetium (43) Tc-98 1.83E-11 3.92E-12 7.10E-12 1.01E-11 3.01E-11 6.45E-06 1.70E-05 2.25E-06 3.86E-05 8.69E-05 7.73E-06 201E-04 | 3.20E-05 1.60E-06
Technetium (43) Tc-99 7.66E-12 1.32E-12 2.75E-12 4.00E-12 1.41E-11 8.14E-11 1.48E-05 343E-07 528E-02 1.02E-01 1.02E-06  2.60E-05 | 2.19E-04 1.10E-05
Technetium (43) Tc-99m 2.03E-13 4.37E-14 7.96E-14 1.14E-13 570E-14 3.93E-07 1.58E-09 8.00E-10 264E-09 595E-09 1.14E-13 2.95E-12 1.43E-08 7.14E-10
Tellurium (52) Te-116 1.75E-12 3.48E-13 6.73E-13 9.62E-13 3.20E-13 1.34E-07 512E-09  4.01E-09 9.08E-09 2.04E-08 B.53E-15 1.69E-13
Tellurium (52) Te-121 3.40E-12 9.07E-13 1.46E-12 2.01€-12 1.30E-12 2.46E-06 3.16E-10  3.06E-10 5.16E-10 1.16E-09  5.15E-13 1.38E-11
Tellurium (52) Te-121m 1.42E-11 4.51E-12 6.40E-12 8.51E-12 1.44E-11 7.83E-07 8.75E-10  6.25E-10 162E-09 365E-09 1.06E-12  2.96E-11
Tellurium {52) Te-123 6.77E-12 4.07E-12 4.11E-12 511E-12 2.50E-12 2.73€-09 5.35E+03  1.00E+03 2.31E+05 5.00E+05 3.99E+01  1.19E+03
Tellurium (52) Te-123m 1.02E-11 2.46E-12 4.14E-12 5.66E-12 1.36E-11 4.48E-07 1.52E-09 1.056-09 288E-09  6.48E-09 1.30E-12 3.53E-11
Tellurium (52) Te-1256m 8.92E-12 1.70E-12 3.33E-12 4.70E-12 1.17E-11 6.95€-09 1.15E-08  3.02E-09 1.83E-07 4.09E-07 795E-13  2.09E-11
Tellurium (52) Te-127 2.87E-12 4.22E-13 1.00E-12 1.48E-12 6.11E-13 2.10E-08 2.00E-08 797E-09  6.33E-08 1.42E-07  1.81E-14  4.52E-13
Tellurium (52) Te-127m 2.25e-11 4.77E-12 8.62E-12 1.20E-11 2.58E-11 2.73E-08 4.97E-09 123E-09 403E-07 8.68E-07 5.87E-13 1.56E-11
Tellurium (52) Te-129 4.40E-13 9.88E-14 1.71E-13 2.44E-13 9.95E-14 2.45E-07 337E-09 3.24E-09  5.52E-09 1.24E-08  1.33E-14 3.46E-13
Tellurium (52} Te-129m 4.26E-11 7.18E-12 1.53E-11 2.20E-11 249E-11 1.38E-07 1.92E-09 6.14E-10 9.75E-09  2.19E-08  1.03E-13  2.67E-12
Tellurium (52) Te-131 5.62E-13 1.31E-13 2.17E-13 3.05E-13 6.40E-14 1.79E-06 474E-10  4.71E-10  7.68E-10 1.73E-03  3.83E-15 1.01E-13
Tellurium (52) Te-131m 2.28E-11 4.00E-12 8.25E-12 1.18E-11 4.22E-12 6.61E-06 1.26E-10 117E-10  2.08E-10 468E-10  7.25E-15 1.86E-13
Tellurium (52) Te-132 4.77E-11 8.25E-12 1.70E-11 2.44E-11 9.32E-12 7.83E-07 7.69E-10  4.00E-10 1.77E-09  3.97E-09  9.24E-15  2.38E-13
Tellurium (52) Te-133 5.29E-13 1.11E-13 1.92E-13 2.73E-13 4.92E-14 4.28E-06 201E-10  2.01E-10  3.25E-10  7.32E-10  2.20E-15 5.72E-14
Teliurium (52) Te-133m 2.42E-12 4.74E-13 8.73E-13 1.24E-12 2.64E-13 1.08E-05 791E-11 7.87E-11 1.28E-10  2.88E-10  2.14E-15 5.58E-14
Telturium (52) Te-134 7.51E-13 1.89E-13 3.01E-13 4.18E-13 1.60E-13 3.78E-06 2.30E-10  2.29E-10  3.72E-10  8.37E-10  4.72E-15 1.26E-13
