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APPENDIX A

Exempt Concentrations

Column II
Column I Liquid and
Gas concentration solid concentration

Element (atomic number) Radionuclide �Ci/ml 1/ �Ci/ml 2/

Antimony (51) Sb−122 3X10−4

Sb−124 2X10−4

Sb−125 1X10−3

Argon (18) Ar−37 1X10−3

Ar−41 4X10−7

Arsenic (33) As−73 5X10−3

As−74 5X10−4

As−76 2X10−4

As−77 8X10−4

Barium (56) Ba−131 2X10−3

Ba−140 3X10−4

Beryllium (4) Be−7 2X10−2

Bismuth (83) Bi−206 4X10−4

Bromine (35) Br−82 4X10−7 3X10−3

Cadmium (48) Cd−109 2X10−3

Cd−115m 3X10−4

Cd−115 3X10−4

Calcium (20) Ca−45 9X10−5

Ca−47 5X10−4

Carbon (6) C−14 1X10−6 8X10−3

Cerium (58) Ce−141 9X10−4

Ce−143 4X10−4

Ce−144 1X10−4

Cesium (55) Cs−131 2X10−2

Cs−134m 6X10−2

Cs−134 9X10−5

Chlorine (17) Cl−38 9X10−7 4X10−3

Chromium (24) Cr−51 2X10−2

Cobalt (27) Co−57 5X10−3

Co−58 1X10−3

Co−60 5X10−4

Copper (29) Cu−64 3X10−3

Dysprosium (66) Dy−165 4X10−3

Dy−166 4X10−4

Erbium (68) Er−169 9X10−4

Er−171 1X10−3

Europium (63) Eu−152(9.2 h) 6X10−4

Eu−155 2X10−3

Fluorine (9) F−18 2X10−6 8X10−3

1/ Values are given in Column I only for those materials normally used as gases.
2/ µCi/g for solids
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Column II
Column I Liquid and
Gas concentration solid concentration

Element (atomic number) Radionuclide �Ci/ml 1/ �Ci/ml 2/

Gadolinium (64) Gd−153 2X10−3

Gd−159 8X10−4

Gallium (31) Ga−72 4X10−4

Germanium (32) Ge−71 2X10−2

Gold (79) Au−196 2X10−3

Au−198 5X10−4

Au−199 2X10−3

Hafnium (72) Hf−181 7X10−4

Hydrogen (1) H−3 5X10−6 3X10−2

Indium (49) In−113m 1X10−2

In−114m 2X10−4

Iodine (53) I−126 3X10−9 X10−5

I−131 3X10−9 2X10−5

I−132 8X10−8 6X10−4

I−133 1X10−8 7X10−5

I−134 2X10−7 1X10−3

Iridium (77) Ir−190 2X10−3

Ir−192 4X10−4

Ir−194 3X10−4

Iron (26) Fe−55 8X10−3

Fe−59 6X10−4

Krypton (36) Kr−85m 1X10−6

Kr−85 3X10−6

Lanthanum (57) La−140 2X10−4

Lead (82) Pb−203 4X10−

Lutetium (71) Lu−177 1X10−3

Manganese (25) Mn−52 3X10−4

Mn−54 1X10−3

Mn−56 1X10−3

Mercury (80) Hg−197m 2X10−3

Hg−197 3X10−3

Hg−203 2X10−4

Molybdenum (42) Mo−99 2X10−3

Neodymium (60) Nd−147 6X10−4

Nd−149 3X10−3

Nickel (28) Ni−65 1X10−3

Niobium (Columbium) (41) Nb−95 1X10−3

Nb−97 9X10−3

Osmium (76) Os−185 7X10−4

Os−191m 3X10−2

Os−191 2X10−3

Os−193 6X10−4

Palladium (46) Pd−103 3X10−3

Pd−109 9X10−4

Phosphorus (15) P−32 2X10−4

Platinum (78) Pt−191 1X10−3

Pt−193m 1X10−2

1/ Values are given in Column I only for those materials normally used as gases.
2/ µCi/g for solids
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Column II
Column I Liquid and
Gas concentration solid concentration

Element (atomic number) Radionuclide �Ci/ml 1/ �Ci/ml 2/

Pt−197m 1X10−2

Pt−197 1X10−3

Potassium (19) K−42 3X10−3

Praseodymium (59) Pr−142 3X10−4

Pr−143 5X10−4

Promethium (61) Pm−147 2X10−3

Pm−149 4X10−4

Rhenium (75) Re−183 6X10−3

Re−186 9X10−4

Re−188 6X10−4

Rhodium (45) Rh−103m 1X10−1

Rh−105 1X10−3

Rubidium (37) Rb−86 7X10−4

Ruthenium (44) Ru−97 4X10−3

Ru−103 8X10−4

Ru−105 1X10−3

Ru−106 1X10−4

Samarium (62) Sm−153 8X10−4

Scandium (21) Sc−46 4X10−4

Sc−47 9X10−4

Sc−48 3X10−4

Selenium (34) Se−75 3X10−3

Silicon (14) Si−31 9X10−3

Silver (47) Ag−105 1X10−3

Ag−110m 3X10−4

Ag−111 4X10−4

Sodium (11) Na−24 2X10−3

Srontium (38) Sr−85 1X10−3

Sr−89 1X10−4

Sr−91 7X10−4

Sr−92 7X10−4

Sulfur (16) S−35 9X10−8 6X10−4

Tantalum (73) Ta−182 4X10−4

Technetium (43) Tc−96m 1X10−1

Tc−96 1X10−3

Tellurium (52) Te−125m 2X10−3

Te−127m 6X10−4

Te−127 3X10−3

Te−129m 3X10−4

Te−131m 6X10−4

Te−132 3X10−4

Terbium (65) Tb−160 4X10−4

Thallium (81) Tl−200 4X10−3

Tl−201 3X10−3

Tl−202 1X10−3

Tl−204 1X10−3

Thulium (69) Tm−170 5X10−4

1/ Values are given in Column I only for those materials normally used as gases.
2/ µCi/g for solids
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Column II
Column I Liquid and
Gas concentration solid concentration

Element (atomic number) Radionuclide �Ci/ml 1/ �Ci/ml 2/

Tm−171 5X10−3

Tin (50) Sn−113 9X10−4

Sn−125 2X10−4

Tungsten (Wolfram) (74) W−181 4X10−3

W−187 7X10−4

Vanadium (23) V−48 3X10−4

Xenon (54) Xe−131m 4X10−6

Xe−133 3X10−6

Xe−135 1X10−6

Ytterbium (70) Yb−175 1X10−3

Yttrium (39) Y−90 2X10−4

Y−91m 3X10−2

Y−91 3X10−4

Y−92 6X10−4

Y−93 3X10−4

Zinc (30) Zn−65 1X10−3

Zn−69m 7X10−4

Zn−69 2X10−2

Zirconium (40) Zr−95 6X10−4

Zr−97 2X10−4

Beta− and gamma−emitting
radioactive material not listed
above with half−life
of less than 3 years. 1X10−10 1X10−6

Note 1: Many radionuclides transform into other radionuclides.  In expressing the concentrations in Appendix A, the activity stated
is that of the parent radionuclide and takes into account the radioactive decay products.

Note 2: For purposes of s. DHS 157.09 (2) where there is involved a combination of radionuclides, the limit for the combination
should be derived as follows: Determine for each radionuclide in the product the ratio between the radioactivity concentration pres-
ent in the product and the exempt radioactivity concentration established in Appendix A for the specific radionuclide when not in
combination.  The sum of such ratios may not exceed “1”.

Example: Concentration of Radionuclide A in Product +
Exempt concentration of Radionuclide A
Concentration of Radionuclide B in Product  <1
Exempt concentration of Radionuclide B

Note 3:  To convert µCi/ml to SI units of megabecquerels per liter multiply the above values by 37.

Example: Zirconium (40) Zr−97 (2x10−4 µCi/ml multiplied by 37 is equivalent to 74 x 10−4 MBq/l).
1/ Values are given in Column I only for those materials normally used as gases.
2/ µCi/g for solids.
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Chapter DHS 157

APPENDIX B

Exempt Quantities

Radioactive Material Microcuries
Antimony−122 (Sb 122) 100
Antimony−124 (Sb 124) 10
Antimony−125 (Sb 125) 10
Arsenic−73 (As 73) 100
Arsenic−74 (As 74) 10
Arsenic−76 (As 76) 10
Arsenic−77 (As 77) 100
Barium−131 (Ba 131) 10
Barium−133 (Ba 133) 10
Barium−140 (Ba 140) 10
Bismuth−210 (Bi 210) 1
Bromine−82 (Br 82) 10
Cadmium−109 (Cd 109) 10
Cadmium−115m (Cd 115m) 10
Cadmium−115 (Cd 115) 100
Calcium−45 (Ca 45) 10
Calcium−47 (Ca 47) 10
Carbon−14 (C 14) 100
Cerium−141 (Ce 141) 100
Cerium−143 (Ce 143) 100
Cerium−144 (Ce 144) 1
Cesium−129 (Cs 129) 100
Cesium−131 (Cs 131) 1,000
Cesium−134m (Cs 134m) 100
Cesium−134 (Cs 134) 1
Cesium−135 (Cs 135) 10
Cesium−136 (Cs 136) 10
Cesium−137 (Cs 137) 10
Chlorine−36 (Cl 36) 10
Chlorine−38 (Cl 38) 10
Chromium−51 (Cr 51) 1,000
Cobalt−57 (Co 57) 100
Cobalt−58m (Co 58m) 10
Cobalt−58 (Co 58) 10
Cobalt−60 (Co 60) 1
Copper−64 (Cu 64) 100
Dysprosium−165 (Dy 165) 10
Dysprosium−166 (Dy 166) 100
Erbium−169 (Er 169) 100
Erbium−171 (Er 171) 100
Europium−152 (Eu 152)9.2h 100
Europium−152 (Eu 152)13 yr 1
Europium−154 (Eu 154) 1
Europium−155 (Eu 155) 10
Fluorine−18 (F 18) 1,000
Gadolinium−153 (Gd 153) 10
Gadolinium−159 (Gd 159) 100

Radioactive Material Microcuries
Gallium−67 (Ga 67) 100
Gallium−72 (Ga 72) 10
Germanium−68 (Ge 68) 10
Germanium−71 (Ge 71) 100
Gold−195 (Au 195) 10
Gold−198 (Au 198) 100
Gold−199 (Au 199) 100
Hafnium−181 (Hf 181) 10
Holmium−166 (Ho 166) 100
Hydrogen−3 (H 3) 1,000
Indium−111 (In 111) 100
Indium−113m (In 113m) 100
Indium−114m (In 114m) 10
Indium−115m (In 115m) 100
Indium−115 (In 115) 10
Iodine−123 (I 123) 100
Iodine−125 (I 125) 1
Iodine−126 (I 126) 1
Iodine−129 (I 129) 0.1
Iodine−131 (I 131) 1
Iodine−132 (I 132) 10
Iodine−133 (I 133) 1
Iodine−134 (I 134) 10
Iodine−135 (I 135) 10
Iridium−192 (Ir 192) 10
Iridium−194 (Ir 194) 100
Iron−52 (Fe 52) 10
Iron−55 (Fe 55) 100
Iron−59 (Fe 59) 10
Krypton−85 (Kr 85) 100
Krypton−87 (Kr 87) 10
Lanthanum−140 (La 140) 10
Lutetium−177 (Lu 177) 100
Manganese−52 (Mn 52) 10
Manganese−54 (Mn 54) 10
Manganese−56 (Mn 56) 10
Mercury−197m (Hg 197m) 100
Mercury−197 (Hg 197) 100
Mercury−203 (Hg 203) 10
Molybdenum−99 (Mo 99) 100
Neodymium−147 (Nd 147) 100
Neodymium−149 (Nd 149) 100
Nickel−59 (Ni 59) 100
Nickel−63 (Ni 63) 10
Nickel−65 (Ni 65) 100
Niobium−93m (Nb 93m) 10
Niobium−95 (Nb 95) 10
Niobium−97 (Nb 97) 10
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Radioactive Material Microcuries
Osmium−185 (Os 185) 10
Osmium−191m (Os 191m) 100
Osmium−191 (Os 191) 100
Osmium−193 (Os 193) 100
Palladium−103 (Pd 103) 100
Palladium−109 (Pd 109) 100
Phosphorus−32 (P 32) 10
Platinum−191 (Pt 191) 100
Platinum−193m (Pt 193m) 100
Platinum−193 (Pt 193) 100
Platinum−197m (Pt 197m) 100
Platinum−197 (Pt 197) 100
Polonium−210 (Po 210) 0.1
Potassium−42 (K 42) 10
Potassium−43 (K 43) 10
Praseodymium−142 (Pr 142) 100
Praseodymium−143 (Pr 143) 100
Promethium−147 (Pm 147) 10
Promethium−149 (Pm 149) 10
Rhenium−186 (Re 186) 100
Rhenium−188 (Re 188) 100
Rhodium−103m (Rh 103m) 100
Rhodium−105 (Rh 105) 100
Rubidium−81 (Rb 81) 10
Rubidium−86 (Rb 86) 10
Rubidium−87 (Rb 87) 10
Ruthenium−97 (Ru 97) 100
Ruthenium−103 (Ru 103) 10
Ruthenium−105 (Ru 105) 10
Ruthenium−106 (Ru 106) 1
Samarium−151 (Sm 151) 10
Samarium−153 (Sm 153) 100
Scandium−46 (Sc 46) 10
Scandium−47 (Sc 47) 100
Scandium−48 (Sc 48) 10
Selenium−75 (Se 75) 10
Silicon−31 (Si 31) 100
Silver−105 (Ag 105) 10
Silver−110m (Ag 110m) 1
Silver−111 (Ag 111) 100
Sodium−22 (Na 22) 10
Sodium−24 (Na 24) 10
Strontium−85 (Sr 85) 10
Strontium−89 (Sr 89) 1
Strontium−90 (Sr 90) 0.1
Strontium−91 (Sr 91) 10
Strontium−92 (Sr 92) 10
Sulphur−35 (S 35) 100
Tantalum−182 (Ta 182) 10

Radioactive Material Microcuries
Technetium−96 (Tc 96) 10
Technetium−97m (Tc 97m) 100
Technetium−97 (Tc 97) 100
Technetium−99m (Tc 99m) 100
Technetium−99 (Tc 99) 10
Tellurium−125m (Te 125m) 10
Tellurium−127m (Te 127m) 10
Tellurium−127 (Te 127) 100
Tellurium−129m (Te 129m) 10
Tellurium−129 (Te 129) 100
Tellurium−131m (Te 131m) 10
Tellurium−132 (Te 132) 10
Terbium−160 (Tb 160) 10
Thallium−200 (Tl 200) 100
Thallium−201 (Tl 201) 100
Thallium−202 (Tl 202) 100
Thallium−204 (Tl 204) 10
Thulium−170 (Tm 170) 10
Thulium−171 (Tm 171) 10
Tin−113 (Sn 113) 10
Tin−125 (Sn 125) 10
Tungsten−181 (W 181) 10
Tungsten−185 (W 185) 10
Tungsten−187 (W 187) 100
Vanadium−48 (V 48) 10
Xenon−131m (Xe 131m) 1,000
Xenon−133 (Xe 133) 100
Xenon−135 (Xe 135) 100
Ytterbium−175 (Yb 175) 100
Yttrium−87 (Y 87) 10
Yttrium−88 (Y 88) 10
Yttrium−90 (Y 90) 10
Yttrium−91 (Y 91) 10
Yttrium−92 (Y 92) 100
Yttrium−93 (Y 93) 100
Zinc−65 (Zn 65) 10
Zinc−69m (Zn 69m) 100
Zinc−69 (Zn 69) 1,000
Zirconium−93 (Zr 93) 10
Zirconium−95 (Zr 95) 10
Zirconium−97 (Zr 97) 10
Any radioactive material not listed above other than
alpha−emitting radioactive material   0.1
Any alpha−emitting radioactive material not listed
above other than transuranic radioactive material0.01

Note 1: Where there is a combination of radionuclides, the limit for the combination should be derived  as follows:
Determine the amount of each radionuclide possessed and 1,000 times the amount in Appendix B for each of those radionuclides when
not in combination.  The sum of the ratios  of those quantities may not exceed 1.

Example:
Amt. of Radionuclide A possessed    +   Amt. of Radionuclide B possessed ≤ 1
1000 x Appendix B quantity                   1000 x Appendix B quantity
for Radionuclide A                                  for Radionuclide B

Note 2: To convert microcuries (µCi) to SI units of kilobecquerels (kBq), multiply the above values by 37.
Example: Zirconium−97 (10 µCi multiplied by 37 is equivalent to 370 kBq).
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Chapter DHS 157

APPENDIX C

Limits for Broad Licenses

                                         Type B License   Type C License
                                          Column I           Column II
Radioactive Material              curies                   curies
Antimony−122 1 0.01
Antimony−124 1 0.01
Antimony−125 1 0.01
Arsenic−73 10 0.1
Arsenic−74 1 0.01
Arsenic−76 1 0.01
Arsenic−77 10 0.1
Barium−131 10 0.1
Barium−140 1 0.01
Beryllium−7 10 0.1
Bismuth−210 0.1 0.001
Bromine−82 10 0.1
Cadmium−109 1 0.01
Cadmium−115m 1 0.01
Cadmium−115 10 0.1
Calcium−45 1 0.01
Calcium−47 10 0.1
Carbon−14 100 1.
Cerium−141 10 0.1
Cerium−143 10 0.1
Cerium−144 0.1 0.001
Cesium−131 100 1.
Cesium−134m 100 1.
Cesium−134 0.1 0.001
Cesium−135 1 0.01
Cesium−136 10 0.1
Cesium−137 0.1 0.001
Chlorine−36 1 0.01
Chlorine−38 100 1.
Chromium−51 100 1.
Cobalt−57 10 0.1
Cobalt−58m 100 1.
Cobalt−58 1 0.01
Cobalt−60 0.1 0.001
Copper−64 10 0.1
Dysprosium−165 100 1.
Dysprosium−166 10 0.1
Erbium−169 10 0.1
Erbium−171 10 0.1
Europium−152 (9.2 h) 10 0.1
Europium−152 (13 y) 0.1 0.001
Europium−154 0.1 0.001
Europium−155 1 0.01
Fluorine−18 100 1.

                                         Type B License   Type C License
                                          Column I           Column II
Radioactive Material              curies                   curies
Gadolinium−153 1 0.01
Gadolinium−159 10 0.1
Gallium−72 10 0.1
Germanium−71 100 1.
Gold−198 10 0.1
Gold−199 10 0.1
Hafnium−181 1 0.01
Holmium−166 10 0.1
Hydrogen−3 100 1.
Indium−113m 100 1.
Indium−114m 1 0.01
Indium−115m 100 1.
Indium−115 1 0.01
Iodine−125 0.1 0.001
Iodine−126 0.1 0.001
Iodine−129 0.1 0.001
Iodine−131 0.1 0.001
Iodine−132 10 0.1
Iodine−133 1 0.01
Iodine−134 10 0.1
Iodine−135 1 0.01
Iridium−192 1 0.01
Iridium−194 10 0.1
Iron−55 10 0.1
Iron−59 1 0.01
Krypton−85 100 1.
Krypton−87 10 0.1
Lanthanum−140 1 0.01
Lutetium−177 10 0.1
Manganese−52 1 0.01
Manganese−54 1 0.01
Manganese−56 10 0.1
Mercury−197m 10 0.1
Mercury−197 10 0.1
Mercury−203 1 0.01
Molybdenum−99 10 0.1
Neodymium−147 10 0.1
Neodymium−149 10 0.1
Nickel−59 10 0.1
Nickel−63 1 0.01
Nickel−65 10 0.1
Niobium−93m 1 0.01
Niobium−95 1 0.01
Niobium−97 100 1.
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                                         Type B License   Type C License
                                          Column I           Column II
Radioactive Material              curies                   curies
Osmium−185 1 0.01
Osmium−191m 100 1.
Osmium−191 10 0.1
Osmium−193 10 0.1
Palladium−103 10 0.1
Palladium−109 10 0.1
Phosphorus−32 1 0.01
Platinum−191 10 0.1
Platinum−193m 100 1.
Platinum−193 10 0.1
Platinum−197m 100 1.
Platinum−197 10 0.1
Polonium−210 0.01 0.0001
Potassium−42 1 0.01
Praseodymium−142 10 0.1
Praseodymium−143 10 0.1
Promethium−147 1 0.01
Promethium−149 10 0.1
Radium−226 0.01 0.0001
Rhenium−186 10 0.1
Rhenium−188 10 0.1
Rhodium−103m 1,000 10.
Rhodium−105 10 0.1
Rubidium−86 1 0.01
Rubidium−87 1 0.01
Ruthenium−97 100 1.
Ruthenium−103 1 0.01
Ruthenium−105 10 0.1
Ruthenium−106 0.1 0.001
Samarium−151 1 0.01
Samarium−153 10 0.1
Scandium−46 1 0.01
Scandium−47 10 0.1
Scandium−48 1 0.01
Selenium−75 1 0.01
Silicon−31 10 0.1
Silver−105 1 0.01
Silver−110m 0.1 0.001
Silver−111 10 0.1
Sodium−22 0.1 0.001
Sodium−24 1 0.01
Strontium−85m 1,000 10
Strontium−85 1 0.01
Strontium−89 1 0.01
Strontium−90 0.01 0.0001
Strontium−91 10 0.1

                                         Type B License   Type C License
                                          Column I           Column II
Radioactive Material              curies                   curies
Strontium−92 10 0.1
Sulphur−35 10 0.1
Tantalum−182 1 0.01
Technetium−96 10 0.1
Technetium−97m 10 0.1
Technetium−97 10 0.1
Technetium−99m 100 1.
Technetium−99 1 0.01
Tellurium−125m 1 0.01
Tellurium−127m 1 0.01
Tellurium−127 10 0.1
Tellurium−129m 1 0.01
Tellurium−129 100 1.
Tellurium−131m 10 0.1
Tellurium−132 1 0.01
Terbium−160 1 0.01
Thallium−200 10 0.1
Thallium−201 10 0.1
Thallium−202 10 0.1
Thallium−204 1 0.01
Thulium−170 1 0.01
Thulium−171 1 0.01
Tin−113 1 0.01
Tin−125 1 0.01
Tungsten−181 1 0.01
Tungsten−185 1 0.01
Tungsten−187 10 0.1
Vanadium−48 1 0.01
Xenon−131m 1,000 10.
Xenon−133 100 1.
Xenon−135 100 1.
Ytterbium−175 10 0.1
Yttrium−90 1 0.01
Yttrium−91 1 0.01
Yttrium−92 10 0.1
Yttrium−93 1 0.01
Zinc−65 1 0.01
Zinc−69m 10 0.1
Zinc−69 100 1.
Zirconium−93 1 0.01
Zirconium−95 1 0.01
Zirconium−97 1 0.01
Any radioactive material other than source material, spe-
cial nuclear material, or alpha emitting radioactive mate-
rial not listed above. 0.1 0.001

Note 1: To convert curies (Ci) to SI units of gigabecquerels
(GBq), multiply the above values by 37.

Example: Zirconium−97 (Col. II) (0.01 Ci multiplied by 37 is
equivalent to 0.37 GBq).
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Chapter DHS 157

APPENDIX D

Assigned Protection Factors for Respiratorsa

Operating mode
Assigned

Protection
Factors

I. Air Purifying Respirators
   [Particulate1Ab only]1Ac:
Filtering facepiece disposabled Negative Pressure (d)
Facepiece, half e Negative Pressure 10
Facepiece, full Negative Pressure 100
Facepiece, half Powered air−purifying respirators 50
Facepiece, full Powered air−purifying respirators 1000
Helmet/hood Powered air−purifying respirators 1000
Facepiece, loose−fitting Powered air−purifying respirators 25

II. Atmosphere Supplying Respirators
   [Particulate, gases and vapors1Af]:
1. Air−line respirator:
Facepiece, half Demand 10
Facepiece, half Continuous Flow 50
Facepiece, half Pressure Demand 50
Facepiece, full Demand 100
Facepiece, full Continuous Flow 1000
Facepiece, full Pressure Demand 1000
Helmet/hood Continuous Flow 1000
Facepiece, loose−fitting Continuous Flow 25
Suit Continuous Flow (g)
2. Self−contained breathing apparatus (SCBA):
Facepiece, full Demand i100
Facepiece, full Pressure Demand i10,000
Facepiece, full Demand, Recirculating i100
Facepiece, full Positive Pressure Recirculating i10,000

III. Combination Respirators:
Any combination of air−purifying and atmo-
sphere−supplying respirators

(1) Assigned protection factor for type and
mode of operation as listed above.

a These assigned protection factors apply only in a respiratory
protection program that meets the requirements of subchapter III
of this chapter.  The protection factors are applicable only to air-
borne radiological hazards and may not be appropriate to circum-
stances when chemical or other respiratory hazards exist instead
of, or in addition to, radioactive hazards.  Selection and use of res-
pirators for such circumstances must also comply with U.S.
Department of Labor regulations.

Radioactive contaminants for which the concentration values
in Column 3 of Appendix E are based on internal dose due to
inhalation may, in addition, present external exposure hazards at
higher concentrations.  Under these circumstances, limitations on
occupancy may have to be governed by external dose limits.

b Air purifying respirators with APF <100 must be equipped
with particulate filters that are at least 95 percent efficient.  Air
purifying respirators with APF = 100 must be equipped with par-

ticulate filters that are at least 99 percent efficient.  Air purifying
respirators with APFs >100 must be equipped with particulate fil-
ters that are at least 99.97 percent efficient.

c A licensee may apply to the department for the use of an APF
greater than 1 for sorbent cartridges as protection against airborne
radioactive gases and vapors, for example, radioiodine.

d A licensee may permit individuals who have not been medi-
cally screened or fit tested on the device to use this type of respira-
tor, provided that no credit be taken for their use in estimating
intake or dose.  It is also recognized that it is difficult to perform
an effective positive or negative pressure pre−use user seal check
on this type of device.  All other respiratory protection program
requirements listed in s. DHS 157.27 (3) apply.  An assigned
protection factor has not been assigned for these devices.  How-
ever, an APF equal to 10 may be used if the licensee demonstrates

http://docs.legis.wisconsin.gov/document/statutes/35.93
http://docs.legis.wisconsin.gov/document/statutes/35.93
http://docs.legis.wisconsin.gov/document/administrativecode/ch.%20DHS%20157
http://docs.legis.wisconsin.gov/document/administrativecode/DHS%20157.27(3)


436DHS 157 Appendix D DEPARTMENT OF HEALTH SERVICES

Published under s. 35.93, Wis. Stats., by the Legislative Reference Bureau.

Published  under s. 35.93, Stats. Updated on the first day of each month.  Entire code is always current.  The Register date on each

page is the date the chapter was last  published.  Report  errors (608) 266−3151.Register October 2006 No. 610

a fit factor of at least 100 by use of a validated or evaluated, quali-
tative or quantitative fit test.

e Under−chin type only.  No distinction is made in this Appen-
dix between elastomeric half−masks with replaceable cartridges
and those designed with the filter medium as an integral part of the
facepiece, for example, disposable or reusable disposable.  Both
types are acceptable so long as the seal area of the latter contains
some substantial type of seal−enhancing material such as rubber
or plastic, the 2 or more suspension straps are adjustable, the filter
medium is at least 95 percent efficient and all other requirements
of subchapter III of this chapter are met.

f The assigned protection factors for gases and vapors are not
applicable to radioactive contaminants that present an absorption
or submersion hazard.  For tritium oxide vapor, approximately
one−third of the intake occurs by absorption through the skin so
that an overall protection factor of 3 is appropriate when atmo-
sphere−supplying respirators are used to protect against tritium
oxide.  Exposure to radioactive noble gases is not considered a sig-
nificant respiratory hazard, and protective actions for these con-

taminants should be based on external submersion dose consider-
ations.

g No National Institute of Occupational Safety and Health
approval schedule is currently available for atmosphere supplying
suits.  This equipment may be used in an acceptable respiratory
protection program as long as all the other minimum program
requirements, with the exception of fit testing, are met.

Note:  See s. DHS 157.27 (3).

h A licensee should implement institutional controls to assure
that these devices are not used in areas immediately dangerous to
life or health.

i This type of respirator may be used as an emergency device
in unknown concentrations for protection against inhalation haz-
ards.  External radiation hazards and other limitations to permitted
exposure such as skin absorption shall be taken into account in
these circumstances.  This device may not be used by any individ-
ual who experiences perceptible outward leakage of breathing gas
while wearing the device.
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Chapter DHS 157

APPENDIX E

Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure; Effluent Concentrations;

Concentrations for Release to Sanitary Sewerage

Introduction

For each radionuclide, Table I indicates the chemical form
which is to be used for selecting the appropriate ALI or DAC
value.  The ALIs and DACs for inhalation are given for an aerosol
with an activity median aerodynamic diameter (AMAD) of 1
µ(micron), and for the D, W and Y classes of radioactive material,
which refer to their retention in the pulmonary region of the lung.
This classification applies to a range of clearance half−times for
D if less than 10 days, for W from 10 to 100 days, and for Y greater
than 100 days.  The D, W or Y class given in the column headed
“Class” applies only to the inhalation ALIs and DACs given in
Table I, column 2 and 3.  Table II provides concentration limits for
airborne and liquid effluents released to the general environment.
Table III provides concentration limits for discharges to sanitary
sewerage.

Note:  The values in Tables I, II, and III are presented in the
computer “E” notation.  In this notation a value of 6E−02 repre-
sents a value of 6 x 10−2 or 0.06, 6E+2 represents 6 x 1O2 or 600,
and 6E+0 represents 6 x 100 or 6.

Table I “Occupational Values”

Note that the columns in Table I of this appendix captioned
“Oral Ingestion ALI,” “Inhalation ALI” and “DAC” are appli-
cable to occupational exposure to radioactive material.

The ALIs in this appendix are the annual intakes of given radio-
nuclide by “reference man” which would result in either (1) a
committed effective dose equivalent of 0.05 Sv (5 rem), stochastic
ALI,  or (2) a committed dose equivalent of 0.5 Sv (50 rem) to an
organ or tissue, non−stochastic ALI.  The stochastic ALIs were
derived to result in a risk, due to irradiation of organs and tissues,
comparable to the risk associated with deep dose equivalent to the
whole body of 0.05 Sv (5 rem).  The derivation includes multiply-
ing the committed dose equivalent to an organ or tissue by a
weighting factor, wT.  This weighting factor is the proportion of
the risk of stochastic effects resulting from irradiation of the organ
or tissue, T, to the total risk of stochastic effects when the whole
body is irradiated uniformly.  The values of wT are listed under the
definition of weighting factor in s. DHS 157.03.  The non−sto-
chastic ALIs were derived to avoid non−stochastic effects, such
as prompt damage to tissue or reduction in organ function.

Note: A description of the reference man is contained in the
International Commission on Radiological Protection report,
ICRP Publication 23, Reference Man: Anatomical Physiological
and Metabolic Characteristics, Pergamon Press, Oxford (1975).
The publication may be ordered from the web−site
http://www.icrp.org/publications.asp.

A value of wT = 0.06 is applicable to each of the 5 organs or
tissues in the “remainder” category receiving the highest dose
equivalents, and the dose equivalents of all other remaining tis-
sues may be disregarded.  The following portions of the GI tract
— stomach, small intestine, upper large intestine, and lower large
intestine — are to be treated as 4 separate organs.

Note that the dose equivalents for an extremity, skin and lens
of the eye are not considered in computing the committed effec-
tive dose equivalent, but are subject to limits that must be met sep-
arately.

When an ALI is defined by the stochastic dose limit, this value
alone is given.  When an ALI is determined by the non−stochastic
dose limit to an organ, the organ or tissue to which the limit applies
is shown, and the ALI for the stochastic limit is shown in paren-
theses.  Abbreviated organ or tissue designations are used:

LLI wall = lower large intestine wall;

St wall = stomach wall;

Blad wall = bladder wall; and

Bone surf = bone surface.

The use of the ALIs listed first, the more limiting of the sto-
chastic and non−stochastic ALIs, will ensure that non−stochastic
effects are avoided and that the risk of stochastic effects is limited
to an acceptably low value.  If, in a particular situation involving
a radionuclide for which the non−stochastic ALI is limiting, use
of that non−stochastic ALI is considered unduly conservative, the
licensee may use the stochastic ALI to determine the committed
effective dose equivalent.  However, the licensee shall also ensure
that the 0.5 Sv (50 rem) dose equivalent limit for any organ or tis-
sue is not exceeded by the sum of the external deep dose equiva-
lent plus the internal committed dose equivalent to that organ, not
the effective dose.  For the case where there is no external dose
contribution, this would be demonstrated if the sum of the frac-
tions of the nonstochastic ALIs that contribute to the committed
dose equivalent to the organ receiving the highest dose does not
exceed unity, that is, intake of each radionuclide/ALIns = 1.0.  If
there is an external deep dose equivalent contribution of Hd, then
this sum must be less than 1 − (Hd/50), instead of = 1.0.

Note that the dose equivalents for an extremity, skin, and lens
of the eye are not considered in computing the committed effec-
tive dose equivalent, but are subject to limits that must be met sep-
arately.

The derived air concentration (DAC) values are derived limits
intended to control chronic occupational exposures.  The relation-
ship between the DAC and the ALI is given by:

DAC = ALI in :Ci/(2000 hours per working year x 60 min-
utes/hour x 2 x 104 ml per minute) = [ALI/2.4 x 109] :Ci/ml,

where 2 x 104 ml is the volume of air breathed per minute at work
by reference man under working conditions of light work.

The DAC values relate to 1 of 2 modes of exposure: either
external submersion or the internal committed dose equivalents
resulting from inhalation of radioactive materials.  DACs based
upon submersion are for immersion in a semi−infinite cloud of
uniform concentration and apply to each radionuclide separately.

The ALI and DAC values include contributions to exposure by
the single radionuclide named and any in−growth of daughter
radionuclides produced in the body by decay of the parent.  How-
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ever, intakes that include both the parent and daughter radionu-
clides should be treated by the general method appropriate for
mixtures.

The values of ALI and DAC do not apply directly when the
individual both ingests and inhales a radionuclide, when the indi-
vidual is exposed to a mixture of radionuclides by either inhala-
tion or ingestion or both or when the individual is exposed to both
internal and external irradiation.  See s. DHS 157.22 (2).  When
an individual is exposed to radioactive materials that fall under
several of the translocation classifications of the same radionu-
clide, such as Class D, Class W or Class Y, the exposure may be
evaluated as if it were a mixture of different radionuclides.

It should be noted that the classification of a compound as
Class D, W, or Y is based on the chemical form of the compound
and does not take into account the radiological half−life of differ-
ent radionuclides.  For this reason, values are given for Class D,
W, and Y compounds, even for very short−lived radionuclides.

Table II “Effluent Concentrations”

The columns in Table II of this appendix captioned “Efflu-
ents,” “Air” and “Water” are applicable to the assessment and con-
trol of dose to the public, particularly in the implementation of the
provisions of s. DHS 157.23 (2).  The concentration values given
in Columns 1 and 2 of Table II are equivalent to the radionuclide
concentrations which, if inhaled or ingested continuously over the
course of a year, would produce a total effective dose equivalent
of 0.5 mSv (0.05 rem).

Consideration of non−stochastic limits has not been included
in deriving the air and water effluent concentration limits because
non−stochastic effects are presumed not to occur at or below the
dose levels established for individual members of the public.  For
radionuclides, where the non−stochastic limit was governing in
deriving the occupational DAC, the stochastic ALI was used in
deriving the corresponding airborne effluent limit in Table II.  For
this reason, the DAC and airborne effluent limits are not always
proportional.

The air concentration values listed in Table II, Column 1 were
derived by one of 2 methods.  For those radionuclides for which
the stochastic limit is governing, the occupational stochastic
inhalation ALI was divided by 2.4 x 109 ml, relating the inhalation
ALI  to the DAC, as explained above, and then divided by a factor

of 300.  The factor of 300 includes the following components:  a
factor of 50 to relate the 0.05 Sv (5 rem) annual occupational dose
limit to the 1 mSv (0.1 rem) limit for members of the public, a fac-
tor of 3 to adjust for the difference in exposure time and the inhala-
tion rate for a worker and that for members of the public; and a fac-
tor of 2 to adjust the occupational values, derived for adults, so that
they are applicable to other age groups.

For those radionuclides for which submersion, that is external
dose, is limiting, the occupational DAC in Table I, Column 3 was
divided by 219.  The factor of 219 is composed of a factor of 50,
as described above, and a factor of 4.38 relating occupational
exposure for 2,000 hours of a 8,760 hour full−time exposure per
year.  Note that an additional factor of 2 for age considerations is
not warranted in the submersion case.

The water concentrations were derived by taking the most
restrictive occupational stochastic oral ingestion ALI and divid-
ing by 7.3 x 107.  The factor of 7.3 x 107 ml includes the following
components:  the factors of 50 and 2 described above and a factor
of 7.3 x 105 ml which is the annual water intake of reference man.

Note 2 of this appendix provides groupings of radionuclides
which are applicable to unknown mixtures of radionuclides.
These groupings, including occupational inhalation ALIs and
DACs, air and water effluent concentrations and releases to sewer,
require demonstrating that the most limiting radionuclides in
successive classes are absent.  The limit for the unknown mixture
is defined when the presence of one of the listed radionuclides
cannot be definitely excluded as being present either from knowl-
edge of the radionuclide composition of the source or from actual
measurements.

