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

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

ICRP GlI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) lIsotope °© CASRN * Half-Life © Type ' Fraction (f) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskly per pCi/g)
Actinium (89) Ac-223 NA 220E+00 m - - - - - - 1.55E-08
..................................... A0224NA290E+OOhSSOOE_O4559E12803E12153E11407E10606E_07
..................................... A0225014265851100E+O1dSSOOEO41890610271E10518E10286E08450E_08
..................................... A0226NA290E+O1h8500E_04692E11101E10200E10433E09446E_07
..................................... A0227014952400218E+O1VSSOOEO4201E10245E10381E10149E07348E_10
..................................... A0227+D0149524OO(+D)218E+01YS500E04486E10653E10116E09209EO7147E_06
..................................... A0228014331830613E+OOhSSOOEO4199E12289E12555E12492E11453E_06
Alummum(13) ......... AI-26 ................ NA ................................ 716E+05 ..... y ...... M100E02 ............... 1 73E11 ......... 249E11 ........... 4 70E11692E-11 ......... 133E05 ...................
..................................... AI_ZSNA224E+Oom---932E06
Amencmm(%) ........ Am-237 ............ N A ................................ 730E+01 ..... m ..... M ........... SOOE-O4507E14 ........ 718E14 ........... 124E13577E-14 ........ 135E06 ...................
..................................... Am-ZSSNA980E+O1mM500E_04962E14135E13228E13951E14402E-06
..................................... Am_ZSQNA119E+O1hM500E_04138E12201E12389E12840E13691E_07
..................................... Am-24ONA508E+O1hM500E_04259E12370E12681E12141E12469E-06