Terbium (65) Tb-147 1.37E-12 2.88E-13 5.33E-13 7.59E-13 2.26E-13 7.30E-06 1.31E-10 1.31E-10  2.11E-10  475E-10  6.93E-15 1.80E-13
Terbium (65) Tb-149 2.90E-12 5.25E-13 1.08E-12 1.86E-12 1.65€-11 7.60E-06 1.27E-10 127E-10  2.06E-10  4.63E-10 B8.71E-15  2.23E-13
Terbium (65) Tb-150 2.92E-12 5.25E-13 1.08E-12 1.56E-12 3.88E-13 7.79E-06 1.25E-10 1.25E-10  2.02E-10  4.55E-10  6.91E-15 1.77E-13
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soit Ingestion Soil Ingestion Water Ingestion Food Ingestion  Inhaiation  External Exposure | Residential  Agricultural  OQutdoor Indoor Tap Fish
Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor  Slope Factor Slope Factor Soil Soil Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isotope (risk/pCi}) (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk/y per pCi/g) (mgfkg) (mg/kg) {mg/kg) (mg/kg) (mg/L) (mg/kg) (mg/kg) (mg/kg)
Terbium (65) Tb-151 3.92E-12 7.25E-13 1.49E-12 2.13E-12 7.73E-13 3.65E-06 269E-10  269E-10  4.34E-10 9.77E-10 2.71E-14 7.03E-13
Terbium (65) Tb-153 3.54E-12 5.77E-13 1.28E-12 1.86E-12 8.18E-13 7.24E-07 1.37E-08 1.37E-09 222E-09  4.99E-09 1.02E-13 2.60E-12
Terbium (65) Tb-154 6.51E-12 1.34E-12 2.57E-12 3.64E-12 1.14E-12 1.18E-05 8.48E-11 8.47E-11 1.37E-10  3.08E-10 1.95E-14 5.10E-13
Terbium (65) Tb-155 2.97E-12 4.81E-13 1.08E£-12 1.56E-12 8.99E-13 3.26E-07 3.08E-09  3.08E-09  4.99E-09 1.12E-08  2.79E-13 7.15E-12
Terbium (65) Tb-156 1.30E-11 2.46E-12 4.96E-12 7.10E-12 4.22E-12 8.37E-06 1.21E-10 1.21E-10 1.96E-10  4.40E-10  6.14E-14 1.58E-12
Terbium (65) Tb-156m 2.29E-12 3.92E-13 8.44E-13 1.22E-12 8.47E-13 2.16E-08 461E-08 4.56E-08  7.56E-08 1.70E-07  6.86E-14 1.76E-12
Terbium (65) Tb-156n 1.11E-12 1.82E-13 4.03E-13 5.85E-13 3.77E-13 4.06E-08 2.38E-07  2.33E-07 4.01E-07 9.01E-07  2.95E-14 7.52E-13
Terbium (65) Tb-157 5.29E-13 7.99E-14 1.86E-13 2.70E-13 1.46E-12 1.63E-09 458E-06 3.42E-06 9.21E-06 2.07E-05 1.69E-08  4.31E-07
Terbium (65) Tb-158 1.32E-11 2.38E-12 4.88E-12 6.99E-12 8.29E-11 3.57E-06 2.22E-08 1.70E-09  426E-09  9.58E-09  6.48E-10 1.67E£-08
Terbium (65) Tb-160 2.42E-11 3.85E-12 8.70E-12 1.27E-11 2.45E-11 5.23E-06 1.99E-10 1.98E-10  3.21E-10  7.22E-10  4.86E-13 1.236-11
Terbium (65) Tb-161 1.38E-11 1.95E-12 4.77E-12 7.03E-12 5.03E-12 3.44E-08 2.85E-08 2.76E-08  4.88E-08 1.10E-07 852E-14 2.14E-12
Thallium (81) Ti-194 3.68E-14 1.48E-14 1.81E-14 245E-14 5.11E-15 3.25E-06 3.88E-10  3.88E-10  6.26E-10 141E-09  897E-14 2.46E-12
Thallium (81) TI-194m 1.63E-13 6.36E-14 7.81E-14 1.06E-13 2.50E-14 1.01E-05 1.25E-10 1.25E-10  2.02E-10  453E-10  2.07E-14 5.64E-13