Table III “Releases to Sewers”

The monthly average concentrations for release to sanitary
sewerage are applicable to the provisions in s. DHS 157.30 (3).
The concentration values were derived by taking the most restric-
tive occupational stochastic oral ingestion ALI and dividing by
7.3 x 106 ml.  The factor of 7.3 x 106 ml is composed of a factor
of 7.3 x 105 ml, the annual water intake by reference man, and a
factor of 10, such that the concentrations, if the sewage released
by the licensee were the only source of water ingested by a refer-
ence man during a year, would result in a committed effective dose
equivalent of 5 mSv (0.5 rem).
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List of Elements
                                Atomic

Name Symbol                   Number
Actinium Ac 89
Aluminum A 13
Americium Am 95
Antimony Sb 51
Argon Ar 18
Arsenic As 33
Astatine At 85
Barium Ba 56
Berkelium Bk 97
Beryllium Be 4
Bismuth Bi 83
Bromine Br 35
Cadmium Cd 48
Calcium Ca 20
Californium Cf 98
Carbon C 6
Cerium Ce 58
Cesium Cs 55
Chlorine Cl 17
Chromium Cr 24
Cobalt Co 27
Copper Cu 29
Curium Cm 96
Dysprosium Dy 66
Einsteinium Es 99
Erbium Er 68
Europium Eu 63
Fermium Fm 100
Fluorine F 9
Francium Fr 87
Gadolinium Gd 64
Gallium Ga 31
Germanium Ge 32
Gold Au 79
Hafnium Hf 72
Holmium Ho 67
Hydrogen H   1
Indium In 49
Iodine I 53
Iridium Ir 77
Iron Fe 26
Krypton Kr 36
Lanthanum La 57
Lead Pb 82
Lutetium Lu 71
Magnesium Mg 12
Manganese Mn 25
Mendelevium Md 101

List of Elements (Cont.)
                                Atomic

Name Symbol                   Number
Mercury Hg 80
Molybdenum Mo 42
Neodymium Nd 60
Neptunium Np 93
Nickel Ni 28
Niobium Nb 41
Nitrogen N 7
Osmium Os 76
Oxygen O 8
Palladium Pd 46
Phosphorus P 15
Platinum Pt 78
Plutonium Pu 94
Polonium Po 84
Potassium K 19
Praseodymium Pr 59
Promethium Pm 61
Protactinium Pa 91
Radium Ra 88
Radon Rn 86
Rhenium Re 75
Rhodium Rh 45
Rubidium Rb 37
Ruthenium Ru 44
Samarium Sm 62
Scandium Sc 21
Selenium Se 34
Silicon Si 14
Silver Ag 47
Sodium Na 11
Strontium Sr 38
Sulfur S 16
Tantalum Ta 73
Technetium Tc 43
Tellurium Te 52
Terbium Tb 65
Thallium Tl 81
Thorium Th 90
Thulium Tm 69
Tin Sn 50
Titanium Ti 22
Tungsten W 74
Uranium U 92
Vanadium V 23
Xenon Xe 54
Ytterbium Yb 70
Yttrium Y 39
Zinc Zn 30
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

1 Hydrogen−3 Water, DAC includes skin
 absorption 8E+4 8E+4 2E−5 1E−7 1E−3 1E−2
Gas (HT or T2) Submersiona/:  Use above values as HT & T2 oxidize in air & in the body to HTO.

4 Beryllium−7 W, all compounds except 4E+4 2E+4 9E−6 3E−8 6E−4 6E−3
  those given for Y
Y, oxides, halides, and
  nitrates − 2E+4 8E−6 3E−8 − −

4 Beryllium−10 W, see 7Be 1E+3 2E+2 6E−8 2E−10 − −
LLI wall
(1E+3) − − − 2E−5 2E−4

Y, see 7Be − 1E+1 6E−9 2E−11 − −
6 Carbon−11b/ Monoxide − 1E+6 5E−4 2E−6 − −

Dioxide − 6E+5 3E−4 9E−7 − −
Compounds 4E+5 4E+5 2E−4 6E−7 6E−3 6E−2

6 Carbon−14 Monoxide − 2E+6 7E−4 2E−6 − −
Dioxide − 2E+5 9E−5 3E−7 − −
Compounds 2E+3 2E+3 1E−6 3E−9 3E−5 3E−4

7 Nitrogen−13b Submersiona 4E−6 2E−8
8 Oxygen−15b Submersiona 4E−6 2E−8
9 Fluorine−18b/ D, fluorides of H, Li,

Na, K, Rb, Cs, and Fr 5E+4 7E+4 3E−5 1E−7 − −
St wall
(5E+4) − − − 7E−4 7E−3

W, fluorides of Be, Mg,
  Ca, Sr, Ba, Ra, Al, Ga,
  In, Tl, As, Sb, Bi, Fe,
  Ru, Os, Co, Ni, Pd, Pt,
  Cu, Ag, Au, Zn, Cd, Hg,
  Sc, Y, Ti, Zr, V, Nb,
  Ta, Mn, Tc, and Re − 9E+4 4E−5 1E−7 − −
Y, lanthanum fluoride − 8E+4 3E−5 1E−7 − −

11 Sodium−22 D, all compounds 4E+2 6E+2 3E−7 9E−10 6E−6 6E−5
11 Sodium−24 D, all compounds 4E+3 5E+3 2E−6 7E−9 5E−5 5E−4
12 Magnesium−28 D, all compounds except

  those given for W 7E+2 2E+3 7E−7 2E−9 9E−6 9E−5
W, oxides, hydroxides,
  carbides, halides, and
  nitrates − 1E+3 5E−7 2E−9 − −

13 Aluminum−26 D, all compounds except
  those given for W 4E+2 6E+1 3E−8 9E−11 6E−6 6E−5
W, oxides, hydroxides,
  carbides, halides, and
  nitrates − 9E+1 4E−8 1E−10 − −

14 Silicon−31 D, all compounds except
  those given for W and Y 9E+3 3E+4 1E−5 4E−8 1E−4 1E−3
W, oxides, hydroxides,=
  carbides, and nitrates − 3E+4 1E−5 5E−8 − −
Y, aluminosilicate glass − 3E+4 1E−5 4E−8 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

14 Silicon−32 D, see 31Si 2E+3 2E+2 1E−7 3E−10 − −
LLI wall
(3E+3) − − − 4E−5 4E−4

W, see 31Si− 1E+2 5E−8 2E−10 − − −
Y, see 31Si − 5E+0 2E−9 7E−12 − −

15 Phosphorus−32 D, all compounds except
  phosphates given for W 6E+2 9E+2 4E−7 1E−9 9E−6 9E−5
W, phosphates of Zn2+,
  S3+, Mg2+, Fe3+, Bi3+,
  and lanthanides − 4E+2 2E−7 5E−10 − −

15 Phosphorus−33 D, see 32P 6E+3 8E+3 4E−6 1E−8 8E−5 8E−4
W, see 32P − 3E+3 1E−6 4E−9 − −

16 Sulfur−35 Vapor − 1E+4 6E−6 2E−8 − −
D, sulfides and sulfates
 except those given for W 1E+4 2E+4 7E−6 2E−8 − −

LLI wall
(8E+3) − − − 1E−4 1E−3

W, elemental sulfur, 6E+3
  sulfides of Sr, Ba, Ge,

   Sn, Pb, As, Sb, Bi, Cu,
  Ag, Au, Zn, Cd, Hg, W, and
  Mo.  Sulfates of Ca, Sr,
  Ba, Ra, As, Sb, and Bi − 2E+3 9E−7 3E−9 − −

17 Chlorine−36 D, chlorides of H, Li,
 Na, K, Rb, Cs, and Fr 2E+3 2E+3 1E−6 3E−9 2E−5 2E−4
W, chlorides of lantha−
  nides, Be, Mg, Ca, Sr,
  Ba, Ra, Al, Ga, In, Tl,
  Ge, Sn, Pb, As, Sb, Bi,
  Fe, Ru, Os, Co, Rh, Ir,
  Ni, Pd, Pt, Cu, Ag, Au,
  Zn, Cd, Hg, Sc, Y, Ti,
  Zr, Hf, V, Nb, Ta, Cr,
  Mo, W, Mn, Tc, and Re − 2E+2 1E−7 3E−10 − −

17 Chlorine−38b/ D, see 36Cl 2E+4 4E+4 2E−5 6E−8 − −
St wall
(3E+4) − − − 3E−4 3E−3

W, see 36Cl − 5E+4 2E−5 6E−8 − −
17 Chlorine−39b/ D, see 36Cl 2E+4 5E+4 2E−5 7E−8 − −

St wall
(4E+4) − − − 5E−4 5E−3

W, see 36Cl − 6E+4 2E−5 8E−8 − −
18 Argon−37 Submersiona/ − − 1E+0 6E−3 − −
18 Argon−39 Submersiona/ − − 2E−4 8E−7 − −
18 Argon−41 Submersiona/ − − 3E−6 1E−8 − −
19 Potassium−40 D, all compounds 3E+2 4E+2 2E−7 6E−10 4E−6 4E−5
19 Potassium−42 D, all compounds 5E+3 5E+3 2E−6 7E−9 6E−5 6E−4
19 Potassium−43 D, all compounds 6E+3 9E+3 4E−6 1E−8 9E−5 9E−4
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19 Potassium−44b/ D, all compounds 2E+4 7E+4 3E−5 9E−8 − −
St wall
(4E+4) − − − 5E−4 5E−3

19 Potassium−45b/ D, all compounds 3E+4 1E+5 5E−5 2E−7 − −
St wall
(5E+4) − − − 7E−4 7E−3

20 Calcium−41 W, all compounds 3E+3 4E+3 2E−6 − − −
Bone surf Bone surf
(4E+3) (4E+3) − 5E−9 6E−5 6E−4

20 Calcium−45 W, all compounds 2E+3 8E+2 4E−7 1E−9 2E−5 2E−4
20 Calcium−47 W, all compounds 8E+2 9E+2 4E−7 1E−9 1E−5 1E−4
21 Scandium−43 Y, all compounds 7E+3 2E+4 9E−6 3E−8 1E−4 1E−3
21 Scandium−44m Y, all compounds 5E+2 7E+2 3E−7 1E−9 7E−6 7E−5
21 Scandium−44 Y, all compounds 4E+3 1E+4 5E−6 2E−8 5E−5 5E−4
21 Scandium−46 Y, all compounds 9E+2 2E+2 1E−7 3E−10 1E−5 1E−4
21 Scandium−47 Y, all compounds 2E+3 3E+3 1E−6 4E−9 − −

LLI wall
(3E+3) − − − 4E−5 4E−4

21 Scandium−48 Y, all compounds 8E+2 1E+3 6E−7 2E−9 1E−5 1E−4
21 Scandium−49b/ Y, all compounds 2E+4 5E+4 2E−5 8E−8 3E−4 3E−3
22 Titanium−44 D, all compounds except

  those given for W and Y 3E+2 1E+1 5E−9 2E−11 4E−6 4E−5
W, oxides, hydroxides,
  carbides, halides, and nitrates− 3E+1 1E−8 4E−11 − −
Y, SrTi0 − 6E+0 2E−9 8E−12 − −

22 Titanium−45 D, see 44Ti 9E+3 3E+4 1E−5 3E−8 1E−4 1E−3
W, see 44Ti − 4E+4 1E−5 5E−8 − −
Y, see 44Ti − 3E+4 1E−5 4E−8 − −

23 Vanadium−47b/ D, all compounds except
  those given for W 3E+4 8E+4 3E−5 1E−7 − −

St wall
(3E+4) − − − 4E−4 4E−3

W, oxides, hydroxides,
  carbides, and halides − 1E+5 4E−5 1E−7 − −

23 Vanadium−48 D, see 47V 6E+2 1E+3 5E−7 2E−9 9E−6 9E−5
W, see 47V − 6E+2 3E−7 9E−10 − −

23 Vanadium−49 D, see 47V 7E+4 3E+4 1E−5 − − −
LLI wall Bone surf
(9E+4) (3E+4) − 5E−8 1E−3 1E−2

W, see 47V − 2E+4 8E−6 2E−8 − −
24 Chromium−48 D, all compounds except

  those given for W and Y 6E+3 1E+4 5E−6 2E−8 8E−5 8E−4
W, halides and nitrates − 7E+3 3E−6 1E−8 − −
Y, oxides and hydroxides − 7E+3 3E−6 1E−8 − −

24 Chromium−49b/ D, see 48Cr 3E+4 8E+4 4E−5 1E−7 4E−4 4E−3
W, see 48Cr − 1E+5 4E−5 1E−7 − −
Y, see 48Cr − 9E+4 4E−5 1E−7 − −

24 Chromium−51 D, see 48Cr 4E+4 5E+4 2E−5 6E−8 5E−4 5E−3
W, see 48Cr − 2E+4 1E−5 3E−8 − −
Y, see 48Cr − 2E+4 8E−6 3E−8 − −
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25 Manganese−51b/ D, all compounds except
  those given for W 2E+4 5E+4 2E−5 7E−8 3E−4 3E−3
W, oxides, hydroxides,
  halides, and nitrates − 6E+4 3E−5 8E−8 − −

25 Manganese−52mb/ D, see 51Mn 3E+4 9E+4 4E−5 1E−7 − −
St wall
(4E+4) − − − 5E−4 5E−3

W, see 51Mn − 1E+5 4E−5 1E−7 − −
25 Manganese−52 D, see 51Mn 7E+2 1E+3 5E−7 2E−9 1E−5 1E−4

W, see 51Mn − 9E+2 4E−7 1E−9 − −
25 Manganese−53 D, see 51Mn 5E+4 1E+4 5E−6 − 7E−4 7E−3

Bone surf
− (2E+4) − 3E−8 − −

W, see 51Mn − 1E+4 5E−6 2E−8 − −
25 Manganese−54 D, see 51Mn 2E+3 9E+2 4E−7 1E−9 3E−5 3E−4

W, see 51Mn − 8E+2 3E−7 1E−9 − −
25 Manganese−56 D, see 51Mn 5E+3 2E+4 6E−6 2E−8 7E−5 7E−4

W, see 51Mn − 2E+4 9E−6 3E−8 − −
26 Iron−52 D, all compounds except

  those given for W 9E+2 3E+3 1E−6 4E−9 1E−5 1E−4
W, oxides, hydroxides,
  and halides − 2E+3 1E−6 3E−9 − −

26 Iron−55 D, see 52Fe 9E+3 2E+3 8E−7 3E−9 1E−4 1E−3
W, see 52Fe − 4E+3 2E−6 6E−9 −

26 Iron−59 D, see 52Fe 8E+2 3E+2 1E−7 5E−10 1E−5 1E−4
W, see 52Fe − 5E+2 2E−7 7E−10 − −

26 Iron−60 D, see 52Fe 3E+1 6E+0 3E−9 9E−12 4E−7 4E−6
W, see 52Fe − 2E+1 8E−9 3E−11 − −

27 Cobalt−55 W, all compounds except
  those given for Y 1E+3 3E+3 1E−6 4E−9 2E−5 2E−4
Y, oxides, hydroxides,
  halides, and nitrates − 3E+3 1E−6 4E−9 −

27 Cobalt−56 W, see 55Co 5E+2 3E+2 1E−7 4E−10 6E−6 6E−5
Y, see 55Co 4E+2 2E+2 8E−8 3E−10 − −

27 Cobalt−57 W, see 55Co 8E+3 3E+3 1E−6 4E−9 6E−5 6E−4
Y, see 55Co 4E+3 7E+2 3E−7 9E−10 − −

27 Cobalt−58m W, see 55Co 6E+4 9E+4 4E−5 1E−7 8E−4 8E−3
Y, see 55Co − 6E+4 3E−5 9E−8 − −

27 Cobalt−58 W, see 55Co 2E+3 1E+3 5E−7 2E−9 2E−5 2E−4
Y, see 55Co 1E+3 7E+2 3E−7 1E−9 − −

27 Cobalt−60mb/ W, see 55Co 1E+6 4E+6 2E−3 6E−6 − −
St wall
(1E+6) − − − 2E−2 2E−1

Y, see 55Co − 3E+6 1E−3 4E−6 − −
27 Cobalt−60 W, see 55Co 5E+2 2E+2 7E−8 2E−10 3E−6 3E−5

Y, see 55Co 2E+2 3E+1 1E−8 5E−11 − −
27 Cobalt−61b/ W, see 55Co 2E+4 6E+4 3E−5 9E−8 3E−4 3E−3

Y, see 55Co 2E+4 6E+4 2E−5 8E−8 − −
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27 Cobalt−62mb/ W, see 55Co 4E+4 2E+5 7E−5 2E−7 − −
St wall
(5E+4) − − − 7E−4 7E−3

Y, see 55Co − 2E+5 6E−5 2E−7 − −
28 Nickel−56 D, all compounds except

  those given for W 1E+3 2E+3 8E−7 3E−9 2E−5 2E−4
W, oxides, hydroxides,
  and carbides − 1E+3 5E−7 2E−9 − −
Vapor − 1E+3 5E−7 2E−9 − −

28 Nickel−57 D, see 56Ni 2E+3 5E+3 2E−6 7E−9 2E−5 2E−4
W, see 56Ni − 3E+3 1E−6 4E−9 − −
Vapor − 6E+3 3E−6 9E−9 − −

28 Nickel−59 D, see 56Ni 2E+4 4E+3 2E−6 5E−9 3E−4 3E−3
W, see 56Ni − 7E+3 3E−6 1E−8 − −
Vapor − E+3 8E−7 3E−9 − −

28 Nickel−63 D, see 56Ni 9E+3 2E+3 7E−7 2E−9 1E−4 1E−3
W, see 56Ni − 3E+3 1E−6 4E−9 − −
Vapor − 8E+2 3E−7 1E−9 − −

28 Nickel−65 D, see 56Ni 8E+3 2E+4 1E−5 3E−8 1E−4 1E−3
W, see 56Ni − 3E+4 1E−5 4E−8 − −
Vapor − 2E+4 7E−6 2E−8 − −

28 Nickel−66 D, see 56Ni 4E+2 2E+3 7E−7 2E−9 − −
LLI wall
(5E+2) − − − 6E−6 6E−5

W, see 56Ni − 6E+2 3E−7 9E−10 − −
Vapor − 3E+3 1E−6 4E−9 − −

29 Copper−60b/ D, all compounds except
  those given for W and Y 3E+4 9E+4 4E−5 1E−7 − −

St wall
(3E+4) − − − 4E−4 4E−3

W, sulfides, halides,
  and nitrates − 1E+5 5E−5 2E−7 − −
Y, oxides and hydroxides − 1E+5 4E−5 1E−7 − −

29 Copper−61 D, see 60Cu 1E+4 3E+4 1E−5 4E−8 2E−4 2E−3
W, see 60Cu − 4E+4 2E−5 6E−8 − −
Y, see 60Cu − 4E+4 1E−5 5E−8 − −

29 Copper−64 D, see 60Cu 1E+4 3E+4 1E−5 4E−8 2E−4 2E−3
W, see 60Cu − 2E+4 1E−5 3E−8 − −
Y, see 60Cu − 2E+4 9E−6 3E−8 − −

29 Copper−67 D, see 60Cu 5E+3 8E+3 3E−6 1E−8 6E−5 6E−4
W, see 60Cu − 5E+3 2E−6 7E−9 − −
Y, see 60Cu − 5E+3 2E−6 6E−9 − −

30 Zinc−62 Y, all compounds 1E+3 3E+3 1E−6 4E−9 2E−5 2E−4
30 Zinc−63b/ Y, all compounds 2E+4 7E+4 3E−5 9E−8 − −

St wall
(3E+4) − − − 3E−4 3E−3

30 Zinc−65 Y, all compounds 4E+2 3E+2 1E−7 4E−10 5E−6 5E−5
30 Zinc−69m Y, all compounds 4E+3 7E+3 3E−6 1E−8 6E−5 6E−4
30 Zinc−69b/ Y, all compounds 6E+4 1E+5 6E−5 2E−7 8E−4 8E−3
30 Zinc−71m Y, all compounds 6E+3 2E+4 7E−6 2E−8 8E−5 8E−4
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30 Zinc−72 Y, all compounds 1E+3 1E+3 5E−7 2E−9 1E−5 1E−4
31 Gallium−65b/ D, all compounds except

  those given for W 5E+4 2E+5 7E−5 2E−7 − −
St wall
(6E+4) − − − 9E−4 9E−3

W, oxides, hydroxides,
  carbides, halides, and
  nitrates − 2E+5 8E−5 3E−7 − −

31 Gallium−66 D, see 65Ga 1E+3 4E+3 1E−6 5E−9 1E−5 1E−4
W, see 65Ga − 3E+3 1E−6 4E−9 − −

31 Gallium−67 D, see 65Ga 7E+3 1E+4 6E−6 2E−8 1E−4 1E−3
W, see 65Ga − 1E+4 4E−6 1E−8 − −

31 Gallium−68b/ D, see 65Ga 2E+4 4E+4 2E−5 6E−8 2E−4 2E−3
W, see 65Ga − 5E+4 2E−5 7E−8 − −

31 Gallium−70b/ D, see 65Ga 5E+4 2E+5 7E−5 2E−7 − −
St wall
(7E+4) − − − 1E−3 1E−2

W, see 65Ga − 2E+5 8E−5 3E−7 − −
31 Gallium−72 D, see 65Ga 1E+3 4E+3 1E−6 5E−9 2E−5 2E−4

W, see 65Ga − 3E+3 1E−6 4E−9 − −
31 Gallium−73 D, see 65Ga 5E+3 2E+4 6E−6 2E−8 7E−5 7E−4

W, see 65Ga − 2E+4 6E−6 2E−8 − −
32 Germanium−66 D, all compounds except

  those given for W 2E+4 3E+4 1E−5 4E−8 3E−4 3E−3
W, oxides, sulfides,
  and halides − 2E+4 8E−6 3E−8 − −

32 Germanium−67b/ D, see 66Ge 3E+4 9E+4 4E−5 1E−7 − −
St wall
(4E+4) − − − 6E−4 6E−3

W, see 66Ge − 1E+5 4E−5 1E−7 − −
32 Germanium−68 D, see 66Ge 5E+3 4E+3 2E−6 5E−9 6E−5 6E−4

W, see 66Ge − 1E+2 4E−8 1E−10 − −
32 Germanium−69 D, see 66Ge 1E+4 2E+4 6E−6 2E−8 2E−4 2E−3

W, see 66Ge − 8E+3 3E−6 1E−8 − −
32 Germanium−71 D, see 66Ge 5E+5 4E+5 2E−4 6E−7 7E−3 7E−2

W, see 66Ge − 4E+4 2E−5 6E−8 − −
32 Germanium−75b/ D, see 66Ge 4E+4 8E+4 3E−5 1E−7 − −

St wall
(7E+4) − − − 9E−4 9E−3

W, see 66Ge − 8E+4 4E−5 1E−7 − −
32 Germanium−77 D, see 66Ge 9E+3 1E+4 4E−6 1E−8 1E−4 1E−3

W, see 66Ge − 6E+3 2E−6 8E−9 − −
32 Germanium−78b/ D, see 66Ge 2E+4 2E+4 9E−6 3E−8 − −

St wall
(2E+4) − − − 3E−4 3E−3

W, see 66Ge − 2E+4 9E−6 3E−8 − −
33 Arsenic−69b/ W, all compounds 3E+4 1E+5 5E−5 2E−7 − −

St wall
(4E+4) − − − 6E−4 6E−3

33 Arsenic−70b/ W, all compounds 1E+4 5E+4 2E−5 7E−8 2E−4 2E−3
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33 Arsenic−71 W, all compounds 4E+3 5E+3 2E−6 6E−9 5E−5 5E−4
33 Arsenic−72 W, all compounds 9E+2 1E+3 6E−7 2E−9 1E−5 1E−4
33 Arsenic−73 W, all compounds 8E+3 2E+3 7E−7 2E−9 1E−4 1E−3
33 Arsenic−74 W, all compounds 1E+3 8E+2 3E−7 1E−9 2E−5 2E−4
33 Arsenic−76 W, all compounds 1E+3 1E+3 6E−7 2E−9 1E−5 1E−4
33 Arsenic−77 W, all compounds 4E+3 5E+3 2E−6 7E−9 − −

LLI wall
(5E+3) − − − 6E−5 6E−4

33 Arsenic−78b/ W, all compounds 8E+3 2E+4 9E−6 3E−8 1E−4 1E−3
34 Selenium−70b/ D, all compounds except

  those given for W 2E+4 4E+4 2E−5 5E−8 1E−4 1E−3
W, oxides, hydroxides,
  carbides, and elemental Se1E+4 4E+4 2E−5 6E−8 − −

34 Selenium−73mb/ D, see 70Se 6E+4 2E+5 6E−5 2E−7 4E−4 4E−3
W, see 70Se 3E+4 1E+5 6E−5 2E−7 − −

34 Selenium−73 D, see 70Se 3E+3 1E+4 5E−6 2E−8 4E−5 4E−4
W, see 70Se − 2E+4 7E−6 2E−8 − −

34 Selenium−75 D, see 70Se 5E+2 7E+2 3E−7 1E−9 7E−6 7E−5
W, see 70Se − 6E+2 3E−7 8E−10 − −

34 Selenium−79 D, see 70Se 6E+2 8E+2 3E−7 1E−9 8E−6 8E−5
W, see 70Se − 6E+2 2E−7 8E−10 − −

34 Selenium−81mb/ D, see 70Se 4E+4 7E+4 3E−5 9E−8 3E−4 3E−3
W, see 70Se 2E+4 7E+4 3E−5 1E−7 − −

34 Selenium−81b/ D, see 70Se 6E+4 2E+5 9E−5 3E−7 − −
St wall
(8E+4) − − − 1E−3 1E−2

W, see 70Se − 2E+5 1E−4 3E−7 − −

34 Selenium−83b/ D, see 70Se 4E+4 1E+5 5E−5 2E−7 4E−4 4E−3
W, see 70Se 3E+4 1E+5 5E−5 2E−7 − −

35 Bromine−74mb/ D, bromides of H, Li,
  Na, K, Rb, Cs, and Fr 1E+4 4E+4 2E−5 5E−8 − −

St wall
(2E+4) − − − 3E−4 3E−3

W, bromides of lantha−
  nides, Be, Mg, Ca, Sr,
  Ba, Ra, Al, Ga, In, Tl,
  Ge, Sn, Pb, As, Sb, Bi,
  Fe, Ru, Os, Co, Rh, Ir,
  Ni, Pd, Pt, Cu, Ag, Au,
  Zn, Cd, Hg, Sc, Y, Ti,
  Zr, Hf, V, Nb, Ta, Mn,
  Tc, and Re − 4E+4 2E−5 6E−8 − −

35 Bromine−74b/ D, see 74mBr 2E+4 7E+4 3E−5 1E−7 − −
St wall
(4E+4) − − − 5E−4 5E−3

W, see 74mBr − 8E+4 4E−5 1E−7 − −
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Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

35 Bromine−75b/ D, see 74mBr 3E+4 5E+4 2E−5 7E−8 − −
St wall
(4E+4) − − − 5E−4 5E−3

W, see 74mBr − 5E+4 2E−5 7E−8 − −
35 Bromine−76 D, see 74mBr 4E+3 5E+3 2E−6 7E−9 5E−5 5E−4

W, see 74mBr − 4E+3 2E−6 6E−9 − −
35 Bromine−77 D, see 74mBr 2E+4 2E+4 1E−5 3E−8 2E−4 2E−3

W, see 74mBr − 2E+4 8E−6 3E−8 − −
35 Bromine−80m D, see 74mBr 2E+4 2E+4 7E−6 2E−8 3E−4 3E−3

W, see 74mBr − 1E+4 6E−6 2E−8 − −
35 Bromine−80b/ D, see 74mBr 5E+4 2E+5 8E−5 3E−7 − −

St wall
(9E+4) − − − 1E−3 1E−2

W, see 74mBr − 2E+5 9E−5 3E−7 − −
35 Bromine−82 D, see 74mBr 3E+3 4E+3 2E−6 6E−9 4E−5 4E−4

W, see 74mBr − 4E+3 2E−6 5E−9 − −
35 Bromine−83 D, see 74mBr 5E+4 6E+4 3E−5 9E−8 − −

St wall
(7E+4) − − − 9E−4 9E−3

W, see 74mBr − 6E+4 3E−5 9E−8 − −
35 Bromine−84b/ D, see 74mBr 2E+4 6E+4 2E−5 8E−8 − −

St wall
(3E+4) − − − 4E−4 4E−3

W, see 74mBr − 6E+4 3E−5 9E−8 − −
36 Krypton−74b/ Submersiona/ − − 3E−6 1E−8 − −
36 Krypton−76 Submersiona/ − − 9E−6 4E−8 − −
36 Krypton−77b/ Submersiona/ − − 4E−6 2E−8 − −
36 Krypton−79 Submersiona/ − − 2E−5 7E−8 − −
36 Krypton−81 Submersiona/ − − 7E−4 3E−6 − −
36 Krypton−83mb/ Submersiona/ − − 1E−2 5E−5 − −
36 Krypton−85m Submersiona/ − − 2E−5 1E−7 − −
36 Krypton−85 Submersiona/ − − 1E−4 7E−7 − −
36 Krypton−87b/ Submersiona/ − − 5E−6 2E−8 − −
36 Krypton−88 Submersiona/ − − 2E−6 9E−9 − −
37 Rubidium−79b/ D, all compounds 4E+4 1E+5 5E−5 2E−7 − −

St wall
(6E+4) − − − 8E−4 8E−3

37 Rubidium−81mb/ D, all compounds 2E+5 3E+5 1E−4 5E−7 − −
St wall
(3E+5) − − − 4E−3 4E−2

37 Rubidium−81 D, all compounds 4E+4 5E+4 2E−5 7E−8 5E−4 5E−3
37 Rubidium−82m D, all compounds 1E+4 2E+4 7E−6 2E−8 2E−4 2E−3
37 Rubidium−83 D, all compounds 6E+2 1E+3 4E−7 1E−9 9E−6 9E−5
37 Rubidium−84 D, all compounds 5E+2 8E+2 3E−7 1E−9 7E−6 7E−5
37 Rubidium−86 D, all compounds 5E+2 8E+2 3E−7 1E−9 7E−6 7E−5
37 Rubidium−87 D, all compounds 1E+3 2E+3 6E−7 2E−9 1E−5 1E−4
37 Rubidium−88b/ D, all compounds 2E+4 6E+4 3E−5 9E−8 − −

St wall
(3E+4) − − − 4E−4 4E−3
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

37 Rubidium−89b/ D, all compounds 4E+4 1E+5 6E−5 2E−7 − −
St wall
(6E+4) − − − 9E−4 9E−3

38 Strontium−80b/ D, all soluble compounds
  except SrTiO3 4E+3 1E+4 5E−6 2E−8 6E−5 6E−4
Y, all insoluble com−
  pounds and SrTi03 − 1E+4 5E−6 2E−8 − −

38 Strontium−81b/ D, see 80Sr 3E+4 8E+4 3E−5 1E−7 3E−4 3E−3
Y, see 80Sr 2E+4 8E+4 3E−5 1E−7 − −

38 Strontium−82 D, see 80Sr 3E+2 4E+2 2E−7 6E−10 − −
LLI wall
(2E+2) − − − 3E−6 3E−5

Y, see 80Sr 2E+2 9E+1 4E−8 1E−10 − −
38 Strontium−83 D, see 80Sr 3E+3 7E+3 3E−6 1E−8 3E−5 3E−4

Y, see 80Sr 2E+3 4E+3 1E−6 5E−9 − −
38 Strontium−85mb/ D, see 80Sr 2E+5 6E+5 3E−4 9E−7 3E−3 3E−2

Y, see 80Sr − 8E+5 4E−4 1E−6 − −
38 Strontium−85 D, see 80Sr 3E+3 3E+3 1E−6 4E−9 4E−5 4E−4

Y, see 80Sr − 2E+3 6E−7 2E−9 − −
38 Strontium−87m D, see 80Sr 5E+4 1E+5 5E−5 2E−7 6E−4 6E−3

Y, see 80Sr 4E+4 2E+5 6E−5 2E−7 − −
38 Strontium−89 D, see 80Sr 6E+2 8E+2 4E−7 1E−9 − −

LLI wall
(6E+2) − − − 8E−6 8E−5

Y, see 80Sr 5E+2 1E+2 6E−8 2E−10 − −
38 Strontium−90 D, see 80Sr 3E+1 2E+1 8E−9 − − −

Bone surf Bone surf
(4E+1) (2E+1) − 3E−11 5E−7 5E−6

Y, see 80Sr − 4E+0 2E−9 6E−12 − −
38 Strontium−91 D, see 80Sr 2E+3

6E+3 2E−6 8E−9 2E−5 2E−4
Y, see 80Sr − 4E+3 1E−6 5E−9 − −

38 Strontium−92 D, see 80Sr 3E+3 9E+3 4E−6 1E−8 4E−5 4E−4
Y, see 80Sr − 7E+3 3E−6 9E−9 − −

39 Yttrium−86mb/ W, all compounds except
  those given for Y 2E+4 6E+4 2E−5 8E−8 3E−4 3E−3
Y, oxides and hydroxides − 5E+4 2E−5 8E−8 − −

39 Yttrium−86 W, see 86mY 1E+3 3E+3 1E−6 5E−9 2E−5 2E−4
Y, see 86mY − 3E+3 1E−6 5E−9 − −

39 Yttrium−87 W, see 86mY 2E+3 3E+3 1E−6 5E−9 3E−5 3E−4
Y, see 86mY − 3E+3 1E−6 5E−9 − −

39 Yttrium−88 W, see 86mY 1E+3 3E+2 1E−7 3E−10 1E−5 1E−4
Y, see 86mY − 2E+2 1E−7 3E−10 − −

39 Yttrium−90m W, see 86mY 8E+3 1E+4 5E−6 2E−8 1E−4 1E−3
Y, see 86mY − 1E+4 5E−6 2E−8 − −

39 Yttrium−90 W, see 86mY 4E+2 7E+2 3E−7 9E−10 − −
LLI wall
(5E+2) − − − 7E−6 7E−5

Y, see 86mY − 6E+2 3E−7 9E−10 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

39 Yttrium−91mb/ W, see 86mY 1E+5 2E+5 1E−4 3E−7 2E−3 2E−2
Y, see 86mY − 2E+5 7E−5 2E−7 − −

39 Yttrium−91 W, see 86mY 5E+2 2E+2 7E−8 2E−10 − −
LLI wall
(6E+2) − − − 8E−6 8E−5

Y, see 86mY − 1E+2 5E−8 2E−10 − −
39 Yttrium−92 W, see 86mY 3E+3 9E+3 4E−6 1E−8 4E−5 4E−4

Y, see 86mY − 8E+3 3E−6 1E−8 − −
39 Yttrium−93 W, see 86mY 1E+3 3E+3 1E−6 4E−9 2E−5 2E−4

Y, see 86mY − 2E+3 1E−6 3E−9 − −
39 Yttrium−94b/ W, see 86mY 2E+4 8E+4 3E−5 1E−7 − −

St wall
(3E+4) − − − 4E−4 4E−3

Y, see 86mY − 8E+4 3E−5 1E−7 − −
39 Yttrium−95b/ W, see 86mY 4E+4 2E+5 6E−5 2E−7 − −

St wall
(5E+4) − − − 7E−4 7E−3

Y, see 86mY − 1E+5 6E−5 2E−7 − −
40 Zirconium−86 D, all compounds except

  those given for W and Y 1E+3 4E+3 2E−6 6E−9 2E−5 2E−4
W, oxides, hydroxides,
  halides, and nitrates − 3E+3 1E−6 4E−9 − −
Y, carbide − 2E+3 1E−6 3E−9 − −

40 Zirconium−88 D, see 86Zr 4E+3 2E+2 9E−8 3E−10 5E−5 5E−4
W, see 86Zr − 5E+2 2E−7 7E−10 − −
Y, see 86Zr − 3E+2 1E−7 4E−10 − −

40 Zirconium−89 D, see 86Zr 2E+3 4E+3 1E−6 5E−9 2E−5 2E−4
W, see 86Zr − 2E+3 1E−6 3E−9 − −
Y, see 86Zr − 2E+3 1E−6 3E−9 − −

40 Zirconium−93 D, see 86Zr 1E+3 6E+0 3E−9 − − −
Bone surf Bone surf
(3E+3) (2E+1) − 2E−11 4E−5 4E−4

W, see 86Zr − 2E+1 1E−8
Bone surf

− (6E+1) − 9E−11 − −
Y, see 86Zr − 6E+1 2E−8 − − −

Bone surf
− (7E+1) − 9E−11 − −

40 Zirconium−95 D, see 86Zr 1E+3 1E+2 5E−8 − 2E−5 2E−4
Bone surf

− (3E+2) − 4E−10 − −
W, see 86Zr − 4E+2 2E−7 5E−10 − −
Y, see 86Zr − 3E+2 1E−7 4E−10 − −

40 Zirconium−97 D, see 86Zr 6E+2 2E+3 8E−7 3E−9 9E−6 9E−5
W, see 86Zr − 1E+3 6E−7 2E−9 − −
Y, see 86Zr − 1E+3 5E−7 2E−9 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

41 Niobium−88b/ W, all compounds except
  those given for Y 5E+4 2E+5 9E−5 3E−7 − −

St wall
(7E+4) − − − 1E−3 1E−2

Y, oxides and hydroxides − 2E+5 9E−5 3E−7 − −
41 Niobium−89b/ W, see 88Nb 1E+4 4E+4 2E−5 6E−8 1E−4 1E−3

  (66 min)
Y, see 88Nb − 4E+4 2E−5 5E−8 − −

41 Niobium−89 W, see 88Nb 5E+3 2E+4 8E−6 3E−8 7E−5 7E−4
  (122 min)

Y, see 88Nb − 2E+4 6E−6 2E−8 − −
41 Niobium−90 W, see 88Nb 1E+3 3E+3 1E−6 4E−9 1E−5 1E−4

Y, see 88Nb − 2E+3 1E−6 3E−9 − −
41 Niobium−93m W, see 88Nb 9E+3 2E+3 8E−7 3E−9 − −