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

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

ICRP Gl Water Food Soil External

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

Americium (95) Am-241 014596-10-2 432E+02 y M 5.00E-04 1.04E-10 1.34E-10 2.17E-10 2.81E-08 2.76E-08
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Am-243 014993-75-0 738E+03 y M 5.00E-04 1.03E-10 1.34E-10 2.17E-10 2.70E-08 9.47E-08
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Antimony (51) Sb-116m NA 6.03E+01 m M 1.00E-01 1.76E-13 2.45E-13 4.00E-13 8.81E-14 1.47E-05
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Antimony (51) Sb-126m 015756-32-8m 1.90E+01 m M DOE-01 9666E-14 21E-14 1.48E-13 3.16E-14 6.94E-06
b oueesses  AEEN0 4 M LMEQ! 101N A4EM 26 TSIE S0E0S
s owm LMEON m M LOEQ!  SSIEAS  7SEAS  1IGEAD  ZUEM O0E0S
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Arsenic (33) As-72 NA 2.60E+01 h M 5.00E-01 1.02E-11 1.48E-11 2.79E-11 4.29E-12 8.21E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Barium (56) Ba-128 NA 243E+00 d M 2.00E-01 1.52E-11 2.23E-11 4.33E-11 7.22E-12 2.10E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Berkelium (97) Bk-245 NA 494E+00 d M 5.00E-04 3.43E-12 5.00E-12 9.73E-12 7.22E-12 7.09E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Bismuth (83) Bi-207 013982-38-2 3.80E+01 y M 5.00E-02 5.66E-12 8.14E-12 1.49E-11 2.10E-11 7.08E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Bromine (35) Br-80m NA 442E+00 h M 1.00E+00 2.82E-13 3.89E-13 6.70E-13 2.43E-13 5.95E-09
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Calcium (20) Ca-41 NA 140E+05 y M 3.00E-01 3.53E-13 4.37E-13 5.74E-13 2.09E-13 0.00
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Carbon (6) c-11" 014333-33-6 2.04E+01 m M 1.00E+00 4.07E-14 5.59E-14 8.70E-14 2.78E-14 4 45E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Cesium (55) Cs-125 NA 450E+01 m F 1.00E+00 5.96E-14 8.18E-14 1.29E-13 1.64E-14 2.92E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Cesium (55) Cs-137 010045-97-3 3.00E+01 'y F 1.00E+00 3.04E-11 3.74E-11 4.33E-11 1.19E-11 5.32E-10
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Cobalt (27) Co-58m 013981-38-9m 9.15E+00 h M 1.00E-01 1.26E-13 1.83E-13 3.47E-13 6.88E-14 1.00E-12
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Curium (96) Cm-241 NA 328E+01 d M 5.00E-04 4.85E-12 7.03E-12 1.35E-11 1.01E-10 1.94E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Dysprosium (66) Dy-166 015840-01-4 8.16E+01 h M 5.00E-04 1.11E-11 1.63E-11 3.22E-11 8.36E-12 6.02E-08
ey w0 N LORO0 B M SORON  SSRM  ANEM  LMED  SUmD Lew0s
 mw om SOl B M SMEM LOmI 62 R Geen s
 mm om Aol 4 M SORON  LOEN  SUEU LGB0 RMEGS  lmm0
O mas om Lieez 4 M SOEON  SSIBN MU BN Lm0 40
C msm om Sl B M SMBG LPEN ANEN BN LSE 206
@) s JMED B M SMEG  LBED  ASIED  ANED  LME ARG
e om W M SNBM e LMD 24m0 AUEM L0mn
e osee oamM 4 M sEM  ASEB  SWm  7el  eER el
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(@) meds na S0 4 M sMEM  LPEER w2 GTEER  L4ER 66
s om (R0 4 M SOEO AN GAE2 LN 2sen  Liasts
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Europium (63) Eu-147 NA 240E+01 d M 5.00E-04 2.02E-12 2.90E-12 5.37E-12 3.85E-12 2.04E-06
 mas om ATl 4 M SMBM BB GNED MU 9IRS
e om JUBAL 4 M SEG  SMED TR AR LomR e
C mam om M B M SNBM 2MBD  SsBi  eMBl  LOER  L9m7
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C mas o0l esmn y M SO0 LNEU LB 2mmi LLED  sams
C mam GBed  aEn y M SOOEG  LEI 27> sAUB  LeED Lt
C mam oembd Lwml 4 M SOEG  L7ED B sl LYED eamts
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C mam om (ROl m M SOEON LRI 0D sZED  LOBH 0
im0y ot wa JEl B M SEG LOEN  MEU AVEN LGE  seEl
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Fermium (100) Fm-253 NA 3.00E+00 d M 5.00E-04 5.14E-12 7.51E-12 1.48E-11 1.28E-09 2.24E-07
e om \MED B M sEG  BEIR SUER  GUEE2  LwEl 1zl
s ow ML B M SO LRI MEU ATEN  RMEI gm0
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Gadolinium (64) Gd-148 NA 9.30E+01 'y F 5.00E-04 4.22E-11 5.51E-11 9.07E-11 1.26E-08 0.00
s om MO0 4 M Um0 MEI  SZmn  ME  awen  LmEs
 am om a4 M stmM LMp  Lewi  Samn  aomn  Lmmt
e om e y P some 2 SEma ema owomes 0w
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Germanium (32) Ge-66 NA 227E+00 h M 1.00E+00 3.70E-13 4.88E-13 7.99E-13 2.50E-13 2.86E-06
e om T m oM LEMR L A 2B AWEM MBS
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Gold (79) Au-198m 010043-49-0m 230E+00 d S 1.00E-01 7.44E-12 1.08E-11 2.09E-11 7.77E-12 1.89E-06
"""""""""""""""""""
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Hafnium (72) Hf-181 NA 424E+01 d M 2.00E-03 6.36E-12 9.25E-12 1.79E-11 1.76E-11 2.24E-06
e om S5 y T 0BG sumI  Tmn 7m0 AGEI  Sue
 hagm om STl m M LG LUED  Lomn 2NED Lo o6
e om ML m M LMEG WD MED SR LeES M6
e om G0 B M L0R0S  GER ANl MR LMED e
o) mols  na (OBl m M SOEON  LGRI LA 6B sHEl  Lume
C mw ow M m oM SNBM sl 20544 6B Tl LMEd
C mw ow L m M SBO LMEM 4 e LmEie L
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e om S m M SNBM sHmIs RUBAS BB SRl m7
 meiem om SOOI m M BG4 L0 LR SHEI 206
C ms om LRl m M SORON  LPEM AR ANEM  Lemi  2msn