Thallium (81) TI-195 1.36E-13 5.00E-14 6.40E-14 8.70E-14 2.08E-14 6.02E-06 2.10E-10  2.10E-10  3.40E-10  765E-10  5.38E-14 1.47E-12
Thatlium (81) T1-197 1.41E-13 4.51E-14 6.25E-14 8.55E-14 2.3%E-14 1.65E-06 775E-10  7.75E-10 1.25E-09  2.82E-09  1.36E-13 3.69E-12
Thallium (81) TI-198 4.26E-13 1.61E-13 2.06E-13 2.75E-13 7.92E-14 9.67E-06 1.33E-10 133E-10  2.15E-10  4.83E-10  7.75E-14 2.15E-12
Thallium (81) TI-198m 2.76E-13 1.01E-13 1.30E-13 1.75E-13 4.92E-14 5.04E-06 255E-10  255E-10  4.12E-10  9.27E-10  4.34E-14 1.19E-12
Thallium (81) TI-199 1.64E-13 5.33E-14 7.36E-14 9.99E-14 2.89E-14 8.56E-07 1.51E-09 1.51E-09  2.44E-09  548E-09  3.05E-13 8.33E-12
Thallium (81) TI-200 1.31E-12 4.55E-13 6.14E-13 8.21E-13 2.52E-13 5.93E-06 219E-10  2.18E-10  3.54E-10  7.96E-10  1.29E-13 3.58E-12
Thallium (81) TI-201 8.81E-13 2.23E-13 3.61E-13 5.00E-13 1.49E-13 1.88E-07 6.86E-09  6.61E-09 1.12E-08 2.52E-08  6.18E-13 1.65E-11
Thallium (81) T1-202 3.28E-12 1.05E-12 1.49E-12 2.01E-12 6.14E-13 1.83E-06 713E-10  7.02E-10 116E-09 2.61E-09  6.04E-13 1.66E-11
Thallium (81) Tl-204 1.54E-11 3.16E-12 5.85E-12 8.25E-12 245E-12 2.76E-09 3.20E-08 8.42E-09 6.88E-07 1.50E-06  1.76E-11 4.62E-10
Thallium (81) TI-206 6.05E-09 221E-07  2.21E-07 3.57E-07 8.04E-07
Thallium (81) TI-207 1.52E-08 8.84E-08  8.84E-08 1.43E-07 3.22E-07
Thallium (81) T1-208 1.76E-05 7.68E-11 7.68E-11 1.24E-10  2.79E-10
Thallium (81) TI-209 9.83E-06 1.38E-10  1.38E-10  2.23E-10 5.02E-10
Thorium (90) Th-226 1.58E-12 4.77E-13 6.66E-13 9.32E-13 1.56E-10 2.36E-08 6.16E-08 1.71E-08 1.00E-07  2.25E-07  2.66E-15 7.04E-14 3.80E-07 1.90E-08
Thorium (90} Th-227 1.37E-10 2.03E-11 4.74E-11 6.92E-11 3.51E-08 3.78E-07 3.70E-08  2.94E-10  6.26E-09 1.41E-08  3.27E-14 8.30E-13 536E-09  2.68E-10
Thorium (80) Th-228 2.89E-10 6.40E-11 1.07€-10 1.48E-10 1.326-07 5.59E-09 2.95E-08 1.50E-10 1.69E-07  3.34E-07 543E-13 1.45E-11 7.27E-09  3.64E-10
Thorium (80) Th-228+D 8.09E-10 1.62E-10 3.00E-10 4.22E-10 1.43E-07 7.76E-06 1.88E-10  4.12E-11 3.08E-10 6.91E-10  1.94E-13 5.10E-12 7.27E-09  3.64E-10
Thorium (90) Th-229 4.96E-10 1.97E-10 2.24E-10 2.90E-10 1.75E-07 2.25E-07 1.74E-06 2.01E-08 4.08E-06 8.96E-06 1.00E-09 2.86E-08 2.87E-05 1.43E-06
Thorium (90) Th-229+D 1.29E-09 3.63E-10 5.28€-10 7.16E-10 2.25E-07 1.17E-06 3.84E-07 8.05E-09  8.38E-07 1.87E-06  4.24E-10 1.16E-08 | 2.87E-05 1.43E-06
Thorium (80) Th-230 2.02E-10 7.73E-11 9.10E-11 1.19E-10 2.85E-08 8 19E-10 1.73E-04  5.22E-07 1.03E-03 1.89E-03  259E-08 7.35E-07 2.99E-04 1.49E-05
Thorium (80) Th-231 6.36E-12 9.14E-13 2.21E-12 3.24E-12 1.52E-12 2.45E-08 5.89E-08 622E-09 9.85E-08 2.21E-07 4.06E-14 1.02E-12 1.17E-07  5.85E-09