LLI wall
(1E+4) − − − 2E−4 2E−3

Y, see 88Nb − 2E+2 7E−8 2E−10 − −
41 Niobium−94 W, see 88Nb 9E+2 2E+2 8E−8 3E−10 1E−5 1E−4

Y, see 88Nb − 2E+1 6E−9 2E−11 − −
41 Niobium−95m W, see 88Nb 2E+3 3E+3 1E−6 4E−9 − −

LLI wall
(2E+3) − − − 3E−5 3E−4

Y, see 88Nb − 2E+3 9E−7 3E−9 − −
41 Niobium−95 W, see 88Nb 2E+3 1E+3 5E−7 2E−9 3E−5 3E−4

Y, see 88Nb − 1E+3 5E−7 2E−9 − −
41 Niobium−96 W, see 88Nb 1E+3 3E+3 1E−6 4E−9 2E−5 2E−4

Y, see 88Nb − 2E+3 1E−6 3E−9 − −
41 Niobium−97b/ W, see 88Nb 2E+4 8E+4 3E−5 1E−7 3E−4 3E−3

Y, see 88Nb − 7E+4 3E−5 1E−7 − −
41 Niobium−98b/ W, see 88Nb 1E+4 5E+4 2E−5 8E−8 2E−4 2E−3

Y, see 88Nb − 5E+4 2E−5 7E−8 − −
42 Molybdenum−90 D, all compounds except

  those given for Y 4E+3 7E+3 3E−6 1E−8 3E−5 3E−4
Y, oxides, hydroxides,
  and MoS2 2E+3 5E+3 2E−6 6E−9 − −

42 Molybdenum−93m D, see 90Mo 9E+3 2E+4 7E−6 2E−8 6E−5 6E−4
Y, see 90Mo 4E+3 1E+4 6E−6 2E−8 − −

42 Molybdenum−93 D, see 90Mo 4E+3 5E+3 2E−6 8E−9 5E−5 5E−4
Y, see 90Mo 2E+4 2E+2 8E−8 2E−10 − −

42 Molybdenum−99 D, see 90Mo 2E+3 3E+3 1E−6 4E−9 − −
LLI wall
(1E+3) − − − 2E−5 2E−4

Y, see 90Mo 1E+3 1E+3 6E−7 2E−9 − −
42 Molybdenum−101b/ D, see 90Mo 4E+4 1E+5 6E−5 2E−7 − −

St wall
(5E+4) − − − 7E−4 7E−3

Y, see 90Mo − 1E+5 6E−5 2E−7 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

43 Technetium−93mb/ D, all compounds except
  those given for W 7E+4 2E+5 6E−5 2E−7 1E−3 1E−2
W, oxides, hydroxides,
  halides, and nitrates − 3E+5 1E−4 4E−7 − −

43 Technetium−93 D, see 93mTc 3E+4 7E+4 3E−5 1E−7 4E−4 4E−3
W, see 93mTc − 1E+5 4E−5 1E−7 − −

43 Technetium−94mb/ D, see 93mTc 2E+4 4E+4 2E−5 6E−8 3E−4 3E−3
W, see 93mTc − 6E+4 2E−5 8E−8 − −

43 Technetium−94 D, see 93mTc 9E+3 2E+4 8E−6 3E−8 1E−4 1E−3
W, see 93mTc − 2E+4 1E−5 3E−8 − −

43 Technetium−95m D, see 93mTc 4E+3 5E+3 2E−6 8E−9 5E−5 5E−4
W, see 93mTc − 2E+3 8E−7 3E−9 − −

43 Technetium−95 D, see 93mTc 1E+4 2E+4 9E−6 3E−8 1E−4 1E−3
W, see 93mTc − 2E+4 8E−6 3E−8 − −

43 Technetium−96mb/ D, see 93mTc 2E+5 3E+5 1E−4 4E−7 2E−3 2E−2
W, see 93mTc − 2E+5 1E−4 3E−7 − −

43 Technetium−96 D, see 93mTc 2E+3 3E+3 1E−6 5E−9 3E−5 3E−4
W, see 93mTc − 2E+3 9E−7 3E−9 − −

43 Technetium−97m D, see 93mTc 5E+3 7E+3 3E−6 − 6E−5 6E−4
St wall

− (7E+3) − 1E−8 − −
W, see 93mTc − 1E+3 5E−7 2E−9 − −

43 Technetium−97 D, see 93mTc 4E+4 5E+4 2E−5 7E−8 5E−4 5E−3
W, see 93mTc − 6E+3 2E−6 8E−9 − −

43 Technetium−98 D, see 93mTc 1E+3 2E+3 7E−7 2E−9 1E−5 1E−4
W, see 93mTc − 3E+2 1E−7 4E−10 − −

43 Technetium−99m D, see 93mTc 8E+4 2E+5 6E−5 2E−7 1E−3 1E−2
W, see 93mTc − 2E+5 1E−4 3E−7 − −

43 Technetium−99 D, see 93mTc 4E+3 5E+3 2E−6 − 6E−5 6E−4
St wall

− (6E+3) − 8E−9 − −
W, see 93mTc − 7E+2 3E−7 9E−10 − −

43 Technetium−101b/ D, see 93mTc 9E+4 3E+5 1E−4 5E−7 − −
St wall
(1E+5) − − − 2E−3 2E−2

W, see 93mTc − 4E+5 2E−4 5E−7 − −
43 Technetium−104b/ D, see 93mTc 2E+4 7E+4 3E−5 1E−7 − −

St wall
(3E+4) − − − 4E−4 4E−3

W, see 93mTc − 9E+4 4E−5 1E−7 − −
44 Ruthenium−94b/ D, all compounds except

  those given for W and Y 2E+4 4E+4 2E−5 6E−8 2E−4 2E−3
W, halides − 6E+4 3E−5 9E−8 − −
Y, oxides and hydroxides − 6E+4 2E−5 8E−8 − −

44 Ruthenium−97 D, see 94Ru 8E+3 2E+4 8E−6 3E−8 1E−4 1E−3
W, see 94Ru − 1E+4 5E−6 2E−8 − −
Y, see 94Ru − 1E+4 5E−6 2E−8 − −

44 Ruthenium−103 D, see 94Ru 2E+3 2E+3 7E−7 2E−9 3E−5 3E−4
W, see 94Ru − 1E+3 4E−7 1E−9 − −
Y, see 94Ru − 6E+2 3E−7 9E−10 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

44 Ruthenium−105 D, see 94Ru 5E+3 1E+4 6E−6 2E−8 7E−5 7E−4
W, see 94Ru − 1E+4 6E−6 2E−8 − −
Y, see 94Ru − 1E+4 5E−6 2E−8 − −

44 Ruthenium−106 D, see 94Ru 2E+2 9E+1 4E−8 1E−10 − −
LLI wall
(2E+2) − − − 3E−6 3E−5

W, see 94Ru − 5E+1 2E−8 8E−11 − −
Y, see 94Ru − 1E+1 5E−9 2E−11 − −

45 Rhodium−99m D, all compounds except
  those given for W and Y 2E+4 6E+4 2E−5 8E−8 2E−4 2E−3
W, halides − 8E+4 3E−5 1E−7 − −
Y, oxides and hydroxides − 7E+4 3E−5 9E−8 − −

45 Rhodium−101m D, see 99mRh 6E+3 1E+4 5E−6 2E−8 8E−5 8E−4
W, see 99mRh − 8E+3 4E−6 1E−8 − −
Y, see 99mRh − 8E+3 3E−6 1E−8 − −

45 Rhodium−101 D, see 99mRh 2E+3 5E+2 2E−7 7E−10 3E−5 3E−4
W, see 99mRh − 8E+2 3E−7 1E−9 − −
Y, see 99mRh − 2E+2 6E−8 2E−10 − −

45 Rhodium−99 D, see 99mRh 2E+3 3E+3 1E−6 4E−9 3E−5 3E−4
W, see 99mRh − 2E+3 9E−7 3E−9 − −
Y, see 99mRh − 2E+3 8E−7 3E−9 − −
W, see 99mRh − 4E+3 2E−6 6E−9 − −
Y, see 99mRh − 4E+3 2E−6 5E−9 − −

45 Rhodium−102m D, see 99mRh 1E+3 5E+2 2E−7 7E−10 − −
LLI wall
(1E+3) − − − 2E−5 2E−4

W, see 99mRh − 4E+2 2E−7 5E−10 − −
Y, see 99mRh − 1E+2 5E−8 2E−10 − −

45 Rhodium−102 D, see 99mRh 6E+2 9E+1 4E−8 1E−10 8E−6 8E−5
W, see 99mRh − 2E+2 7E−8 2E−10 − −
Y, see 99mRh − 6E+1 2E−8 8E−11 − −

45 Rhodium−103mb/ D, see 99mRh 4E+5 1E+6 5E−4 2E−6 6E−3 6E−2
W, see 99mRh − 1E+6 5E−4 2E−6 − −
Y, see 99mRh − 1E+6 5E−4 2E−6 − −

45 Rhodium−105 D, see 99mRh 4E+3 1E+4 5E−6 2E−8 − −
LLI wall
(4E+3) − − − 5E−5 5E−4

W, see 99mRh − 6E+3 3E−6 9E−9 − −
Y, see 99mRh − 6E+3 2E−6 8E−9 − −

45 Rhodium−106m D, see 99mRh 8E+3 3E+4 1E−5 4E−8 1E−4 1E−3
W, see 99mRh − 4E+4 2E−5 5E−8 − −
Y, see 99mRh − 4E+4 1E−5 5E−8 − −

45 Rhodium−107b/ D, see 99mRh 7E+4 2E+5 1E−4 3E−7 − −
St wall
(9E+4) − − − 1E−3 1E−2

W, see 99mRh − 3E+5 1E−4 4E−7 − −
Y, see 99mRh − 3E+5 1E−4 3E−7 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

46 Palladium−100 D, all compound44s except
  those given for W and4 Y 1E+3 1E+3 6E−7 2E−9 2E−5 2E−4
W, nitrates − 1E+3 5E−7 2E−9 − −
Y, oxides and hydroxides − 1E+3 6E−7 2E−9 − −

46 Palladium−101 D, see 100Pd 1E+4 3E+4 1E−5 5E−8 2E−4 2E−3
W, see 100Pd − 3E+4 1E−5 5E−8 − −
Y, see 100Pd − 3E+4 1E−5 4E−8 − −

46 Palladium−103 D, see 100Pd 6E+3 6E+3 3E−6 9E−9 − −
LLI wall
(7E+3) − − − 1E−4 1E−3

W, see 100Pd − 4E+3 2E−6 6E−9 − −
Y, see 100Pd − 4E+3 1E−6 5E−9 − −

46 Palladium−107 D, see 100Pd 3E+4 2E+4 9E−6 − − −
LLI wall Kidneys
(4E+4) (2E+4) − 3E−8 5E−4 5E−3

W, see 100Pd − 7E+3 3E−6 1E−8 − −
Y, see 100Pd − 4E+2 2E−7 6E−10 − −

46 Palladium−109 D, see 100Pd 2E+3 6E+3 3E−6 9E−9 3E−5 3E−4
W, see 100Pd − 5E+3 2E−6 8E−9 − −
Y, see 100Pd − 5E+3 2E−6 6E−9 − −

47 Silver−102b/ D, all compounds except
  those given for W and Y 5E+4 2E+5 8E−5 2E−7 − −

St wall
(6E+4) − − − 9E−4 9E−3

W, nitrates and sulfides − 2E+5 9E−5 3E−7 − −
Y, oxides and hydroxides − 2E+5 8E−5 3E−7 − −

47 Silver−103b/ D, see 102Ag 4E+4 1E+5 4E−5 1E−7 5E−4 5E−3
W, see 102Ag − 1E+5 5E−5 2E−7 − −
Y, see 102Ag − 1E+5 5E−5 2E−7 − −

47 Silver−104mb/ D, see 102Ag 3E+4 9E+4 4E−5 1E−7 4E−4 4E−3
W, see 102Ag − 1E+5 5E−5 2E−7 − −
Y, see 102Ag − 1E+5 5E−5 2E−7 − −

47 Silver−104b/ D, see 102Ag 2E+4 7E+4 3E−5 1E−7 3E−4 3E−3
W, see 102Ag − 1E+5 6E−5 2E−7 − −
Y, see 102Ag − 1E+5 6E−5 2E−7 − −

47 Silver−105 D, see 102Ag 3E+3 1E+3 4E−7 1E−9 4E−5 4E−4
W, see 102Ag − 2E+3 7E−7 2E−9 − −
Y, see 102Ag − 2E+3 7E−7 2E−9 − −

47 Silver−106m D, see 102Ag 8E+2 7E+2 3E−7 1E−9 1E−5 1E−4
W, see 102Ag − 9E+2 4E−7 1E−9 − −
Y, see 102Ag − 9E+2 4E−7 1E−9 − −

47 Silver−106b/ D, see 102Ag 6E+4 2E+5 8E−5 3E−7 − −
St wall
(6E+4) − − − 9E−4 9E−3

W, see 102Ag − 2E+5 9E−5 3E−7 − −
Y, see 102Ag − 2E+5 8E−5 3E−7 − −

47 Silver−108m D, see 102Ag 6E+2 2E+2 8E−8 3E−10 9E−6 9E−5
W, see 102Ag − 3E+2 1E−7 4E−10 − −
Y, see 102Ag − 2E+1 1E−8 3E−11 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

47 Silver−110m D, see 102Ag 5E+2 1E+2 5E−8 2E−10 6E−6 6E−5
W, see 102Ag − 2E+2 8E−8 3E−10 − −
Y, see 102Ag − 9E+1 4E−8 1E−10 − −

47 Silver−111 D, see 102Ag 9E+2 2E+3 6E−7 − − −
LLI wall Liver
(1E+3) (2E+3) − 2E−9 2E−5 2E−4

W, see 102Ag − 9E+2 4E−7 1E−9 − −
Y, see 102Ag − 9E+2 4E−7 1E−9 − −

47 Silver−112 D, see 102Ag 3E+3 8E+3 3E−6 1E−8 4E−5 4E−4
W, see 102Ag − 1E+4 4E−6 1E−8 − −
Y, see 102Ag − 9E+3 4E−6 1E−8 − −

47 Silver−115b/ D, see 102Ag 3E+4 9E+4 4E−5 1E−7 − −
St wall
(3E+4) − − − 4E−4 4E−3

W, see 102Ag − 9E+4 4E−5 1E−7 − −
Y, see 102Ag − 8E+4 3E−5 1E−7 − −

48 Cadmium−104b/ D, all compounds except
  those given for W and Y 2E+4 7E+4 3E−5 9E−8 3E−4 3E−3
W, sulfides, halides,
  and nitrates − 1E+5 5E−5 2E−7 − −
Y, oxides and hydroxides − 1E+5 5E−5 2E−7 − −

48 Cadmium−107 D, see 104Cd 2E+4 5E+4 2E−5 8E−8 3E−4 3E−3
W, see 104Cd − 6E+4 2E−5 8E−8 − −
Y, see 104Cd − 5E+4 2E−5 7E−8 − −

48 Cadmium−109 D, see 104Cd 3E+2 4E+1 1E−8 − − −
Kidneys Kidneys
(4E+2) (5E+1) − 7E−11 6E−6 6E−5

W, see 104Cd − 1E+2 5E−8 − − −
Kidneys

− (1E+2) − 2E−10 − −
Y, see 104Cd − 1E+2 5E−8 2E−10 − −\

48 Cadmium−113m D, see 104Cd 2E+1 2E+0 1E−9 − − −
Kidneys Kidneys
(4E+1) (4E+0) − 5E−12 5E−7 5E−6

W, see 104Cd − 8E+0 4E−9 − − −
Kidneys

− (1E+1) − 2E−11 − −
Y, see 104Cd − 1E+1 5E−9 2E−11 − −

48 Cadmium−113 D, see 104Cd 2E+1 2E+0 9E−10 − − −
Kidneys Kidneys
(3E+1) (3E+0) − 5E−12 4E−7 4E−6

W, see 104Cd − 8E+0 3E−9 − − −
Kidneys

− (1E+1) − 2E−11 − −
Y, see 104Cd − 1E+1 6E−9 2E−11 − −

48 Cadmium−115m D, see 104Cd 3E+2 5E+1 2E−8 − 4E−6 4E−5
Kidneys

− (8E+1) − 1E−10 − −
W, see 104Cd − 1E+2 5E−8 2E−10 − −
Y, see 104Cd − 1E+2 6E−8 2E−10 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

48 Cadmium−115 D, see 104Cd 9E+2 1E+3 6E−7 2E−9 − −
LLI wall
(1E+3) − − − 1E−5 1E−4

W, see 104Cd − 1E+3 5E−7 2E−9 − −
Y, see 104Cd − 1E+3 6E−7 2E−9 − −

48 Cadmium−117m D, see 104Cd 5E+3 1E+4 5E−6 2E−8 6E−5 6E−4
W, see 104Cd − 2E+4 7E−6 2E−8 − −
Y, see 104Cd − 1E+4 6E−6 2E−8 − −

48 Cadmium−117 D, see 104Cd 5E+3 1E+4 5E−6 2E−8 6E−5 6E−4
W, see 104Cd − 2E+4 7E−6 2E−8 − −
Y, see 104Cd − 1E+4 6E−6 2E−8 − −

49 Indium−109 D, all compounds except
  those given for W 2E+4 4E+4 2E−5 6E−8 3E−4 3E−3
W, oxides, hydroxides,
  halides, and nitrates − 6E+4 3E−5 9E−8 − −

49 Indium−110b/ D, see 109In 2E+4 4E+4 2E−5 6E−8 2E−4 2E−3
  (69.1 min) W, see 109In − 6E+4 2E−5 8E−8 − −

49 Indium−110 D, see 109In 5E+3 2E+4 7E−6 2E−8 7E−5 7E−4
  (4.9 h) W, see 109In − 2E+4 8E−6 3E−8 − −

49 Indium−111 D, see 109In 4E+3 6E+3 3E−6 9E−9 6E−5 6E−4
W, see 109In − 6E+3 3E−6 9E−9 − −

49 Indium−112b/ D, see 109In 2E+5 6E+5 3E−4 9E−7 2E−3 2E−2
 W, see 109In − 7E+5 3E−4 1E−6 − −

49 Indium−113mb/ D, see 109In 5E+4 1E+5 6E−5 2E−7 7E−4 7E−3
 W, see 109In − 2E+5 8E−5 3E−7 − −

49 Indium−114m D, see 109In 3E+2 6E+1 3E−8 9E−11 − −
LLI wall
(4E+2) − − − 5E−6 5E−5

W, see 109In − 1E+2 4E−8 1E−10 − −
49 Indium−115m D, see 109In 1E+4 4E+4 2E−5 6E−8 2E−4 2E−3

W, see 109In − 5E+4 2E−5 7E−8 − −
49 Indium−115 D, see 109In 4E+1 1E+0 6E−10 2E−12 5E−7 5E−6

 W, see 109In − 5E+0 2E−9 8E−12 − −
49 Indium−116mb/ D, see 109In 2E+4 8E+4 3E−5 1E−7 3E−4 3E−3

W, see 109In − 1E+5 5E−5 2E−7 − −
49 Indium−117mb/ D, see 109In 1E+4 3E+4 1E−5 5E−8 2E−4 2E−3

 W, see 109In − 4E+4 2E−5 6E−8 − −
49 Indium−117b/ D, see 109In 6E+4 2E+5 7E−5 2E−7 8E−4 8E−3

W, see 109In − 2E+5 9E−5 3E−7 − −
49 Indium−119mb/ D, see 109In 4E+4 1E+5 5E−5 2E−7 − −

St wall
(5E+4) − − − 7E−4 7E−3

W, see 109In − 1E+5 6E−5 2E−7 − −
50 Tin−110 D, all compounds except

  those given for W 4E+3 1E+4 5E−6 2E−8 5E−5 5E−4
W, sulfides, oxides,
  hydroxides, halides,
  nitrates, and stannic
  phosphate − 1E+4 5E−6 2E−8 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

50 Tin−111b/ D, see 110Sn 7E+4 2E+5 9E−5 3E−7 1E−3 1E−2
W, see 110Sn − 3E+5 1E−4 4E−7 − −

50 Tin−113 D, see 110Sn 2E+3 1E+3 5E−7 2E−9 − −
LLI wall
(2E+3) − − − 3E−5 3E−4

W, see 110Sn − 5E+2 2E−7 8E−10 − −
50 Tin−117m D, see 110Sn 2E+3 1E+3 5E−7 − − −

LLI wall Bone surf
(2E+3) (2E+3) − 3E−9 3E−5 3E−4

W, see 110Sn − 1E+3 6E−7 2E−9 − −
50 Tin−119m D, see 110Sn 3E+3 2E+3 1E−6 3E−9 − −

LLI wall
(4E+3) − − − 6E−5 6E−4

W, see 110Sn − 1E+3 4E−7 1E−9 − −
50 Tin−121m D, see 110Sn 3E+3 9E+2 4E−7 1E−9 − −

LLI wall
(4E+3) − − − 5E−5 5E−4

W, see 110Sn − 5E+2 2E−7 8E−10 − −
50 Tin−121 D, see 110Sn 6E+3 2E+4 6E−6 2E−8 − −

LLI wall
(6E+3) − − − 8E−5 8E−4

W, see 110Sn − 1E+4 5E−6 2E−8 − −
50 Tin−123mb/ D, see 110Sn 5E+4 1E+5 5E−5 2E−7 7E−4 7E−3

W, see 110Sn − 1E+5 6E−5 2E−7 − −
50 Tin−123 D, see 110Sn 5E+2 6E+2 3E−7 9E−10 − −

LLI wall
(6E+2) − − − 9E−6 9E−5

W, see 110Sn − 2E+2 7E−8 2E−10 − −
50 Tin−125 D, see 110Sn 4E+2 9E+2 4E−7 1E−9 − −

LLI wall
(5E+2) − − − 6E−6 6E−5

W, see 110Sn − 4E+2 1E−7 5E−10 − −
50 Tin−126 D, see 110Sn 3E+2 6E+1 2E−8 8E−11 4E−6 4E−5

W, see 110Sn − 7E+1 3E−8 9E−11 − −
50 Tin−127 D, see 110Sn 7E+3 2E+4 8E−6 3E−8 9E−5 9E−4

W, see 110Sn − 2E+4 8E−6 3E−8 − −
50 Tin−128b/ D, see 110Sn 9E+3 3E+4 1E−5 4E−8 1E−4 1E−3

W, see 110Sn − 4E+4 1E−5 5E−8 − −
51 Antimony−115b/ D, all compounds except

  those given for W 8E+4 2E+5 1E−4 3E−7 1E−3 1E−2
W, oxides, hydroxides,
  halides, sulfides,
  sulfates, and nitrates − 3E+5 1E−4 4E−7 − −

51 Antimony−116mb/ D, see 115Sb 2E+4 7E+4 3E−5 1E−7 3E−4 3E−3
W, see 115Sb − 1E+5 6E−5 2E−7 − −

51 Antimony−116b/ D, see 115Sb 7E+4 3E+5 1E−4 4E−7 − −
St wall
(9E+4) − − − 1E−3 1E−2

W, see 115Sb − 3E+5 1E−4 5E−7 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

51 Antimony−117 D, see 115Sb 7E+4 2E+5 9E−5 3E−7 9E−4 9E−3
W, see 115Sb − 3E+5 1E−4 4E−7 − −

51 Antimony−118m D, see 115Sb 6E+3 2E+4 8E−6 3E−8 7E−5 7E−4
W, see 115Sb 5E+3 2E+4 9E−6 3E−8 − −

51 Antimony−119 D, see 115Sb 2E+4 5E+4 2E−5 6E−8 2E−4 2E−3
W, see 115Sb 2E+4 3E+4 1E−5 4E−8 − −

51 Antimony−120b/ D, see 115Sb 1E+5 4E+5 2E−4 6E−7 − −
  (16 min) St wall

(2E+5) − − − 2E−3 2E−2
W, see 115Sb − 5E+5 2E−4 7E−7 − −

51 Antimony−120 D, see 115Sb 1E+3 2E+3 9E−7 3E−9 1E−5 1E−4
  (5.76 d) W, see 115Sb 9E+2 1E+3 5E−7 2E−9 − −

51 Antimony−122 D, see 115Sb 8E+2 2E+3 1E−6 3E−9 − −
LLI wall
(8E+2) − − − 1E−5 1E−4

W, see 115Sb 7E+2 1E+3 4E−7 2E−9 − −
51 Antimony−124mb/ D, see 115Sb 3E+5 8E+5 4E−4 1E−6 3E−3 3E−2

W, see 115Sb 2E+5 6E+5 2E−4 8E−7 − −
51 Antimony−124 D, see 115Sb 6E+2 9E+2 4E−7 1E−9 7E−6 7E−5

W, see 115Sb 5E+2 2E+2 1E−7 3E−10 − −
51 Antimony−125 D, see 115Sb 2E+3 2E+3 1E−6 3E−9 3E−5 3E−4

W, see 115Sb − 5E+2 2E−7 7E−10 − −
51 Antimony−126mb/ D, see 115Sb 5E+4 2E+5 8E−5 3E−7 − −

St wall
(7E+4) − − − 9E−4 9E−3

W, see 115Sb − 2E+5 8E−5 3E−7 − −
51 Antimony−126 D, see 115Sb 6E+2 1E+3 5E−7 2E−9 7E−6 7E−5

W, see 115Sb 5E+2 5E+2 2E−7 7E−10 − −
51 Antimony−127 D, see 115Sb 8E+2 2E+3 9E−7 3E−9 − −

LLI wall
(8E+2) − − − 1E−5 1E−4

W, see 115Sb 7E+2 9E+2 4E−7 1E−9 − −
51 Antimony−128b/ D, see 115Sb 8E+4 4E+5 2E−4 5E−7 − −

  (10.4 min) St wall
(1E+5) − − − 1E−3 1E−2

W, see 115Sb − 4E+5 2E−4 6E−7 − −
51 Antimony−128 D, see 115Sb 1E+3 4E+3 2E−6 6E−9 2E−5 2E−4

  (9.01 h) W, see 115Sb − 3E+3 1E−6 5E−9 − −
51 Antimony−129 D, see 115Sb 3E+3 9E+3 4E−6 1E−8 4E−5 4E−4

W, see 115Sb − 9E+3 4E−6 1E−8 − −
51 Antimony−130b/ D, see 115Sb 2E+4 6E+4 3E−5 9E−8 3E−4 3E−3

W, see 115Sb − 8E+4 3E−5 1E−7 − −
51 Antimony−131b/ D, see 115Sb 1E+4 2E+4 1E−5 − − −

Thyroid Thyroid
(2E+4) (4E+4) − 6E−8 2E−4 2E−3

W, see 115Sb − 2E+4 1E−5 − −
Thyroid

− (4E+4) − 6E−8 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
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Values

Table II
Effluent

Concentrations

Table III
Releases to
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No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

52 Tellurium−116 D, all compounds except
  those given for W 8E+3 2E+4 9E−6 3E−8 1E−4 1E−3
W, oxides, hydroxides,
  and nitrates − 3E+4 1E−5 4E−8 − −

52 Tellurium−121m D, see 116Te 5E+2 2E+2 8E−8 − − −
Bone surf Bone surf
(7E+2) (4E+2) − 5E−10 1E−5 1E−4

W, see 116Te − 4E+2 2E−7 6E−10 − −
52 Tellurium−121 D, see 116Te 3E+3 4E+3 2E−6 6E−9 4E−5 4E−4

W, see 116Te − 3E+3 1E−6 4E−9 − −
52 Tellurium−123m D, see 116Te 6E+2 2E+2 9E−8 − − −

Bone surf Bone surf
(1E+3) (5E+2) − 8E−10 1E−5 1E−4

W, see 116Te − 5E+2 2E−7 8E−10 − −
52 Tellurium−123 D, see 116Te 5E+2 2E+2 8E−8 − − −

Bone surf Bone surf
(1E+3) (5E+2) − 7E−10 2E−5 2E−4

W, see 116Te − 4E+2 2E−7 − − −
Bone surf
− (1E+3) − 2E−9 − −

52 Tellurium−125m D, see 116Te 1E+3 4E+2 2E−7 − − −
Bone surf Bone surf
(1E+3) (1E+3) − 1E−9 2E−5 2E−4

W, see 116Te − 7E+2 3E−7 1E−9 − −
52 Tellurium−127m D, see 116Te 6E+2 3E+2 1E−7 − 9E−6 9E−5

Bone surf
− (4E+2) − 6E−10 − −

W, see 116Te − 3E+2 1E−7 4E−10 − −
52 Tellurium−127 D, see 116Te 7E+3 2E+4 9E−6 3E−8 1E−4 1E−3

W, see 116Te − 2E+4 7E−6 2E−8 − −
52 Tellurium−129m D, see 116Te 5E+2 6E+2 3E−7 9E−10 7E−6 7E−5

W, see 116Te − 2E+2 1E−7 3E−10 − −
52 Tellurium−129b/ D, see 116Te 3E+4 6E+4 3E−5 9E−8 4E−4 4E−3

W, see 116Te − 7E+4 3E−5 1E−7 − −
52 Tellurium−131m D, see 116Te 3E+2 4E+2 2E−7 − − −

Thyroid Thyroid
(6E+2) (1E+3) − 2E−9 8E−6 8E−5

W, see 116Te − 4E+2 2E−7 − − −
Thyroid

− (9E+2) − 1E−9 − −
52 Tellurium−131b/ D, see 116Te 3E+3 5E+3 2E−6 − − −

Thyroid Thyroid
(6E+3) (1E+4) − 2E−8 8E−5 8E−4

W, see 116Te − 5E+3 2E−6 − − −
Thyroid

− (1E+4) − 2E−8 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

52 Tellurium−132 D, see 116Te 2E+2 2E+2 9E−8 − − −
Thyroid Thyroid
(7E+2) (8E+2) − 1E−9 9E−6 9E−5

W, see 116Te − 2E+2 9E−8 − − −
Thyroid

− (6E+2) − 9E−10 − −
52 Tellurium−133mb/ D, see 116Te 3E+3 5E+3 2E−6 − − −

Thyroid Thyroid
(6E+3) (1E+4) − 2E−8 9E−5 9E−4

W, see 116Te − 5E+3 2E−6 − − −
Thyroid

− (1E+4) − 2E−8 − −
52 Tellurium−133b/ D, see 116Te 1E+4 2E+4 9E−6 − − −

Thyroid Thyroid
(3E+4) (6E+4) − 8E−8 4E−4 4E−3

W, see 116Te − 2E+4 9E−6 − − −
Thyroid

− (6E+4) − 8E−8 − −
52 Tellurium−134b/ D, see 116Te 2E+4 2E+4 1E−5 − − −

Thyroid Thyroid
(2E+4) (5E+4) − 7E−8 3E−4 3E−3

W, see 116Te − 2E+4 1E−5 − − −
Thyroid

− (5E+4) − 7E−8 − −
53 Iodine−120mb/ D, all compounds 1E+4 2E+4 9E−6 3E−8 − −

Thyroid
(1E+4) − − − 2E−4 2E−3

53 Iodine−120b/ D, all compounds 4E+3 9E+3 4E−6 − − −
Thyroid Thyroid
(8E+3) (1E+4) − 2E−8 1E−4 1E−3

53 Iodine−121 D, all compounds 1E+4 2E+4 8E−6 − − −
Thyroid Thyroid
(3E+4) (5E+4) − 7E−8 4E−4 4E−3

53 Iodine−123 D, all compounds 3E+3 6E+3 3E−6 − − −
Thyroid Thyroid
(1E+4) (2E+4) − 2E−8 1E−4 1E−3

53 Iodine−124 D, all compounds 5E+1 8E+1 3E−8 − − −
Thyroid Thyroid
(2E+2) (3E+2) − 4E−10 2E−6 2E−5

53 Iodine−125 D, all compounds 4E+1 6E+1 3E−8 − − −
Thyroid Thyroid
(1E+2) (2E+2) − 3E−10 2E−6 2E−5

53 Iodine−126 D, all compounds 2E+1 4E+1 1E−8 − − −
Thyroid Thyroid
(7E+1) (1E+2) − 2E−10 1E−6 1E−5

53 Iodine−128b/ D, all compounds 4E+4 1E+5 5E−5 2E−7 − −
St wall
(6E+4) − − − 8E−4 8E−3
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

53 Iodine−129 D, all compounds 5E+0 9E+0 4E−9 − − −
Thyroid Thyroid
(2E+1) (3E+1) − 4E−11 2E−7 2E−6

53 Iodine−130 D, all compounds 4E+2 7E+2 3E−7 − − −
Thyroid Thyroid
(1E+3) (2E+3) − 3E−9 2E−5 2E−4

53 Iodine−131 D, all compounds 3E+1 5E+1 2E−8 − − −
Thyroid Thyroid
(9E+1) (2E+2) − 2E−10 1E−6 1E−5

53 Iodine−132mb/ D, all compounds 4E+3 8E+3 4E−6 − − −
Thyroid Thyroid
(1E+4) (2E+4) − 3E−8 1E−4 1E−3

53 Iodine−132 D, all compounds 4E+3 8E+3 3E−6 − − −
Thyroid Thyroid
(9E+3) (1E+4) − 2E−8 1E−4 1E−3

53 Iodine−133 D, all compounds 1E+2 3E+2 1E−7 − − −
Thyroid Thyroid
(5E+2) (9E+2) − 1E−9 7E−6 7E−5

53 Iodine−134b/ D, all compounds 2E+4 5E+4 2E−5 6E−8 − −
Thyroid
(3E+4) − − − 4E−4 4E−3

53 Iodine−135 D, all compounds 8E+2 2E+3 7E−7 − − −
Thyroid Thyroid
(3E+3) (4E+3) − 6E−9 3E−5 3E−4

54 Xenon−120b/ Submersiona/ − − 1E−5 4E−8 − −
54 Xenon−121b/ Submersiona/ − − 2E−6 1E−8 − −
54 Xenon−122 Submersiona/ − − 7E−5 3E−7 − −
54 Xenon−123 Submersiona/ − − 6E−6 3E−8 − −
54 Xenon−125 Submersiona/ − − 2E−5 7E−8 − −
54 Xenon−127 Submersiona/ − − 1E−5 6E−8 − −
54 Xenon−129m Submersiona/ − − 2E−4 9E−7 − −
54 Xenon−131m Submersiona/ − − 4E−4 2E−6 − −
54 Xenon−133m Submersiona/ − − 1E−4 6E−7 − −
54 Xenon−133 Submersiona/ − − 1E−4 5E−7 − −
54 Xenon−135mb/ Submersiona/ − − 9E−6 4E−8 − −
54 Xenon−135 Submersiona/ − − 1E−5 7E−8 − −
54 Xenon−138b/ Submersiona/ − − 4E−6 2E−8 − −
55 Cesium−125b/ D, all compounds 5E+4 1E+5 6E−5 2E−7 − −

St wall
(9E+4) − − − 1E−3 1E−2

55 Cesium−127 D, all compounds 6E+4 9E+4 4E−5 1E−7 9E−4 9E−3
55 Cesium−129 D, all compounds 2E+4 3E+4 1E−5 5E−8 3E−4 3E−3
55 Cesium−130b/ D, all compounds 6E+4 2E+5 8E−5 3E−7 − −

St wall
(1E+5) − − − 1E−3 1E−2

55 Cesium−131 D, all compounds 2E+4 3E+4 1E−5 4E−8 3E−4 3E−3
55 Cesium−132 D, all compounds 3E+3 4E+3 2E−6 6E−9 4E−5 4E−4
55 Cesium−134m D, all compounds 1E+5 1E+5 6E−5 2E−7 − −

St wall
(1E+5) − − − 2E−3 2E−2
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

55 Cesium−134 D, all compounds 7E+1 1E+2 4E−8 2E−10 9E−7 9E−6
55 Cesium−135mb/ D, all compounds 1E+5 2E+5 8E−5 3E−7 1E−3 1E−2
55 Cesium−135 D, all compounds 7E+2 1E+3 5E−7 2E−9 1E−5 1E−4
55 Cesium−136 D, all compounds 4E+2 7E+2 3E−7 9E−10 6E−6 6E−5
55 Cesium−137 D, all compounds 1E+2 2E+2 6E−8 2E−10 1E−6 1E−5
55 Cesium−138b/ D, all compounds 2E+4 6E+4 2E−5 8E−8 − −

St wall
(3E+4) − − − 4E−4 4E−3

56 Barium−126b/ D, all compounds 6E+3 2E+4 6E−6 2E−8 8E−5 8E−4
56 Barium−128 D, all compounds 5E+2 2E+3 7E−7 2E−9 7E−6 7E−5
56 Barium−131mb/ D, all compounds 4E+5 1E+6 6E−4 2E−6 − −

St wall
(5E+5) − − − 7E−3 7E−2

56 Barium−131 D, all compounds 3E+3 8E+3 3E−6 1E−8 4E−5 4E−4
56 Barium−133m D, all compounds 2E+3 9E+3 4E−6 1E−8 − −

LLI wall
(3E+3) − − − 4E−5 4E−4

56 Barium−135m D, all compounds 3E+3 1E+4 5E−6 2E−8 4E−5 4E−4
56 Barium−139b/ D, all compounds 1E+4 3E+4 1E−5 4E−8 2E−4 2E−3
56 Barium−140 D, all compounds 5E+2 1E+3 6E−7 2E−9 − −

LLI wall
(6E+2) − − − 8E−6 8E−5

56 Barium−141b/ D, all compounds 2E+4 7E+4 3E−5 1E−7 3E−4 3E−3
56 Barium−142b/ D, all compounds 5E+4 1E+5 6E−5 2E−7 7E−4 7E−3
57 Lanthanum−131b/ D, all compounds except

  those given for W 5E+4 1E+5 5E−5 2E−7 6E−4 6E−3
W, oxides and hydroxides − 2E+5 7E−5 2E−7 − −