Ho-164m NA 3756401 m M 5.00E-04 4.14E-14 5.88E-14 1.05E-13 3.48E-14 3.63E-08



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

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

ICRP Gl Water Food Soil External

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

Ho-166 013967-65-2 268E+01 h M 5.00E-04 9.21E-12 1.35E-11 2.67E-11 3.85E-12 1.18E-07
C meism m oMS y M SNBM SMBZ  LMBAL 2B AGEI TR0
e ow MO0 B M SN0 MEI  samr S  amma  Lem0G
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

In-115 014191-71-0 5.10E+15 'y F 2.00E-02 3.38E-11 4.33E-11 5.85E-11 4.03E-10 2.70E-10
 mim OMBL7LOm 4GB b M 200G AMED 6B e ABED  m
 mim om o
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Todine (53) 1-122 018287-75-7 3.62E+00 m - - - - - - 4.17E-06
1-123 015715-08-9 132E+01 h F 1.00E+00 6.96E-13 2.05E-12 1.96E-12 3.03E-13 5.10E-07
A% 1.00E+00 - - - 8.21E-13 -
1-124 NA 4.18E+00 d F 1.00E+00 4.14E-11 1.22E-10 1.16E-10 1.76E-11 5.10E-06
A% 1.00E+00 - - - 4.55E-11 -
I-125 014158-31-7 6.01E+01 d F 1.00E+00 2.54E-11 6.29E-11 5.55E-11 1.06E-11 7.24E-09
A% 1.00E+00 - - - 2.77E-11 -
1-126° 014158-32-8 130E+01 d F 1.00E+00 8.73E-11 2.48E-10 2.31E-10 3.70E-11 1.96E-06
A% 1.00E+00 - - - 9.58E-11 -
1-128’ NA 250E+01 m F 1.00E+00 8.14E-14 2.06E-13 1.89E-13 3.04E-14 3.74E-07
A% 1.00E+00 - - - 2.11E-13 -
1-129° 015046-84-1 1.57E+07 'y F 1.00E+00 1.48E-10 3.22E-10 2.71E-10 6.07E-11 6.10E-09
A% 1.00E+00 - - - 1.60E-10 -
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP GI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
1-130’ 014914-02-4 124E+01 h F 1.00E+00 6.36E-12 1.88E-11 1.80E-11 2.76E-12 9.67E-06
A% 1.00E+00 - - - 7.29E-12 -
1-131’ 010043-66-0 804E+00 d F 1.00E+00 4.55E-11 1.34E-10 1.26E-10 1.95E-11 1.59E-06
A% 1.00E+00 - - - 5.03E-11 -
1-132° 014683-16-0 230E+00 h F 1.00E+00 8.44E-13 2.34E-12 2.22E-12 3.74E-13 1.06E-05
A% 1.00E+00 - - - 1.15E-12 -
I-132m’ 014683-16-0m 836E+01 m F 1.00E+00 6.11E-13 1.78E-12 1.70E-12 2.70E-13 1.40E-06
A% 1.00E+00 - - - 8.77E-13 -
1-133’ 014834-67-4 2.08E+01 h F 1.00E+00 1.44E-11 4.40E-11 4.26E-11 6.25E-12 2.72E-06
A% 1.00E+00 - - - 1.62E-11 -
1-134 014914-27-3 526E+01 m F 1.00E+00 2.50E-13 6.44E-13 5.96E-13 1.02E-13 1.24E-05
A% 1.00E+00 - - - 4.40E-13 -
I-135° 014834-68-5 6.61E+00 h F 1.00E+00 3.05E-12 8.99E-12 8.62E-12 1.34E-12 7.83E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