Thorium {(S0) Th-232 2.31E-10 8.47E-11 1.01E-10 1.33E-10 4.33E-08 3.42E-10 2.84E+01  8.62E-02 1.82E+02 3.31E+02 4.32E-03 1.21E-01 | 5.66E+01  2.83E+00
Thorium (90) Th-234 6.70E-11 9.51E-12 2.31E-11 3.40E-11 3.07E-11 1.63E-08 574E-08  6.64E-10 1.41E-07  3.11E-07  8.92E-14  2.24E-12 1.13E-08  5.67E-10
Thulium (69) Tm-162 1.24E-13 4.29E-14 5.66E-14 7.77E-14 2.72E-14 8.69E-06 1.21E-10 1.21E-10 1.96E-10  4.40E-10 1.58E-14  4.25E-13
Thulium (69) Tm-166 2.86E-12 5.85E-13 1.12E-12 1.59E-12 5.14E-13 8.98E-06 1.20E-10 1.20E-10 1.94E-10  4.36E-10 1.74E-14  453E-13
Thulium (69) Tm-167 9.88E-12 1.44E-12 3.46E-12 5.07E-12 4.37E-12 3.97e-07 2.72E-09  272E-09 441E-09  9.93E-08 1.63E-13  4.12E-12
Thulium {69} Tm-170 2.59E-11 3.61E-12 8.92E-12 1.31E-11 2.43E-11 1.01£-08 8.03E-08  8.12E-08 169E-07 3.77E-07 8.98E-13  2.26E-11
Thulium (69) Tm-171 2.02E-12 2.85E-13 6.99E-13 1.02E-12 3.33E-12 6.97E-10 1.13E-06 1.15E-06  2.45E-06 545E-06 6.26E-11 1.59E-09
Thulium (69) Tm-172 3.09E-11 4.44E-12 1.08E-11 1.57E-11 5.62E-12 2.35E-06 4.74E-10  4.75E-10 _ 7.68E-10 1.73E-08 1.54E-14 3.93E-13
Thulium (69) Tm-173 4.88E-12 7.44E-13 1.72E-12 2.52E-12 7.73E-13 1.62E-06 6.93E-10  6.93E-10 112E-08 2.52E-08  1.26E-14 3.19E-13
Thulium (69) Tm-175 1.19E-13 3.85E-14 5.22E-14 7.25E-14 3.26E-14 4.78E-06 2.38E-10  2.38E-10  3.84E-10  8.64E-10  1.29E-14 3.45E-13
Tin (50) Sn-110 5.18E-12 8.36E-13 1.87E-12 2.71E-12 6.70E-13 1.13E-08 6.32E-10  6.31E-10 1.02E-09  2.30E-09  3.58E-15 9.15E-14
Tin (50) Sn-111 1.32E-13 3.61E-14 5.51E-14 7.70E-14 2.83E-14 2.29E-06 3.15E-10  3.15E-10  5.09E-10 1.14E-09 1.80E-14  4.78E-13
Tin {50) Sn-113 1.22E-11 1.86E-12 4.33E-12 6.33E-12 1.00E-11 2.02E-08 3.30E-08  3.15E-08  5.80E-08 1.30E-07 1.10E-12  2.78E-11
Tin (50) Sn-117m 1.25E-11 1.83E-12 4.37E-12 6.40E-12 8.84E-12 4.69E-07 1.61E-09 1.61E-09  2.62E-09 589E-09  1.33E-13 3.36E-12
Tin (50) Sn-118m 6.36E-12 9.14E-13 2.21E12 3.24E-12 7.81E-12 1.20E-08 3.40E-07 275E-07 952E-07 210E-06 576E-12 1.46E-10
Tin (50) Sn-121 4.33E-12 6.11E-13 1.50E-12 2.20E-12 1.026-12 1.30E-10 9.13E-07 6.43E-07 6.21E-06 1.28E-05  3.33E-14 8.40E-13
Tin (50) Sn-121m 6.66E-12 9.99E-13 2.34E-12 3.41E-12 1.54E-11 8.85E-10 124E-06 7.72E-07 4.67E-06 1.02E-05  3.79E-10 9.64E-09
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soil Ingestion Soil Ingestion Water Ingestion Food Ingestion Inhalation  External Exposure | Residential Agricultural  Outdoor Indoor Tap Fish
Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor Stope Factor Slope Factor Soil Soit Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