57 Lanthanum−132 D, see 131La 3E+3 1E+4 4E−6 1E−8 4E−5 4E−4
W, see 131La − 1E+4 5E−6 2E−8 − −

57 Lanthanum−135 D, see 131La 4E+4 1E+5 4E−5 1E−7 5E−4 5E−3
W, see 131La − 9E+4 4E−5 1E−7 − −

57 Lanthanum−137 D, see 131La 1E+4 6E+1 3E−8 − 2E−4 2E−3
Liver

− (7E+1) − 1E−10 − −
W, see 131La − 3E+2 1E−7 − − −

Liver
− (3E+2) − 4E−10 − −

57 Lanthanum−138 D, see 131La 9E+2 4E+0 1E−9 5E−12 1E−5 1E−4
W, see 131La − 1E+1 6E−9 2E−11 − −

57 Lanthanum−140 D, see 131La 6E+2 1E+3 6E−7 2E−9 9E−6 9E−5
W, see 131La − 1E+3 5E−7 2E−9 − −

57 Lanthanum−141 D, see 131La 4E+3 9E+3 4E−6 1E−8 5E−5 5E−4
W, see 131La − 1E+4 5E−6 2E−8 − −

57 Lanthanum−142b/ D, see 131La 8E+3 2E+4 9E−6 3E−8 1E−4 1E−3
W, see 131La − 3E+4 1E−5 5E−8 − −

57 Lanthanum−143b/ D, see 131La 4E+4 1E+5 4E−5 1E−7 − −
St wall
(4E+4) − − − 5E−4 5E−3

W, see 131La − 9E+4 4E−5 1E−7 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

58 Cerium−134 W, all compounds except
  those given for Y 5E+2 7E+2 3E−7 1E−9 − −

LLI wall
(6E+2) − − − 8E−6 8E−5

Y, oxides, hydroxides,
  and fluorides − 7E+2 3E−7 9E−10 − −

58 Cerium−135 W, see 134Ce 2E+3 4E+3 2E−6 5E−9 2E−5 2E−4
Y, see 134Ce − 4E+3 1E−6 5E−9 − −

58 Cerium−137m W, see 134Ce 2E+3 4E+3 2E−6 6E−9 − −
LLI wall
(2E+3) − − − 3E−5 3E−4

Y, see 134Ce − 4E+3 2E−6 5E−9 − −
58 Cerium−137 W, see 134Ce 5E+4 1E+5 6E−5 2E−7 7E−4 7E−3

Y, see 134Ce − 1E+5 5E−5 2E−7 − −
58 Cerium−139 W, see 134Ce 5E+3 8E+2 3E−7 1E−9 7E−5 7E−4

Y, see 134Ce − 7E+2 3E−7 9E−10 − −
58 Cerium−141 W, see 134Ce 2E+3 7E+2 3E−7 1E−9 − −

LLI wall
(2E+3) − − − 3E−5 3E−4

Y, see 134Ce − 6E+2 2E−7 8E−10 − −
58 Cerium−143 W, see 134Ce 1E+3 2E+3 8E−7 3E−9 − −

LLI wall
(1E+3) − − − 2E−5 2E−4

Y, see 134Ce − 2E+3 7E−7 2E−9 − −
58 Cerium−144 W, see 134Ce 2E+2 3E+1 1E−8 4E−11 − −

LLI wall
(3E+2) − − − 3E−6 3E−5

Y, see 134Ce − 1E+1 6E−9 2E−11 − −
59 Praseodymium−136b/ W, all compounds except

     those given for Y 5E+4 2E+5 1E−4 3E−7 − −
St wall
(7E+4) − − − 1E−3 1E−2

Y, oxides, hydroxides,
  carbides, and fluorides − 2E+5 9E−5 3E−7 − −

59 Praseodymium−137b/ W, see 136Pr 4E+4 2E+5 6E−5 2E−7
5E−4 5E−3

Y, see 136Pr − 1E+5 6E−5 2E−7 − −
59 Praseodymium−138m W, see 136Pr 1E+4 5E+4 2E−5 8E−8 1E−4 1E−3

Y, see 136Pr − 4E+4 2E−5 6E−8 − −
59 Praseodymium−139 W, see 136Pr 4E+4 1E+5 5E−5 2E−7 6E−4 6E−3

Y, see 136Pr − 1E+5 5E−5 2E−7 − −
59 Praseodymium−142mb/W, see 136Pr 8E+4 2E+5 7E−5 2E−7 1E−3 1E−2

Y, see 136Pr − 1E+5 6E−5 2E−7 − −
59 Praseodymium−142 W, see 136Pr 1E+3 2E+3 9E−7 3E−9 1E−5 1E−4

Y, see 136Pr − 2E+3 8E−7 3E−9 − −
59 Praseodymium−143 W, see 136Pr 9E+2 8E+2 3E−7 1E−9 − −

LLI wall
(1E+3) − − − 2E−5 2E−4

Y, see 136Pr − 7E+2 3E−7 9E−10 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

59 Praseodymium− W, see 136Pr 3E+4 1E+5 5E−5 2E−7 − −
144b/ St wall

(4E+4) − − − 6E−4 6E−3
Y, see 136Pr − 1E+5 5E−5 2E−7 − −

59 Praseodymium−145 W, see 136Pr 3E+3 9E+3 4E−6 1E−8 4E−5 4E−4
Y, see 136Pr − 8E+3 3E−6 1E−8 − −

60 Neodymium−136b/ W, all compounds except
  those given for Y 1E+4 6E+4 2E−5 8E−8 2E−4 2E−3
Y, oxides, hydroxides,
  carbides, and fluorides − 5E+4 2E−5 8E−8 − −

60 Neodymium−138 W, see 136Nd 2E+3 6E+3 3E−6 9E−9 3E−5 3E−4
Y, see 136Nd − 5E+3 2E−6 7E−9 − −

59 Praseodymium− W, see 136Pr 5E+4 2E+5 8E−5 3E−7 − −
147b/ St wall

(8E+4) − − − 1E−3 1E−2
Y, see 136Pr − 2E+5 8E−5 3E−7 − −

60 Neodymium−139m W, see 136Nd 5E+3 2E+4 7E−6 2E−8 7E−5 7E−4
Y, see 136Nd − 1E+4 6E−6 2E−8 − −

60 Neodymium−139b/ W, see 136Nd 9E+4 3E+5 1E−4 5E−7 1E−3 1E−2
Y, see 136Nd − 3E+5 1E−4 4E−7 − −

60 Neodymium−141 W, see 136Nd 2E+5 7E+5 3E−4 1E−6 2E−3 2E−2
Y, see 136Nd − 6E+5 3E−4 9E−7 − −

60 Neodymium−147 W, see 136Nd 1E+3 9E+2 4E−7 1E−9 − −
LLI wall
(1E+3) − − − 2E−5 2E−4

Y, see 136Nd − 8E+2 4E−7 1E−9 − −
60 Neodymium−149b/ W, see 136Nd 1E+4 3E+4 1E−5 4E−8 1E−4 1E−3

Y, see 136Nd − 2E+4 1E−5 3E−8 − −
60 Neodymium−151b/ W, see 136Nd 7E+4 2E+5 8E−5 3E−7 9E−4 9E−3

Y, see 136Nd − 2E+5 8E−5 3E−7 − −
61 Promethium−141b/ W, all compounds except

  those given for Y 5E+4 2E+5 8E−5 3E−7 − −
St wall
(6E+4) − − − 8E−4 8E−3

Y, oxides, hydroxides,
  carbides, and fluorides − 2E+5 7E−5 2E−7 − −

61 Promethium−143 W, see 141Pm 5E+3 6E+2 2E−7 8E−10 7E−5 7E−4
Y, see 141Pm − 7E+2 3E−7 1E−9 − −

61 Promethium−144 W, see 141Pm 1E+3 1E+2 5E−8 2E−10 2E−5 2E−4
Y, see 141Pm − 1E+2 5E−8 2E−10 − −

61 Promethium−145 W, see 141Pm 1E+4 2E+2 7E−8 − 1E−4 1E−3
Bone surf

− (2E+2) − 3E−10 − −
Y, see 141Pm − 2E+2 8E−8 3E−10 − −

61 Promethium−146 W, see 141Pm 2E+3 5E+1 2E−8 7E−11 2E−5 2E−4
Y, see 141Pm − 4E+1 2E−8 6E−11 − −

61 Promethium−147 W, see 141Pm 4E+3 1E+2 5E−8 − − −
LLI wall Bone surf
(5E+3) (2E+2) − 3E−10 7E−5 7E−4

Y, see 141Pm − 1E+2 6E−8 2E−10 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

61 Promethium−148m W, see 141Pm 7E+2 3E+2 1E−7 4E−10 1E−5 1E−4
Y, see 141Pm − 3E+2 1E−7 5E−10 − −

61 Promethium−148 W, see 141Pm 4E+2 5E+2 2E−7 8E−10 − −
LLI wall
(5E+2) − − − 7E−6 7E−5

Y, see 141Pm − 5E+2 2E−7 7E−10 − −
61 Promethium−149 W, see 141Pm 1E+3 2E+3 8E−7 3E−9 − −

LLI wall
(1E+3) − − − 2E−5 2E−4

Y, see 141Pm − 2E+3 8E−7 2E−9 − −
61 Promethium−150 W, see 141Pm 5E+3 2E+4 8E−6 3E−8 7E−5 7E−4

Y, see 141Pm − 2E+4 7E−6 2E−8 − −
61 Promethium−151 W, see 141Pm 2E+3 4E+3 1E−6 5E−9 2E−5 2E−4

Y, see 141Pm − 3E+3 1E−6 4E−9 − −
62 Samarium−141mb/ W, all compounds 3E+4 1E+5 4E−5 1E−7 4E−4 4E−3
62 Samarium−141b/ W, all compounds 5E+4 2E+5 8E−5 2E−7 − −

St wall
(6E+4) − − − 8E−4 8E−3

62 Samarium−142b/ W, all compounds 8E+3 3E+4 1E−5 4E−8 1E−4 1E−3
62 Samarium−145 W, all compounds 6E+3 5E+2 2E−7 7E−10 8E−5 8E−4
62 Samarium−146 W, all compounds 1E+1 4E−2 1E−11 − − −

Bone surf Bone surf
(3E+1) (6E−2) − 9E−14 3E−7 3E−6

62 Samarium−147 W, all compounds 2E+1 4E−2 2E−11 − − −
Bone surf Bone surf
(3E+1) (7E−2) − 1E−13 4E−7 4E−6

62 Samarium−151 W, all compounds 1E+4 1E+2 4E−8 − − −
LLI wall Bone surf
(1E+4) (2E+2) − 2E−10 2E−4 2E−3

62 Samarium−153 W, all compounds 2E+3 3E+3 1E−6 4E−9 − −
LLI wall
(2E+3) − − − 3E−5 3E−4

62 Samarium−155b/ W, all compounds 6E+4 2E+5 9E−5 3E−7 − −
St wall
(8E+4) − − − 1E−3 1E−2

62 Samarium−156 W, all compounds 5E+3 9E+3 4E−6 1E−8 7E−5 7E−4
63 Europium−145 W, all compounds 2E+3 2E+3 8E−7 3E−9 2E−5 2E−4
63 Europium−146 W, all compounds 1E+3 1E+3 5E−7 2E−9 1E−5 1E−4
63 Europium−147 W, all compounds 3E+3 2E+3 7E−7 2E−9 4E−5 4E−4
63 Europium−148 W, all compounds 1E+3 4E+2 1E−7 5E−10 1E−5 1E−4
63 Europium−149 W, all compounds 1E+4 3E+3 1E−6 4E−9 2E−4 2E−3
63 Europium−150 W, all compounds 3E+3 8E+3 4E−6 1E−8 4E−5 4E−4

  (12.62 h)
63 Europium−150 W, all compounds 8E+2 2E+1 8E−9 3E−11 1E−5 1E−4

  (34.2 y)
63 Europium−152m W, all compounds 3E+3 6E+3 3E−6 9E−9 4E−5 4E−4
63 Europium−152 W, all compounds 8E+2 2E+1 1E−8 3E−11 1E−5 1E−4
63 Europium−154 W, all compounds 5E+2 2E+1 8E−9 3E−11 7E−6 7E−5
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

63 Europium−155 W, all compounds 4E+3 9E+1 4E−8 − 5E−5 5E−4
Bone surf

− (1E+2) − 2E−10 − −
63 Europium−156 W, all compounds 6E+2 5E+2 2E−7 6E−10 8E−6 8E−5
63 Europium−157 W, all compounds 2E+3 5E+3 2E−6 7E−9 3E−5 3E−4
63 Europium−158b/ W, all compounds 2E+4 6E+4 2E−5 8E−8 3E−4 3E−3
64 Gadolinium−145b/ D, all compounds except

  those given for W 5E+4 2E+5 6E−5 2E−7 − −
St wall
(5E+4) − − − 6E−4 6E−3

W, oxides, hydroxides,
  and fluorides − 2E+5 7E−5 2E−7 − −

64 Gadolinium−146 D, see 145Gd 1E+3 1E+2 5E−8 2E−10 2E−5 2E−4
W, see 145Gd − 3E+2 1E−7 4E−10 − −

64 Gadolinium−147 D, see 145Gd 2E+3 4E+3 2E−6 6E−9 3E−5 3E−4
W, see 145Gd − 4E+3 1E−6 5E−9 − −

64 Gadolinium−148 D, see 145Gd 1E+1 8E+3 3E−12 − − −
Bone surf Bone surf
(2E+1) (2E−2) − 2E−14 3E−7 3E−6

W, see 145Gd − 3E−2 1E−11 − − −
Bone surf

− (6E−2) − 8E−14 − −
64 Gadolinium−149 D, see 145Gd 3E+3 2E+3 9E−7 3E−9 4E−5 4E−4

W, see 145Gd − 2E+3 1E−6 3E−9 − −
64 Gadolinium−151 D, see 145Gd 6E+3 4E+2 2E−7 − 9E−5 9E−4

Bone surf
− (6E+2) − 9E−10 − −

W, see 145Gd − 1E+3 5E−7 2E−9 − −
64 Gadolinium−152 D, see 145Gd 2E+1 1E−2 4E−12 − − −

Bone surf Bone surf
(3E+1) (2E−2) − 3E−14 4E−7 4E−6

W, see 145Gd − 4E−2 2E−11 − − −
Bone surf

− (8E−2) − 1E−13 − −
64 Gadolinium−153 D, see 145Gd 5E+3 1E+2 6E−8 − 6E−5 6E−4

Bone surf
− (2E+2) − 3E−10 − −

W, see 145Gd − 6E+2 2E−7 8E−10 − −
64 Gadolinium−159 D, see 145Gd 3E+3 8E+3 3E−6 1E−8 4E−5 4E−4

W, see 145Gd − 6E+3 2E−6 8E−9 − −
65 Terbium−147b/ W, all compounds 9E+3 3E+4 1E−5 5E−8 1E−4 1E−3
65 Terbium−149 W, all compounds 5E+3 7E+2 3E−7 1E−9 7E−5 7E−4
65 Terbium−150 W, all compounds 5E+3 2E+4 9E−6 3E−8 7E−5 7E−4
65 Terbium−151 W, all compounds 4E+3 9E+3 4E−6 1E−8 5E−5 5E−4
65 Terbium−153 W, all compounds 5E+3 7E+3 3E−6 1E−8 7E−5 7E−4
65 Terbium−154 W, all compounds 2E+3 4E+3 2E−6 6E−9 2E−5 2E−4
65 Terbium−155 W, all compounds 6E+3 8E+3 3E−6 1E−8 8E−5 8E−4
65 Terbium−156m W, all compounds 2E+4 3E+4 1E−5 4E−8 2E−4 2E−3

  (5.0 h)
65 Terbium−156 W, all compounds 1E+3 1E+3 6E−7 2E−9 1E−5 1E−4
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

65 Terbium−157 W, all compounds 5E+4 3E+2 1E−7 − − −
LLI wall Bone surf
(5E+4) (6E+2) − 8E−10 7E−4 7E−3

65 Terbium−158 W, all compounds 1E+3 2E+1 8E−9 3E−11 2E−5 2E−4
65 Terbium−160 W, all compounds 8E+2 2E+2 9E−8 3E−10 1E−5 1E−4
65 Terbium−161 W, all compounds 2E+3 2E+3 7E−7 2E−9 − −

LLI wall
(2E+3) − − − 3E−5 3E−4

66 Dysprosium−155 W, all compounds 9E+3 3E+4 1E−5 4E−8 1E−4 1E−3
66 Dysprosium−157 W, all compounds 2E+4 6E+4 3E−5 9E−8 3E−4 3E−3
66 Dysprosium−159 W, all compounds 1E+4 2E+3 1E−6 3E−9 2E−4 2E−3
66 Dysprosium−165 W, all compounds 1E+4 5E+4 2E−5 6E−8 2E−4 2E−3
66 Dysprosium−166 W, all compounds 6E+2 7E+2 3E−7 1E−9 − −

LLI wall
(8E+2) − − − 1E−5 1E−4

67 Holmium−155b/ W, all compounds 4E+4 2E+5 6E−5 2E−7 6E−4 6E−3
67 Holmium−157b/ W, all compounds 3E+5 1E+6 6E−4 2E−6 4E−3 4E−2
67 Holmium−159b/ W, all compounds 2E+5 1E+6 4E−4 1E−6 3E−3 3E−2
67 Holmium−161 W, all compounds 1E+5 4E+5 2E−4 6E−7 1E−3 1E−2
67 Holmium−162mb/ W, all compounds 5E+4 3E+5 1E−4 4E−7 7E−4 7E−3
67 Holmium−162b/ W, all compounds 5E+5 2E+6 1E−3 3E−6 − −

St wall
(8E+5) − − − 1E−2 1E−1

67 Holmium−164mb/ W, all compounds 1E+5 3E+5 1E−4 4E−7 1E−3 1E−2
67 Holmium−164b/ W, all compounds 2E+5 6E+5 3E−4 9E−7 − −

St wall
(2E+5) − − − 3E−3 3E−2

67 Holmium−166m W, all compounds 6E+2 7E+0 3E−9 9E−12 9E−6 9E−5
67 Holmium−166 W, all compounds 9E+2 2E+3 7E−7 2E−9 − −

LLI wall
(9E+2) − − − 1E−5 1E−4

67 Holmium−167 W, all compounds 2E+4 6E+4 2E−5 8E−8 2E−4 2E−3
68 Erbium−161 W, all compounds 2E+4 6E+4 3E−5 9E−8 2E−4 2E−3
68 Erbium−165 W, all compounds 6E+4 2E+5 8E−5 3E−7 9E−4 9E−
68 Erbium−169 W, all compounds 3E+3 3E+3 1E−6 4E−9 − −

LLI wall
(4E+3) − − − 5E−5 5E−4

68 Erbium−171 W, all compounds 4E+3 1E+4 4E−6 1E−8 5E−5 5E−4
68 Erbium−172 W, all compounds 1E+3 1E+3 6E−7 2E−9 − −

LLI wall
(1E+3) − − − 2E−5 2E−4

69 Thulium−162b/ W, all compounds 7E+4 3E+5 1E−4 4E−7 − −
St wall
(7E+4) − − − 1E−3 1E−2

69 Thulium−166 W, all compounds 4E+3 1E+4 6E−6 2E−8 6E−5 6E−4
69 Thulium−167 W, all compounds 2E+3 2E+3 8E−7 3E−9 − −

LLI wall
(2E+3) − − − 3E−5 3E−4
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
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Table II
Effluent

Concentrations

Table III
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Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class
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69 Thulium−170 W, all compounds 8E+2 2E+2 9E−8 3E−10 − −
LLI wall
(1E+3) − − − 1E−5 1E−4

69 Thulium−171 W, all compounds 1E+4 3E+2 1E−7 − − −
LLI wall Bone surf
(1E+4) (6E+2) − 8E−10 2E−4 2E−3

69 Thulium−172 W, all compounds 7E+2 1E+3 5E−7 2E−9 − −
LLI wall
(8E+2) − − − 1E−5 1E−4

69 Thulium−173 W, all compounds 4E+3 1E+4 5E−6 2E−8 6E−5 6E−4
69 Thulium−175b/ W, all compounds 7E+4 3E+5 1E−4 4E−7 − −

St wall
(9E+4) − − − 1E−3 1E−2

70 Ytterbium−162b/ W, all compounds except
  those given for Y 7E+4 3E+5 1E−4 4E−7 1E−3 1E−2
Y, oxides, hydroxides,
  and fluorides − 3E+5 1E−4 4E−7 − −

70 Ytterbium−166 W, see 162Yb 1E+3 2E+3 8E−7 3E−9 2E−5 2E−4
Y, see 162Yb − 2E+3 8E−7 3E−9 − −

70 Ytterbium−167b/ W, see 162Yb 3E+5 8E+5 3E−4 1E−6 4E−3 4E−2
Y, see 162Yb − 7E+5 3E−4 1E−6 − −

70 Ytterbium−169 W, see 162Yb 2E+3 8E+2 4E−7 1E−9 2E−5 2E−4
Y, see 162Yb − 7E+2 3E−7 1E−9 − −

70 Ytterbium−175 W, see 162Yb 3E+3 4E+3 1E−6 5E−9 − −
LLI wall
(3E+3) − − − 4E−5 4E−4

Y, see 162Yb − 3E+3 1E−6 5E−9 − −
70 Ytterbium−177b/ W, see 162Yb 2E+4 5E+4 2E−5 7E−8 2E−4 2E−3

Y, see 162Yb − 5E+4 2E−5 6E−8 − −
70 Ytterbium−178b/ W, see 162Yb 1E+4 4E+4 2E−5 6E−8 2E−4 2E−3

Y, see 162Yb − 4E+4 2E−5 5E−8 − −
71 Lutetium−169 W, all compounds except

  those given for Y 3E+3 4E+3 2E−6 6E−9 3E−5 3E−4
Y, oxides, hydroxides,
  and fluorides − 4E+3 2E−6 6E−9 − −

71 Lutetium−170 W, see 169Lu 1E+3 2E+3 9E−7 3E−9 2E−5 2E−4
Y, see 169Lu − 2E+3 8E−7 3E−9 − −

71 Lutetium−171 W, see 169Lu 2E+3 2E+3 8E−7 3E−9 3E−5 3E−4
Y, see 169Lu − 2E+3 8E−7 3E−9 − −

71 Lutetium−172 W, see 169Lu 1E+3 1E+3 5E−7 2E−9 1E−5 1E−4
Y, see 169Lu − 1E+3 5E−7 2E−9 − −

71 Lutetium−173 W, see 169Lu 5E+3 3E+2 1E−7 − 7E−5 7E−4
Bone surf

− (5E+2) − 6E−10 − −
Y, see 169Lu − 3E+2 1E−7 4E−10 − −

71 Lutetium−174m W, see 169Lu 2E+3 2E+2 1E−7 − − −
LLI wall Bone surf
(3E+3) (3E+2) − 5E−10 4E−5 4E−4

Y, see 169Lu − 2E+2 9E−8 3E−10 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
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Table II
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Table III
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71 Lutetium−176 W, see 169Lu 7E+2 5E+0 2E−9 − 1E−5 1E−4
Bone surf

− (1E+1) − 2E−11 − −
Y, see 169Lu − 8E+0 3E−9 1E−11 − −

71 Lutetium−177m W, see 169Lu 7E+2 1E+2 5E−8 − 1E−5 1E−4
Bone surf

− (1E+2) − 2E−10 − −
Y, see 169Lu − 8E+1 3E−8 1E−10 − −

71 Lutetium−177 W, see 169Lu 2E+3 2E+3 9E−7 3E−9 − −
LLI wall
(3E+3) − − − 4E−5 4E−4

Y, see 169Lu − 2E+3 9E−7 3E−9 − −
71 Lutetium−178mb/ W, see 169Lu 5E+4 2E+5 8E−5 3E−7 − −

St wall
(6E+4) − − − 8E−4 8E−3

Y, see 169Lu − 2E+5 7E−5 2E−7 − −
71 Lutetium−178b/ W, see 169Lu 4E+4 1E+5 5E−5 2E−7 − −

St wall
(4E+4) − − − 6E−4 6E−3

Y, see 169Lu − 1E+5 5E−5 2E−7 − −
71 Lutetium−179 W, see 169Lu 6E+3 2E+4 8E−6 3E−8 9E−5 9E−4

Y, see 169Lu − 2E+4 6E−6 3E−8 − −
72 Hafnium−170 D, all compounds except

  those given for W 3E+3 6E+3 2E−6 8E−9 4E−5 4E−4
W, oxides, hydroxides,
  carbides, and nitrates − 5E+3 2E−6 6E−9 − −

72 Hafnium−172 D, see 170Hf 1E+3 9E+0 4E−9 − 2E−5 2E−4
Bone surf

− (2E+1) − 3E−11 − −
W, see 170Hf − 4E+1 2E−8 − − −

Bone surf
− (6E+1) − 8E−11 − −

72 Hafnium−173 D, see 170Hf 5E+3 1E+4 5E−6 2E−8 7E−5 7E−4
W, see 170Hf − 1E+4 5E−6 2E−8 − −

72 Hafnium−175 D, see 170Hf 3E+3 9E+2 4E−7 − 4E−5 4E−4
Bone surf

− (1E+3) − 1E−9 − −
W, see 170Hf − 1E+3 5E−7 2E−9 − −

72 Hafnium−177mb/ D, see 170Hf 2E+4 6E+4 2E−5 8E−8 3E−4 3E−3
W, see 170Hf − 9E+4 4E−5 1E−7 − −

72 Hafnium−178m D, see 170Hf 3E+2 1E+0 5E−10 − 3E−6 3E−5
Bone surf

− (2E+0) − 3E−12 − −
W, see 170Hf − 5E+0 2E−9 − − −

Bone surf
− (9E+0) − 1E−11 − −

72 Hafnium−179m D, see 170Hf 1E+3 3E+2 1E−7 − 1E−5 1E−4
Bone surf

− (6E+2) − 8E−10 − −
W, see 170Hf − 6E+2 3E−7 8E−10 − −
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72 Hafnium−180m D, see 170Hf 7E+3 2E+4 9E−6 3E−8 1E−4 1E−3
W, see 170Hf − 3E+4 1E−5 4E−8 − −

72 Hafnium−181 D, see 170Hf 1E+3 2E+2 7E−8 − 2E−5 2E−4
Bone surf

− (4E+2) − 6E−10 − −
W, see 170Hf − 4E+2 2E−7 6E−10 − −

72 Hafnium−182mb/ D, see 170Hf 4E+4 9E+4 4E−5 1E−7 5E−4 5E−3
W, see 170Hf − 1E+5 6E−5 2E−7 − −

72 Hafnium−182 D, see 170Hf 2E+2 8E−1 3E−10 − − −
Bone surf Bone surf
(4E+2) (2E+0) − 2E−12 5E−6 5E−5

W, see 170Hf − 3E+0 1E−9 − − −
Bone surf

− (7E+0) − 1E−11 − −
72 Hafnium−183b/ D, see 170Hf 2E+4 5E+4 2E−5 6E−8 3E−4 3E−3

W, see 170Hf − 6E+4 2E−5 8E−8 − −
72 Hafnium−184 D, see 170Hf 2E+3 8E+3 3E−6 1E−8 3E−5 3E−4

W, see 170Hf − 6E+3 3E−6 9E−9 − −
73 Tantalum−172b/ W, all compounds except

  those given for Y 4E+4 1E+5 5E−5 2E−7 5E−4 5E−3
Y, elemental Ta, oxides,
  hydroxides, halides,
  carbides, nitrates,
  and nitrides − 1E+5 4E−5 1E−7 − −

71 Lutetium−174 W, see 169Lu 5E+3 1E+2 5E−8 − 7E−5 7E−4
Bone surf

− (2E+2) − 3E−10 − −
Y, see 169Lu − 2E+2 6E−8 2E−10 − −

71 Lutetium−176m W, see 169Lu 8E+3 3E+4 1E−5 3E−8 1E−4 1E−3
Y, see 169Lu − 2E+4 9E−6 3E−8 − −

73 Tantalum−173 W, see 172Ta 7E+3 2E+4 8E−6 3E−8 9E−5 9E−4
Y, see 172Ta − 2E+4 7E−6 2E−8 − −

73 Tantalum−174b/ W, see 172Ta 3E+4 1E+5 4E−5 1E−7 4E−4 4E−3
Y, see 172Ta − 9E+4 4E−5 1E−7 − −

73 Tantalum−175 W, see 172Ta 6E+3 2E+4 7E−6 2E−8 8E−5 8E−4
Y, see 172Ta − 1E+4 6E−6 2E−8 − −

73 Tantalum−176 W, see 172Ta 4E+3 1E+4 5E−6 2E−8 5E−5 5E−4
Y, see 172Ta − 1E+4 5E−6 2E−8 − −

73 Tantalum−177 W, see 172Ta 1E+4 2E+4 8E−6 3E−8 2E−4 2E−3
Y, see 172Ta − 2E+4 7E−6 2E−8 − −

73 Tantalum−178 W, see 172Ta 2E+4 9E+4 4E−5 1E−7 2E−4 2E−3
Y, see 172Ta − 7E+4 3E−5 1E−7 − −

73 Tantalum−179 W, see 172Ta 2E+4 5E+3 2E−6 8E−9 3E−4 3E−3
Y, see 172Ta − 9E+2 4E−7 1E−9 − −

73 Tantalum−180m W, see 172Ta 2E+4 7E+4 3E−5 9E−8 3E−4 3E−3
Y, see 172Ta − 6E+4 2E−5 8E−8 − −

73 Tantalum−180 W, see 172Ta 1E+3 4E+2 2E−7 6E−10 2E−5 2E−4
Y, see 172Ta − 2E+1 1E−8 3E−11 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

73 Tantalum−182mb/ W, see 172Ta 2E+5 5E+5 2E−4 8E−7 − −
St wall
(2E+5) − − − 3E−3 3E−2

Y, see 172Ta − 4E+5 2E−4 6E−7 − −
73 Tantalum−182 W, see 172Ta 8E+2 3E+2 1E−7 5E−10 1E−5 1E−4

Y, see 172Ta − 1E+2 6E−8 2E−10 − −
73 Tantalum−183 W, see 172Ta 9E+2 1E+3 5E−7 2E−9 − −

LLI wall
(1E+3) − − − 2E−5 2E−4

Y, see 172Ta − 1E+3 4E−7 1E−9 − −
73 Tantalum−184 W, see 172Ta 2E+3 5E+3 2E−6 8E−9 3E−5 3E−4

Y, see 172Ta − 5E+3 2E−6 7E−9 − −
73 Tantalum−185b/ W, see 172Ta 3E+4 7E+4 3E−5 1E−7 4E−4 4E−3

Y, see 172Ta − 6E+4 3E−5 9E−8 − −
73 Tantalum−186b/ W, see 172Ta 5E+4 2E+5 1E−4 3E−7 − −

St wall
(7E+4) − − − 1E−3 1E−2

Y, see 172Ta − 2E+5 9E−5 3E−7 − −
74 Tungsten−176 D, all compounds 1E+4 5E+4 2E−5 7E−8 1E−4 1E−3
74 Tungsten−177 D, all compounds 2E+4 9E+4 4E−5 1E−7 3E−4 3E−3
74 Tungsten−178 D, all compounds 5E+3 2E+4 8E−6 3E−8 7E−5 7E−4
74 Tungsten−179b/ D, all compounds 5E+5 2E+6 7E−4 2E−6 7E−3 7E−2
74 Tungsten−181 D, all compounds 2E+4 3E+4 1E−5 5E−8 2E−4 2E−3
74 Tungsten−185 D, all compounds 2E+3 7E+3 3E−6 9E−9 − −

LLI wall
(3E+3) − − − 4E−5 4E−4

74 Tungsten−187 D, all compounds 2E+3 9E+3 4E−6 1E−8 3E−5 3E−4
74 Tungsten−188 D, all compounds 4E+2 1E+3 5E−7 2E−9 − −

LLI wall
(5E+2) − − − 7E−6 7E−5

75 Rhenium−177b/ D, all compounds except
  those given for W 9E+4 3E+5 1E−4 4E−7 − −

St wall
(1E+5) − − − 2E−3 2E−2

W, oxides, hydroxides,
  and nitrates − 4E+5 1E−4 5E−7 − −

75 Rhenium−178b/ D, see 177Re 7E+4 3E+5 1E−4 4E−7 − −
St wall
(1E+5) − − − 1E−3 1E−2

W, see 177Re − 3E+5 1E−4 4E−7 − −
75 Rhenium−181 D, see 177Re 5E+3 9E+3 4E−6 1E−8 7E−5 7E−4

W, see 177Re − 9E+3 4E−6 1E−8 − −
75 Rhenium−182 D, see 177Re 7E+3 1E+4 5E−6 2E−8 9E−5 9E−4

  (12.7 h) W, see 177Re − 2E+4 6E−6 2E−8 − −
75 Rhenium−182 D, see 177Re 1E+3 2E+3 1E−6 3E−9 2E−5 2E−4

  (64.0 h) W, see 177Re − 2E+3 9E−7 3E−9 − −
75 Rhenium−184m D, see 177Re 2E+3 3E+3 1E−6 4E−9 3E−5 3E−4

W, see 177Re − 4E+2 2E−7 6E−10 − −
75 Rhenium−184 D, see 177Re 2E+3 4E+3 1E−6 5E−9 3E−5 3E−4

 W, see 177Re − 1E+3 6E−7 2E−9 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

75 Rhenium−186m D, see 177Re 1E+3 2E+3 7E−7 − − −
St wall St wall
(2E+3) (2E+3) − 3E−9 2E−5 2E−4

W, see 177Re − 2E+2 6E−8 2E−10 − −
75 Rhenium−186 D, see 177Re 2E+3 3E+3 1E−6 4E−9 3E−5 3E−4

W, see 177Re − 2E+3 7E−7 2E−9 − −
75 Rhenium−187 D, see 177Re 6E+5 8E+5 4E−4 − 8E−3 8E−2

St wall
− (9E+5) − 1E−6 − −

W, see 177Re − 1E+5 4E−5 1E−7 − −
75 Rhenium−188mb/ D, see 177Re 8E+4 1E+5 6E−5 2E−7 1E−3 1E−2

W, see 177Re − 1E+5 6E−5 2E−7 − −
75 Rhenium−188 D, see 177Re 2E+3 3E+3 1E−6 4E−9 2E−5 2E−4

 W, see 177Re − 3E+3 1E−6 4E−9 − −
75 Rhenium−189 D, see 177Re 3E+3 5E+3 2E−6 7E−9 4E−5 4E−4

W, see 177Re − 4E+3 2E−6 6E−9 − −
76 Osmium−180b/ D, all compounds except

  those given for W and Y 1E+5 4E+5 2E−4 5E−7 1E−3 1E−2
W, halides and nitrates − 5E+5 2E−4 7E−7 − −
Y, oxides and hydroxides − 5E+5 2E−4 6E−7 − −

76 Osmium−181b/ D, see 180Os 1E+4 4E+4 2E−5 6E−8 2E−4 2E−3
W, see 180Os − 5E+4 2E−5 6E−8 − −
Y, see 180Os − 4E+4 2E−5 6E−8 − −

76 Osmium−182 D, see 180Os 2E+3 6E+3 2E−6 8E−9 3E−5 3E−4
 W, see 180Os − 4E+3 2E−6 6E−9 − −
 Y, see 180Os − 4E+3 2E−6 6E−9 − −

76 Osmium−185 D, see 180Os 2E+3 5E+2 2E−7 7E−10 3E−5 3E−4
 W, see 180Os − 8E+2 3E−7 1E−9 − −

 Y, see 180Os − 8E+2 3E−7 1E−9 − −
76 Osmium−189m D, see 180Os 8E+4 2E+5 1E−4 3E−7 1E−3 1E−2

 W, see 180Os − 2E+5 9E−5 3E−7 − −
 Y, see 180Os − 2E+5 7E−5 2E−7 − −

76 Osmium−191m D, see 180Os 1E+4 3E+4 1E−5 4E−8 2E−4 2E−3
W, see 180Os − 2E+4 8E−6 3E−8 − −

 Y, see 180Os − 2E+4 7E−6 2E−8 − −
76 Osmium−191 D, see 180Os 2E+3 2E+3 9E−7 3E−9 − −

LLI wall
(3E+3) − − − 3E−5 3E−4

 W, see 180Os − 2E+3 7E−7 2E−9 − −
 Y, see 180Os − 1E+3 6E−7 2E−9 − −

76 Osmium−193 D, see 180Os 2E+3 5E+3 2E−6 6E−9 − −
LLI wall
(2E+3) − − − 2E−5 2E−4

W, see 180Os − 3E+3 1E−6 4E−9 − −
Y, see 180Os − 3E+3 1E−6 4E−9 − −

76 Osmium−194 D, see 180Os 4E+2 4E+1 2E−8 6E−11 − −
LLI wall

(6E+2) − − − 8E−6 8E−5
 W, see 180Os − 6E+1 2E−8 8E−11 − −

Y, see 180Os − 8E+0 3E−9 1E−11 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

77 Iridium−182b/ D, all compounds except
  those given for W and Y 4E+4 1E+5 6E−5 2E−7 − −

St wall
(4E+4) − − − 6E−4 6E−3

W, halides, nitrates,
  and metallic iridium − 2E+5 6E−5 2E−7 − −
Y, oxides and hydroxides − 1E+5 5E−5 2E−7 − −

77 Iridium−184 D, see 182Ir 8E+3 2E+4 1E−5 3E−8 1E−4 1E−3
W, see 182Ir − 3E+4 1E−5 5E−8 − −
Y, see 182Ir − 3E+4 1E−5 4E−8 − −