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

v 1.00E+00 - - - 3.65E-12 -
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Iridium (77) Ir-192 NA 740E+01 d S 1.00E-02 7.36E-12 1.07E-11 2.04E-11 241E-11 3.40E-06
C kem om Loz y S Lm0 SEBI  1umi e Lomi  swe
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Kr-79 NA 3.50E+01 h - - - - - - 1.08E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

La-138 NA 1.35E+11 'y F 5.00E-04 3.53E-12 4.96E-12 8.81E-12 3.05E-10 6.07E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Lead (82) Pb-205 NA 143E+07 y M 2.00E-01 6.33e-13 8.25¢e-13 1.26e-12 6.44e-13 3.50e-12
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Lu-174m NA 142E+02 d S 5.00E-04 3.38E-12 4.96E-12 9.73E-12 1.51E-11 9.88E-08
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Mn-54 013966-31-9 313E+02 d M 1.00E-01 2.28E-12 3.11E-12 5.14E-12 5.88E-12 3.89E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Mercury (80) Hg-195mk NA 416E+01 h M 2.00E-02 3.36E-12 4.92E-12 9.55E-12 2.33E-12 7.68E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Mo-99 014119-15-4 6.60E+01 h M 1.00E+00 1.60E-12 2.11E-12 3.50E-12 4.29E-12 6.64E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Np-233 NA 3.62E+01 m M 5.00E-04 5.03E-15 6.99E-15 1.14E-14 2.49E-15 2.29E-07
""""""""""""""""""" NpTM A A0 o M AMEOS GBI ASEIR  ATER LD 060
""""""""""""""""""" Npmis A aSMmr o M AMEOS GBI SOBD  9WERI  Limi 20
""""""""""""""""""" Npm  IN0dGM LS y M SMEOS LGB LMl el S7mI0 a0
""""""""""""""""""" Npmds 0G0l b M AMEOS  LUED  LGER  LMER MDD 1Me
""""""""""""""""""" Np O M6 y M AMEOS  GHEU  SBEN  LARID  L7me  siets
""""""""""""""""""" NPT OIIIGD) MBS y M AMEOS MBI SIEN LGN L7mes om0
""""""""""""""""""" Npm  OITSIs3 Lm0 o M AMEOS  SARD  TMBDR LSRN ANDD  26m0s
""""""""""""""""""" NpmS  OIes M0 o M AMEOS  SMED  TSBR  LOBI  ANBD  sAmT
""""""""""""""""""" N G083 GSEWN m M AMEOS 2NN LED  swED  19WH  sME0
""""""""""""""""""" NpoMm  Os0sm A0 m - - - . . lsmes
ooy mss w S0 4 M s EmR  SElR MBI 2mER  Mss
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

36



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

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Nickel (28) Ni-57 NA 36lE+01 h M 5.00E-02 3.89E-12 5.55E-12 1.02E-11 1.78E-12 9.43E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Nb-90 NA 146E+01 h M 1.00E-02 5.70E-12 8.21E-12 1.52E-11 2.27E-12 2.13E-05
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Os-185 015766-50-4 940E+01 d M 1.00E-02 1.92E-12 2.70E-12 4.77E-12 6.14E-12 3.11E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Phosphorus (15) P-30 NA 2.50E+00 m - - - - - - 4.50E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Pt-200 NA 1.25E+01 h F 1.00E-02 7.73E-12 1.13E-11 2.23E-11 1.48E-12 1.58E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Pu-245 NA 1.0SE+01 h M 5.00E-04 4.48E-12 6.55E-12 1.28E-11 2.07E-12 1.77E-06
C nwe om OB 4 M sNBM LB 2sEa 4B LPED Amt
Pim@ sl na wr  omow © L0 LTS SO el TGS
et om o n oM O O 2410001 4200 LTED  T3ets
e om S m M () SHel ssO0ell N0l LWEI  Glels
C remo' ot umeaz 4w @ a7l 22w 7% Lomet  gmu
 em om s s - - S .  asmem
 em aswaa wma ow - - S . S
e asss dmew w - - S - S e
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C rems osmeme  umem s - - . . . ramnm
C rems osmesme s s - - . . . mn
C rem osmas  sewwe m - - . .  amsn