(Atomic Number) Isctope {risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk/pCi) (risk’y per pCi/g) (ma/kg)} {mafkg) (mg/kg) {mg/kg) (mgit.) (mg/kg) (mgrkg) (mg/kg)
Tin (50) Sn-123 4.03E-11 5.70E-12 1.40E-11 2.05E-11 3.03-11 3.88£-08 1.75E-08  163E-08 327E-08 7.32E-08 4.14E-13 1.05E-11
Tin (50) Sn-123m 1.94E-13 5.33E-14 7.96E-14 1.12E-13 5.62E-14 4.62E-07 1.73E-09  1.73E-09 2.79E-09 6.29E-09  1.57E-14  4.14E-13
Tin (50) Sn-125 5.81E-11 8.25E-12 2.01E-11 2.95E-11 1.41E-11 1.53E-06 527E-10 526E-10  8.57E-10  1.93E-08  2.19E-14  5.53E-13
Tin (50) Sn-126 7.07E-11 1.17E-11 2.56E-11 3.69E-11 9.95E-11 9.96E-08 3.53E-05 2.51E-05 7.55E-05 1.69E-04  6.56E-08 1.69E-06
Tin (50) Sn-127 2.22E-12 4.11E-13 8.25E-13 1.19E-12 4.40E-13 9.25E-06 8.92E-11 8.92E-11 1.44E-10  3.24E-10  4.92E-15  1.26E-13
Tin (50) Sn-128 1.09E-12 2.57E-13 4.33E-13 6.14E-13 2.29E-13 2.62E-06 3.17E-10  317E-10  513E-10  1.15E-09 443E-15  1.16E-13
Titanium (22) Ti-44 6.73E-11 1.34E-11 2.56E-11 3.64E-11 3.41E-10 2.39E-07 3.23E-08 2.60E-09 6.26E-09 1.41E-08  1.08E-11 2.82E-10
Titanium (22) Ti-45 1.75E-12 3.12E-13 6.44E-13 9.32E-13 3.09E-13 3.79E-06 7.71E-11 7.71E-11 1.25E-10  2.80E-10  3.28E-15  8.38E-14
Tungsten (74) W-176 1.05E-12 2.13E-13 4.11E-13 5.88E-13 1.24E-13 3.20E-07 3.57E-09 356E-09 577E-09  1.30E-08  1.50E-14  3.88E-13
Tungsten (74) W-177 5.00E-13 1.13E-13 2.01E-13 2.84E-13 5.99E-14 3.63E-06 3.17E-10  3.17E-10 5.12E-10  1.15E-09  3.02E-14  7.91E-13
Tungsten (74) W-178 3.33E-12 5.37E-13 1.21E-12 1.75€-12 3.85E-13 1.59E-08 6.77E-08  6.00E-08  1.17E-07  263E-07 1.17E-12  299E-11
Tungsten (74) W-179 1.68E-14 5.00E-15 7.22E-15 1.01E-14 1.83E-15 6.01E-08 1.93E-08  1.93E-08  3.13E-08  7.03E-08  2.36E-13  6.24E-12
Tungsten (74) W-181 1.07E-12 1.83E-13 3.96E-13 5.70E-13 1.35E-13 4.86E-08 240E-08 237E-08 391E-08 8.79E-08  2.02E-11 5.20E-10
Tungsten (74) W-185 8.36E-12 1.21E-12 2.93E-12 4.29E-12 9.36E-13 2.92E-10 3.77E-07  140E-07 442E-06 9.17E-06 1.73E-12  4.38E-11
Tungsten (74) W-187 1.03E-11 1.59E-12 3.67E-12 5.37E-12 1.11E-12 2.04E-06 5.94E-10  592E-10  962E-10  2.16E-09  1.85E-14  469E-13
Tungsten (74) W-188 4.00E-11 5.77E-12 1.40E-11 2.05E-11 4.63E-12 7.02E-09 5.86E-08 262E-08  2.55E-07 5.62E-07 3.40E-13  8.61E-12
Uranium (92) U-230 5.66E-10 1.04E-10 2.09E-10 2.98E-10 4.55E-08 3.07E-09 1.50E-08  1.43E-11 1.51E-07  2.83E-07 8.36E-15 2.17E-13 | 3.60E-01 1.80E-02
Uranium (92) U-231 5.00E-12 7 40E-13 1.75E-12 2.56E-12 1.80E-12 1.60E-07 9.33E-09 142E-09 151E-08 341E-08 2.03E-13  5.13E-12 | 3.60E-01 1.80E-02
Uranium (92) U-232 5.74E-10 2.45E-10 2.92E-10 3.85E-10 1.95E-08 5.98E-10 585E-08  3.50E-11  3.73E-07 6.74E-07 7.63E-12  2.14E-10 | 3.60E-01 1.80E-02