77 Iridium−185 D, see 182Ir 5E+3 1E+4 5E−6 2E−8 7E−5 7E−4
W, see 182Ir − 1E+4 5E−6 2E−8 − −
Y, see 182Ir − 1E+4 4E−6 1E−8 − −

77 Iridium−186 D, see 182Ir 2E+3 8E+3 3E−6 1E−8 3E−5 3E−4
W, see 182Ir − 6E+3 3E−6 9E−9 − −
Y, see 182Ir − 6E+3 2E−6 8E−9 − −

77 Iridium−187 D, see 182Ir 1E+4 3E+4 1E−5 5E−8 1E−4 1E−3
W, see 182Ir − 3E+4 1E−5 4E−8 − −
Y, see 182Ir − 3E+4 1E−5 4E−8 − −

77 Iridium−188 D, see 182Ir 2E+3 5E+3 2E−6 6E−9 3E−5 3E−4
W, see 182Ir − 4E+3 1E−6 5E−9 − −
Y, see 182Ir − 3E+3 1E−6 5E−9 − −

77 Iridium−189 D, see 182Ir 5E+3 5E+3 2E−6 7E−9 − −
LLI wall
(5E+3) − − − 7E−5 7E−4

W, see 182Ir − 4E+3 2E−6 5E−9 − −
Y, see 182Ir − 4E+3 1E−6 5E−9 − −

77 Iridium−190mb/ D, see 182Ir 2E+5 2E+5 8E−5 3E−7 2E−3 2E−2
W, see 182Ir − 2E+5 9E−5 3E−7 − −
Y, see 182Ir − 2E+5 8E−5 3E−7 − −

77 Iridium−190 D, see 182Ir 1E+3 9E+2 4E−7 1E−9 1E−5 1E−4
W, see 182Ir − 1E+3 4E−7 1E−9 − −
Y, see 182Ir − 9E+2 4E−7 1E−9 − −

77 Iridium−192m D, see 182Ir 3E+3 9E+1 4E−8 1E−10 4E−5 4E−4
W, see 182Ir − 2E+2 9E−8 3E−10 − −
Y, see 182Ir − 2E+1 6E−9 2E−11 − −

77 Iridium−192 D, see 182Ir 9E+2 3E+2 1E−7 4E−10 1E−5 1E−4
W, see 182Ir − 4E+2 2E−7 6E−10 − −
Y, see 182Ir − 2E+2 9E−8 3E−10 − −

77 Iridium−194m D, see 182Ir 6E+2 9E+1 4E−8 1E−10 9E−6 9E−5
W, see 182Ir − 2E+2 7E−8 2E−10 − −
Y, see 182Ir − 1E+2 4E−8 1E−10 − −

77 Iridium−194 D, see 182Ir 1E+3 3E+3 1E−6 4E−9 1E−5 1E−4
W, see 182Ir − 2E+3 9E−7 3E−9 − −
Y, see 182Ir − 2E+3 8E−7 3E−9 − −

77 Iridium−195m D, see 182Ir 8E+3 2E+4 1E−5 3E−8 1E−4 1E−3
W, see 182Ir − 3E+4 1E−5 4E−8 − −
Y, see 182Ir − 2E+4 9E−6 3E−8 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
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Table II
Effluent

Concentrations

Table III
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ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

77 Iridium−195 D, see 182Ir 1E+4 4E+4 2E−5 6E−8 2E−4 2E−3
W, see 182Ir − 5E+4 2E−5 7E−8 − −
Y, see 182Ir − 4E+4 2E−5 6E−8 − −

78 Platinum−186 D, all compounds 1E+4 4E+4 2E−5 5E−8 2E−4 2E−3
78 Platinum−188 D, all compounds 2E+3 2E+3 7E−7 2E−9 2E−5 2E−4
78 Platinum−189 D, all compounds 1E+4 3E+4 1E−5 4E−8 1E−4 1E−3
78 Platinum−191 D, all compounds 4E+3 8E+3 4E−6 1E−8 5E−5 5E−4
78 Platinum−193m D, all compounds 3E+3 6E+3 3E−6 8E−9 − −

LLI wall
(3E+4) − − − 4E−5 4E−4

78 Platinum−193 D, all compounds 4E+4 2E+4 1E−5 3E−8 − −
LLI wall
(5E+4) − − − 6E−4 6E−3

78 Platinum−195m D, all compounds 2E+3 4E+3 2E−6 6E−9 − −
LLI wall
(2E+3) − − − 3E−5 3E−4

78 Platinum−197mb/ D, all compounds 2E+4 4E+4 2E−5 6E−8 2E−4 2E−3
78 Platinum−197 D, all compounds 3E+3 1E+4 4E−6 1E−8 4E−5 4E−4
78 Platinum−199b/ D, all compounds 5E+4 1E+5 6E−5 2E−7 7E−4 7E−3
78 Platinum−200 D, all compounds 1E+3 3E+3 1E−6 5E−9 2E−5 2E−4
79 Gold−193 D, all compounds except

  those given for W and Y 9E+3 3E+4 1E−5 4E−8 1E−4 1E−3
W, halides and nitrates − 2E+4 9E−6 3E−8 − −
Y, oxides and hydroxides − 2E+4 8E−6 3E−8 − −

79 Gold−194 D, see 193Au 3E+3 8E+3 3E−6 1E−8 4E−5 4E−4
W, see 193Au − 5E+3 2E−6 8E−9 − −
Y, see 193Au − 5E+3 2E−6 7E−9 − −

79 Gold−195 D, see 193Au 5E+3 1E+4 5E−6 2E−8 7E−5 7E−4
W, see 193Au − 1E+3 6E−7 2E−9 − −
Y, see 193Au − 4E+2 2E−7 6E−10 − −

79 Gold−198m D, see 193Au 1E+3 3E+3 1E−6 4E−9 1E−5 1E−4
W, see 193Au − 1E+3 5E−7 2E−9 − −
Y, see 193Au − 1E+3 5E−7 2E−9 − −

79 Gold−198 D, see 193Au 1E+3 4E+3 2E−6 5E−9 2E−5 2E−4
W, see 193Au − 2E+3 8E−7 3E−9 − −
Y, see 193Au − 2E+3 7E−7 2E−9 − −

79 Gold−199 D, see 193Au 3E+3 9E+3 4E−6 1E−8 − −
LLI wall
(3E+3) − − − 4E−5 4E−4

W, see 193Au − 4E+3 2E−6 6E−9 − −
Y, see 193Au − 4E+3 2E−6 5E−9 − −

79 Gold−200m D, see 193Au 1E+3 4E+3 1E−6 5E−9 2E−5 2E−4
W, see 193Au − 3E+3 1E−6 4E−9 − −
Y, see 193Au − 2E+4 1E−6 3E−9 − −

79 Gold−200b/ D, see 193Au 3E+4 6E+4 3E−5 9E−8 4E−4 4E−3
W, see 193Au − 8E+4 3E−5 1E−7 − −
Y, see 193Au − 7E+4 3E−5 1E−7 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)
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Table II
Effluent
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Table III
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79 Gold−201b/ D, see 193Au 7E+4 2E+5 9E−5 3E−7 − −
St wall
(9E+4) − − − 1E−3 1E−2

W, see 193Au − 2E+5 1E−4 3E−7 − −
Y, see 193Au − 2E+5 9E−5 3E−7 − −

80 Mercury−193m Vapor − 8E+3 4E−6 1E−8 − −
Organic D 4E+3 1E+4 5E−6 2E−8 6E−5 6E−4
D, sulfates 3E+3 9E+3 4E−6 1E−8 4E−5 4E−4
W, oxides, hydroxides,
  halides, nitrates, and
  sulfides − 8E+3 3E−6 1E−8 − −

80 Mercury−193 Vapor − 3E+4 1E−5 4E−8 − −
Organic D 2E+4 6E+4 3E−5 9E−8 3E−4 3E−3
D, see 193mHg 2E+4 4E+4 2E−5 6E−8 2E−4 2E−3
W, see 193mHg − 4E+4 2E−5 6E−8 − −

80 Mercury−194 Vapor − 3E+1 1E−8 4E−11 − −
Organic D 2E+1 3E+1 1E−8 4E−11 2E−7 2E−6
D, see 193mHg 8E+2 4E+1 2E−8 6E−11 1E−5 1E−4
W, see 193mHg − 1E+2 5E−8 2E−10 − −

80 Mercury−195m Vapor − 4E+3 2E−6 6E−9 − −
Organic D 3E+3 6E+3 3E−6 8E−9 4E−5 4E−4
D, see 193mHg 2E+3 5E+3 2E−6 7E−9 3E−5 3E−4
W, see 193mHg − 4E+3 2E−6 5E−9 − −

80 Mercury−195 Vapor − 3E+4 1E−5 4E−8 − −
Organic D 2E+4 5E+4 2E−5 6E−8 2E−4 2E−3
D, see 193mHg 1E+4 4E+4 1E−5 5E−8 2E−4 2E−3
W, see 193mHg − 3E+4 1E−5 5E−8 − −

80 Mercury−197m Vapor − 5E+3 2E−6 7E−9 − −
Organic D 4E+3 9E+3 4E−6 1E−8 5E−5 5E−4
D, see 193mHg 3E+3 7E+3 3E−6 1E−8 4E−5 4E−4
W, see 193mHg − 5E+3 2E−6 7E−9 − −

80 Mercury−197 Vapor − 8E+3 4E−6 1E−8 − −
Organic D 7E+3 1E+4 6E−6 2E−8 9E−5 9E−4
D, see 193mHg 6E+3 1E+4 5E−6 2E−8 8E−5 8E−4
W, see 193mHg − 9E+3 4E−6 1E−8 − −

80 Mercury−199mb/ Vapor − 8E+4 3E−5 1E−7 − −
Organic D 6E+4 2E+5 7E−5 2E−7 − −

St wall
(1E+5) − − − 1E−3 1E−2

D, see 193mHg 6E+4 1E+5 6E−5 2E−7 8E−4 8E−3
W, see 193mHg − 2E+5 7E−5 2E−7 − −

80 Mercury−203 Vapor − 8E+2 4E−7 1E−9 − −
Organic D 5E+2 8E+2 3E−7 1E−9 7E−6 7E−5
D, see 193mHg 2E+3 1E+3 5E−7 2E−9 3E−5 3E−4
W, see 193mHg − 1E+3 5E−7 2E−9 − −

81 Thallium−194mb/ D, all compounds 5E+4 2E+5 6E−5 2E−7 − −
St wall
(7E+4) − − − 1E−3 1E−2

http://docs.legis.wisconsin.gov/document/statutes/35.93
http://docs.legis.wisconsin.gov/document/statutes/35.93


475 DHS 157 Appendix EDEPARTMENT OF HEALTH SERVICES

Published under s. 35.93, Wis. Stats., by the Legislative Reference Bureau.

Published  under s. 35.93, Stats. Updated on the first day of each month.  Entire code is always current.  The Register date on each page
is the date the chapter was last  published.  Report  errors (608) 266−3151. Register March 2014 No. 699

Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

81 Thallium−194b/ D, all compounds 3E+5 6E+5 2E−4 8E−7 − −
St wall
(3E+5) − − − 4E−3 4E−2

81 Thallium−195b/ D, all compounds 6E+4 1E+5 5E−5 2E−7 9E−4 9E−3
81 Thallium−197 D, all compounds 7E+4 1E+5 5E−5 2E−7 1E−3 1E−2
81 Thallium−198mb/ D, all compounds 3E+4 5E+4 2E−5 8E−8 4E−4 4E−3
81 Thallium−198 D, all compounds 2E+4 3E+4 1E−5 5E−8 3E−4 3E−3
81 Thallium−199 D, all compounds 6E+4 8E+4 4E−5 1E−7 9E−4 9E−3
81 Thallium−200 D, all compounds 8E+3 1E+4 5E−6 2E−8 1E−4 1E−3
81 Thallium−201 D, all compounds 2E+4 2E+4 9E−6 3E−8 2E−4 2E−3
81 Thallium−202 D, all compounds 4E+3 5E+3 2E−6 7E−9 5E−5 5E−4
81 Thallium−204 D, all compounds 2E+3 2E+3 9E−7 3E−9 2E−5 2E−4
82 Lead−195mb/ D, all compounds 6E+4 2E+5 8E−5 3E−7 8E−4 8E−3
82 Lead−198 D, all compounds 3E+4 6E+4 3E−5 9E−8 4E−4 4E−3
82 Lead−199b/ D, all compounds 2E+4 7E+4 3E−5 1E−7 3E−4 3E−3
82 Lead−200 D, all compounds 3E+3 6E+3 3E−6 9E−9 4E−5 4E−4
82 Lead−201 D, all compounds 7E+3 2E+4 8E−6 3E−8 1E−4 1E−3
82 Lead−202m D, all compounds 9E+3 3E+4 1E−5 4E−8 1E−4 1E−3
82 Lead−202 D, all compounds 1E+2 5E+1 2E−8 7E−11 2E−6 2E−5
82 Lead−203 D, all compounds 5E+3 9E+3 4E−6 1E−8 7E−5 7E−4
82 Lead−205 D, all compounds 4E+3 1E+3 6E−7 2E−9 5E−5 5E−4
82 Lead−209 D, all compounds 2E+4 6E+4 2E−5 8E−8 3E−4 3E−3
82 Lead−210 D, all compounds 6E−1 2E−1 1E−10 − − −

Bone surf Bone surf
(1E+0) (4E−1) − 6E−13 1E−8 1E−7

82 Lead−211b/ D, all compounds 1E+4 6E+2 3E−7 9E−10 2E−4 2E−3
82 Lead−212 D, all compounds 8E+1 3E+1 1E−8 5E−11 − −

Bone surf
(1E+2) − − − 2E−6 2E−5

82 Lead−214b/ D, all compounds 9E+3 8E+2 3E−7 1E−9 1E−4 1E−3
83 Bismuth−200b/ D, nitrates 3E+4 8E+4 4E−5 1E−7 4E−4 4E−3

W, all other compounds − 1E+5 4E−5 1E−7 − −
83 Bismuth−201b/ D, see 200Bi 1E+4 3E+4 1E−5 4E−8 2E−4 2E−3

W, see 200Bi − 4E+4 2E−5 5E−8 − −
83 Bismuth−202b/ D, see 200Bi 1E+4 4E+4 2E−5 6E−8 2E−4 2E−3

W, see 200Bi − 8E+4 3E−5 1E−7 − −
83 Bismuth−203 D, see 200Bi 2E+3 7E+3 3E−6 9E−9 3E−5 3E−4

W, see 200Bi − 6E+3 3E−6 9E−9 − −
83 Bismuth−205 D, see 200Bi 1E+3 3E+3 1E−6 3E−9 2E−5 2E−4

W, see 200Bi − 1E+3 5E−7 2E−9 − −
83 Bismuth−206 D, see 200Bi 6E+2 1E+3 6E−7 2E−9 9E−6 9E−5

W, see 200Bi − 9E+2 4E−7 1E−9 − −
83 Bismuth−207 D, see 200Bi 1E+3 2E+3 7E−7 2E−9 1E−5 1E−4

W, see 200Bi − 4E+2 1E−7 5E−10 − −
83 Bismuth−210m D, see 200Bi 4E+1 5E+0 2E−9 − − −

Kidneys Kidneys
(6E+1) (6E+0) − 9E−12 8E−7 8E−6

W, see 200Bi − 7E−1 3E−10 9E−13 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

83 Bismuth−210 D, see 200Bi 8E+2 2E+2 1E−7 − 1E−5 1E−4
− Kidneys
− (4E+2) − 5E−10 − −

W, see 200Bi − 3E+1 1E−8 4E−11 − −
83 Bismuth−212b/ D, see 200Bi 5E+3 2E+2 1E−7 3E−10 7E−5 7E−4

W, see 200Bi − 3E+2 1E−7 4E−10 − −
83 Bismuth−213b/ D, see 200Bi 7E+3 3E+2 1E−7 4E−10 1E−4 1E−3

W, see 200Bi − 4E+2 1E−7 5E−10 − −
83 Bismuth−214b/ D, see 200Bi 2E+4 8E+2 3E−7 1E−9 − −

St wall
(2E+4) − − − 3E−4 3E−3

W, see 200Bi − 9E−2 4E−7 1E−9 − −
84 Polonium−203b/ D, all compounds except

  those given for W 3E+4 6E+4 3E−5 9E−8 3E−4 3E−3
W, oxides, hydroxides,
  and nitrates − 9E+4 4E−5 1E−7 − −

84 Polonium−205b/ D, see 203Po 2E+4 4E+4 2E−5 5E−8 3E−4 3E−3
W, see 203Po − 7E+4 3E−5 1E−7 − −

84 Polonium−207 D, see 203Po 8E+3 3E+4 1E−5 3E−8 1E−4 1E−3
W, see 203Po − 3E+4 1E−5 4E−8 − −

84 Polonium−210 D, see 203Po 3E+0 6E−1 3E−10 9E−13 4E−8 4E−7
W, see 203Po − 6E−1 3E−10 9E−13 − −

85 Astatine−207b/ D, halides 6E+3 3E+3 1E−6 4E−9 8E−5 8E−4
W − 2E+3 9E−7 3E−9 − −

85 Astatine−211 D, halides 1E+2 8E+1 3E−8 1E−10 2E−6 2E−5
W − 5E+1 2E−8 8E−11 − −

86 Radon−220 With daughters removed − 2E+4 7E−6 2E−8 − −
With daughters present − 2E+1 9E−9 3E−11 − −

(or 12  (or 1.0
WLM) WL)

86 Radon−222 With daughters removed − 1E+4 4E−6 1E−8 − −
With daughters present − 1E+2 3E−8 1E−10 − −

(or 4 (or 0.33
WLM) WL) − − −

87 Francium−222b/ D, all compounds 2E+3 5E+2 2E−7 6E−10 3E−5 3E−4
87 Francium−223b/ D, all compounds 6E+2 8E+2 3E−7 1E−9 8E−6 8E−5
88 Radium−223 W, all compounds 5E+0 7E−1 3E−10 9E−13 − −

Bone surf
(9E+0) − − − 1E−7 1E−6

88 Radium−224 W, all compounds 8E+0 2E+0 7E−10 2E−12 − −
Bone surf
(2E+1) − − − 2E−7 2E−6

88 Radium−225 W, all compounds 8E+0 7E−1 3E−10 9E−13 − −
Bone surf
(2E+1) − − − 2E−7 2E−6

88 Radium−226 W, all compounds 2E+0 6E−1 3E−10 9E−13 − −
Bone surf
(5E+0) − − − 6E−8 6E−7
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

88 Radium−227b/ W, all compounds 2E+4 1E+4 6E−6 − − −
Bone surf Bone surf
(2E+4) (2E+4) − 3E−8 3E−4 3E−3

88 Radium−228 W, all compounds 2E+0 1E+0 5E−10 2E−12 − −
Bone surf
(4E+0) − − − 6E−8 6E−7

89 Actinium−224 D, all compounds except
  those given for W and Y 2E+3 3E+1 1E−8 − − −

LLI wall Bone surf
(2E+3) (4E+1) − 5E−11 3E−5 3E−4

W, halides and nitrates − 5E+1 2E−8 7E−11 − −
Y, oxides and hydroxides − 5E+1 2E−8 6E−11 − −

89 Actinium−225 D, see 224Ac 5E+1 3E−1 1E−10 − − −
LLI wall Bone surf
(5E+1) (5E−1) − 7E−13 7E−7 7E−6

W, see 224Ac − 6E−1 3E−10 9E−13 − −
Y, see 224Ac − 6E−1 3E−10 9E−13 − −

89 Actinium−226 D, see 224Ac 1E+2 3E+0 1E−9 − − −
LLI wall Bone surf
(1E+2) (4E+0) − 5E−12 2E−6 2E−5

W, see 224Ac − 5E+0 2E−9 7E−12 − −
Y, see 224Ac − 5E+0 2E−9 6E−12 − −

89 Actinium−227 D, see 224Ac 2E−1 4E−4 2E−13 − − −
Bone surf Bone surf
(4E−1) (8E−4) − 1E−15 5E−9 5E−8

W, see 224Ac − 2E−3 7E−13 − − −
Bone surf
− (3E−3) − 4E−15 − −

Y, see 224Ac − 4E−3 2E−12 6E−15 − −
89 Actinium−228 D, see 224Ac 2E+3 9E+0 4E−9 − 3E−5 3E−4

Bone surf
− (2E+1) − 2E−11 − −

W, see 224Ac − 4E+1 2E−8 − − −
Bone surf
− (6E+1) − 8E−11 − −

Y, see 224Ac − 4E+1 2E−8 6E−11 − −
90 Thorium−226b/ W, all compounds except

  those given for Y 5E+3 2E+2 6E−8 2E−10 − −
St wall
(5E+3) − − − 7E−5 7E−4

Y, oxides and hydroxides − 1E+2 6E−8 2E−10 − −
90 Thorium−227 W, see 226Th 1E+2 3E−1 1E−10 5E−13 2E−6 2E−5

Y, see 226Th − 3E−1 1E−10 5E−13 − −
90 Thorium−228 W, see 226Th 6E+0 1E−2 4E−12 − − −

Bone surf Bone surf
(1E+1) (2E−2) − 3E−14 2E−7 2E−6

Y, see 226Th − 2E−2 7E−12 2E−14 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

90 Thorium−229 W, see 226Th 6E−1 9E−4 4E−13 − − −
Bone surf Bone surf
(1E+0) (2E−3) − 3E−15 2E−8 2E−7

Y, see 226Th − 2E−3 1E−12 − − −
Bone surf

− (3E−3) − 4E−15 − −
90 Thorium−230 W, see 226Th 4E+0 6E−3 3E−12 − − −

Bone surf Bone surf
(9E+0) (2E−2) − 2E−14 1E−7 1E−6

Y, see 226Th − 2E−2 6E−12 − − −
Bone surf

− (2E−2) − 3E−14 − −
90 Thorium−231 W, see 226Th 4E+3 6E+3 3E−6 9E−9 5E−5 5E−4

Y, see 226Th − 6E+3 3E−6 9E−9 − −
90 Thorium−232 W, see 226Th 7E−1 1E−3 5E−13 − − −

Bone surf Bone surf
(2E+0) (3E−3) − 4E−15 3E−8 3E−7

Y, see 226Th − 3E−3 1E−12 − − −
Bone surf

− (4E−3) − 6E−15 − −
90 Thorium−234 W, see 226Th 3E+2 2E+2 8E−8 3E−10 − −

LLI wall
(4E+2) − − − 5E−6 5E−5

Y, see 226Th − 2E+2 6E−8 2E−10 − −
91 Protactinium−227b/ W, all compounds except

  those given for Y 4E+3 1E+2 5E−8 2E−10 5E−5 5E−4
Y, oxides and hydroxides − 1E+2 4E−8 1E−10 − −

91 Protactinium−228 W, see 227Pa 1E+3 1E+1 5E−9 − 2E−5 2E−4
Bone surf

− (2E+1) − 3E−11 − −
Y, see 227Pa − 1E+1 5E−9 2E−11 − −

91 Protactinium−230 W, see 227Pa 6E+2 5E+0 2E−9 7E−12 − −
Bone surf

(9E+2) − − − 1E−5 1E−4
Y, see 227Pa − 4E+0 1E−9 5E−12 − −

91 Protactinium−231 W, see 227Pa 2E−1 2E−3 6E−13 − − −
Bone surf Bone surf\\

(5E−1) (4E−3) − 6E−15 6E−9 6E−8
Y, see 227Pa − 4E−3 2E−12 − − −

Bone surf
− (6E−3) − 8E−15 − −

91 Protactinium−232 W, see 227Pa 1E+3 2E+1 9E−9 − 2E−5 2E−4
Bone surf

− (6E+1) − 8E−11 − −
Y, see 227Pa − 6E+1 2E−8 − − −

Bone surf
− (7E+1) − 1E−10 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

91 Protactinium−233 W, see 227Pa 1E+3 7E+2 3E−7 1E−9 − −
LLI wall
(2E+3) − − − 2E−5 2E−4

Y, see 227Pa − 6E+2 2E−7 8E−10 − −
91 Protactinium−234 W, see 227Pa 2E+3 8E+3 3E−6 1E−8 3E−5 3E−4

Y, see 227Pa − 7E+3 3E−6 9E−9 − −
92 Uranium−230 D, UF6, UO2F2, 

UO2,(NO3)2 4E+0 4E−1 2E−10 − − −
Bone surf Bone surf

(6E+0) (6E−1) − 8E−13 8E−8 8E−7
W, UO3, UF4, UCl4 − 4E−1 1E−10 5E−13 − −
Y, UO2, U3O8 − 3E−1 1E−10 4E−13 − −

92 Uranium−231 D, see 230U 5E+3 8E+3 3E−6 1E−8 − −
LLI wall
(4E+3) − − − 6E−5 6E−4

W, see 230U − 6E+3 2E−6 8E−9 − −
Y, see 230U − 5E+3 2E−6 6E−9 − −

92 Uranium−232 D, see 230U 2E+0 2E−1 9E−11 − − −
Bone surf Bone surf
(4E+0) (4E−1) − 6E−13 6E−8 6E−7

W, see 230U − 4E−1 2E−10 5E−13 − −
Y, see 230U − 8E−3 3E−12 1E−14 − −

92 Uranium−233 D, see 230U 1E+1 1E+0 5E−10 − − −
Bone surf Bone surf
(2E+1) (2E+0) − 3E−12 3E−7 3E−6

W, see 230U − 7E−1 3E−10 1E−12 − −
Y, see 230U − 4E−2 2E−11 5E−14 − −

92 Uranium−234c/ D, see 230U 1E+1 1E+0 5E−10 − − −
Bone surf Bone surf
(2E+1) (2E+0) − 3E−12 3E−7 3E−6

W, see 230U − 7E−1 3E−10 1E−12 − −
Y, see 230U − 4E−2 2E−11 5E−14 − −

92 Uranium−235c/ D, see 230U 1E+1 1E+0 6E−10 − − −
Bone surf Bone surf
(2E+1) (2E+0) − 3E−12 3E−7 3E−6

W, see 230U − 8E−1 3E−10 1E−12 − −
Y, see 230U − 4E−2 2E−11 6E−14 − −

92 Uranium−236 D, see 230U 1E+1 1E+0 5E−10 − − −
Bone surf Bone surf
(2E+1) (2E+0) − 3E−12 3E−7 3E−6

W, see 230U − 8E−1 3E−10 1E−12 − −
Y, see 230U − 4E−2 2E−11 6E−14 − −

92 Uranium−237 D, see 230U 2E+3 3E+3 1E−6 4E−9 − −
LLI wall
(2E+3) − − − 3E−5 3E−4

W, see 230U − 2E+3 7E−7 2E−9 − −
Y, see 230U − 2E+3 6E−7 2E−9 − −

http://docs.legis.wisconsin.gov/document/statutes/35.93
http://docs.legis.wisconsin.gov/document/statutes/35.93


480DHS 157 Appendix E WISCONSIN ADMINISTRATIVE CODE

Published under s. 35.93, Wis. Stats., by the Legislative Reference Bureau.

Published  under s. 35.93, Stats. Updated on the first day of each month.  Entire code is always current.  The Register date on each page
is the date the chapter was last  published.  Report  errors (608) 266−3151.Register March 2014 No. 699

Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

92 Uranium−238c/ D, see 230U 1E+1 1E+0 6E−10 − − −
Bone surf Bone surf
(2E+1) (2E+0) − 3E−12 3E−7 3E−6

W, see 230U − 8E−1 3E−10 1E−12 − −
Y, see 230U − 4E−2 2E−11 6E−14 − −

92 Uranium−239b/ D, see 230U 7E+4 2E+5 8E−5 3E−7 9E−4 9E−3
W, see 230U − 2E+5 7E−5 2E−7 − −
Y, see 230U − 2E+5 6E−5 2E−7 − −

92 Uranium−240 D, see 230U 1E+3 4E+3 2E−6 5E−9 2E−5 2E−4
W, see 230U − 3E+3 1E−6 4E−9 − −
Y, see 230U − 2E+3 1E−6 3E−9 − −

92 Uranium−naturalc/ D, see 230U 1E+1 1E+0 5E−10 − − −
Bone surf Bone surf
(2E+1) (2E+0) − 3E−12 3E−7 3E−6

W, see 230U − 8E−1 3E−10 9E−13 − −
Y, see 230U − 5E−2 2E−11 9E−14 − −

93 Neptunium−232b/ W, all compounds 1E+5 2E+3 7E−7 − 2E−3 2E−2
Bone surf
− (5E+2) − 6E−9 − −

93 Neptunium−233b/ W, all compounds 8E+5 3E+6 1E−3 4E−6 1E−2 1E−1
93 Neptunium−234 W, all compounds 2E+3 3E+3 1E−6 4E−9 3E−5 3E−4
93 Neptunium−235 W, all compounds 2E+4 8E+2 3E−7 − − −

LLI wall Bone surf
(2E+4) (1E+3) − 2E−9 3E−4 3E−3

93 Neptunium−236 W, all compounds 3E+0 2E−2 9E−12 − − −
  (1.15E+5 y) Bone surf Bone surf

(6E+0) (5E−2) − 8E−14 9E−8 9E−7
93 Neptunium−236 W, all compounds 3E+3 3E+1 1E−8 − − −

  (22.5 h) Bone surf Bone surf
(4E+3) (7E+1) − 1E−10 5E−5 5E−4

93 Neptunium−237 W, all compounds 5E−1 4E−3 2E−12 − − −
Bone surf Bone surf
(1E+0) (1E−2) − 1E−14 2E−8 2E−7

93 Neptunium−238 W, all compounds 1E+3 6E+1 3E−8 − 2E−5 2E−4
Bone surf
− (2E+2) − 2E−10 − −

93 Neptunium−239 W, all compounds 2E+3 2E+3 9E−7 3E−9 − −
LLI wall
(2E+3) − − − 2E−5 2E−4

93 Neptunium−240b/ W, all compounds 2E+4 8E+4 3E−5 1E−7 3E−4 3E−3
94 Plutonium−234 W, all compounds

  except PuO2 8E+3 2E+2 9E−8 3E−10 1E−4 1E−3
Y, PuO2 − 2E+2 8E−8 3E−10 − −

94 Plutonium−235b/ W, see 234Pu 9E+5 3E+6 1E−3 4E−6 1E−2 1E−1
Y, see 234Pu − 3E+6 1E−3 3E−6 − −

94 Plutonium−236 W, see 234Pu 2E+0 2E−2 8E−12 − − −
Bone surf Bone surf
(4E+0) (4E−2) − 5E−14 6E−8 6E−7

Y, see 234Pu − 4E−2 2E−11 6E−14 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

94 Plutonium−237 W, see 234Pu 1E+4 3E+3 1E−6 5E−9 2E−4 2E−3
Y, see 234Pu − 3E+3 1E−6 4E−9 − −

94 Plutonium−238 W, see 234Pu 9E−1 7E−3 3E−12 − − −
Bone surf Bone surf
(2E+0) (1E−2) − 2E−14 2E−8 2E−7

Y, see 234Pu − 2E−2 8E−12 2E−14 − −
94 Plutonium−239 W, see 234Pu 8E−1 6E−3 3E−12 − − −

Bone surf Bone surf
(1E+0) (1E−2) − 2E−14 2E−8 2E−7

Y, see 234Pu − 2E−2 7E−12 − − −
Bone surf

− (2E−2) − 2E−14 − −
94 Plutonium−240 W, see 234Pu 8E−1 6E−3 3E−12 − − −

Bone surf Bone surf
(1E+0) (1E−2) − 2E−14 2E−8 2E−7

Y, see 234Pu − 2E−2 7E−12 − − −
Bone surf

− (2E−2) − 2E−14 − −
94 Plutonium−241 W, see 234Pu 4E+1 3E−1 1E−10 − − −

Bone surf Bone surf
(7E+1) (6E−1) − 8E−13 1E−6 1E−5

Y, see 234Pu − 8E−1 3E−10 − − −
Bone surf

− (1E+0) − 1E−12 − −
94 Plutonium−242 W, see 234Pu 8E−1 7E−3 3E−12 − − −

Bone surf Bone surf
(1E+0) (1E−2) − 2E−14 2E−8 2E−7

Y, see 234Pu − 2E−2 7E−12 − − −
Bone surf

− (2E−2) − 2E−14 − −
94 Plutonium−243 W, see 234Pu 2E+4 4E+4 2E−5 5E−8 2E−4 2E−3

Y, see 234Pu − 4E+4 2E−5 5E−8 − −
94 Plutonium−244 W, see 234Pu 8E−1 7E−3 3E−12 − − −

Bone surf Bone surf
(2E+0) (1E−2) − 2E−14 2E−8 2E−7

Y, see 234Pu − 2E−2 7E−12 − − −
Bone surf

− (2E−2) − 2E−14 − −
94 Plutonium−245 W, see 234Pu 2E+3 5E+3 2E−6 6E−9 3E−5 3E−4

Y, see 234Pu − 4E+3 2E−6 6E−9 − −
94 Plutonium−246 W, see 234Pu 4E+2 3E+2 1E−7 4E−10 − −

LLI wall
(4E+2) − − − 6E−6 6E−5

Y, see 234Pu − 3E+2 1E−7 4E−10 − −
95 Americium−237b/ W, all compounds 8E+4 3E+5 1E−4 4E−7 1E−3 1E−2
95 Americium−238b/ W, all compounds 4E+4 3E+3 1E−6 − 5E−4 5E−3

Bone surf
− (6E+3) − 9E−9 − −

95 Americium−239 W, all compounds 5E+3 1E+4 5E−6 2E−8 7E−5 7E−4
95 Americium−240 W, all compounds 2E+3 3E+3 1E−6 4E−9 3E−5 3E−4
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

95 Americium−241 W, all compounds 8E−1 6E−3 3E−12 − − −
Bone surf Bone surf
(1E+0) (1E−2) − 2E−14 2E−8 2E−7

95 Americium−242m W, all compounds 8E−1 6E−3 3E−12 − − −
Bone surf Bone surf
(1E+0) (1E−2) − 2E−14 2E−8 2E−7

95 Americium−242 W, all compounds 4E+3 8E+1 4E−8 − 5E−5 5E−4
Bone surf

− (9E+1) − 1E−10 − −
95 Americium−243 W, all compounds 8E−1 6E−3 3E−12 − − −

Bone surf Bone surf
(1E+0) (1E−2) − 2E−14 2E−8 2E−7

95 Americium−244mb/ W, all compounds 6E+4 4E+3 2E−6 − − −
St wall Bone surf
(8E+4) (7E+3) − 1E−8 1E−3 1E−2

95 Americium−244 W, all compounds 3E+3 2E+2 8E−8 − 4E−5 4E−4
Bone surf

− (3E+2) − 4E−10 − −
95 Americium−245 W, all compounds 3E+4 8E+4 3E−5 1E−7 4E−4 4E−3
95 Americium−246mb/ W, all compounds 5E+4 2E+5 8E−5 3E−7 − −

St wall
(6E+4) − − − 8E−4 8E−3

95 Americium−246b/ W, all compounds 3E+4 1E+5 4E−5 1E−7 4E−4 4E−3
96 Curium−238 W, all compounds 2E+4 1E+3 5E−7 2E−9 2E−4 2E−3
96 Curium−240 W, all compounds 6E+1 6E−1 2E−10 − − −

Bone surf Bone surf
(8E+1) (6E−1) − 9E−13 1E−6 1E−5

96 Curium−241 W, all compounds 1E+3 3E+1 1E−8 − 2E−5 2E−4
Bone surf

− (4E+1) − 5E−11 − −
96 Curium−242 W, all compounds 3E+1 3E−1 1E−10 − − −

Bone surf Bone surf
(5E+1) (3E−1) − 4E−13 7E−7 7E−6

96 Curium−243 W, all compounds 1E+0 9E−3 4E−12 − − −
Bone surf Bone surf
(2E+0) (2E−2) − 2E−14 3E−8 3E−7

96 Curium−244 W, all compounds 1E+0 1E−2 5E−12 − − −
Bone surf Bone surf
(3E+0) (2E−2) − 3E−14 3E−8 3E−7

96 Curium−245 W, all compounds 7E−1 6E−3 3E−12 − − −
Bone surf Bone surf
(1E+0) (1E−2) − 2E−14 2E−8 2E−7

96 Curium−246 W, all compounds 7E−1 6E−3 3E−12 − − −
Bone surf Bone surf
(1E+0) (1E−2) − 2E−14 2E−8 2E−7

96 Curium−247 W, all compounds 8E−1 6E−3 3E−12 − − −
Bone surf Bone surf
(1E+0) (1E−2) − 2E−14 2E−8 2E−7
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

96 Curium−248 W, all compounds 2E−1 2E−3 7E−13 − − −
Bone surf Bone surf
(4E−1) (3E−3) − 4E−15 5E−9 5E−8

96 Curium−249b/ W, all compounds 5E+4 2E+4 7E−6 − 7E−4 7E−3
Bone surf

− (3E+4) − 4E−8 − −
96 Curium−250 W, all compounds 4E−2 3E−4 1E−13 − − −

Bone surf Bone surf
(6E−2) (5E−4) − 8E−16 9E−10 9E−9

97 Berkelium−245 W, all compounds 2E+3 1E+3 5E−7 2E−9 3E−5 3E−4
97 Berkelium−246 W, all compounds 3E+3 3E+3 1E−6 4E−9 4E−5 4E−4
97 Berkelium−247 W, all compounds 5E−1 4E−3 2E−12 − − −

Bone surf Bone surf
(1E+0) (9E−3) − 1E−14 2E−8 2E−7

97 Berkelium−249 W, all compounds 2E+2 2E+0 7E−10 − − −
Bone surf Bone surf
(5E+2) (4E+0) − 5E−12 6E−6 6E−5

97 Berkelium−250 W, all compounds 9E+3 3E+2 1E−7 − 1E−4 1E−3
Bone surf

− (7E+2) − 1E−9 − −
98 Californium−244b/  W, all compounds except

   those given for Y 3E+4 6E+2 2E−7 8E−10 − −
St wall
(3E+4) − − − 4E−4 4E−3

Y, oxides and hydroxides − 6E+2 2E−7 8E−10 − −
98 Californium−246 W, see 244Cf 4E+2 9E+0 4E−9 1E−11 5E−6 5E−5