42



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

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Potassium (19) K-38 NA 7.64E+00 m - - - - - - 1.61E-05
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Pr-143 014981-79-4 1.36E+01 d S 5.00E-04 7.92E-12 1.16E-11 2.29E-11 9.73E-12 1.63E-09
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Pm-148m 014683-19-3m 413E+01 d S 5.00E-04 7.99E-12 1.15E-11 2.13E-11 2.12E-11 8.98E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Radium (88) Ra-222 NA 3.80E+01 s - - - - - - 3.71E-08
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Rn-2224D™ 014859-67-7(+D) 3.82E+00 d - - - - - 1.80E-11 -
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Re-188m NA 1.86E+01 m M 8.00E-01 9.92E-14 1.42E-13 2.69E-13 5.07E-14 1.28E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Rhodium (45) Rh-107 NA 2.17E+01 m S 5.00E-02 4.18E-14 5.81E-14 9.51E-14 2.88E-14 1.28E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Ruthenium (44) Ru-9%4 NA 5.18E+01 m M 5.00E-02 3.06E-13 4.37E-13 8.03E-13 1.23E-13 2.31E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Sm-142 NA 725E+01 m M 5.00E-04 5.37E-13 7.70E-13 1.40E-12 2.13E-13 2.99E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Scandium (21) Sc-48 014391-86-7 437E+01 h S 1.00E-04 7.33E-12 1.05E-11 1.93E-11 3.96E-12 1.62E-05
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Silver (47) Ag-102 NA 1.29E+01 m M 5.00E-02 7.25E-14 9.95E-14 1.56E-13 2.56E-14 1.60E-05
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Ag-112 NA 312E+00 h M 5.00E-02 1.99E-12 2.90E-12 5.59E-12 7.25E-13 3.23E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Strontium (38) Sr-90+D 010098-97-2(+D) 291E+01 y M 3.00E-01 7.40E-11 9.53E-11 1.44E-10 1.13E-10 1.96E-08
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Ta-179 NA 6.65E+02 d S 1.00E-03 3.44E-13 5.00E-13 9.51E-13 2.05E-12 3.62E-08
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Tc-95 014809-56-4 2.00E+01 h M 5.00E-01 5.77E-13 8.03E-13 1.35E-12 2.63E-13 3.63E-06
 hem  OMiptm AUl 4 M SN LSED  2SBa  4BBD LER 296
C h oMm7  amEd 4 M SO0 Am© 4B THBZ 2R Lists
 foso OMmMTm SISl m oM SN A¥EM SNDU  eS4 20EM  Nmt
o osmas0  2emMs y M SN LMRD BB 7AIBD  SSED  29m0
 hoin Osmasom  eEAL 4 M SN 2MEDR  SMB  6@m  LUED 10wt
s om \OROG y M SOROL TR LU LEEN  ANBN G4m0
C h omaer  aoEds y M SO0 LBED  ANGG e LOED Suml
 fem  OmaeTm GOMmMR b M SOOBD IEM LMD 20 SHEM 9
e om LI m oM SNB MG AZDI GHBU L6EM  Lume
e om O m oM sNB MBI LB OB SEEM  Smms

57



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

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Tellurium (52) Te-116 NA 249E+00 h M 3.00E-01 6.73E-13 9.62E-13 1.75E-12 3.20E-13 1.34E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

