Element

(Atomic Number) Isotope ©

Actinium (89)

Aluminum (13)

Americium (95)

Ac-223

Ac-224

Ac-225

Ac-226

Ac-227

Ac-227+D

Ac-228

Al-26

Al-28

Am-237

Am-238

Am-239

Am-240

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

ICRP Gl

Lung Absorption
Type ' Fraction (f)°

Radioactive
CASRN ° Half-Life ®
NA 2.20E+00 m -
NA 2.90E+00 h S
014265-85-1 1.00E+01 d S
NA 290E+01 h S
014952-40-0 218E+01 y S
014952-40-0(+D) 218E+01 y S
014331-83-0 6.13E+00 h S
NA 7A6E+05 y M
NA 224E+00 m -
NA 730E+01 m M
NA 980E+01 m M
NA 119E+01 h M
NA 508E+01 h M

5.00E-04

5.00E-04

5.00E-04

5.00E-04

5.00E-04

5.00E-04

1.00E-02

5.00E-04

5.00E-04

5.00E-04

5.00E-04

Slope Factor (Morbidity Risk Coefficient)

Lifetime Excess Total Cancer Risk Per Unit Intake or Exposure

Water
Ingestion

(Risk/pCi) _ (Risk/pCi) _ (RiskipCi) .

5.59E-12

1.890e-10

6.92E-11

2.01E-10

4.86E-10

1.99E-12

1.73E-11

5.07E-14

9.62E-14

1.38E-12

2.59E-12

i \l\|‘j}|l|3|}\\l\\\l\ M

" Food

Ingestion

8.03E-12

2.71E-10

1.01E-10

245E-10

6.53E-10

2.89E-12

2.49E-11

7.18E-14

1.35E-13

2.01E-12

3.70E-12

Soil
Ingestion

1.63E-11

5.18E-10

2.00E-10

3.81E-10

1.16E-09

5.55E-12

4.70E-11

1.24E-13

2.28E-13

3.89E-12

6.81E-12

inhalation
(Risk/pCi)

4.07E-10

2.86E-08

4.33E-09

1.49E-07

2.09E-07

4.92E-11

6.92E-11

577E-14

9.51E-14

8.40E-13

141E-12

e
Exposure
(Risk/y per pCi/g)
1.55€-08
6.06E-07
4.50E-08
4.46E-07
3.48E-10
1.47E-06
4 53E-06

1.33E-05

9.32E-06

1.35E-06

4.02E-06

6 .91E-07

4.69E-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 GlI Water Food Soil External
Element Radioactive Lung Absorption Ingestion  Ingestion Ingestion Inhalation Exposure
(Atomic Number) Isotope °© CASRN * Half-Life © Type ' Fraction (f)® (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Riskly per pCil/g)
Actinium (89) Ac-223 NA 220E+00 m - - - - - - 1.55E-08
..................................... A0224NA290E+00h8500E04559E12803E12153E11407E10606E_07
..................................... A0225014265851100E+O1dSSOOEO41890610271E10518E10286E08450E_08
..................................... A0226NA290E+O1hSSOOEO4692E11101E10200E10433E09446E_07
..................................... A0227014952400218E+O1ySSOOEO4201E10245E10381E10149E07348E_10
..................................... A0227+D014952400(+D)218E+01ys500E04486E10653E10116E09209EO7147E_06
..................................... A0228014331830613E+OOhSSOOEO4199E12289E12555E12492E11453E_06
Alummum(13) ......... AI-26 ................ NA ................................ 716E+05 ..... y ...... M1OOE02 ............... 1 73E11 ......... 249E11 ........... 4 7OE11692E11 ......... 133E_05 ...................
..................................... AI_ZSNA224E+Oom_932E_06
Amencmm(%) ........ Am-237 ............ N A ................................ 730E+O1 ..... m ..... M ........... 500E04507E14 ........ 718E14 ........... 124E13577E14 ........ 135E_06 ...................
..................................... Am_ZSSNA980E+01mM500E_04962E14135E13228E13951E14402E_06
..................................... Am_ZSQNA119E+01hM500E_04138E12201E12389E12840E13691E_07
..................................... Am_24ONA508E+01hM500E_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)