Y, see 244Cf − 9E+0 4E−9 1E−11 − −
98 Californium−248 W, see 244Cf 8E+0 6E−2 3E−11 − − −

Bone surf Bone surf
(2E+1) (1E−1) − 2E−13 2E−7 2E−6

Y, see 244Cf − 1E−1 4E−11 1E−13 − −
98 Californium−249 W, see 244Cf 5E−1 4E−3 2E−12 − − −

Bone surf Bone surf
(1E+0) (9E−3) − 1E−14 2E−8 2E−7

Y, see 244Cf − 1E−2 4E−12 − − −
Bone surf

− (1E−2) − 2E−14 − −
98 Californium−250 W, see 244Cf 1E+0 9E−3 4E−12 − − −

Bone surf Bone surf
(2E+0) (2E−2) − 3E−14 3E−8 3E−7

Y, see 244Cf − 3E−2 1E−11 4E−14 − −
98 Californium−251 W, see 244Cf 5E−1 4E−3 2E−12 − − −

Bone surf Bone surf
(1E+0) (9E−3) − 1E−14 2E−8 2E−7

Y, see 244Cf − 1E−2 4E−12 − − −
Bone surf

− (1E−2) − 2E−14 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

98 Californium−252 W, see 244Cf 2E+0 2E−2 8E−12 − − −
Bone surf Bone surf
(5E+0) (4E−2) − 5E−14 7E−8 7E−7

Y, see 244Cf − 3E−2 1E−11 5E−14 − −
98 Californium−253 W, see 244Cf 2E+2 2E+0 8E−10 3E−12 − −

Bone surf
(4E+2) − − − 5E−6 5E−5

Y, see 244Cf − 2E+0 7E−10 2E−12 − −
98 Californium−254 W, see 244Cf 2E+0 2E−2 9E−12 3E−14 3E−8 3E−7

Y, see 244Cf − 2E−2 7E−12 2E−14 − −
99 Einsteinium−250 W, all compounds 4E+4 5E+2 2E−7 − 6E−4 6E−3

Bone surf
− (1E+3) − 2E−9 − −

99 Einsteinium−251 W, all compounds 7E+3 9E+2 4E−7 − 1E−4 1E−3
Bone surf

− (1E+3) − 2E−9 − −
99 Einsteinium−253 W, all compounds 2E+2 1E+0 6E−10 2E−12 2E−6 2E−5
99 Einsteinium−254m W, all compounds 3E+2 1E+1 4E−9 1E−11 − −

LLI wall
(3E+2) − − − 4E−6 4E−5

99 Einsteinium−254 W, all compounds 8E+0 7E−2 3E−11 − − −
Bone surf Bone surf
(2E+1) (1E−1) − 2E−13 2E−7 2E−6

100 Fermium−252 W, all compounds 5E+2 1E+1 5E−9 2E−11 6E−6 6E−5
100 Fermium−253 W, all compounds 1E+3 1E+1 4E−9 1E−11 1E−5 1E−4
100 Fermium−254 W, all compounds 3E+3 9E+1 4E−8 1E−10 4E−5 4E−4
100 Fermium−255 W, all compounds 5E+2 2E+1 9E−9 3E−11 7E−6 7E−5
100 Fermium−257 W, all compounds 2E+1 2E−1 7E−11 − − −

Bone surf Bone surf
(4E+1) (2E−1) − 3E−13 5E−7 5E−6

101 Mendelevium−257 W, all compounds 7E+3 8E+1 4E−8 − 1E−4 1E−3
Bone surf

− (9E+1) − 1E−10 − −
101 Mendelevium−258 W, all compounds 3E+1 2E−1 1E−10 − − −

Bone surf Bone surf
(5E+1) (3E−1) − 5E−13 6E−7 6E−6

−Any single radionuclide not listed
above with decay mode other than
alpha emission or spontaneous 
fission and with radioactive half−
life less than 2 hours Submersiona/ − 2E+2 1E−7 1E−9 − −
−Any single radionuclide not listed
above with decay mode other than
alpha emission or spontaneous fis-
sion and with radioactive half−
life greater than 2 hours . . . . − 2E−1 1E−10 1E−12 1E−8 1E−7
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

−Any single radionuclide not listed
above that decays by alpha emission
or spontaneous fission, or any 
mixture for which either the identity
or the concentration of any radio-
nuclide in the mixture is not
known . . . . − 4E−4 2E−13 1E−15 2E−9 2E−8

Footnotes:
a/ “Submersion” means that values given are for submersion in a hemispherical semi−infinite cloud of airborne material.

b/  These radionuclides have radiological half−lives of less than 2 hours.  The total effective dose equivalent received during opera-
tions with these radionuclides might include a significant contribution from external exposure.  The DAC values for all radionu-
clides, other than those designated Class “Submersion,” are based upon the committed effective dose equivalent due to the intake
of the radionuclide into the body and do NOT include potentially significant contributions to dose equivalent from external expo-
sures.  The licensee may substitute 1E−7 µCi/ml for the listed DAC to account for the submersion dose prospectively, but should
use individual monitoring devices or other radiation measuring instruments that measure external exposure to demonstrate com-
pliance with the limits.  (See s. DHS 157.22 (3))

c/  For soluble mixtures of U−238, U−234, and U−235 in air, chemical toxicity may be the limiting factor (see D.201e.).  If the
percent by weight enrichment of U−235 is not greater than 5, the concentration value for a 40−hour workweek is 0.2 milligrams
uranium per cubic meter of air average.  For any enrichment, the product of the average concentration and time of exposure during
a 40−hour workweek may not exceed 8E−3 (SA) µCi−hr/ml, where SA is the specific activity of the uranium inhaled.  The specific
activity for natural uranium is 6.77E−7 curies per gram U.  The specific activity for other mixtures of U−238, U−235, and U−234,
if not known, shall be:
SA = 3.6E−7 curies/gram U      U−depleted
SA = [0.4 + 0.38 enrichment + 0.0034 enrichment2] E−6,  enrichment > 0.72

 where enrichment is the percentage by weight of U−235, expressed as percent.
Note:
1.  If the identity of each radionuclide in a mixture is known but the concentration of one or more of the radionuclides in the mix-
ture is not known, the DAC for the mixture shall be the most restrictive DAC of any radionuclide in the mixture.

2.  If the identity of each radionuclide in the mixture is not known, but it is known that certain radionuclides specified in this
appendix are not present in the mixture, the inhalation ALI, DAC, and effluent and sewage concentrations for the mixture are the
lowest values specified in this appendix for any radionuclide that is not known to be absent from the mixture; or

If it is known that Ac−227−D and Cm−250−W 
are not present − 7E−4 3E−13 − − −

If, in addition, it is known that Ac−227−W,Y,
Th−229−W,Y, Th−230−W, Th−232−W,Y, Pa−231−W,Y,
Np−237−W, Pu−239−W, Pu−240−W, Pu−242−W, Am−241−W,
Am−242m−W, Am−243−W, Cm−245−W, Cm−246−W, Cm−247−W,
Cm−248−W, Bk−247−W, Cf−249−W, and Cf−251−W
are not present − 7E−3 3E−12 − − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

If, in addition, it is known that Sm−146−W,
Sm−147−W, Gd−148−D,W, Gd−152−D,W, Th−228−W,Y,
Th−230−Y, U−232−Y, U−233−Y, U−234−Y, U−235−Y,
U−236−Y, U−238−Y, Np−236−W, Pu−236−W,Y,
Pu−238−W,Y, Pu−239−Y, Pu−240−Y, Pu−242−Y,
Pu−244−W,Y, Cm−243−W, Cm−244−W, Cf−248−W,
Cf−249−Y, Cf−250−W,Y, Cf−251−Y, Cf−252−W,Y,
and Cf−254−W,Y are not present 7E−2 3E−11 − − −

If, in addition, it is known that Pb−210−D,
Bi−210m−W, Po−210−D,W, Ra−223−W, Ra−225−W,
Ra−226−W, Ac−225−D,W,Y, Th−227−W,Y, U−230−D,W,Y,
U−232−D,W, Pu−241−W, Cm−240−W, Cm−242−W,
Cf−248−Y, Es−254−W, Fm−257−W, and Md−258−W
are not present − 7E−1 3E−10 − − −

If, in addition, it is known that Si−32−Y,
Ti−44−Y, Fe−60−D, Sr−90−Y, Zr−93−D,
Cd−113m−D, Cd−113−D, In−115−D,W, La−138−D,
Lu−176−W, Hf−178m−D,W, Hf−182−D,W, Bi−210m−D,
Ra−224−W, Ra−228−W, Ac−226−D,W,Y, Pa−230−W,Y,
U−233−D,W, U−234−D,W, U−235−D,W, U−236−D,W,
U−238−D,W, Pu−241−Y, Bk−249−W, Cf−253−W,Y,
and Es−253−W are not present − 7E+0 3E−9 − − −

If it is known that Ac−227−D,W,Y, Th−229−W,Y,
Th−232−W,Y, Pa−231−W,Y, Cm−248−W, and
Cm−250−W are not present − − − 1E−14 − −

If, in addition, it is known that Sm−146−W,
Gd−148−D,W, Gd−152−D, Th−228−W,Y, Th−230−W,Y,
U−232−Y, U−233−Y, U−234−Y, U−235−Y, U−236−Y,
U−238−Y, U−Nat−Y, Np−236−W, Np−237−W, Pu−236−W,Y,
Pu−238−W,Y, Pu−239−W,Y, Pu−240−W,Y, Pu−242−W,Y,
Pu−244−W,Y, Am−241−W, Am−242m−W, Am−243−W,
Cm−243−W, Cm−244−W, Cm−245−W, Cm−246−W,
Cm−247−W, Bk−247−W, Cf−249−W,Y, Cf−250−W,Y,
Cf−251−W,Y, Cf−252−W,Y, and Cf−254−W,Y
are not present − − − 1E−13 −

If, in addition, it is known that Sm−147−W,
Gd−152−W, Pb−210−D, Bi−210m−W, Po−210−D,W,
Ra−223−W, Ra−225−W, Ra−226−W, Ac−225−D,W,Y,
Th−227−W,Y, U−230−D,W,Y, U−232−D,W, U−Nat−W,
Pu−241−W, Cm−240−W, Cm−242−W, Cf−248−W,Y,
Es−254−W, Fm−257−W, and Md−258−W are not
present − − − 1E−12 − −
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Annual Limits on Intake (ALI) & Derived Air Concentrations (DAC) of
Radionuclides for Occupational Exposure Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table I
Occupational

Values

Table II
Effluent

Concentrations

Table III
Releases to

Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly

Average
ConcentrationAtomic

No. Radionuclide Class

ALI ALI DAC Air Water

(�Ci) (�Ci) (�Ci/ml) (�Ci/ml) (�Ci/ml) (�Ci/ml)

If, in addition it is known that Fe−60,
Sr−90, Cd−113m, Cd−113, In−115, I−129,
Cs−134, Sm−145, Sm−147, Gd−148, Gd−152,
Hg−194 (organic), Bi−210m, Ra−223, Ra−224,
Ra−225, Ac−225, Th−228, Th−230, U−233, U−234,
U−235, U−236, U−238, U−Nat, Cm−242, Cf−248,
Es−254, Fm−257, and Md−258 are not present − − − − 1E−6 1E−5

3.  If a mixture of radionuclides consists of uranium and its daughters in ore dust (10 µm AMAD particle distribution assumed)
prior to chemical separation of the uranium from the ore, the following values may be used for the DAC of the mixture:  6E−11
µCi of gross alpha activity from uranium−238, uranium−234, thorium−230, and radium−226 per milliliter of air; 3E−11 µCi of
natural uranium per milliliter of air; or 45 micrograms of natural uranium per cubic meter of air.

4.  If the identity and concentration of each radionuclide in a mixture are known, the limiting values should be derived as follows:
determine, for each radionuclide in the mixture, the ratio between the concentration present in the mixture and the concentration
otherwise established in Appendix E for the specific radionuclide when not in a mixture.  The sum of such ratios for all of the
radionuclides in the mixture may not exceed “1,” which is “unity”.

Example:  If radionuclides “A,” “B,” and “C” are present in concentrations CA, CB, and CC, and if the applicable DACs are DACA,
DACB, and DACC, respectively, then the concentrations shall be limited so that the following relationship exists:

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ1
DAC

C+SUBB
DAC
C+

DAC
C

C

CB

A

A ≤
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Chapter DHS 157

APPENDIX F

Quantities of Licensed Material Requiring Labeling
(in Atomic Order)

Note:  To convert uCi to kBq, multiply the uCi value by 37.

Radionuclide Quantity (uCi) Radionuclide Quantity (uCi)

Hydrogen−3 1,000. . . . . . . . . . . . . . 
Beryllium−7 1,000. . . . . . . . . . . . . . 
Beryllium−10 1. . . . . . . . . . . . . 
Carbon−11 1,000. . . . . . . . . . . . . . . 
Carbon−14 100. . . . . . . . . . . . . . . 
Fluorine−18 1,000. . . . . . . . . . . . . . 
Sodium−22 10. . . . . . . . . . . . . . . 
Sodium−24 100. . . . . . . . . . . . . . . 
Magnesium−28 100. . . . . . . . . . . . 
Aluminum−26 10. . . . . . . . . . . . 
Silicon−31 1,000. . . . . . . . . . . . . . . 
Silicon−32 1. . . . . . . . . . . . . . . 
Phosphorus−32 10. . . . . . . . . . . . 
Phosphorus−33 100. . . . . . . . . . . . 
Sulfur−35 100. . . . . . . . . . . . . . . . 
Chlorine−36 10. . . . . . . . . . . . . . 
Chlorine−38 1,000. . . . . . . . . . . . . . 
Chlorine−39 1,000. . . . . . . . . . . . . . 
Argon−39 1,000. . . . . . . . . . . . . . . . 
Argon−41 1,000. . . . . . . . . . . . . . . . 
Potassium−40 100. . . . . . . . . . . . . 
Potassium−42 1,000. . . . . . . . . . . . . 
Potassium−43 1,000. . . . . . . . . . . . . 
Potassium−44 1,000. . . . . . . . . . . . . 
Potassium−45 1,000. . . . . . . . . . . . . 
Calcium−41 100. . . . . . . . . . . . . . 
Calcium−45 100. . . . . . . . . . . . . . 
Calcium−47 100. . . . . . . . . . . . . . 
Scandium−43 1,000. . . . . . . . . . . . . 
Scandium−44m 100. . . . . . . . . . . 
Scandium−44 100. . . . . . . . . . . . . 
Scandium−46 10. . . . . . . . . . . . . 
Scandium−47 100. . . . . . . . . . . . . 
Scandium−48 100. . . . . . . . . . . . . 
Scandium−49 1,000. . . . . . . . . . . . . 
Titanium−44 1. . . . . . . . . . . . . . 
Titanium−45 1,000. . . . . . . . . . . . . . 
Vanadium−47 1,000. . . . . . . . . . . . . 
Vanadium−48 100. . . . . . . . . . . . . 
Vanadium−49 1,000. . . . . . . . . . . . . 
Chromium−48 1,000. . . . . . . . . . . . 
Chromium−49 1,000. . . . . . . . . . . . 
Chromium−51 1,000. . . . . . . . . . . . 

Manganese−51 1,000. . . . . . . . . . . . 
Manganese−52m 1,000. . . . . . . . . . 
Manganese−52 100. . . . . . . . . . . . 
Manganese−53 1,000. . . . . . . . . . . . 
Manganese−54 100. . . . . . . . . . . . 
Manganese−56 1,000. . . . . . . . . . . . 
Iron−52 100. . . . . . . . . . . . . . . . . . 
Iron−55 100. . . . . . . . . . . . . . . . . . 
Iron−59 10. . . . . . . . . . . . . . . . . . 
Iron−60 1. . . . . . . . . . . . . . . . . . 
Cobalt−55 100. . . . . . . . . . . . . . . . 
Cobalt−56 10. . . . . . . . . . . . . . . . 
Cobalt−57 100. . . . . . . . . . . . . . . . 
Cobalt−58m 1,000. . . . . . . . . . . . . . 
Cobalt−58 100. . . . . . . . . . . . . . . . 
Cobalt−60m 1,000. . . . . . . . . . . . . . 
Cobalt−60 1. . . . . . . . . . . . . . . . 
Cobalt−61 1,000. . . . . . . . . . . . . . . . 
Cobalt−62m 1,000. . . . . . . . . . . . . . 
Nickel−56 100. . . . . . . . . . . . . . . . 
Nickel−57 100. . . . . . . . . . . . . . . . 
Nickel−59 100. . . . . . . . . . . . . . . . 
Nickel−63 100. . . . . . . . . . . . . . . . 
Nickel−65 1,000. . . . . . . . . . . . . . . . 
Nickel−66 10. . . . . . . . . . . . . . . . 
Copper−60 1,000. . . . . . . . . . . . . . . 
Copper−61 1,000. . . . . . . . . . . . . . . 
Copper−64 1,000. . . . . . . . . . . . . . . 
Copper−67 1,000. . . . . . . . . . . . . . . 
Zinc−62 100. . . . . . . . . . . . . . . . . 
Zinc−63 1,000. . . . . . . . . . . . . . . . . 
Zinc−65 10. . . . . . . . . . . . . . . . . 
Zinc−69m 100. . . . . . . . . . . . . . . . 
Zinc−69 1,000. . . . . . . . . . . . . . . . . 
Zinc−71m 1,000. . . . . . . . . . . . . . . . 
Zinc−72 100. . . . . . . . . . . . . . . . . 
Gallium−65 1,000. . . . . . . . . . . . . . 
Gallium−66 100. . . . . . . . . . . . . . 
Gallium−67 1,000. . . . . . . . . . . . . . 
Gallium−68 1,000. . . . . . . . . . . . . . 
Gallium−70 1,000. . . . . . . . . . . . . . 
Gallium−72 100. . . . . . . . . . . . . . 
Gallium−73 1,000. . . . . . . . . . . . . . 
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Radionuclide Quantity (uCi) Radionuclide Quantity (uCi)

Germanium−66 1,000. . . . . . . . . . . 
Germanium−67 1,000. . . . . . . . . . . 
Germanium−68 10. . . . . . . . . . . 
Germanium−69 1,000. . . . . . . . . . . 
Germanium−71 1,000. . . . . . . . . . . 
Germanium−75 1,000. . . . . . . . . . . 
Germanium−77 1,000. . . . . . . . . . . 
Germanium−78 1,000. . . . . . . . . . . 
Arsenic−69 1,000. . . . . . . . . . . . . . . 
Arsenic−70 1,000. . . . . . . . . . . . . . . 
Arsenic−71 100. . . . . . . . . . . . . . . 
Arsenic−72 100. . . . . . . . . . . . . . . 
Arsenic−73 100. . . . . . . . . . . . . . . 
Arsenic−74 100. . . . . . . . . . . . . . . 
Arsenic−76 100. . . . . . . . . . . . . . . 
Arsenic−77 100. . . . . . . . . . . . . . . 
Arsenic−78 1,000. . . . . . . . . . . . . . . 
Selenium−70 1,000. . . . . . . . . . . . . 
Selenium−73m 1,000. . . . . . . . . . . . 
Selenium−73 100. . . . . . . . . . . . . 
Selenium−75 100. . . . . . . . . . . . . 
Selenium−79 100. . . . . . . . . . . . . 
Selenium−81m 1,000. . . . . . . . . . . . 
Selenium−81 1,000. . . . . . . . . . . . . 
Selenium−83 1,000. . . . . . . . . . . . . 
Bromine−74m 1,000. . . . . . . . . . . . 
Bromine−74 1,000. . . . . . . . . . . . . . 
Bromine−75 1,000. . . . . . . . . . . . . . 
Bromine−76 100. . . . . . . . . . . . . . 
Bromine−77 1,000. . . . . . . . . . . . . . 
Bromine−80m 1,000. . . . . . . . . . . . 
Bromine−80 1,000. . . . . . . . . . . . . . 
Bromine−82 100. . . . . . . . . . . . . . 
Bromine−83 1,000. . . . . . . . . . . . . . 
Bromine−84 1,000. . . . . . . . . . . . . . 
Krypton−74 1,000. . . . . . . . . . . . . . 
Krypton−76 1,000. . . . . . . . . . . . . . 
Krypton−77 1,000. . . . . . . . . . . . . . 
Krypton−79 1,000. . . . . . . . . . . . . . 
Krypton−81 1,000. . . . . . . . . . . . . . 
Krypton−83m 1,000. . . . . . . . . . . . . 
Krypton−85m 1,000. . . . . . . . . . . . . 
Krypton−85 1,000. . . . . . . . . . . . . . 
Krypton−87 1,000. . . . . . . . . . . . . . 
Krypton−88 1,000. . . . . . . . . . . . . . 
Rubidium−79 1,000. . . . . . . . . . . . . 
Rubidium−81m 1,000. . . . . . . . . . . 
Rubidium−81 1,000. . . . . . . . . . . . . 
Rubidium−82m 1,000. . . . . . . . . . . 
Rubidium−83 100. . . . . . . . . . . . . 
Rubidium−84 100. . . . . . . . . . . . . 
Rubidium−86 100. . . . . . . . . . . . . 

Rubidium−87 100. . . . . . . . . . . . . 
Rubidium−88 1,000. . . . . . . . . . . . . 
Rubidium−89 1,000. . . . . . . . . . . . . 
Strontium−80 100. . . . . . . . . . . . . 
Strontium−81 1,000. . . . . . . . . . . . . 
Strontium−83 100. . . . . . . . . . . . . 
Strontium−85m 1,000. . . . . . . . . . . 
Strontium−85 100. . . . . . . . . . . . . 
Strontium−87m 1,000. . . . . . . . . . . 
Strontium−89 10. . . . . . . . . . . . . 
Strontium−90 0.1. . . . . . . . . . . . . 
Strontium−91 100. . . . . . . . . . . . . 
Strontium−92 100. . . . . . . . . . . . . 
Yttrium−86m 1,000. . . . . . . . . . . . . 
Yttrium−86 100. . . . . . . . . . . . . . . 
Yttrium−87 100. . . . . . . . . . . . . . . 
Yttrium−88 10. . . . . . . . . . . . . . . 
Yttrium−90m 1,000. . . . . . . . . . . . . 
Yttrium−90 10. . . . . . . . . . . . . . . 
Yttrium−91m 1,000. . . . . . . . . . . . . 
Yttrium−91 10. . . . . . . . . . . . . . . 
Yttrium−92 100. . . . . . . . . . . . . . . 
Yttrium−93 100. . . . . . . . . . . . . . . 
Yttrium−94 1,000. . . . . . . . . . . . . . . 
Yttrium−95 1,000. . . . . . . . . . . . . . . 
Zirconium−86 100. . . . . . . . . . . . . 
Zirconium−88 10. . . . . . . . . . . . . 
Zirconium−89 100. . . . . . . . . . . . . 
Zirconium−93 1. . . . . . . . . . . . . 
Zirconium−95 10. . . . . . . . . . . . . 
Zirconium−97 100. . . . . . . . . . . . . 
Niobium−88 1,000. . . . . . . . . . . . . . 
Niobium−89m (66 min) 1,000. . . . . 
Niobium−89 (122 min) 1,000. . . . . 
Niobium−90 100. . . . . . . . . . . . . . 
Niobium−93m 10. . . . . . . . . . . . 
Niobium−94 1. . . . . . . . . . . . . . 
Niobium−95m 100. . . . . . . . . . . . 
Niobium−95 100. . . . . . . . . . . . . . 
Niobium−96 100. . . . . . . . . . . . . . 
Niobium−97 1,000. . . . . . . . . . . . . . 
Niobium−98 1,000. . . . . . . . . . . . . . 
Molybdenum−90 100. . . . . . . . . . 
Molybdenum−93m 100. . . . . . . . . 
Molybdenum−93 10. . . . . . . . . . 
Molybdenum−99 100. . . . . . . . . . 
Molybdenum−101 1,000. . . . . . . . . 
Technetium−93m 1,000. . . . . . . . . . 
Technetium−93 1,000. . . . . . . . . . . . 
Technetium−94m 1,000. . . . . . . . . . 
Technetium−94 1,000. . . . . . . . . . . . 
Technetium−96m 1,000. . . . . . . . . . 
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Radionuclide Quantity (uCi) Radionuclide Quantity (uCi)

Technetium−96 100. . . . . . . . . . . . 
Technetium−97m 100. . . . . . . . . . 
Technetium−97 1,000. . . . . . . . . . . . 
Technetium−98 10. . . . . . . . . . . . 
Technetium−99m 1,000. . . . . . . . . . 
Technetium−99 100. . . . . . . . . . . . 
Technetium−101 1,000. . . . . . . . . . . 
Technetium−104 1,000. . . . . . . . . . . 
Ruthenium−94 1,000. . . . . . . . . . . . 
Ruthenium−97 1,000. . . . . . . . . . . . 
Ruthenium−103 100. . . . . . . . . . . 
Ruthenium−105 1,000. . . . . . . . . . . 
Ruthenium−106 1. . . . . . . . . . . 
Rhodium−99m 1,000. . . . . . . . . . . . 
Rhodium−99 100. . . . . . . . . . . . . . 
Rhodium−100 100. . . . . . . . . . . . . 
Rhodium−101m 1,000. . . . . . . . . . . 
Rhodium−101 10. . . . . . . . . . . . . 
Rhodium−102m 10. . . . . . . . . . . 
Rhodium−102 10. . . . . . . . . . . . . 
Rhodium−103m 1,000. . . . . . . . . . . 
Rhodium−105 100. . . . . . . . . . . . . 
Rhodium−106m 1,000. . . . . . . . . . . 
Rhodium−107 1,000. . . . . . . . . . . . . 
Palladium−100 100. . . . . . . . . . . . 
Palladium−101 1,000. . . . . . . . . . . . 
Palladium−103 100. . . . . . . . . . . . 
Palladium−107 10. . . . . . . . . . . . 
Palladium−109 100. . . . . . . . . . . . 
Silver−102 1,000. . . . . . . . . . . . . . . 
Silver−103 1,000. . . . . . . . . . . . . . . 
Silver−104m 1,000. . . . . . . . . . . . . . 
Silver−104 1,000. . . . . . . . . . . . . . . 
Silver−105 100. . . . . . . . . . . . . . . 
Silver−106m 100. . . . . . . . . . . . . . 
Silver−106 1,000. . . . . . . . . . . . . . . 
Silver−108m 1. . . . . . . . . . . . . . 
Silver−11Om 10. . . . . . . . . . . . . 
Silver−111 100. . . . . . . . . . . . . . . 
Silver−112 100. . . . . . . . . . . . . . . 
Silver−115 1,000. . . . . . . . . . . . . . . 
Cadmium−104 1,000. . . . . . . . . . . . 
Cadmium−107 1,000. . . . . . . . . . . . 
Cadmium−109 1. . . . . . . . . . . . 
Cadmium−113m 0.1. . . . . . . . . . . 
Cadmium−113 100. . . . . . . . . . . . 
Cadmium−115m 10. . . . . . . . . . . 
Cadmium−115 100. . . . . . . . . . . . 
Cadmium−117m 1,000. . . . . . . . . . . 
Cadmium−117 1,000. . . . . . . . . . . . 
Indium−109 1,000. . . . . . . . . . . . . . 
Indium−110 (69.1 min) 1,000. . . . . 

Indium−110 (4.9 h) 1,000. . . . . . . . 
Indium−111 100. . . . . . . . . . . . . . 
Indium−112 1,000. . . . . . . . . . . . . . 
Indium−113m 1,000. . . . . . . . . . . . . 
Indium−114m 10. . . . . . . . . . . . . 
Indium−115m 1,000. . . . . . . . . . . . . 
Indium−115 100. . . . . . . . . . . . . . 
Indium−116m 1,000. . . . . . . . . . . . . 
Indium−117m 1,000. . . . . . . . . . . . . 
Indium−117 1,000. . . . . . . . . . . . . . 
Indium−119m 1,000. . . . . . . . . . . . . 
Tin−110 100. . . . . . . . . . . . . . . . . 
Tin−111 1,000. . . . . . . . . . . . . . . . . 
Tin−113 100. . . . . . . . . . . . . . . . . 
Tin−117m 100. . . . . . . . . . . . . . . . 
Tin−119m 100. . . . . . . . . . . . . . . . 
Tin−121m 100. . . . . . . . . . . . . . . . 
Tin−121 1,000. . . . . . . . . . . . . . . . . 
Tin−123m 1,000. . . . . . . . . . . . . . . . 
Tin−123 10. . . . . . . . . . . . . . . . . 
Tin−125 10. . . . . . . . . . . . . . . . . 
Tin−126 10. . . . . . . . . . . . . . . . . 
Tin−127 1,000. . . . . . . . . . . . . . . . . 
Tin−128 1,000. . . . . . . . . . . . . . . . . 
Antimony−115 1,000. . . . . . . . . . . . 
Antimony−116m 1,000. . . . . . . . . . 
Antimony−116 1,000. . . . . . . . . . . . 
Antimony−117 1,000. . . . . . . . . . . . 
Antimony−118m 1,000. . . . . . . . . . 
Antimony−119 1,000. . . . . . . . . . . . 
Antimony−120 (16 min) 1,000. . . . 
Antimony−120 (5.76 d) 100. . . . . 
Antimony−122 100. . . . . . . . . . . . 
Antimony−124m 1,000. . . . . . . . . . 
Antimony−124 10. . . . . . . . . . . . 
Antimony−125 100. . . . . . . . . . . . 
Antimony−126m 1,000. . . . . . . . . . 
Antimony−126 100. . . . . . . . . . . . 
Antimony−127 100. . . . . . . . . . . . 
Antimony−128 (10.4 min) 1,000. . . 
Antimony−128 (9.01 h) 100. . . . . 
Antimony−129 100. . . . . . . . . . . . 
Antimony−130 1,000. . . . . . . . . . . . 
Antimony−131 1,000. . . . . . . . . . . . 
Tellurium−116 1,000. . . . . . . . . . . . 
Tellurium−121m 10. . . . . . . . . . . 
Tellurium−121 100. . . . . . . . . . . . 
Tellurium−123m 10. . . . . . . . . . . 
Tellurium−123 100. . . . . . . . . . . . 
Tellurium−125m 10. . . . . . . . . . . 
Tellurium−127m 10. . . . . . . . . . . 
Tellurium−127 1,000. . . . . . . . . . . . 
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Tellurium−129m 10. . . . . . . . . . . 
Tellurium−129 1,000. . . . . . . . . . . . 
Tellurium−131m 10. . . . . . . . . . . 
Tellurium−131 100. . . . . . . . . . . . 
Tellurium−132 10. . . . . . . . . . . . 
Tellurium−133m 100. . . . . . . . . . . 
Tellurium−133 1,000. . . . . . . . . . . . 
Tellurium−134 1,000. . . . . . . . . . . . 
Iodine−120m 1,000. . . . . . . . . . . . . 
Iodine−120 100. . . . . . . . . . . . . . . 
Iodine−121 1,000. . . . . . . . . . . . . . . 
Iodine−123 100. . . . . . . . . . . . . . . 
Iodine−124 10. . . . . . . . . . . . . . . 
Iodine−125 1. . . . . . . . . . . . . . . 
Iodine−126 1. . . . . . . . . . . . . . . 
Iodine−128 1,000. . . . . . . . . . . . . . . 
Iodine−129 1. . . . . . . . . . . . . . . 
Iodine−130 10. . . . . . . . . . . . . . . 
Iodine−131 1. . . . . . . . . . . . . . . 
Iodine−132m 100. . . . . . . . . . . . . 
Iodine−132 100. . . . . . . . . . . . . . . 
Iodine−133 10. . . . . . . . . . . . . . . 
Iodine−134 1,000. . . . . . . . . . . . . . . 
Iodine−135 100. . . . . . . . . . . . . . . 
Xenon−120 1,000. . . . . . . . . . . . . . . 
Xenon−121 1,000. . . . . . . . . . . . . . . 
Xenon−122 1,000. . . . . . . . . . . . . . . 
Xenon−123 1,000. . . . . . . . . . . . . . . 
Xenon−125 1,000. . . . . . . . . . . . . . . 
Xenon−127 1,000. . . . . . . . . . . . . . . 
Xenon−129m 1,000. . . . . . . . . . . . . 
Xenon−131m 1,000. . . . . . . . . . . . . 
Xenon−133m 1,000. . . . . . . . . . . . . 
Xenon−133 1,000. . . . . . . . . . . . . . . 
Xenon−135m 1,000. . . . . . . . . . . . . 
Xenon−135 1,000. . . . . . . . . . . . . . . 
Xenon−138 1,000. . . . . . . . . . . . . . . 
Cesium−125 1,000. . . . . . . . . . . . . . 
Cesium−127 1,000. . . . . . . . . . . . . . 
Cesium−129 1,000. . . . . . . . . . . . . . 
Cesium−130 1,000. . . . . . . . . . . . . . 
Cesium−131 1,000. . . . . . . . . . . . . . 
Cesium−132 100. . . . . . . . . . . . . . 
Cesium−134m 1,000. . . . . . . . . . . . 
Cesium−134 10. . . . . . . . . . . . . . 
Cesium−135m 1,000. . . . . . . . . . . . 
Cesium−135 100. . . . . . . . . . . . . . 
Cesium−136 10. . . . . . . . . . . . . . 
Cesium−137 10. . . . . . . . . . . . . . 
Cesium−138 1,000. . . . . . . . . . . . . . 
Barium−126 1,000. . . . . . . . . . . . . . 
Barium−128 100. . . . . . . . . . . . . . 

Barium−131m 1,000. . . . . . . . . . . . 
Barium−131 100. . . . . . . . . . . . . . 
Barium−133m 100. . . . . . . . . . . . 
Barium−133 100. . . . . . . . . . . . . . 
Barium−135m 100. . . . . . . . . . . . 
Barium−139 1,000. . . . . . . . . . . . . . 
Barium−140 100. . . . . . . . . . . . . . 
Barium−141 1,000. . . . . . . . . . . . . . 
Barium−142 1,000. . . . . . . . . . . . . . 
Lanthanum−131 1,000. . . . . . . . . . . 
Lanthanum−132 100. . . . . . . . . . . 
Lanthanum−135 1,000. . . . . . . . . . . 
Lanthanum−137 10. . . . . . . . . . . 
Lanthanum−138 100. . . . . . . . . . . 
Lanthanum−140 100. . . . . . . . . . . 
Lanthanum−141 100. . . . . . . . . . . 
Lanthanum−142 1,000. . . . . . . . . . . 
Lanthanum−143 1,000. . . . . . . . . . . 
Cerium−134 100. . . . . . . . . . . . . . 
Cerium−135 100. . . . . . . . . . . . . . 
Cerium−137m 100. . . . . . . . . . . . 
Cerium−137 1,000. . . . . . . . . . . . . . 
Cerium−139 100. . . . . . . . . . . . . . 
Cerium−141 100. . . . . . . . . . . . . . 
Cerium−143 100. . . . . . . . . . . . . . 
Cerium−144 1. . . . . . . . . . . . . . 
Praseodymium−136 1,000. . . . . . . . 
Praseodymium−137 1,000. . . . . . . . 
Praseodymium−138m 1,000. . . . . . 
Praseodymium−139 1,000. . . . . . . . 
Praseodymium−142m 1,000. . . . . . 
Praseodymium−142 100. . . . . . . . 
Praseodymium−143 100. . . . . . . . 
Praseodymium−144 1,000. . . . . . . . 
Praseodymium−145 100. . . . . . . . 
Praseodymium−147 1,000. . . . . . . . 
Neodymium−136 1,000. . . . . . . . . . 
Neodymium−138 100. . . . . . . . . . 
Neodymium−139m 1,000. . . . . . . . 
Neodymium−139 1,000. . . . . . . . . . 
Neodymium−141 1,000. . . . . . . . . . 
Neodymium−147 100. . . . . . . . . . 
Neodymium−149 1,000. . . . . . . . . . 
Neodymium−151 1,000. . . . . . . . . . 
Promethium−141 1,000. . . . . . . . . . 
Promethium−143 100. . . . . . . . . . 
Promethium−144 10. . . . . . . . . . 
Promethium−145 10. . . . . . . . . . 
Promethium−146 1. . . . . . . . . . 
Promethium−147 10. . . . . . . . . . 
Promethium−148m 10. . . . . . . . . 
Promethium−148 10. . . . . . . . . . 
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Promethium−149 100. . . . . . . . . . 
Promethium−150 1,000. . . . . . . . . . 
Promethium−151 100. . . . . . . . . . 
Samarium−141m 1,000. . . . . . . . . . 
Samarium−141 1,000. . . . . . . . . . . . 
Samarium−142 1,000. . . . . . . . . . . . 
Samarium−145 100. . . . . . . . . . . . 
Samarium−146 1. . . . . . . . . . . . 
Samarium−147 100. . . . . . . . . . . . 
Samarium−151 10. . . . . . . . . . . . 
Samarium−153 100. . . . . . . . . . . . 
Samarium−155 1,000. . . . . . . . . . . . 
Samarium−156 1,000. . . . . . . . . . . . 
Europium−145 100. . . . . . . . . . . . 
Europium−146 100. . . . . . . . . . . . 
Europium−147 100. . . . . . . . . . . . 
Europium−148 10. . . . . . . . . . . . 
Europium−149 100. . . . . . . . . . . . 
Europium−150 (12.62 h) 100. . . . 
Europium−150 (34.2 y) 1. . . . . 
Europium−152m 100. . . . . . . . . . 
Europium−152 1. . . . . . . . . . . . 
Europium−154 1. . . . . . . . . . . . 
Europium−155 10. . . . . . . . . . . . 
Europium−156 100. . . . . . . . . . . . 
Europium−157 100. . . . . . . . . . . . 
Europium−158 1,000. . . . . . . . . . . . 
Gadolinium−145 1,000. . . . . . . . . . 
Gadolinium−146 10. . . . . . . . . . 
Gadolinium−147 100. . . . . . . . . . 
Gadolinium−148 0.001. . . . . . . . . . 
Gadolinium−149 100. . . . . . . . . . 
Gadolinium−151 10. . . . . . . . . . 
Gadolinium−152 100. . . . . . . . . . 
Gadolinium−153 10. . . . . . . . . . 
Gadolinium−159 100. . . . . . . . . . 
Terbium−147 1,000. . . . . . . . . . . . . 
Terbium−149 100. . . . . . . . . . . . . 
Terbium−150 1,000. . . . . . . . . . . . . 
Terbium−151 100. . . . . . . . . . . . . 
Terbium−153 1,000. . . . . . . . . . . . . 
Terbium−154 100. . . . . . . . . . . . . 
Terbium−155 1,000. . . . . . . . . . . . . 
Terbium−156m (5.0 h) 1,000. . . . . . 
Terbium−156m (24.4 h) 1,000. . . . . 
Terbium−156 100. . . . . . . . . . . . . 
Terbium−157 10. . . . . . . . . . . . . 
Terbium−158 1. . . . . . . . . . . . . 
Terbium−160 10. . . . . . . . . . . . . 
Terbium−161 100. . . . . . . . . . . . . 
Dysprosium−155 1,000. . . . . . . . . . 
Dysprosium−157 1,000. . . . . . . . . . 