Uranium (92) U-233 1.60E-10 5.22E-11 7.18E-11 9.69E-11 1.16E-08 9.82E-10 4.00E-04 256E-07 303E-03 5.62E-03 6.88E-08  1.80E-06 | 3.60E-01 1.80E-02
Uranium (92) U-234 1.58E-10 5.11E-11 7.07E-11 9.55E-11 1.14E-08 2.52E-10 6.44E-04 401E-07 531E-03  9.66E-03  1.08E-07  2.96E-06 | 3.60E-01 1.80E-02
Uranium (92) U-235 1.57E-10 4.92E-11 6.96E-11 9.44E-11 1.01E-08 5.18E-07 9.48E-02  1.15E-03  1.91E-01 4.29E-01 3.17E-04 B8.65E-03 | 3.60E-01 1.80E-02
Uranium (92) U-235+D 1.63E-10 5.03E-11 7.18E-11 9.76E-11 1.01E-08 5.43E-07 9.04E-02 112E-03  1.82E-01 4.09E-01 307E-04 837E-03 | 3.60E-01 1.80E-02
Uranium (92) U-236 1.49E-10 4.85E-11 6.70E-11 9.03E-11 1.05E-08 1.25E-10 6.60E-02 409E-05 549E-01  9.95E-01 1.10E-05  3.02E-04 | 3.60E-01 1.80E-02
Uranium (92) u-237 1.39E-11 2.05E-12 4.88E-12 7.14E-12 6.44E-12 3.76E-07 4.07E-09 535E-10 6.61E-09 1.49E-08 1.20E-13  3.03E-12 | 3.60E-01 1.80E-02
Uranium (92) U-238 1.43E-10 4.66E-11 6.40E-11 8.66E-11 9.32E-09 4.99E-11 1.33E+01  8.22E-03  1.12E+02 2.02E+02 2.22E-03  6.07E-02 | 3.60E-01 1.80E-02
Uranium (92) U-238+D 2.10E-10 5.62E-11 8.71E-11 1.21E-10 9.35E-09 1.14E-07 2.21E+00 586E-03  533E+00  1.18E+01  1.63E-03  4.34E-02 | 3.60E-01 1.80E-02
Uranium (92) U-239 1.90E-13 4.40E-14 7.40E-14 1.06E-13 5.70E-14 1.21E-07 1.28E-08  9.82E-09  2.07E-08 4.66E-08  1.93E-14  4.98E-13 | 3.60E-01 1.80E-02
Uranium (92) U-240 2.02e-11 2.96E-12 7.03E-12 1.03E-11 2.96E-12 7.33E-10 3.76E-07 432E-10 230E-06 479E-06 7.33E-15 1.85E-13 | 3.60E-01 1.80E-02
Vanadium (23) V-47 2.92E-13 8.88E-14 1.25E-13 1.74E-13 5.96E-14 4.36E-06 7.00E-11 7.00E-11 113E-10 2.54E-10  3.11E-15  8.27E-14
Vanadium (23) V-48 2.13E-11 4.11€-12 8.21E-12 1.17E-11 9.29E-12 1.40E-05 2.23E-11  2.23E-11  3.60E-11 8.09E-11  3.46E-14  B.99E-13
Vanadium (23) V-49 3.53E-13 5.00E-14 1.22E-13 1.79E-13 1.47E-13 0.00E+00 6.41E-06 6.69E-06 8.45E-05  1.52E-04  4.84E-11 1.22E-09
Xenon (54) Xe-120 1.70E-06 4.58E-10  4.58E-10  7.41E-10  1.67E-09
Xenon (54) Xe-121 8.73E-06 9.00E-11 9.00E-11 1.45E-10  3.27E-10
Xenon (54) Xe-122 1.83E-07 4.33E-09 433E-09 7.00E-09 1.57E-08
Xenon (54) Xe-123 2.72E-06 2.94E-10 2.94E-10 474E-10  1.07E-09
Xenon (54) Xe-125 9.38E-07 8.65E-10  8.65E-10  140E-09  3.15E-09
Xenon (54) Xe-127 9.52E-07 8.66E-10  8.66E-10  140E-09  3.15E-09
Xenon (54) Xe-129m 4.25E-08 197E-08  1.97E-08  3.18E-08  7.17E-08
Xenon (54) Xe-131m 1.41E-08 6.03E-08  6.03E-08 9.75E-08  2.19E-07
Xenon (54) Xe-133 6.62E-08 1.30E-08  1.30E-08 2.11E-08  4.74E-08
Xenon (54) Xe-133m 9.25E-08 9.34E-09  9.34E-09  1.51E-08  3.39E-08