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
"""""""""""""""""""
"""""""""""""""""""
""""""""""""""""""" A U ooy W saEes el tmEM 221610 23iEss  4sEss

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
""""""""""""""""""" Am24MD OUNBTSOGD) THEWS y M SO0EGH OB 1420 2REA0  270EGR  6%E0T
"""""""""""""""""""
"""""""""""""""""""
"""""""""""""""""""
"""""""""""""""""""
"""""""""""""""""""
oy &) Sb115 NA MO m M AO0EOT  SMEM  TAEA  L6E1 23EM 0606
O s owm LHEN m M LOEQ!  ASSEAS  6HIEAS  1OTEAD  LBNEAS A0SR0



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)

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
C wmowm J00E0 h M AO0EOT  GREA  GMEA  ATEA  AOTEM  STECT
s owm SIEQ0 b M AD0EOI  GEA  GHEAD  ASER 2610 12605
O wm owm SBIE! b M AD0EOI AT GSEEAD  ABEQ  AZEMD 280000
s owm LSEON m M LOEQ!  ZMEAS GAEAS  SAIEAS  LUREM  A9E0S
s owm STEEA0 o M AD0EOI  AMEQ  6ZEA2 BN QET A0S
bz ouwATes B0 4 M LMEQ! BN ASSEA  GMEM 1 ASE0S
T
C srm owm et s M . . . . aseos
s owm JPEON m M A0 ASEA 2EA4 SMEA UMM T7ETZ
C sbim oumedss  2TEND y M LMEQ!  AFER2 GMET2 AUEM  AGEN  AMES
C shisd OumedserD) ZTEND y M LMEQ!  SUER 72ER  AZEM  A@EN  AMES
Arimony(51)  Sb126  OSTIAZE AMEQN 4 M LOEQN  LMEN  ASEA 20BN ASEN 12805



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)

Sb-126m 015756-32-8m 1.90E+01 m M 1.00E-01 6.66E-14 9.21E-14 1.48E-13 3.16E-14 6.94E-06
b oueesses  AESE0 4 M LMEQN 10BN A4EM 264 TSIE S0E0S
s owm LMEON m M LOEQ!  SSIEAS  7SEAS  1IGEAD  ZUEM G0E0S
s owm GOIED h M AD0EOI  BASEA2  ASGEAZ  O2IEQ  AMEMZ A0S
b1 OEMES  ABEQD h M LOEQ!  219EM2 GMGER  GMEM2  GEE1  6ESE0S
O sm owm AU m M AOOEOT 20743 28EA3  ATIEA  O7EA  ASIEGS
C swm owm 2B m M AEOI  2SEA} GSEA  GABEAD  O7EAE  QO0EGE
Mt A ssE0t @ - . . . . e
"""""""""""""""""""
"""""""""""""""""""
neeric@)  Ast WA LSEO m M SOIEQ!  MOSEAD  LAGEAD  23EAD  ADEA  AGE0S
"""""""""""""""""""
"""""""""""""""""""



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)

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
"""""""""""""""""""
"""""""""""""""""""
"""""""""""""""""""
"""""""""""""""""""
"""""""""""""""""""
emnees) 2T WA VOEWD h M LOEN0  GSEAD  OSIEAD  1GEAZ  TTEAZ  GME0S
"""""""""""""""""""
"""""""""""""""""""
"""""""""""""""""""
"""""""""""""""""""
"""""""""""""""""""
aumse)  Baie N GSE m M 200E01  GSIEA AZEw  22EQ  MMEMD  SMEGT



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)