Dysprosium−159 100. . . . . . . . . . 
Dysprosium−165 1,000. . . . . . . . . . 
Dysprosium−166 100. . . . . . . . . . 
Holmium−155 1,000. . . . . . . . . . . . 
Holmium−157 1,000. . . . . . . . . . . . 
Holmium−159 1,000. . . . . . . . . . . . 
Holmium−161 1,000. . . . . . . . . . . . 
Holmium−162m 1,000. . . . . . . . . . . 
Holmium−162 1,000. . . . . . . . . . . . 
Holmium−164m 1,000. . . . . . . . . . . 
Holmium−164 1,000. . . . . . . . . . . . 
Holmium−166m 1. . . . . . . . . . . 
Holmium−166 100. . . . . . . . . . . . 
Holmium−167 1,000. . . . . . . . . . . . 
Erbium−161 1,000. . . . . . . . . . . . . . 
Erbium−165 1,000. . . . . . . . . . . . . . 
Erbium−169 100. . . . . . . . . . . . . . 
Erbium−171 100. . . . . . . . . . . . . . 
Erbium−172 100. . . . . . . . . . . . . . 
Thulium−162 1,000. . . . . . . . . . . . . 
Thulium−166 100. . . . . . . . . . . . . 
Thulium−167 100. . . . . . . . . . . . . 
Thulium−170 10. . . . . . . . . . . . . 
Thulium−171 10. . . . . . . . . . . . . 
Thulium−172 100. . . . . . . . . . . . . 
Thulium−173 100. . . . . . . . . . . . . 
Thulium−175 1,000. . . . . . . . . . . . . 
Ytterbium−162 1,000. . . . . . . . . . . . 
Ytterbium−166 100. . . . . . . . . . . . 
Ytterbium−167 1,000. . . . . . . . . . . . 
Ytterbium−169 100. . . . . . . . . . . . 
Ytterbium−175 100. . . . . . . . . . . . 
Ytterbium−177 1,000. . . . . . . . . . . . 
Ytterbium−178 1,000. . . . . . . . . . . 
Lutetium−169 100. . . . . . . . . . . . . 
Lutetium−170 100. . . . . . . . . . . . . 
Lutetium−171 100. . . . . . . . . . . . . 
Lutetium−172 100. . . . . . . . . . . . . 
Lutetium−173 10. . . . . . . . . . . . . 
Lutetium−174m 10. . . . . . . . . . . 
Lutetium−174 10. . . . . . . . . . . . . 
Lutetium−176m 1,000. . . . . . . . . . . 
Lutetium−176 100. . . . . . . . . . . . . 
Lutetium−177m 10. . . . . . . . . . . 
Lutetium−177 100. . . . . . . . . . . . . 
Lutetium−178m 1,000. . . . . . . . . . . 
Lutetium−178 1,000. . . . . . . . . . . . . 
Lutetium−179 1,000. . . . . . . . . . . . . 
Hafnium−170 100. . . . . . . . . . . . . 
Hafnium−172 1. . . . . . . . . . . . . 
Hafnium−173 1,000. . . . . . . . . . . . . 
Hafnium−175 100. . . . . . . . . . . . . 
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Hafnium−177m 1,000. . . . . . . . . . . 
Hafnium−178m 0.1. . . . . . . . . . . 
Hafnium−179m 10. . . . . . . . . . . 
Hafnium−180m 1,000. . . . . . . . . . . 
Hafnium−181 10. . . . . . . . . . . . . 
Hafnium−182m 1,000. . . . . . . . . . . 
Hafnium−182 0.1. . . . . . . . . . . . . 
Hafnium−183 1,000. . . . . . . . . . . . . 
Hafnium−184 100. . . . . . . . . . . . . 
Tantalum−172 1,000. . . . . . . . . . . . . 
Tantalum−173 1,000. . . . . . . . . . . . . 
Tantalum−174 1,000. . . . . . . . . . . . . 
Tantalum−175 1,000. . . . . . . . . . . . . 
Tantalum−176 100. . . . . . . . . . . . . 
Tantalum−177 1,000. . . . . . . . . . . . . 
Tantalum−178 1,000. . . . . . . . . . . . . 
Tungsten−188 10. . . . . . . . . . . . . 
Rhenium−177 1,000. . . . . . . . . . . . . 
Rhenium−178 1,000. . . . . . . . . . . . . 
Rhenium−181 1,000. . . . . . . . . . . . . 
Rhenium−182 (12.7 h) 1,000. . . . . . 
Rhenium−182 (64.0 h) 100. . . . . . 
Rhenium−184m 10. . . . . . . . . . . 
Rhenium−184 100. . . . . . . . . . . . . 
Rhenium−186m 10. . . . . . . . . . . 
Rhenium−186 100. . . . . . . . . . . . . 
Rhenium−187 1,000. . . . . . . . . . . . . 
Rhenium−188m 1,000. . . . . . . . . . . 
Rhenium−188 100. . . . . . . . . . . . . 
Rhenium−189 100. . . . . . . . . . . . . 
Osmium−180 1,000. . . . . . . . . . . . . 
Osmium−181 1,000. . . . . . . . . . . . . 
Osmium−182 100. . . . . . . . . . . . . 
Osmium−185 100. . . . . . . . . . . . . 
Osmium−189m 1,000. . . . . . . . . . . . 
Osmium−191m 1,000. . . . . . . . . . . . 
Osmium−191 100. . . . . . . . . . . . . 
Osmium−193 100. . . . . . . . . . . . . 
Osmium−194 1. . . . . . . . . . . . . 
Iridium−182 1,000. . . . . . . . . . . . . . 
Iridium−184 1,000. . . . . . . . . . . . . . 
Iridium−185 1,000. . . . . . . . . . . . . . 
Iridium−186 100. . . . . . . . . . . . . . 
Iridium−187 1,000. . . . . . . . . . . . . . 
Iridium−188 100. . . . . . . . . . . . . . 
Iridium−189 100. . . . . . . . . . . . . . 
Iridium−190m 1,000. . . . . . . . . . . . 
Iridium−190 100. . . . . . . . . . . . . . 
Iridium−192m (1.4 min) 10. . . . . 
Iridium−192 (73.8 d) 1. . . . . . . 
Iridium−194m 10. . . . . . . . . . . . 
Iridium−194 100. . . . . . . . . . . . . . 

Iridium−195m 1,000. . . . . . . . . . . . 
Iridium−195 1,000. . . . . . . . . . . . . . 
Platinum−186 1,000. . . . . . . . . . . . . 
Platinum−188 100. . . . . . . . . . . . . 
Platinum−189 1,000. . . . . . . . . . . . . 
Platinum−191 100. . . . . . . . . . . . . 
Platinum−193m 100. . . . . . . . . . . 
Platinum−193 1,000. . . . . . . . . . . . . 
Platinum−195m 100. . . . . . . . . . . 
Platinum−197m 1,000. . . . . . . . . . . 
Platinum−197 100. . . . . . . . . . . . . 
Platinum−199 1,000. . . . . . . . . . . . . 
Platinum−200 100. . . . . . . . . . . . . 
Gold−193 1,000. . . . . . . . . . . . . . . . 
Gold−194 100. . . . . . . . . . . . . . . . 
Gold−195 10. . . . . . . . . . . . . . . . 
Gold−198m 100. . . . . . . . . . . . . . 
Gold−198 100. . . . . . . . . . . . . . . . 
Gold−199 100. . . . . . . . . . . . . . . . 
Gold−200m 100. . . . . . . . . . . . . . 
Gold−200 1,000. . . . . . . . . . . . . . . . 
Gold−201 1,000. . . . . . . . . . . . . . . . 
Mercury−193m 100. . . . . . . . . . . . 
Mercury−193 1,000. . . . . . . . . . . . . 
Mercury−194 1. . . . . . . . . . . . . 
Mercury−195m 100. . . . . . . . . . . . 
Mercury−195 1,000. . . . . . . . . . . . . 
Mercury−197m 100. . . . . . . . . . . . 
Mercury−197 1,000. . . . . . . . . . . . . 
Mercury−199m 1,000. . . . . . . . . . . . 
Mercury−203 100. . . . . . . . . . . . . 
Thallium−194m 1,000. . . . . . . . . . . 
Thallium−194 1,000. . . . . . . . . . . . . 
Thallium−195 1,000. . . . . . . . . . . . . 
Thallium−197 1,000. . . . . . . . . . . . . 
Thallium−198m 1,000. . . . . . . . . . . 
Thallium−198 1,000. . . . . . . . . . . . . 
Thallium−199 1,000. . . . . . . . . . . . . 
Thallium−201 1,000. . . . . . . . . . . . . 
Thallium−200 1,000. . . . . . . . . . . . . 
Thallium−202 100. . . . . . . . . . . . . 
Thallium−204 100. . . . . . . . . . . . . 
Lead−195m 1,000. . . . . . . . . . . . . . 
Lead−198 1,000. . . . . . . . . . . . . . . . 
Lead−199 1,000. . . . . . . . . . . . . . . . 
Lead−200 100. . . . . . . . . . . . . . . . 
Lead−201 1,000. . . . . . . . . . . . . . . . 
Lead−202m 1,000. . . . . . . . . . . . . . 
Lead−202 10. . . . . . . . . . . . . . . . 
Lead−203 1,000. . . . . . . . . . . . . . . . 
Lead−205 100. . . . . . . . . . . . . . . . 
Lead−209 1,000. . . . . . . . . . . . . . . . 
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Radionuclide Quantity (uCi) Radionuclide Quantity (uCi)

Lead−210 0.01. . . . . . . . . . . . . . . . 
Lead−211 100. . . . . . . . . . . . . . . . 
Lead−212 1. . . . . . . . . . . . . . . . 
Lead−214 100. . . . . . . . . . . . . . . . 
Bismuth−200 1,000. . . . . . . . . . . . . 
Bismuth−201 1,000. . . . . . . . . . . . . 
Bismuth−202 1,000. . . . . . . . . . . . . 
Bismuth−203 100. . . . . . . . . . . . . 
Bismuth−205 100. . . . . . . . . . . . . 
Bismuth−206 100. . . . . . . . . . . . . 
Bismuth−207 10. . . . . . . . . . . . . 
Bismuth−210m 0.1. . . . . . . . . . . . 
Bismuth−210 1. . . . . . . . . . . . . 
Bismuth−212 10. . . . . . . . . . . . . 
Bismuth−213 10. . . . . . . . . . . . . 
Bismuth−214 100. . . . . . . . . . . . . 
Polonium−203 1,000. . . . . . . . . . . . 
Polonium−205 1,000. . . . . . . . . . . . 
Polonium−207 1,000. . . . . . . . . . . . 
Polonium−210 0.1. . . . . . . . . . . . 
Astatine−207 100. . . . . . . . . . . . . 
Astatine−211 10. . . . . . . . . . . . . 
Radon−220 1. . . . . . . . . . . . . . . 
Radon−222 1. . . . . . . . . . . . . . . 
Francium−222 100. . . . . . . . . . . . 
Francium−223 100. . . . . . . . . . . . 
Radium−223 0.1. . . . . . . . . . . . . . 
Radium−224 0.1. . . . . . . . . . . . . . 
Radium−225 0.1. . . . . . . . . . . . . . 
Radium−226 0.1. . . . . . . . . . . . . . 
Radium−227 1,000. . . . . . . . . . . . . . 
Radium−228 0.1. . . . . . . . . . . . . . 
Actinium−224 1. . . . . . . . . . . . 
Actinium−225 0.01. . . . . . . . . . . . 
Actinium−226 0.1. . . . . . . . . . . . 
Actinium−227 0.001. . . . . . . . . . . . 
Actinium−228 1. . . . . . . . . . . . 
Thorium−226 10. . . . . . . . . . . . . 
Thorium−227 0.01. . . . . . . . . . . . . 
Thorium−228 0.001. . . . . . . . . . . . . 
Thorium−229 0.001. . . . . . . . . . . . . 
Thorium−230 0.001. . . . . . . . . . . . . 
Thorium−231 100. . . . . . . . . . . . . 
Thorium−232 100. . . . . . . . . . . . . 
Thorium−234 10. . . . . . . . . . . . . 
Thorium−natural 100. . . . . . . . . . 
Protactinium−227 10. . . . . . . . . . 
Protactinium−228 1. . . . . . . . . . 
Protactinium−230 0.1. . . . . . . . . . 
Protactinium−231 0.001. . . . . . . . . . 
Protactinium−232 1. . . . . . . . . . 
Protactinium−233 100. . . . . . . . . . 

Protactinium−234 100. . . . . . . . . . 
Uranium−230 0.01. . . . . . . . . . . . . 
Uranium−231 100. . . . . . . . . . . . . 
Uranium−232 0.001. . . . . . . . . . . . . 
Uranium−233 0.001. . . . . . . . . . . . . 
Uranium−234 0.001. . . . . . . . . . . . . 
Uranium−235 0.001. . . . . . . . . . . . . 
Uranium−236 0.001. . . . . . . . . . . . . 
Uranium−237 100. . . . . . . . . . . . . 
Uranium−238 100. . . . . . . . . . . . . 
Uranium−239 1,000. . . . . . . . . . . . . 
Uranium−240 100. . . . . . . . . . . . . 
Uranium−natural 100. . . . . . . . . . 
Neptunium−232 100. . . . . . . . . . . 
Neptunium−233 1,000. . . . . . . . . . . 
Neptunium−234 100. . . . . . . . . . . 
Neptunium−235 100. . . . . . . . . . . 
Neptunium−236 (1.15E+5 y) 0.001. 
Neptunium−236 (22.5 h) 1. . . . 
Neptunium−237 0.001. . . . . . . . . . . 
Neptunium−238 10. . . . . . . . . . . 
Neptunium−239 100. . . . . . . . . . . 
Neptunium−240 1,000. . . . . . . . . . . 
Plutonium−234 10. . . . . . . . . . . . 
Plutonium−235 1,000. . . . . . . . . . . . 
Plutonium−236 0.001. . . . . . . . . . . . 
Plutonium−237 100. . . . . . . . . . . . 
Plutonium−238 0.001. . . . . . . . . . . . 
Plutonium−239 0.001. . . . . . . . . . . . 
Plutonium−240 0.001. . . . . . . . . . . . 
Plutonium−241 0.01. . . . . . . . . . . . 
Plutonium−242 0.001. . . . . . . . . . . . 
Plutonium−243 1,000. . . . . . . . . . . . 
Plutonium−244 0.001. . . . . . . . . . . . 
Plutonium−245 100. . . . . . . . . . . . 
Americium−237 1,000. . . . . . . . . . . 
Americium−238 100. . . . . . . . . . . 
Americium−239 1,000. . . . . . . . . . . 
Americium−240 100. . . . . . . . . . . 
Americium−241 0.001. . . . . . . . . . . 
Americium−242m 0.001. . . . . . . . . 
Americium−242 10. . . . . . . . . . . 
Americium−243 0.001. . . . . . . . . . . 
Americium−244m 100. . . . . . . . . 
Americium−244 10. . . . . . . . . . . 
Americium−245 1,000. . . . . . . . . . . 
Americium−246m 1,000. . . . . . . . . 
Americium−246 1,000. . . . . . . . . . . 
Curium−238 100. . . . . . . . . . . . . . 
Curium−240 0.1. . . . . . . . . . . . . . 
Curium−241 1. . . . . . . . . . . . . . 
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Radionuclide Quantity (uCi) Radionuclide Quantity (uCi)

Curium−242 0.01. . . . . . . . . . . . . . 
Curium−243 0.001. . . . . . . . . . . . . . 
Curium−244 0.001. . . . . . . . . . . . . . 
Curium−245 0.001. . . . . . . . . . . . . . 
Curium−246 0.001. . . . . . . . . . . . . . 
Curium−247 0.001. . . . . . . . . . . . . . 
Curium−248 0.001. . . . . . . . . . . . . . 
Curium−249 1,000. . . . . . . . . . . . . . 
Berkelium−245 100. . . . . . . . . . . . 
Berkelium−246 100. . . . . . . . . . . . 
Berkelium−247 0.001. . . . . . . . . . . . 
Berkelium−249 0.1. . . . . . . . . . . . 
Berkelium−250 10. . . . . . . . . . . . 
Californium−244 100. . . . . . . . . . 
Californium−246 1. . . . . . . . . . 
Californium−248 0.01. . . . . . . . . . 
Californium−249 0.001. . . . . . . . . . 

Californium−250 0.001. . . . . . . . . . 
Californium−251 0.001. . . . . . . . . . 
Californium−252 0.001. . . . . . . . . . 
Californium−253 0.1. . . . . . . . . . 
Californium−254 0.001. . . . . . . . . . 
Einsteinium−250 100. . . . . . . . . . 
Einsteinium−251 100. . . . . . . . . . 
Einsteinium−253 0.1. . . . . . . . . . 
Einsteinium−254m 1. . . . . . . . . 
Einsteinium−254 0.01. . . . . . . . . . 
Fermium−252 1. . . . . . . . . . . . . 
Fermium−253 1. . . . . . . . . . . . . 
Fermium−254 10. . . . . . . . . . . . . 
Fermium−255 1. . . . . . . . . . . . . 
Fermium−257 0.01. . . . . . . . . . . . . 
Mendelevium−257 10. . . . . . . . . 
Mendelevium−258 0.01. . . . . . . . . 

Any alpha−emitting radionuclide not listed above or mixtures
of alpha emitters of unknown composition 0.001. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Any radionuclide other than alpha−emitting radionuclides not listed
above, or mixtures of beta emitters of unknown composition 0.01. . . . . . . . . . . . . . . . . . . . . . 

Note:  For purposes of s. DHS 157.29 (2) (e), (5) (a) and s. DHS 157.32 (1) (a) where there is involved a combination of radio-
nuclides in known amounts, the limit for the combination shall be derived as follows: determine, for each radionuclide in the com-
bination, the ratio between the quantity present in the combination and the limit otherwise established for the specific radionuclide
when not in combination.  The sum of such ratios for all radionuclides in the combination may not exceed “1” — that is, unity.

Note:  The quantities listed above were derived by taking 1/10th of the most restrictive ALI listed in Table I, Columns 1 and 2,
of Appendix E, rounding to the nearest factor of 10 and constraining the values listed between 37 Bq and 37 MBq (0.001 and 1,000
µCi).  Values of 3.7 MBq (100 µCi) have been assigned for radionuclides having a radioactive half−life in excess of E+9 years,
except rhenium, 37 MBq (1,000 µCi), to take into account their low specific activity.
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Chapter DHS 157

APPENDIX G

Requirements for T ransfer of Low−level Radioactive W aste
for Disposal at Land Disposal Facilities and Manifests

Section I. — Manifest.

The shipment manifest shall contain the name, address and telephone number of the person generating the waste.
The manifest shall also include the name, address and telephone number or the name and the Environmental
Protection Department hazardous waste identification number of the person transporting the waste to the land
disposal facility.  The manifest shall also indicate: a physical description of the waste, the volume, radionuclide
identity and quantity, the total radioactivity and the principal chemical form.  The solidification agent shall be
specified.  Waste containing more than 0.1 percent chelating agents by weight shall be identified and the weight
percentage of the chelating agent estimated.  Wastes classified as Class A, Class B or Class C in Section I of Appendix
H shall be clearly identified as such in the manifest.  The total quantity of the radionuclides hydrogen−3, carbon−14,
technetium−99, and iodine−129 shall be shown.  The manifest required by this paragraph may be shipping papers
used to meet the Department of Transportation or the Environmental Protection Department regulations or
requirements of the receiver, provided all the required information is included.  Copies of manifests required by this
section may be legible carbon copies or legible photocopies.

Section II. — Certification.

The waste generator shall include in the shipment manifest a certification that the transported materials are properly
classified, described, packaged, marked and labeled and are in proper condition for transportation according to the
applicable regulations of the Department of Transportation and the department.  An authorized representative of the
waste generator shall sign and date the manifest.

Section III. — Control and Tracking.

(a) Any radioactive waste generator who transfers radioactive waste to a land disposal facility or a licensed waste
collector shall comply with the requirements in (a) (1) through (8).  Any radioactive waste generator who
transfers waste to a licensed waste processor who treats or repackages waste shall comply with the requirements
of (a) (4) through (8).  A licensee shall:

(1) Prepare all wastes so that the waste is classified according to Section I of Appendix H and meets the waste
characteristics requirements in Section II of Appendix H;

(2) Label each package of waste to identify whether it is Class A waste, Class B waste, Class C waste or
greater than Class C waste under Section I of Appendix H;

(3) Conduct a quality control program to ensure compliance with Section I and II of Appendix H; the
program shall include management evaluation of audits;

(4) Prepare shipping manifests to meet the requirements of Section I and II;

(5) Forward a copy of the manifest to the intended recipient, at the time of shipment, or deliver to a collector
at the time the waste is collected, obtaining acknowledgment of receipt in the form of a signed copy of
the manifest or equivalent documentation from the collector;

(6) Include one copy of the manifest with the shipment;

(7) Retain a copy of the manifest and documentation of acknowledgment of receipt as the record of transfer
of licensed material as required by s. DHS 157.13 (15); and

(8) For any shipments or any portion of a shipment for which acknowledgment of receipt has not been
received within the times set forth in this section, conduct an investigation under Section III (e).

http://docs.legis.wisconsin.gov/document/statutes/35.93
http://docs.legis.wisconsin.gov/document/statutes/35.93
http://docs.legis.wisconsin.gov/document/administrativecode/ch.%20DHS%20157
http://docs.legis.wisconsin.gov/document/administrativecode/DHS%20157.13(15)


498DHS 157 Appendix G WISCONSIN ADMINISTRATIVE CODE

Published under s. 35.93, Wis. Stats., by the Legislative Reference Bureau.

Published  under s. 35.93, Stats. Updated on the first day of each month.  Entire code is always current.  The Register date on each page

is the date the chapter was last  published.  Report  errors (608) 266−3151.Register January 2009 No. 637

(b) Any waste collector licensee who handles only prepackaged waste shall:

(1) Acknowledge receipt of the waste from the generator within 1 week of receipt by returning a signed copy
of the manifest or equivalent documentation;

(2) Prepare a new manifest to reflect consolidated shipments; the new manifest shall serve as a listing or
index for the detailed generator manifests.  Copies of the generator manifests shall be a part of the new
manifest.  The waste collector may prepare a new manifest without attaching the generator manifests,
provided the new manifest contains for each package the information specified in Section I.  The
collector licensee shall certify that nothing has been done to the waste that would invalidate the
generator’s certification;

(3) Forward a copy of the new manifest to the land disposal facility operator at the time of shipment;

(4) Include the new manifest with the shipment to the disposal site;

(5) Retain a copy of the manifest and documentation of acknowledgement of receipt as the record of transfer
of licensed material as required by s. DHS 157.13 (15) and retain information from generator manifest
until the license is terminated and disposition is authorized by the department; and

(6) For any shipments or any portion of a shipment for which acknowledgement of receipt is not received
within the times set forth in this section, conduct an investigation under Section III (e).

(c) Any licensed waste processor who treats or repackages wastes shall:

(1) Acknowledge receipt of the waste from the generator within 1 week of receipt by returning a signed copy
of the manifest or equivalent documentation;

(2) Prepare a new manifest that meets the requirements of Section I and II.  Preparation of the new manifest
reflects that the processor is responsible for the waste;

(3) Prepare all wastes so that the waste is classified according to Section I of Appendix H and meets the waste
characteristics requirements in Section II of Appendix H;

(4) Label each package of waste to identify whether it is Class A waste, Class B waste or Class C waste, under
Section I and III of Appendix H;

(5) Conduct a quality control program to ensure compliance with Section I and II of Appendix H.  The
program shall include management evaluation of audits;

(6) Forward a copy of the new manifest to the disposal site operator or waste collector at the time of
shipment, or deliver to a collector at the time the waste is collected, obtaining acknowledgement of
receipt in the form of a signed copy of the manifest or equivalent documentation by the collector;

(7) Include the new manifest with the shipment;

(8) Retain copies of original manifests and new manifests and documentation of acknowledgement of
receipt as the record of transfer of licensed material required by s. DHS 157.13 (15);

(9) For any shipment or portion of a shipment for which acknowledgement is not received within the times
set forth in this section, conduct an investigation under Section III (e).

(d) The land disposal facility operator shall:

(1) Acknowledge receipt of the waste within 1 week of receipt by returning a signed copy of the manifest
or equivalent documentation to the shipper.  The shipper to be notified is the licensee who last possessed
the waste and transferred the waste to the operator.  The returned copy of the manifest or equivalent
documentation shall indicate any discrepancies between materials listed on the manifest and materials
received;

(2) Maintain copies of all completed manifests or equivalent documentation until license termination;
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(3) Notify the shipper, that is, the generator, the collector, or processor, and the department when any
shipment or portion of a shipment has not arrived within 60 days after the advance manifest was received
unless notified by the shipper that the shipment has been cancelled.

(e) Any shipment or portion of a shipment for which acknowledgement is not received within the times set forth
in this section shall:

(1) Be investigated by the shipper if the shipper has not received notification or receipt within 20 days after
transfer;

(2) Be traced and reported to the generator.  The investigation shall include tracing the shipment and filing
a report with the department.  Each shipper who conducts a trace investigation shall file a written report
with the department within 2 weeks of completion of the investigation.
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Chapter DHS 157

APPENDIX H

Classification  and Characteristics of Low−level
Radioactive W aste

Section I. — Classification of Radioactive Waste for Land Disposal.

(a)  Considerations.  Determination of the classification of radioactive waste involves 2 considerations.  First,
consideration must be given to the concentration of long−lived radionuclides, and their shorter−lived precursors,
whose potential hazard will persist long after such precautions as institutional controls, improved waste form, and
deeper disposal have ceased to be effective.  These precautions delay the time when long−lived radionuclides could
cause exposures.  In addition, the magnitude of the potential dose is limited by the concentration and availability of
the radionuclide at the time of exposure.  Second, consideration must be given to the concentration of shorter−lived
radionuclides for which requirements on institutional controls, waste form, and disposal methods are effective.

(b)  Classes of waste.

(1)  Class A waste is waste that is usually segregated from other waste classes at the disposal site.  The physical
form and characteristics of Class A waste must meet the minimum requirements set forth in Section II (a).  If
Class A waste also meets the stability requirements set forth in Section II (b), it is not necessary to segregate
the waste for disposal.

(2)  Class B waste is waste that must meet more rigorous requirements on waste form to ensure stability after
disposal.  The physical form and characteristics of Class B waste must meet both the minimum and stability
requirements set forth in Section II.

(3)  Class C waste is waste that not only must meet more rigorous requirements on waste form to ensure stability
but also requires additional measures at the disposal facility to protect against inadvertent intrusion.  The
physical form and characteristics of Class C waste must meet both the minimum and stability requirements set
forth in Section II.

(4)  Waste that is not generally acceptable for near−surface disposal is waste for which form and disposal
methods shall be different, and in general more stringent, than those specified for Class C waste.  Such waste
must be disposed of in a geologic repository as defined in 10 CFR 60.

(c)  Classification determined by long−lived radionuclides.  If the radioactive waste contains only radionuclides listed
in Table IV, classification shall be determined as follows:

(1)  If the concentration does not exceed 0.1 times the value in Table IV, the waste is Class A.

(2)  If the concentration exceeds 0.1 times the value in Table IV, but does not exceed the value in Table IV, the
waste is Class C.

(3)  If the concentration exceeds the value in Table IV, the waste is not generally acceptable for land disposal.

(4)  For wastes containing mixtures of radionuclides listed in Table IV, the total concentration shall be
determined by the sum of fractions rule described in Section I (g).
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TABLE IV
Concentration

Radionuclide Curie/Cubic Metera/ Nanocurie/Gramb/

C−14    8
C−14 in activated metal   80
Ni−59 in activated metal 220
Nb−94 in activated metal     0.2
Tc−99     3
I−129     0.08
Alpha emitting transuranic radionuclides with half−life

greater than 5 years
100

Pu−241 3,500
Cm−242 20,000
Ra−226 100

a/ To convert the Ci/m3 values to gigabecquerel (GBq) per cubic meter, multiply the Ci/m3 value by 37.

b/ To convert the nCi/g values to becquerel (Bq) per gram, multiply the nCi/g value by 37.

(d)  Classification determined by short−lived radionuclides.  If the waste does not contain any of the radionuclides
listed in Table IV, classification shall be determined based on the concentrations shown in Table V.  However, as
specified in Section I (f), if radioactive waste does not contain any nuclides listed in either Table IV or V, it is Class
A.

(1)  If the concentration does not exceed the value in Column 1, the waste is Class A.

(2)  If the concentration exceeds the value in Column 1 but does not exceed the value in Column 2, the waste
is Class B.

(3)  If the concentration exceeds the value in Column 2 but does not exceed the value in Column 3, the waste
is Class C.

(4)  If the concentration exceeds the value in Column 3, the waste is not generally acceptable for near−surface
disposal.

(5)  For wastes containing mixtures of the radionuclides listed in Table V, the total concentration shall be
determined by the sum of fractions rule described in Section I (g).

TABLE V

Radionuclide
Concentration Curie/Cubic Metera/

Column 1 Column 2 Column 3

Total of all radionuclides with less than
5−year half−life

700 * *

H−3 40 * *
Co−60 700 * *
Ni−63 3.5 70  700
Ni−63 in activated metal 35 700 7000
Sr−90 0.04 150 7000
Cs−137 1  44 4600

a/ Note:  To convert the Ci/m3 value to gigabecquerel (GBq) per cubic meter, multiply the Ci/m3 value by 37.  There are no limits
established for these radionuclides in Class B or C wastes.  Practical considerations such as the effects of external radiation and
internal heat generation on transportation, handling, and disposal will limit the concentrations for these wastes.  These wastes shall
be Class B unless the concentrations of other radionuclides in Table V determine the waste to be Class C independent of these
radionuclides.

(e)  Classification determined by both long− and short−lived radionuclides.  If the radioactive waste contains a
mixture of radionuclides, some of which are listed in Table IV and some of which are listed in Table V, classification
shall be determined as follows:
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(1)  If the concentration of a radionuclide listed in Table IV does not exceed 0.1 times the value listed in Table
IV, the class shall be that determined by the concentration of radionuclides listed in Table V.

(2)  If the concentration of a radionuclide listed in Table IV exceeds 0.1 times the value listed in Table IV, but
does not exceed the value in Table IV, the waste shall be Class C, provided the concentration of radionuclides
listed in Table V does not exceed the value shown in Column 3 of Table V.

(f)  Classification of wastes with radionuclides other than those listed in Tables IV and V.  If the waste does not contain
any radionuclides listed in either Table IV or V, it is Class A.

(g)  The sum of the fractions rule for mixtures of radionuclides.  For determining classification for waste that contains
a mixture of radionuclides, it is necessary to determine the sum of fractions by dividing each radionuclide’s
concentration by the appropriate limit and adding the resulting values.  The appropriate limits must all be taken from
the same column of the same table.  The sum of the fractions for the column must be less than 1.0 if the waste class
is to be determined by that column.  Example:  A waste contains Sr−90 in a concentration of 1.85 TBq/m3 (50 Ci/m3)
and Cs−137 in a concentration of 814 GBq/m3 (22 Ci/m3).  Since the concentrations both exceed the values in
Column 1, Table V, they must be compared to Column 2 values.  For Sr−90 fraction, 50/150 = 0.33., for Cs−137
fraction, 22/44 = 0.5; the sum of the fractions = 0.83.  Since the sum is less than 1.0, the waste is Class B.

(h)  Determination of concentrations in wastes.  The concentration of a radionuclide may be determined by indirect
methods such as use of scaling factors which relate the inferred concentration of one radionuclide to another that is
measured, or radionuclide material accountability, if there is reasonable assurance that the indirect methods can be
correlated with actual measurements.  The concentration of a radionuclide may be averaged over the volume of the
waste, or weight of the waste if the units are expressed as becquerel (nanocurie) per gram.

Section II. — Radioactive Waste Characteristics.

(a)  The following are minimum requirements for all classes of waste and are intended to facilitate handling and
provide protection of health and safety of personnel at the disposal site.

(1)  Wastes shall be packaged in conformance with the conditions of the license issued to the site operator to
which the waste will be shipped.  Where the conditions of the site license are more restrictive than the provisions
of this section, the site license conditions shall govern.

(2)  Wastes may not be packaged for disposal in cardboard or fiberboard boxes.

(3)  Liquid waste shall be packaged in sufficient absorbent material to absorb twice the volume of the liquid.

(4)  Solid waste containing liquid shall contain as little free−standing and non−corrosive liquid as is reasonably
achievable, but in no case shall the liquid exceed 1 percent of the volume.

(5)  Waste may not be readily capable of detonation or of explosive decomposition or reaction at normal
pressures and temperatures, or of explosive reaction with water.

(6)  Waste may not contain, or be capable of generating, quantities of toxic gases, vapors, or fumes harmful to
persons transporting, handling, or disposing of the waste.  This does not apply to radioactive gaseous waste
packaged under Section II (a) (8).

(7)  Waste must not be pyrophoric.  Pyrophoric materials contained in wastes shall be treated, prepared, and
packaged to be nonflammable.

(8)  Wastes in a gaseous form shall be packaged at an absolute pressure that does not exceed 1.5 atmospheres
at 20°C.  Total activity may not exceed 3.7 TBq (100 Ci) per container.

(9)  Wastes containing hazardous, biological, pathogenic, or infectious material shall be treated to reduce to the
maximum extent practicable the potential hazard from the non−radiological materials.

(b)  The following requirements are intended to provide stability of the waste.  Stability is intended to ensure that
the waste does not degrade and affect overall stability of the site through slumping, collapse, or other failure of the
disposal unit and thereby lead to water infiltration.  Stability is also a factor in limiting exposure to an inadvertent
intruder, since it provides a recognizable and nondispersible waste.

(1)  Waste shall have structural stability.  A structurally stable waste form will generally maintain its physical
dimensions and its form, under the expected disposal conditions such as weight of overburden and compaction
equipment, the presence of moisture, and microbial activity, and internal factors such as radiation effects and
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chemical changes.  Structural stability may be provided by the waste form itself, processing the waste to a stable
form, or placing the waste in a disposal container or structure that provides stability after disposal.

(2)  Notwithstanding the provisions in Section II (a) (3) and (4), liquid wastes, or wastes containing liquid, shall
be converted into a form that contains as little free−standing and non−corrosive liquid as is reasonably
achievable, but in no case shall the liquid exceed 1 percent of the volume of the waste when the waste is in a
disposal container designed to ensure stability, or 0.5 percent of the volume of the waste for waste processed
to a stable form.

(3)  Void spaces within the waste and between the waste and its package shall be reduced to the extent
practicable.

Section III. — Labeling.

Each package of waste shall be clearly labeled to identify whether it is Class A, Class B or Class C waste, under
Section I.
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Chapter DHS 157

APPENDIX I

Quantities for Use with Decommissioning under Section DHS 157.15
NOTE: To convert µCi to kBq, multiply the µCi value by 37.