Xenon (54) Xe-135 9.70E-07 9.04E-10  9.04E-10  146E-09  3.29E-09
Xenon (54) Xe-135m 1.86E-06 4.71E-10 471E-10  7.62E-10  1.71E-09
Xenon (54) Xe-138 5.62E-06 1.59E-10  159E-10  2.58E-10  5.80E-10
Ytterbium (70) Yb-162 1.21E-13 3.62E-14 5.22E-14 7.29E-14 3.00E-14 3.26E-07 3.23E-09 3.23E-08 521E-09 1.17E-08  1.49E-14  3.95E-13
Ytterbium (70) Yb-166 1.17E-11 2.08E-12 4.37E-12 6.29E-12 2.89E-12 9.46E-08 1.12E-08  1.12E-08  1.84E-08  4.13E-08  3.28E-14  B8.44E-13
Ytterbium (70) Yb-167 3.70E-14 1.04E-14 1.56E-14 2.18E-14 1.71E-14 6.21E-07 175E-09 1.75E-09 282E-09 6.35E-09 4.75E-14  1.26E-12
Ytterbium (70) Yb-169 1.12E-11 1.73E-12 4.00E-12 5.85E-12 1.08E-11 7.75E-07 1.41E-09 141E-09 229E-09 5.15E-09 4.94E-13  1.25E-11
Ytterbium (70) Yb-175 8.29E-12 1.17E-12 2.87E-12 4.22E-12 2.95E-12 1.54E-07 7.326-09  733E-09 1.19E-08 268E-08 9.33E-14  235E-12
Ytterbium (70) Yb-177 9.51E-13 1.68E-13 3.46E-13 5.03E-13 2.29E-13 8.35E-07 1.38E-09 1.38E-09 222E-09 5.00E-09  148E-14 3.77E-13
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Radionuclide Toxicity and Preliminary Remediation Goals in Mass for Superfund

Toxicity Preliminary Remediation Goals (PRG) Soil to Groundwater
Soit Ingestion Soil Ingestion Water Ingestion Food Ingestion Inhalation  External Exposure | Residential Agricuitural  Outdoor Indoor Tap Fish
Element Slope Factor Slope Factor-Adult  Slope Factor Slope Factor  Slope Factor Slope Factor Soil Soll Worker Soil Worker Soil Water Ingestion DAF=20 DAF=1
{Atomic Number) Isotope (risk/pCi} (risk/pCi) (risk/pCi) (risk/pCi) {risk/pCi) (risk/y per pCilg} (mg/kg) (mg/kg) (mg/kg) (mg/kg) {mglL) (mg/kg) (mg/kg) {mg/kg)
Ytterbium (70) Yb-178 1.06E-12 1.926-13 3.89E-13 5.59E-13 2.38E-13 1.44E-07 8.02E-09  8.02E-09  1.30E-08 2.92E-08 8.59E-15 2.21E-13
Yttrium (39) Y-86 1.05E-11 2.03E-12 4.07E-12 5.81E-12 1.58E-12 1.73E-05 3.23E-11 3.23E-11 5.22E-11 117E-10  4.73E-15 1.23E-13
Yitriurm (39) Y-86m 6.11E-13 1.18E-13 2.35E-13 3.35E-13 9.29E-14 8.35E-07 6.69E-10  6.69E-10  1.08E-09  2.43E-09  4.46E-15 1.16E-13
Yttrium (39) Y-87 6.92E-12 1.21E-12 2.58E-12 3.70E-12 1.49E-12 1.94E-06 2.91E-10 2.91E-10 4.71E-10 1.06E-09 4.12E-14 1.06E-12
Yttrium (39) Y-88 9.92E-12 2.40E-12 4.18E-12 5.85E-12 1.70E-11 1.37E-05 4.17E-11 417E-11 6.74E-11 1.52E-10  8.23E-13  2.18E-11
Yttrium (39) Y-90 5.25E-11 7.29E-12 1.81E-11 2.65E-11 8.40E-12 1.91E-08 2.09E-08 1.81E-08  4.72E-08  1.05E-07  4.84E-15 1.23E-13
Yttrium (39) Y-90m 2.95E-12 4.40E-13 1.04E-12 1.51E-12 4.81E-13 2.58E-06 227E-10  226E-10  3.66E-10 8.24E-10  4.20E-15 1.07E-13