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
"""""""""""""""""""" B OUSWTSA  LWEO! o M 20001 20042 267TEA2  SHER 2011 ATEGS
"""""""""""""""""""" Batim N LGB! m M 20001 OZEAS 1MEAS  2MEAS  ASEW  ASE
"""""""""""""""""""" Bat®  OUSBAA  ADEO! y M 20001 GHIER SMER  1MEM  LEN  LME0
"""""""""""""""""""" BatEm  OUSBAAm  GMEQ1 h M 200E01  GWER  AGEA2  OOTER 20802 ASE0T
"""""""""""""""""""" datin NA 267EO1 h M 20001 2SER AMER  THER SN TR
"""""""""""""""""""" Gatim ouSBIGTO 2SEQ0 m - - - o .. amEes
"""""""""""""""""""" Bt OUIBZST  BZEO! m M 20001 GEAD  SHEAD OTEAY  AMEN  AGE0T
"""""""""""""""""""" BaM) OGR4 ZEO! o M 20001 LAEA 2UEM  AMEM 208N TEE
"""""""""""""""""""" Bt NA LEEO] m M 20001 2UED  JEAD  SSEAD  REW  ATOE0S
"""""""""""""""""""" Btz NA LB m M 20001 OBEAS  1SEAD  27EAD  ASSEA  ASSE0S



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
"""""""""""""""""""" B26 N LEEQD d M SOEO 2012 28EA2  SEZ  2EN  AZE0S
"""""""""""""""""""" B2 NA AMEQD y M SO0 1EAD  1G0EAD  24EA0  2E08  0E0T
"""""""""""""""""""" B2s N GHEQ2 d M SWEOS  LMER ASER 26542 SUEN  28ER
"""""""""""""""""""" G20 NA GZEQD h M SO0 SGEEAD  BNEAD  1MER  ADET  AZE0S
Belum@®)  Be7  OSE6024  SEENN 4 S SOIED  GGEEAS  1EAD 20643 ZUEN  2UE0T
"""""""""""""""""""" B0 NA GBS y S SMEQ)  TMER LZEM 2060 SA0EN  THEd
Bemn@s)  m20 W SME! m M SO0EQ2  AREA] 2UEAD  GESEAD 7SS LOGEGS
"""""""""""""""""""" G201 NA AGE2 m M SMEQ  AZEAD  GOEAD  LGE2  ANEN  60SE0S
"""""""""""""""""""" G20z NA AGTED h M SOEQ2 26343 BGEAD  GNEAD  LLEN  12E08
"""""""""""""""""""" B0 NA LB h M SMEQ  1GER  2TEM2  ASSEA2 20BN 110
"""""""""""""""""""" G5 NA ASEO d M SMEQ  GMER  AGEM2  GME2  2EN 610
"""""""""""""""""""" B06  OTISI80  62EXD d M SMEQ?  TTER  LOEM  1GEM  SeSE1 1RE0S



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)

Bi-207 013982-38-2 380E+01 y M 5.00E-02 5.66E-12 8.14E-12 1.49E-11 2.10E-11 7.08E-06
"""""""""""""""""""" G20 OuITS4  SOIEND d M SMEQ  BSER AMEM  2SEM AVEM 2760
"""""""""""""""""""" B2im  OWITGAm  GO0ENS y M SOEQ2  SSIEA1  ZTEM  LASEAD  AWEGE A0E0S
"""""""""""""""""""" Bor  owzeas  2MEQ0 m M - - o .. imew
"""""""""""""""""""" B2z OUSUMSS  GOBEO1 m M SMEQ?  TAEAD OWEAY  ATEM2  TMENM  GEE0T
"""""""""""""""""""" B2ts OTIeM2  ASEO! m M SMEQ  SHED  TAEAY  1MERZ  GBSEN  SESE0T
"""""""""""""""""""" B2t OWTHOM0 ASEO! m M SMEQ  GEAD 26543 ABEAD 20BN TABE0S
Bomne G Be7e N 2EEO1 m M AOUE0  USIEA 20843 BIOEA  GMEA 20605
"""""""""""""""""""" G7am NA AT m M L00EQ0 24643 BMEAD  SEAD  LGEN 200805
"""""""""""""""""""" 275 NA SHEO! m M L0EQ0  SEA 2UEAY  GAZEAD  ANEN  S2E0S
"""""""""""""""""""" 76 NA LEEO h M L0EQ0 LSRR AGER  GMER  ANER  AME0S
"""""""""""""""""""" 77 NA SEO1 h M L0EQ0  GOIEAD  AGEAD  6SIEAD 200813 ME0S
"""""""""""""""""""" 0 NA AT m M L0EQ0  ATOEAS  GABEAS 14D  LMEM  ASE0T