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

v 3.00E-01 - - - 3.42E-13 -
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Te-133 NA 1.25E+01 m M 3.00E-01 1.92E-13 2.73E-13 5.29E-13 4.92E-14 4.29E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Terbium (65) Tb-156 NA 534E+00 d M 5.00E-04 4.96E-12 7.10E-12 1.30E-11 4.22E-12 8.37E-06
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

T1-199 NA 742E+00 h F 1.00E+00 7.36E-14 9.99E-14 1.64E-13 2.89E-14 8.56E-07
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Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors °
(Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries) ®

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

ICRP Gl Water Food Soil External

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

Th-229 015594-54-4 734E+03 'y S 5.00E-04 2.24E-10 2.90E-10 4.96E-10 1.75E-07 2.25E-07
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Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Thulium (69) Tm-175 NA 1.52E+01 m M 5.00E-04 5.22E-14 7.25E-14 1.19E-13 3.26E-14 4.78E-06
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Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External

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

Sn-128 NA 591E+01 m M 2.00E-02 4.33E-13 6.14E-13 1.09E-12 2.29E-13 2.62E-06
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Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External

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

U-232 014158-29-3 720E+01 y M 2.00E-02 2.92E-10 3.85E-10 5.74E-10 1.95E-08 5.98E-10
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Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ! Fraction (f,) ¢ (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskl/y per pCi/q)
Vanadium (23) V-49 NA 330E+02 d M 1.00E-02 1.22E-13 1.79E-13 3.53E-13 1.47E-13 0.00
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Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External

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

Xe-138 015751-81-2 1.42E+01 m - - - - - - 5.62E-06
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Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External

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

Y-90m NA 3.19E+00 h S 1.00E-04 1.04E-12 1.51E-12 2.95E-12 4.81E-13 2.58E-06
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Slope Factor (Morbidity Risk Coefficient)
Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

ICRP Gl Water Food Soil External

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

Zn-71m NA 392E+00 h M 5.00E-01 9.66E-13 1.39E-12 2.50E-12 5.33E-13 6.84E-06
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ENDNOTES:

— Risk coefficients for this radionuclide and pathway not specified in Federal Guidance Report No. 13.
@ EPA classifies all radionuclides as Group A (known human) carcinogens. Radionuclide risk coefficients, or slope factors, are calculated by EPA's Office of Radiation and Indoor
Air (ORIA) to assist HEAST users with risk-related evaluations and decision-making at various stages of the remediation process. Most values presented in this tabulation are taken
from Federal Guidance Report No. 13 (EPA 402-R-99-001). (Risk estimates for the soil ingestion pathway are not addressed in Federal Guidance Report No. 13, but have been
computed using similar methods.) Ingestion and inhalation slope factors are central estimates in a linear model of the age-averaged, lifetime attributable radiation cancer incidence
(fatal and nonfatal cancer) risk per unit of activity inhaled or ingested, expressed as risk/picocurie (pCi). Ingestion values are tabulated separately for ingestion of tap water, dietary
intakes (food), and incidental soil ingestion. Inhalation values for particulates represent the indicated ICRP lung absorption type, based on the guidelines described in the User’s
Guide; where appropriate, separate values are tabulated for inhalation of the radionuclide in vapor or gas form. External exposure slope factors are central estimates of the lifetime
attributable radiation cancer incidence risk for each year of exposure to external radiation from photon-emitting radionuclides uniformly distributed in a thick layer of soil (expressed
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as risk/year per pCi/g of soil). If required, slope factors in Table 4 can be converted into the International System (SI) units of becquerels (1 Bq = 1 nuclear transformation per
second) by dividing each inhalation, ingestion, or external exposure value by 0.037. Users can calculate cancer risks using slope factors expressed in either customary units or Sl
units with equivalent results,provided that they also use air, water and soil concentration values in the same system of units. For a discussion on the derivation of radionuclide slope
factors and guidance on their use, refer to the User's Guide section on radionuclide carcinogenicity.

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

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

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

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

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

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

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

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

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

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

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

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