Yttrium (39) Y-91 4.66E-11 6.48E-12 1.60E-11 2.35E-11 3.36E-11 2.51E-08 1.79E-08  1.61E-08  3.69E-08  8.24E-08  1.22E-13 3.06E-12
Yttrium (39) Y-31m 8.51E-14 2.15E-14 3.52E-14 4.96E-14 3.01E-14 2.34E-06 2.53E-10 2.53E-10 4.08E-10  9.18E-10  3.26E-14  8.57E-13
Yttrium (39) Y-92 7.03E-12 1.10E-12 2.48E-12 361E-12 9.32E-13 1.26E-06 474E-10  4.74E-10  7.66E-10  1.72E-09 2.00E-15  5.09E-14
Yttrium (39) Y-93 2.08E-11 2.96E-12 7.18E-12 1.05E-11 2.64E-12 4.60E-07 1.30E-09  1.30E-09 212E-09 4.776-09 199E-15 5.04E-14
Yttrium (39) Y-94 3.08E-13 1.06E-13 1.37E-13 1.90E-13 5.51E-14 5.45E-06 1.12E-10  1.12E-10  1.81E-10  4.07E-10  3.32E-15  8.88E-14
Yttrium (39) Y-95 1.59E-13 5.85E-14 7.25E-14 9.99E-14 2.92E-14 4.80E-06 1.29E-10  1.29E-10  2.08E-10 467E-10  3.56E-15  9.56E-14
Zine (30) Zn-62 1.34E-11 2.25E-12 4.96E-12 7.25E-12 2.656E-12 1.87E-06 2.08E-10  7.22E-13  3.4BE-10  7.83E-10  1.76E-15  4.46E-14 | 2.08E-10  1.04E-11
2Zinc (30) Zn-63 3.77E-13 1.13E-13 1.61E-13 2.26E-13 7.55E-14 4.87E-06 8.40E-11 1.84E-11 1.36E-10 3.05E-10  3.78E-15 9.98E-14 | 6.51E-09  3.25E-10
Zing (30) Zn-65 2.45E-11 8.95E-12 1.17E-11 1.54E-11 5.81E-12 2.81E-06 1.43E-10  3.57E-13  2.43E-10 546E-10  4.95E-13 1.39E-11 2.16E-10 1.08E-11
Zinc (30) Zn-69 1.79E-13 4.51E-14 7.22E-14 1.03E-13 6.11E-14 1.67E-09 1.72E-07 5.67E-11  4.32E-07 9.71E-07  1.38E-14 3.59E-13 | 1.59E-08  7.95E-10
Zinc (30) Zn-69m 5.07E-12 8.33E-13 1.86E-12 2.73E-12 1.28E-12 1.77E-06 2.50E-10  2.12E-12  4.09E-10  9.20E-10  7.79E-15 1.97E-13 | 6.17E-10  3.08E-11
Zinc (30) Zn-71m 2.50E-12 4.92E-13 9.66€E-13 1.39E-12 5.33E-13 6.84E-06 6.73E-11 407E-12  109E-10  2.45E-10  4.39E-15 1.13E-13 1.22E-09  6.11E-11
Zinc (30) Zn-72 1.71E-11 3.34E-12 6.59E-12 9.44E-12 548E-12 4.68E-07 8.44E-10 6.46E-13 161E-09 3.63E-09 7.73E-15  2.00E-13 1.82E-10  9.09E-12
Zirconium (40) 2r-86 1.02E-11 1.86E-12 3.85E-12 5.55E-12 1.56E-12 1.04E-06 5.36E-10  5.36E-10 8.67E-10  1.95E-09  5.61E-15 1.44E-13
Zirconium (40) Zr-88 3.74E-12 9.36E-13 1.58E-12 2.18E-12 8.95E-12 1.65E-06 3.46E-10  3.46E-10  560E-10  1.26E-09  170E-12  4.55E-11
Zirconium (40} Zr-89 9.58E-12 1.72E-12 3.60E-12 5.18E-12 1.92E-12 5.38E-06 1.07E-10  1.07E-10  1.74E-10  3.91E-10  2.95E-14  7.59E-13
Zirconium (40) 2r-93 2.12E-12 9.81E-13 1.11E-12 1.44E-12 7.29E-12 0.00E+00 1.35E-01 7.96E-02  7.22E-01  1.30E+00 _ 1.71E-05  4.88E-04
Zirconium (40) Zr-95 1.23E-11 2.16E-12 4.59E-12 6.59E-12 1.65E-11 3.40E-06 1.81E-10 1.81E-10  2.93E-10  6.60E-10  4.84E-13 1.25E-11
Zirconium (40) Zr-97 3.57E-11 5.25E-12 1.256-11 1.83E-11 481E-12 8.62E-07 7.26E-10  7.25E-10  1.18E-09  2.65E-09 2.00E-15  5.05E-14
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