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)

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
"""""""""""""""""""" oé2  OuSSGS2  GSEO! h M A0EQ0  ATIER 2M0EM2  GTER A1 A2E0
"""""""""""""""""""" e NA 2HEQ0 h M L00EA0  GMEAS  LGEAD  1MED  120E1 R0
"""""""""""""""""""" et NA GEO! m M L0EQ0  LED 202643 OHEAD  TAEM  03BE0S
Camim@  Cai0s WA STEN m S SO0 ATEA} 4B AMEAD 7664 970E0T
 aw owm GHEW0 b S SOOEQ2  ASEA  SUEWD  GEA  OAEM  4E0E
G 009 AGEM2 4 S SEQ  SOIEM2  GNEA2  LMEM  ZWEN 6TEG
C am owm GNEHMS y P SOOEQ2 22001 260EA1  BESEA1  AAEA0 THEM
e owm VBENON y P SEQ 267N BGEM  SMEM  ANEM  AdsEl0
© cams  oumeees  SHEON h S SOEQ  GGE2 AZEM  24EM  SUEY  A0Ee
© Catm OuEBGem  AMENN 4 S SOEQ  LIEN 24 ATEM 208N LR
C aw owm JE0 b S SOEQ  AFER ASER  SMER  6SIEM  S2E0
e owm SEQ0 b S SOEQ  AZEM  ATEERZ  AMER  6SEM  L0ESS



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
© cads  ousesss?  1GEM2 4 M GOEQ 2472 AWEM2  6OEAZ  GAOEN  ASEN
© cawr oumMse2  ASEND 4 M GEQ  7SER2  AGEM 205N TEEN  S2E0S
s owm smE0 m oM . . . . amess
Caormium (08 Cr2e WA T
o am owm SSEO b M SOEOS  ZUEA GMEAT  GMEN  A47EGS  92EM
o am owm SMEW2 o M SOOEOS  AMEA 6ZEA1  LNEA  ASIEG  AZEM
O ame owm SSEQ2 y M SO0EOS  AZIEAD  AGEAD  2MEA0  2M0EGE  1FEGS
e owm LHEN y M SOIES  BEEAN  AUEAD  1SSEAD 26008 AMBENT
o am owm BSOEW2 y M SOOEOS  ABEAD  ATEAD  267EA0  QA0EGE  B76E0T
o owsenra  2ee y - - S . . eeen
o am owm BENN 4 M SOIEOS  AMERZ GMEM2 1MEM 4200 ABEN
e owm o0t o M . S . e

10



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
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
" owmss  STEMD y M LMEN0  ISE2  200EM2  27EM  TOEN TEER
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
Coum®  Cets W TAEO b M SO0EOS  UBEN 2EEA!  ASEA  6%ET  B2E0S
e owm VNN h M SOIEOS  GBIEM2  SAEMZ  AEM  ATSEA  TTE0S
C ew owm GUEAD h M SO0EOS  MEA} 1SIEAD  MEAD  AVEM  4dE0E
e owm SME b M SOOEOS AR SUER  SER  1MMEM  INEGT
e owm \HENZ 4 M SOIEOS  1MEM2  1SEM2  ANEM2  SEEAZ  ABEQT
© Cewt  ouseed  aEn 4 M SOES  AGEM2  GTEMR  AMEM  AMEN  22E0T
© Ceus  OuMeis  BMEON h M SOEOS  TAERZ AMEM  20MEM  ATEY  A0E0S
© Cews  OwETes  28EM2 4 M SOIEOS  ASEM  SAEM  AMEAD  ANEM  S0EG
 CoumD OWERTBEND) 2G4EM2 4 M SOIEOS  ASEA  SIEA  LZEAD  LNEA0  24E0T
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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
e owm £ ™ - . S . . ames
e owm GZE0 b F ADEW0  GHIEW  GTEA  AMEA  247E1  1SE0S
e owm sE0 W F . . . . awmee
e owm S2ED b P AD0EW0  UGSEA  Z4BEAD A TAIEME 1006
e owm 20001 m P A0 ATAEAS  GABEA4  AQEA  12EM 22606
© Caim OuSWTe2  SESEND 4 F LOEND  LGEAD 2443 AMEAD  TSIEM A0
e owm GAEWD o P AD0EW0 AR 1SR  280EQ  SWEM  ANEGE
© Catm OueE0e 2080 y F LOEN0  AZEM  SMEM  SHIEM  AeSEN  TIOE0S
 Catum OUSEMOm  260EW0 h P LOEND  AMEAS  SSEAS  BMEAS  9EN  SQEGE
© Cais ol 23BN y P LOEN0 AT SHEM2  TAEMR  ABE1 2%EN
© Catim OTB0dm SHENN m P LOEN0  ASIEAS  6OTEAS  OAEAS  AREW  TIEGS
© Caie oumess  AMENN 4 P LOEN0  GGEEA2  AUEA 16 491 000
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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
D o0MsIGm) AEAL y B OB AMED SMBi 4B LUED 26
e uss99  amE4l m P OB LSED 2150 MBI AGEM  LOmds
CHane( (6 UMLSG A0S y M OB ANEDZ  AMD  7e2  20ED Lu
C am om0 amEl m oM LB LRI 2ema 4B G0EM TS
C aw om SOl m M LOB0  LSED 20D NED  9MEI  E6
i@y et wa VL B S LG TGS 0wl M2 TSR Lemis
e om (Bl m S LOBOL  LBRI 9D MBI 760 4406
s om0 amman 4 S L0 LeED 2ema 4 LEED  Lmt
ot coss  wa L A M LNBG 4B 6MBD B0 A0 Sams
s om O 4 M LOEO LOEN LOE 2sEn Lemn Lmmds
C Ges ommeds  aMmr 4 M L0 LoED  p  amen  emn  asmt
e omaes  TEl 4 M LOBO  20SEI  AMDA  7AB2  SWED MmO
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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)

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
e om0 sama y M L0 LsEU 2B 4Bl SsEL Lmts
ot OOsedoom LBl m oM LOBO  26EIs  Seis  sMBls 06l Lams
e om LD b M BG4 OB GAB  LOED  Amt
 aem om P m oM NBG emm OB BB AUEM  Lwms
o) a0 IvEAl m S SOROL  LVRI L8R LMED  STEM  Lmmts
e om D B S B0 AGED  GNED  INEDR  26m3 g6
e om s m - - S . . eems
C Gust tmass L7El b S SOBD  GMORD  SMBA  Lme  ANED  Smt
s om 0w - - S .  eme
e om GOl B S sm0 1w  agmn  sNER  amEn  mm
Conme®  cmzm  wa M) B M OGN ANED NG LsEn owm
 mw om LBl 4 M SOEON  LeEN SO SHEN  9smeS  6wEl
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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)

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
© cmoe usiom LeEd 4 M SO0 ASEU sema L Lsmet  mel
C cmos ussne 2eEAL y M SOEG  OAEU 2B 20w 260 DBl
C cmom oms2 LB y M SO0 ENEU L0 MBI SEG  Awml
C cmats  usmoes esED y M SO0EG LB NS0 2B A7 et
C cmat6 usse0d 4B y M SO0 LB ANBA0 2mmw A7 Al
C cmow usseme L y M SOOEG  9EU AMBA0  2UBW B0 LumS
C cmow osmess  swees y - - . . . seen
C mas om GOl m M MG A NG MG TR el
Dppsim(s Dylss  na B B M SNBM sam  T4mA WD L6ED GG
o ow OB b M OGO  2ED 3B semn  UEM  Lums
 ow om M 4 M SNBM sBB WD L4 LMER L9E
Dyl omeeed OMEMD b M SOOEG  AMED G0 LB L0RD  6E0E
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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 LOBO0 B M SORON  SSRM  ANEM  LMED  SUmI Lew0s
 mw om SOl B M SMEG LG LR R Geen s
 mm om Aol 4 M SORON  LEEN  SUEU LGB0 RMEGS  1mm0
O mas om LRz 4 M SOEON  SSEN  TMEU LN Lm0 a0
C msm om Sl B M SEG LTEN ANEN  TMEN LSE 20
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e osbke oMEM 4 M s0EM  ASED  SWB  7eln  eER el
C mam Gmidse  ImER b M SO0EM A0mI  29ar  swBl SR LOmG
 mm om (AL B M SOEON  sWER  ATEER LU 4Mpn  ammes
(@) meds na U0 4 M sEM LTEER  aml GTEER  L4ER 66
s om (IR0 4 M SOEON 4B GBI 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)

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 SMBG BB GNED MU WIS
e om JUBAL 4 M SMEG  SMED TR AR LomR  Lem
C mam om L B M SNBM 2MBR  SSBD  eMB  LOER  L9md7
C mam om L y M SMBG ANEDR  GOEDR LM LUEI 606
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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)

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 smG  BmI AUER  GUEE2 LBl 1zl
s ow ML B M SOEG  LEI MEI ATEN  RMEI gm0
e ow M2 4 M SNEM GBI 6BBA L2B0 LG 0
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s om (RO 4 M SOEON  sGmIR  TNER  LWEN  2rma samt
e om ML B M SMEG LAEI2 SRR GMEER  LMpn s
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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
s om M0 4 M smM  mER  SZmn Mm  awen  LmE6
 am om oMn 4w some LMpn  lewi  Samn  omn  Lmmt
e om e y ¢ some 2 Sema emma swmes 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 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)

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
"""""""""""""""""""
"""""""""""""""""""
""""""""""""""""""" motm  NA Lm0 b S LMEO  SMED  TMBDR LR 26BD M0
"""""""""""""""""""
ey mam wa LSO B M ANBG BB SMB  SEBD  LWER 20806
 mm om ey P admB e 7B B0 GOED  lomt
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C ham om SEOD B M 0BG TMED 0GR L8R 4MED 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  Temn 7B AGEI  Sue
 hagm om STl m M 0BG LUED  LSmD 2NED Lo 06
e om ML m M LG PR MED sED  LeES M6
e om G0 B M 20m05  AGEER AN SN2 LMED e
o) mols  na (OBl m M SORON  LGRI LA 2GR sBDM  Lumt
C mw ow L m oM SNBM sl 20544 6B TRl WS
C mw ow Sl m M SEG LARM 4 EM LmEi L
e om LORO0 B M SORON  ASSRM  TMEM  LEED  LE  semes
e om S m oM SNBM SIS BUDAS BB SRl m7
 meiem om SOOI m M SNG4 0D LR SHEI 20
C ms om LRl m M SORON  LPEM  AEM ANEM  Lemi  2mms

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 LoMS y M SNBM GBI LMBA 2B AGEI TR0
e ow D B M SMEG MED  sam S amma  LAm6
pimgn() | EA' O0MIM  LMEAl y v OB SO esm4 omm  samens 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 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 OMBL7Lm 4GB b M 200G MBI GABa  Le  ABED  m
 mim om o
 am om (GHEOL m M L0R0r TGN MM OB swpi 20
e om LTI m M ANBG e GMpi  lmp  ANED  am
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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 -

25



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

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

ICRP 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 -
I-131’ 010043-66-0 8.04E+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 Lopaz y S LOR0  SERI  1mmi e Lomi  sme
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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
s oasws s b M 2000 24el3 3D 6sen  LSen  sien
C a0 ossel amE4l y M 20080 Sfleld L0 LMetd  7e0s  Laet9
 neD Gess0lem) BBl y M 2000 709 et 2gield  Lets  Anetd
e use70 6Bl m oM 2000 4leD  sHeld  ibel el 28e7
e usmst Ll b M 20080 2sen skl 6fen  sTel  sem
e useeie LBl m oM 2000 deld 4Bl fslen  gen  Sme
iy ww na L B S SMBO 1ol  27el st  Luelr  ATiets
 nm om LORO0 4 S SORON  Alen  site Lol 2l lmets
 nm om e 4 8 SEO  AZel  4fel2  tselz  aSenr 200006
e om G 4 S sMEG swel  aMel  Laell Gl mets
 nm om ey S8 sémM Lwel 1l Smel2  &en e
e om D y S SUBG Lkl  2el Al  Lewn  Amenn

31



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
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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)
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
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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)
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 - - - - - 7.57E-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)

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
 rew om LoRal B M SORO R AURR TR LmER 24w
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O mem om (GOR0 B S 0RO LORI  LAED  GUED  9MDl om0
C mw om dl B S somer e Mm2  6emI  lomn  Lmmts
C mm om D y S B  LgmER SR syER  L4ED e
e om (B 4 S SOROY GBI 1M AEI  T.4BB LoR0
 mm om lma0 y S some  TMRR M0 LT ssen ST
 mmm om domz 4 S some GO  APEER  leml  2sein 2umes
 Ritm  onMbles  SSIBL m S SOOEG  OMORIS  AMBU 24084 Sl Suml
R omeds asME4l b S sOEG  2MEDR  SAB 6Bl LsER Lwmt
C mas oemaes  wwwa s - - S .  esmm
C mm om \mMa m S8 stm@  sem  ompa Avm AMED  Lumbs

48



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
G, VL m T LOB0  A3EM  LUED  LPED  2Tmi s
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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-94 NA S5.8E+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
© s oman osEd b M MEN AmED A SNBD  LOER Lm0
© em omas aME b M AEN 2mED  Skp 6B LOER @m0
S0 S8t USRS WAL 4 M LOBD SIS SN0 L0l sOER  &TmER
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
oy e N SOl m S LOBG  LMRD 9RO 26D TR MeE
 m om M0 B S LUBG ORI MBI AEDR 4D 2um0
e om o0 B S BB Lem3  2Mei AUBD LIRS 2sms
s om W B S LNBB eAB3  LMBi 2ami VRS Alss
s om i b 8 LD LSED MR MBI SR Lot
 m om S0l B S LU0 SHMED AR L2 AMED Lm0
O em om 0w - - S . amew
C em om LR40 B S LOROS L6 SMED MR Lmen  amets

55



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
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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)
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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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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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
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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
wesumgy e N D m S sNBM smBl THD DD L0EM ket
s om STl B S BG4 AVEIR  GNEDR  LUBL 2eEn  mis
e om S m S sNBM sl 2054 WD LTEM  enmt
e om N T
s om (SR 4 S SOE0d  emIR  ANm MR 29mD s
 wm om UMD B S sNBM e SUBa  SSB3 AN &wmt
 wm om ML m S SEG ABED  SWED  LE2 MRl lMeln
wmo  ves wa AT B S BM AEBR  SEBG Lm0 LSRR Lmmds
 vem om OBl m S LOBOL BRI MR GUED  9mpu im0
e om Wl B S G0 2sED B GBI LeED  1omE
e om e 4§ EM ame  sEmi  smm LmEn Lumbs
S 0w cMma b S LG LeED 2ema saell SRR LmE

68



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)

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 392ZE+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

70



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

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

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.

71



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

™ 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 2.2E+04 L/day; 50% equilibrium for decay products; and a risk coefficient of 2.2E-4 fatal lung cancers per working level month (WLM)(see
EPA 402-R-93-076, Estimating Radiogenic Cancer Risk). [NOTE: EPA expects to publish revised risk estimates for inhalation of radon decay products in the near future, based on a

revised equilibrium assumption of 40%.]
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

n
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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