Material Microcurie

Americium−241 0.01. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Antimony−122 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Antimony−124 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Antimony−125 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Arsenic−73 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Arsenic−74 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Arsenic−76 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Arsenic−77 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Barium−131 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Barium−133 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Barium−140 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Bismuth−210 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Bromine−82 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cadmium−109 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cadmium−115m 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cadmium−115 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Calcium−45 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Calcium−47 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Carbon−14 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cerium−141 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cerium−143 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cerium−144 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cesium−131 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cesium−134m 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cesium−134 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cesium−135 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cesium−136 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cesium−137 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Chlorine−36 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Chlorine−38 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Chromium−51 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cobalt−58m 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cobalt−58 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cobalt−60 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Copper−64 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Material Microcurie

Dysprosium−165 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Dysprosium−166 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Erbium−169 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Erbium−171 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Europium−152 (9.2 h) 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Europium−152 (13 yr) 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Europium−154 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Europium−155 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Fluorine−18 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Gadolinium−153 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Gadolinium−159 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Gallium−72 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Germanium−71 0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Gold−198 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Gold−199 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Hafnium−181 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Holmium−166 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Hydrogen−3 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Indium−113m 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Indium−114m 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Indium−115m 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Indium−115 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Iodine−125 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Iodine−126 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Iodine−129 0.1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Iodine−131 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Iodine−132 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Iodine−133 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Iodine−134 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Iodine−135 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Iridium−192 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Iridium−194 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Iron−55 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Iron−59 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Krypton−85 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Krypton−87 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Lanthanum−140 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Lutetium−177 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Manganese−52 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Uranium−235 0.01. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Vanadium−48 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Xenon−131m 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Xenon−133 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Xenon−135 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Ytterbium−175 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Yttrium−90 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Yttrium−91 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Yttrium−92 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Yttrium−93 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Zinc−65 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Zinc− 69m 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Zinc−69 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Zirconium−93 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Zirconium−95 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Zirconium−97 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Any alpha emitting radionuclide not listed above or 
mixtures of alpha emitters of unknown composition 0.01. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Any radionuclide other than alpha emitting radionuclides,
not listed above or mixtures of beta emitters of unknown
composition 0.1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

c/ Based on alpha disintegration rate of Th−232, Th−230 and their daughter products.
d/ Based on alpha disintegration rate of U−238, U−234, and U−235

Note:  Where there is involved a combination of isotopes in known amounts, the limit for the combination should be derived as
follows: Determine, for each isotope in the combination, the ratio between the quantity present in the combination and the limit
otherwise established for the specific isotope when not in combination.  The sum of the ratios for all the isotopes in the combina-
tion may not exceed “1” — that is, unity.
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APPENDIX J

Subjects to be Included in Training Courses
for Well Logging Supervisors

I. Fundamentals of Radiation Safety

A. Characteristics of radiation

B. Units of radiation dose and quantity of radioactivity

C. Significance of radiation dose and hazards of exposure to radiation

1.  Radiation protection standards

2.   Biological effects of radiation dose

D. Levels of radiation from sources of radiation

E. Methods of minimizing radiation dose

1.   Working time

2.   Working distances

3.   Shielding

F. Radiation safety practices including prevention of contamination and methods of decontamination

II. Radiation Detection Instrumentation to be Used

A. Use of radiation survey instruments

1.  Operation

2.  Calibration

3.  Limitations

B. Survey techniques

C. Use of personnel monitoring equipment

III. Equipment to be Used

A. Handling equipment

B. Sources of radiation

C. Storage and control of equipment

D. Operation and control of equipment

IV. The Requirements of Pertinent Federal and State Regulations

V. The Licensee’s or Registrant’s Written Operating and Emergency Procedures

VI. The Licensee’s or Registrant’s Record Keeping Procedures

VII. Case histories of well logging accidents
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APPENDIX K

Example of Plaque for Identifying Wells Containing Sealed Sources
Containing Radioactive Material Abandoned Downhole

The size of the plaque should be convenient for use on active or inactive wells, e.g., a 17−cm (7−inch) square and
at least 3 mm (1/8�) thick.  Letter size of the word “CAUTION” should be approximately twice the letter size of the
rest of the information, e.g., 2−inch and 1−inch letter size, respectively.
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APPENDIX L

Topics to be Covered in the Cross−training of
Operators of Pet/Ct Systems

I. The CT Computer

A. Hardware differences between CT and PET
B. The data acquisition system
C. Software
D. Algorithms
E. Postprocessing techniques
F. Keyboard layout
G. Peripheral device orientation
H. Image display, manipulation, recording and archiving
I. Image quality in CT
J. The computed tomography process
K. Spiral computed tomography
L. CT, applied terminology
M. Procedure protocols
N. CT exam procedures
O. DICOM/PACS

II. Contrast Media Used in CT Procedures
A. Contrast media agents
B. Adverse reactions
C. Emergency response equipment and procedures

III. Image Quality in CT
A. Determinants
B. Influencing factors
C. Measurements
D. Quality control procedures

IV. The CT Process
A. Data acquisition methods
B. The data acquisition system and components

V. Spiral CT Protocols and Procedures (if appropriate)

VI. Radiation Protection in CT
A. Dose reduction techniques
B. Technique determination

VII. CT Sectional Anatomy

Note:  Details of the curriculum may be found at the following web site:

http://www.asrt.org/educators/asrt−curricula/pet−ct
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APPENDIX M

Information to be Submitted by Persons
Proposing to Conduct Healing Arts Screening

Persons requesting that the department approve a healing arts screening program shall submit the following informa-
tion and evaluation.  Mammography screening and bone density screening are exempt from this requirement unless
persons under age 18 are involved:

a. Name and address of the applicant and, where applicable, the names and addresses of agents within this state.

b. Diseases or conditions for which the x−ray examinations are to be used in diagnoses.

c. A detailed description of the x−ray examinations proposed in the screening program.

d. A description of the population to be examined in the screening program, which is age, sex, physical condi-
tion, and other appropriate information.  If the study involves women of reproductive age and the exam in-
volves the trunk of the body, what precautions are being taken to ensure the subjects are not pregnant.

e. An evaluation of any known alternate methods not involving ionizing radiation which could achieve the goals
of the screening program and why these methods are not used instead of the x−ray examinations.

f. An evaluation by a medical physicist of the x−ray system to be used in the screening program.  The evaluation
by the medical physicist shall show that the system satisfies all requirements of this chapter.  The evaluation
shall include a measurement of patient exposures from the x−ray examinations to be performed.  This expo-
sure information must be included in the informed consent papers signed by the subject.  An explanation of
the risk from the radiation exposure shall be included in the informed consent if the head, neck or trunk is
involved in the procedure.

g. The name and address of the individual who will interpret the radiograph or images if any are produced.  The
interpreting physicians must be licensed in Wisconsin.

h. A description of the procedures to be used in advising the individuals screened and their private practitioners
of the healing arts of the results of the screening procedure and any further medical needs indicated.

i. A description of the procedures for the retention or disposition of the radiographs, images, graphs and other
records pertaining to the x−ray examinations.

j. An indication of the frequency of screening and the duration of the entire screening program.

k. Human−use committee approval of the screening program if one is required by local policy.

L. A copy of the informed consent information being provided to the subjects.

m. If minors are involved, parental consent is required.
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APPENDIX N

Exemptions from Patient Shielding for Certain
Fluoroscopic Procedures

As specified in s. DHS 157.76 (9) (c), the following fluorscopic procedures are automatically exempt from
normal protective barriers.

a. Angiograms

b. Arthrograms

c. Biliary drainage procedures

d. Fluoroscopic biopsy procedures

e. Myelograms

f. Percutaneous cholangiograms

g. Percutaneous nephrostomies

h. Sinograms or fistulograms

i. T−tube cholangiograms
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APPENDIX O

Determination of A1 and A2

I. Values of A1 and A2 for individual radionuclides, which are the bases for many activity limits elsewhere in
these regulations, are given in TABLE VI.  The curie (Ci) values specified are obtained by converting from
the Terabecquerel (TBq) figure.  The curie values are expressed to 3 significant figures to assure that the
difference in the TBq and Ci quantities is one tenth of one percent or less.  Where values of A1 or A2 are
unlimited, it is for radiation control purposes only.  For nuclear criticality safety, some materials are subject
to controls placed on fissile material.

II. a. For individual radionuclides whose identities are known, but which are not listed in TABLE VI, the
determination of the values of A1 and A2 requires department approval, except that the values of A1 and
A2 in TABLE VIII may be used without obtaining department approval.

b.  For individual radionuclides whose identities are known, but which are not listed in Table VII, the exempt
material activity concentration and exempt consignment activity values contained in Table VIII may be
used. Otherwise, the licensee shall obtain prior department approval of the exempt material activity
concentration and exempt consignment activity values for radionuclides not listed in Table VII, before
shipping the material.

c. The licensee shall submit requests for prior approval, described under paragraphs II(a) and II(b) of this
Appendix, in writing to the department.

III. In  the calculations of A1 and A2 for a radionuclide not in TABLE VI, a single radioactive decay chain, in which
radionuclides are present in their naturally occurring proportions, and in which no daughter nuclide has a
half−life either longer than 10 days, or longer than that of the parent nuclide, shall be considered as a single
radionuclide, and the activity to be taken into account, and the A1 or A2 value to be applied shall be those
corresponding to the parent nuclide of that chain.  In the case of radioactive decay chains in which any
daughter nuclide has a half−life either longer than 10 days, or greater than that of the parent nuclide, the parent
and those daughter nuclides shall be considered as mixtures of different nuclides.

IV. For mixtures of radionuclides whose identities and respective activities are known, the following conditions
apply:

(a) For special form radioactive material, the maximum quantity transported in a Type A package is as
follows:

1
)(

)(

1

≤∑
i i

iB

A
where B(i) is the activity of radionuclide i and A1(i) is the A1 value for radionuclide I.

(b) For normal form radioactive material, the maximum quantity transported in a Type A package is as
follows:

1
)(

)(

2

≤∑
i i

iB

A
where B(i) is the activity of radionuclide i and A2(i) is the value for radionuclide i.
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(c) Alternatively, the A1 value for mixtures of special form material may be determined as follows:

∑
=

i iA

if
smixtureforA

)(

)(
1

1

1

where f(i) is the fraction of activity of nuclide (i) in the mixture and A1(i) is the appropriate A1 value for
nuclide i.

(d) Alternatively the A2 value for mixtures of normal form material may be determined as follows:

∑
=

i iA

if
mixturesforA

)(

)(
1

2

2

where f(i) is the fraction of activity for radionuclide (i) in the mixture, and A2 (i) is the appropriate A2 value
for radionuclide (i).

(e) The exempt activity concentration for mixtures of nuclides may be determined as follows:

Exempt activity concentration for mixture

where f(i) is the fraction of activity concentration of radionuclide (i) in the mixture, and [A] is the activity
concentration for exempt material containing radionuclide (i).

(f) The activity limit for an exempt consignment for mixtures of radionuclides may be determined as follows:

Exempt consignment activity limit for mixture

where f(i) is the fraction of activity of radionuclide (i) in the mixture, and A is the activity limit for exempt
consignments for radionuclide (i).

V. When the identity of each radionuclide is known, but the individual activities of some of the radionuclides
are not known, the radionuclides may be grouped and the lowest A1 or A2 value, as appropriate, for the
radionuclides in each group may be used in applying the formulas in paragraph IV.  Groups may be based on
the total alpha activity and the total beta/gamma activity when these are known, using the lowest A1 or A2
values for the alpha emitters and beta/gamma emitters.
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TABLE  VI
 A1 AND A2 VALUES FOR RADIONUCLIDES  

Symbol of
Radionuclide

Element and
Atomic No.

A1
(TBq)

A1
(Ci)

A2
(TBq)

A2
(Ci)

Specific Activity
(TBq/g)    (Ci/g)

Ac−225 (a) Actinium (89) 8.0X10−1 2.2X101 6.0X10−3 1.6X10−1 2.1X103 5.8X104

Ac−227 (a) 9.0X10−1 2.4X101 9.0X10−5 2.4X10−3 2.7 7.2X101

Ac−228 6.0X10−1 1.6X101 5.0X10−1 1.4X101 8.4X104 2.2X106

Ag−105 Silver (47) 2.0 5.4X101 2.0 5.4X101 1.1X103 3.0X104

Ag−108m (a) 7.0X10−1 1.9X101 7.0X10−1 1.9X101 9.7X10−1 2.6X101

Ag−110m (a) 4.0X10−1 1.1X101 4.0X10−1 1.1X101 1.8X102 4.7X103

Ag−111 2.0 5.4X101 6.0X10−1 1.6X101 5.8X103 1.6X105

Al−26 Aluminum (13) 1.0X10−1 2.7 1.0X10−1 2.7 7.0X10−4 1.9X10−2

Am−241 Americium (95) 1.0X101 2.7X102 1.0X10−3 2.7X10−2 1.3X10−1 3.4

Am−242m (a) 1.0X101 2.7X102 1.0X10−3 2.7X10−2 3.6X10−1 1.0X101

Am−243 (a) 5.0 1.4X102 1.0X10−3 2.7X10−2 7.4X10−3 2.0X10−1

Ar−37 Argon (18) 4.0X101 1.1X103 4.0X101 1.1X103 3.7X103 9.9X104

Ar−39 4.0X101 1.1X103 2.0X101 5.4X102 1.3 3.4X101

Ar−41 3.0X10−1 8.1 3.0X10−1 8.1 1.5X106 4.2X107

As−72 Arsenic (33) 3.0X10−1 8.1 3.0X10−1 8.1 6.2X104 1.7X106

As−73 4.0X101 1.1X103 4.0X101 1.1X103 8.2X102 2.2X104

As−74 1.0 2.7X101 9.0X10−1 2.4X101 3.7X103 9.9X104

As−76 3.0X10−1 8.1 3.0X10−1 8.1 5.8X104 1.6X106

As−77 2.0X101 5.4X102 7.0X10−1 1.9X101 3.9X104 1.0X106

At−211 (a) Astatine (85) 2.0X101 5.4X102 5.0X10−1 1.4X101 7.6X104 2.1X106

Au−193 Gold (79) 7.0 1.9X102 2.0 5.4X101 3.4X104 9.2X105

Au−194 1.0 2.7X101 1.0 2.7X101 1.5X104 4.1X105

Au−195 1.0X101 2.7X102 6.0 1.6X102 1.4X102 3.7X103

Au−198 1.0 2.7X101 6.0X10−1 1.6X101 9.0X103 2.4X105

Au−199 1.0X101 2.7X102 6.0X10−1 1.6X101 7.7X103 2.1X105

Ba−131 (a) Barium (56) 2.0 5.4X101 2.0 5.4X101 3.1X103 8.4X104

Ba−133 3.0 8.1X101 3.0 8.1X101 9.4 2.6X102

Ba−133m 2.0X101 5.4X102 6.0X10−1 1.6X101 2.2X104 6.1X105

Ba−140 (a) 5.0X10−1 1.4X101 3.0X10−1 8.1 2.7X103 7.3X104

Be−7 Beryllium (4) 2.0X101 5.4X102 2.0X101 5.4X102 1.3X104 3.5X105

Be−10 4.0X101 1.1X103 6.0X10−1 1.6X101 8.3X10−4 2.2X10−2

Bi−205 Bismuth (83) 7.0X10−1 1.9X101 7.0X10−1 1.9X101 1.5X103 4.2X104

Bi−206 3.0X10−1 8.1 3.0X10−1 8.1 3.8X103 1.0X105

Bi−207 7.0X10−1 1.9X101 7.0X10−1 1.9X101 1.9 5.2X101

Bi−210 1.0 2.7X101 6.0X10−1 1.6X101 4.6X103 1.2X105

Bi−210m (a) 6.0X10−1 1.6X101 2.0X10−2 5.4X10−1 2.1X10−5 5.7X10−4

Bi−212 (a) 7.0X10−1 1.9X101 6.0X10−1 1.6X101 5.4X105 1.5X107

Bk−247 Berkelium (97) 8.0 2.2X102 8.0X10−4 2.2X10−2 3.8X10−2 1.0

Bk−249 (a) 4.0X101 1.1X103 3.0X10−1 8.1 6.1X101 1.6X103

Br−76 Bromine (35) 4.0X10−1 1.1X101 4.0X10−1 1.1X101 9.4X104 2.5X106

Br−77 3.0 8.1X101 3.0 8.1X101 2.6X104 7.1X105

Br−82 4.0X10−1 1.1X101 4.0X10−1 1.1X101 4.0X104 1.1X106
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TABLE  VI
 A1 AND A2 VALUES FOR RADIONUCLIDES (Continued)

Symbol of
Radionuclide

Specific Activity
(TBq/g)    (Ci/g)

A2
(Ci)

A2
(TBq)

A1
(Ci)

A1
(TBq)

Element and
Atomic No.

C−11 Carbon (6) 1.0 2.7X101 6.0X10−1 1.6X101 3.1X107 8.4X108

C−14 4.0X101 1.1X103 3.0 8.1X101 1.6X10−1 4.5

Ca−41 Calcium (20) Unlimited Unlimited Unlimited Unlimited 3.1X10−3 8.5X10−2

Ca−45 4.0X101 1.1X103 1.0 2.7X101 6.6X102 1.8X104

Ca−47 (a) 3.0 8.1X101 3.0X10−1 8.1 2.3X104 6.1X105

Cd−109 Cadmium (48) 3.0X101 8.1X102 2.0 5.4X101 9.6X101 2.6X103

Cd−113m 4.0X101 1.1X103 5.0X10−1 1.4X101 8.3 2.2X102

Cd−115 (a) 3.0 8.1X101 4.0X10−1 1.1X101 1.9X104 5.1X105

Cd−115m 5.0X10−1 1.4X101 5.0X10−1 1.4X101 9.4X102 2.5X104

Ce−139 Cerium (58) 7.0 1.9X102 2.0 5.4X101 2.5X102 6.8X103

Ce−141 2.0X101 5.4X102 6.0X10−1 1.6X101 1.1X103 2.8X104

Ce−143 9.0X10−1 2.4X101 6.0X10−1 1.6X101 2.5X104 6.6X105

Ce−144 (a) 2.0X10−1 5.4 2.0X10−1 5.4 1.2X102 3.2X103

Cf−248 Californium (98) 4.0X101 1.1X103 6.0X10−3 1.6X10−1 5.8X101 1.6X103

Cf−249 3.0 8.1X101 8.0X10−4 2.2X10−2 1.5X10−1 4.1

Cf−250 2.0X101 5.4X102 2.0X10−3 5.4X10−2 4.0 1.1X102

Cf−251 7.0 1.9X102 7.0X10−4 1.9X10−2 5.9X10−2 1.6

Cf−252 (h) 5.0X10−2 1.4 3.0X10−3 8.1X10−2 2.0X101 5.4X102

Cf−253 (a) 4.0X101 1.1X103 4.0X10−2 1.1 1.1X103 2.9X104

Cf−254 1.0X10−3 2.7X10−2 1.0X10−3 2.7X10−2 3.1X102 8.5X103

Cl−36 Chlorine (17) 1.0X101 2.7X102 6.0X10−1 1.6X101 1.2X10−3 3.3X10−2

Cl−38 2.0X10−1 5.4 2.0X10−1 5.4 4.9X106 1.3X108

Cm−240 Curium (96) 4.0X101 1.1X103 2.0X10−2 5.4X10−1 7.5X102 2.0X104

Cm−241 2.0 5.4X101 1.0 2.7X101 6.1X102 1.7X104

Cm−242 4.0X101 1.1X103 1.0X10−2 2.7X10−1 1.2X102 3.3X103

Cm−243 9.0 2.4X102 1.0X10−3 2.7X10−2 1.9X10−3 5.2X101

Cm−244 2.0X101 5.4X102 2.0X10−3 5.4X10−2 3.0 8.1X101

Cm−245 9.0 2.4X102 9.0X10−4 2.4X10−2 6.4X10−3 1.7X10−1

Cm−246 9.0 2.4X102 9.0X10−4 2.4X10−2 1.1X10−2 3.1X10−1

Cm−247 (a) 3.0 8.1X101 1.0X10−3 2.7X10−2 3.4X10−6 9.3X10−5

Cm−248 2.0X10−2 5.4X10−1 3.0X10−4 8.1X10−3 1.6X10−4 4.2X10−3

Co−55 Cobalt (27) 5.0X10−1 1.4 X101 5.0X10−1 1.4 X101 1.1X105 3.1X106

Co−56 3.0X10−1 8.1 3.0X10−1 8.1 1.1X103 3.0X104

Co−57 1.0X101 2.7X102 1.0X101 2.7X102 3.1X102 8.4X103

Co−58 1.0 2.7X101 1.0 2.7X101 1.2X103 3.2X104

Co−58m 4.0X101 1.1X103 4.0X101 1.1X103 2.2X105 5.9X106

Co−60 4.0X10−1 1.1X101 4.0X10−1 1.1X101 4.2X101 1.1X103

Cr−51 Chromium (24) 3.0x101 8.1X102 3.0x101 8.1X102 3.4X103 9.2X104

Cs−129 Cesium (55) 4.0 1.1X102 4.0 1.1X102 2.8X104 7.6X105

Cs−131 3.0X101 8.1X102 3.0X101 8.1X102 3.8X103 1.0X105

Cs−132 1.0 2.7X101 1.0 2.7X101 5.7X103 1.5X105

Cs−134 7.0X10−1 1.9X101 7.0X10−1 1.9X101 4.8X101 1.3X103
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Cs−134m 4.0X101 1.1X103 6.0X10−1 1.6X101 3.0X105 8.0X106

Cs−135 4.0X101 1.1X103 1.0 2.7X101 4.3X10−5 1.2X10−3

Cs−136 5.0X10−1 1.4X101 5.0X10−1 1.4X101 2.7X103 7.3X104

Cs−137 (a) 2.0 5.4X101 6.0X10−1 1.6X101 3.2 8.7X101

Cu−64 Copper (29) 6.0 1.6X102 1.0 2.7X101 1.4X105 3.9X106

Cu−67 1.0X101 2.7X102 7.0X10−1 1.9X101 2.8X104 7.6X105

Dy−159 Dysprosium (66) 2.0X101 5.4X102 2.0X101 5.4X102 2.1X102 5.7X103

Dy−165 9.0X10−1 2.4X101 6.0X10−1 1.6X101 3.0X105 8.2X106

Dy−166 (a) 9.0X10−1 2.4X101 3.0X10−1 8.1 8.6X103 2.3X105

Er−169 Erbium (68) 4.0X101 1.1X103 1.0 2.7X101 3.1X103 8.3X104

Er−171 8.0X10−1 2.2X101 5.0X10−1 1.4X101 9.0X104 2.4X106

Eu−147 Europium (63) 2.0 5.4X101 2.0 5.4X101 1.4X103 3.7X104

Eu−148 5.0X10−1 1.4X101 5.0X10−1 1.4X101 6.0X102 1.6X104

Eu−149 2.0X101 5.4X102 2.0X101 5.4X102 3.5X102 9.4X103

Eu−150 
(short lived)

2.0 5.4X101 7.0X10−1 1.9X101 6.1X104 1.6X106

Eu−150 
(long lived)

7.0X10−1 1.9X101 7.0X10−1 1.9X101 6.1X104 1.6X106

Eu−152 1.0 2.7X101 1.0 2.7X101 6.5 1.8X102

Eu−152m 8.0X10−1 2.2X101 8.0X10−1 2.2X101 8.2X104 2.2X106

Eu−154 9.0X10−1 2.4X101 6.0X10−1 1.6X101 9.8 2.6X102

Eu−155 2.0X101 5.4X102 3.0 8.1X101 1.8X101 4.9X102

Eu−156 7.0X10−1 1.9X101 7.0X10−1 1.9X101 2.0X103 5.5X104

F−18 Fluorine (9) 1.0 2.7X101 6.0X10−1 1.6X101 3.5X106 9.5X107

Fe−52 (a) Iron (26) 3.0X10−1 8.1 3.0X10−1 8.1 2.7X105 7.3X106

Fe−55 4.0X101 1.1X103 4.0X101 1.1X103 8.8X101 2.4X103

Fe−59 9.0X10−1 2.4X101 9.0X10−1 2.4X101 1.8X103 5.0X104

Fe−60 (a) 4.0X101 1.1X103 2.0X10−1 5.4 7.4X10−4 2.0X10−2

Ga−67 Gallium (31) 7.0 1.9X102 3.0 8.1X101 2.2X104 6.0X105

Ga−68 5.0X10−1 1.4X101 5.0X10−1 1.4X101 1.5X106 4.1X107

Ga−72 4.0X10−1 1.1X101 4.0X10−1 1.1X101 1.1X105 3.1X106

Gd−146 (a) Gadolinium (64) 5.0X10−1 1.4X101 5.0X10−1 1.4X101 6.9X102 1.9X104

Gd−148 2.0X101 5.4X102 2.0X10−3 5.4X10−2 1.2 3.2X101

Gd−153 1.0X101 2.7X102 9.0 2.4X102 1.3X102 3.5X103

Gd−159 3.0 8.1X101 6.0X10−1 1.6X101 3.9X104 1.1X106

Ge−68 (a) Germanium (32) 5.0X10−1 1.4X101 5.0X10−1 1.4X101 2.6X102 7.1X103

Ge−71 4.0X101 1.1X103 4.0X101 1.1X103 5.8X103 1.6X105

Ge−77 3.0X10−1 8.1 3.0X10−1 8.1 1.3X105 3.6X106

Hf−172 (a) Hafnium (72) 6.0X10−1 1.6X101 6.0X10−1 1.6X101 4.1X101 1.1X103

Hf−175 3.0 8.1X101 3.0 8.1X101 3.9X102 1.1X104

Hf−181 2.0 5.4X101 5.0X10−1 1.4X101 6.3X102 1.7X104

Hf−182 Unlimited Unlimited Unlimited Unlimited 8.1X10−6 2.2X10−4
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Hg−194 (a) Mercury (80) 1.0 2.7X101 1.0 2.7X101 1.3X10−1 3.5

Hg−195m (a) 3.0 8.1X101 7.0X10−1 1.9X101 1.5X104 4.0X105

Hg−197 2.0X101 5.4X102 1.0X101 2.7X102 9.2X103 2.5X105

Hg−197m 1.0X101 2.7X102 4.0X10−1 1.1X101 2.5X104 6.7X105

Hg−203 5.0 1.4X102 1.0 2.7X101 5.1X102 1.4X104

Ho−166 Holmium (67) 4.0X10−1 1.1X101 4.0X10−1 1.1X101 2.6X104 7.0X105

Ho−166m 6.0X10−1 1.6X101 5.0X10−1 1.4X101 6.6X10−2 1.8

I−123 Iodine (53) 6.0 1.6X102 3.0 8.1X101 7.1X104 1.9X106

I−124 1.0 2.7X101 1.0 2.7X101 9.3X103 2.5X105

I−125 2.0X101 5.4X102 3.0 8.1X101 6.4X102 1.7X104

I−126 2.0 5.4X101 1.0 2.7X101 2.9X103 8.0X104

I−129 Unlimited Unlimited Unlimited Unlimited 6.5X10−6 1.8X10−4

I−131 3.0 8.1X101 7.0X10−1 1.9X101 4.6X103 1.2X105

I−132 4.0X10−1 1.1X101 4.0X10−1 1.1X101 3.8X105 1.0X107

I−133 7.0X10−1 1.9X101 6.0X10−1 1.6X101 4.2X104 1.1X106

I−134 3.0X10−1 8.1 3.0X10−1 8.1 9.9X105 2.7X107

I−135 (a) 6.0X10−1 1.6X101 6.0X10−1 1.6X101 1.3X105 3.5X106

In−111 Indium (49) 3.0 8.1X101 3.0 8.1X101 1.5X104 4.2X105

In−113m 4.0 1.1X102 2.0 5.4X101 6.2X105 1.7X107

In−114m (a) 1.0X101 2.7X102 5.0X10−1 1.4X101 8.6X102 2.3X104

In−115m 7.0 1.9X102 1.0 2.7X101 2.2X105 6.1X106

Ir−189 (a) Iridium (77) 1.0X101 2.7X102 1.0X101 2.7X102 1.9X103 5.2X104

Ir−190 7.0X10−1 1.9X101 7.0X10−1 1.9X101 2.3X103 6.2X104

Ir−192 1.0 2.7X101 6.0X10−1 1.6X101 3.4X102 9.2X103

Ir−194 3.0X10−1 8.1 3.0X10−1 8.1 3.1X104 8.4X105

K−40 Potassium (19) 9.0X10−1 2.4X101 9.0X10−1 2.4X101 2.4X10−7 6.4X10−6

K−42 2.0X10−1 5.4 2.0X10−1 5.4 2.2X105 6.0X106

K−43 7.0X10−1 1.9X101 6.0X10−1 1.6X101 1.2X105 3.3X106

Kr−81 Krypton (36) 4.0X101 1.1X103 4.0X101 1.1X103 7.8X10−4 2.1X10−2

Kr−85 1.0X101 2.7X102 1.0X101 2.7X102 1.5X101 3.9X102

Kr−85m 8.0 2.2X102 3.0 8.1X101 3.0X105 8.2X106

Kr−87 2.0X10−1 5.4 2.0X10−1 5.4 1.0X106 2.8X107

La−137 Lanthanum (57) 3.0X101 8.1X102 6.0 1.6X102 1.6X10−3 4.4X10−2

La−140 4.0X10−1 1.1X101 4.0X10−1 1.1X101 2.1X104 5.6X105

Lu−172 Lutetium (71) 6.0X10−1 1.6X101 6.0X10−1 1.6X101 4.2X103 1.1X105

Lu−173 8.0 2.2X102 8.0 2.2X102 5.6X101 1.5X103

Lu−174 9.0 2.4X102 9.0 2.4X102 2.3X101 6.2X102

Lu−174m 2.0X101 5.4X102 1.0X101 2.7X102 2.0X102 5.3X103

Lu−177 3.0X101 8.1X102 7.0X10−1 1.9X101 4.1X103 1.1X105

Mg−28 (a) Magnesium (12) 3.0X10−1 8.1 3.0X10−1 8.1 2.0X105 5.4X106

Mn−52 Manganese (25) 3.0X10−1 8.1 3.0X10−1 8.1 1.6X104 4.4X105

Mn−53 Unlimited Unlimited Unlimited Unlimited 6.8X10−5 1.8X10−3
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Mn−54 1.0 2.7X101 1.0 2.7X101 2.9X102 7.7X103

Mn−56 3.0X10−1 8.1 3.0X10−1 8.1 8.0X105 2.2X107

Mo−93
Molybdenum
(42)

4.0X101 1.1X103 2.0X101 5.4X102 4.1X10−2 1.1

Mo−99 (a) (i) 1.0 2.7X101 6.0X10−1 1.6X101 1.8X104 4.8X105

N−13 Nitrogen (7) 9.0X10−1 2.4X101 6.0X10−1 1.6X101 5.4X107 1.5X109

Na−22 Sodium (11) 5.0X10−1 1.4X101 5.0X10−1 1.4X101 2.3X102 6.3X103

Na−24 2.0X10−1 5.4 2.0X10−1 5.4 3.2X105 8.7X106

Nb−93m Niobium (41) 4.0X101 1.1X103 3.0X101 8.1X102 8.8 2.4X102

Nb−94 7.0X10−1 1.9X101 7.0X10−1 1.9X101 6.9X10−3 1.9X10−1

Nb−95 1.0 2.7X101 1.0 2.7X101 1.5X103 3.9X104

Nb−97 9.0X10−1 2.4X101 6.0X10−1 1.6X101 9.9X105 2.7X107

Nd−147 Neodymium (60) 6.0 1.6X102 6.0X10−1 1.6X101 3.0X103 8.1X104

Nd−149 6.0X10−1 1.6X101 5.0X10−1 1.4X101 4.5X105 1.2X107

Ni−59 Nickel (28) Unlimited Unlimited Unlimited Unlimited 3.0X10−3 8.0X10−2

Ni−63 4.0X101 1.1X103 3.0X101 8.1X102 2.1 5.7X101

Ni−65 4.0X10−1 1.1X101 4.0X10−1 1.1X101 7.1X105 1.9X107

Np−235 Neptunium (93) 4.0X101 1.1X103 4.0X101 1.1X103 5.2X101 1.4X103

Np−236 
(short−lived)

2.0X101 5.4X102 2.0 5.4X101 4.7X10−4 1.3X10−2

Np−236 
(long−lived)

9.0 2.4X102 2.0X10−2 5.4X10−1 4.7X10−4 1.3X10−2

Np−237 2.0X101 5.4X102 2.0X10−3 5.4X10−2 2.6X10−5 7.1X10−4

Np−239 7.0 1.9X102 4.0X10−1 1.1X101 8.6X103 2.3X105

Os−185 Osmium (76) 1.0 2.7X101 1.0 2.7X101 2.8X102 7.5X103

Os−191 1.0X101 2.7X102 2.0 5.4X101 1.6X103 4.4X104

Os−191m 4.0X101 1.1X103 3.0X101 8.1X102 4.6X104 1.3X106

Os−193 2.0 5.4X101 6.0X10−1 1.6X101 2.0X104 5.3X105

Os−194 (a) 3.0X10−1 8.1 3.0X10−1 8.1 1.1X101 3.1X102

P−32 Phosphorus (15) 5.0X10−1 1.4X101 5.0X10−1 1.4X101 1.1X104 2.9X105

P−33 4.0X101 1.1X103 1.0 2.7X101 5.8X103 1.6X105

Pa−230 (a) Protactinium (91)2.0 5.4X101 7.0X10−2 1.9 1.2X103 3.3X104

Pa−231 4.0 1.1X102 4.0X10−4 1.1X10−2 1.7X10−3 4.7X10−2

Pa−233 5.0 1.4X102 7.0X10−1 1.9X101 7.7X102 2.1X104

Pb−201 Lead (82) 1.0 2.7X101 1.0 2.7X101 6.2X104 1.7X106

Pb−202 4.0X101 1.1X103 2.0X101 5.4X102 1.2X10−4 3.4X10−3

Pb−203 4.0 1.1X102 3.0 8.1X101 1.1X104 3.0X105

Pb−205 Unlimited Unlimited Unlimited Unlimited 4.5X10−6 1.2X10−4

Pb−210 (a) 1.0 2.7X101 5.0X10−2 1.4 2.8 7.6X101

Pb−212 (a) 7.0X10−1 1.9X101 2.0X10−1 5.4 5.1X104 1.4X106

Pd−103 (a) Palladium (46) 4.0X101 1.1X103 4.0X101 1.1X103 2.8X103 7.5X104

Pd−107 Unlimited Unlimited Unlimited Unlimited 1.9X10−5 5.1X10−4

Pd−109 2.0 5.4X101 5.0X10−1 1.4X101 7.9X104 2.1X106

http://docs.legis.wisconsin.gov/document/statutes/35.93
http://docs.legis.wisconsin.gov/document/statutes/35.93


528DHS 157 Appendix O WISCONSIN ADMINISTRATIVE CODE

Published under s. 35.93, Wis. Stats., by the Legislative Reference Bureau.

Published  under s. 35.93, Stats. Updated on the first day of each month.  Entire code is always current.  The Register date on each page

is the date the chapter was last  published.  Report  errors (608) 266−3151.Register April 2010 No. 652

TABLE  VI
 A1 AND A2 VALUES FOR RADIONUCLIDES (Continued)

Symbol of
Radionuclide

Specific Activity
(TBq/g)    (Ci/g)

A2
(Ci)

A2
(TBq)

A1
(Ci)

A1
(TBq)

Element and
Atomic No.

Pm−143 Promethium (61)3.0 8.1X101 3.0 8.1X101 1.3X102 3.4X103

Pm−144 7.0X10−1 1.9X101 7.0X10−1 1.9X101 9.2X101 2.5X103

Pm−145 3.0X101 8.1X102 1.0X101 2.7X102 5.2 1.4X102

Pm−147 4.0X101 1.1X103 2.0 5.4X101 3.4X101 9.3X102

Pm−148m (a) 8.0X10−1 2.2X101 7.0X10−1 1.9X101 7.9X102 2.1X104

Pm−149 2.0 5.4X101 6.0X10−1 1.6X101 1.5X104 4.0X105

Pm−151 2.0 5.4X101 6.0X10−1 1.6X101 2.7X104 7.3X105

Po−210 Polonium (84) 4.0X101 1.1X103 2.0X10−2 5.4X10−1 1.7X102 4.5X103

Pr−142
Praseodymium
(59)

4.0X10−1 1.1X101 4.0X10−1 1.1X101 4.3X104 1.2X106

Pr−143 3.0 8.1X101 6.0X10−1 1.6X101 2.5X103 6.7X104

Pt−188 (a) Platinum (78) 1.0 2.7X101 8.0X10−1 2.2X101 2.5X103 6.8X104

Pt−191 4.0 1.1X102 3.0 8.1X101 8.7X103 2.4X105

Pt−193 4.0X101 1.1X103 4.0X101 1.1X103 1.4 3.7X101

Pt−193m 4.0X101 1.1X103 5.0X10−1 1.4X101 5.8X103 1.6X105

Pt−195m 1.0X101 2.7X102 5.0X10−1 1.4X101 6.2X103 1.7X105

Pt−197 2.0X101 5.4X102 6.0X10−1 1.6X101 3.2X104 8.7X105

Pt−197m 1.0X101 2.7X102 6.0X10−1 1.6X101 3.7X105 1.0X107

Pu−236 Plutonium (94) 3.0X101 8.1X102 3.0X10−3 8.1X10−2 2.0X101 5.3X102

Pu−237 2.0X101 5.4X102 2.0X101 5.4X102 4.5X102 1.2X104

Pu−238 1.0X101 2.7X102 1.0X10−3 2.7X10−2 6.3X10−1 1.7X101

Pu−239 1.0X101 2.7X102 1.0X10−3 2.7X10−2 2.3X10−3 6.2X10−2

Pu−240 1.0X101 2.7X102 1.0X10−3 2.7X10−2 8.4X10−3 2.3X10−1

Pu−241 (a) 4.0X101 1.1X103 6.0X10−2 1.6 3.8 1.0X102

Pu−242 1.0X101 2.7X102 1.0X10−3 2.7X10−2 1.5X10−4 3.9X10−3

Pu−244 (a) 4.0X10−1 1.1X101 1.0X10−3 2.7X10−2 6.7X10−7 1.8X10−5

Ra−223 (a) Radium (88) 4.0X10−1 1.1X101 7.0X10−3 1.9X10−1 1.9X103 5.1X104

Ra−224 (a) 4.0X10−1 1.1X101 2.0X10−2 5.4X10−1 5.9X103 1.6X105

Ra−225 (a) 2.0X10−1 5.4 4.0X10−3 1.1X10−1 1.5X103 3.9X104

Ra−226 (a) 2.0X10−1 5.4 3.0X10−3 8.1X10−2 3.7X10−2 1.0

Ra−228 (a) 6.0X10−1 1.6X101 2.0X10−2 5.4X10−1 1.0X101 2.7X102

Rb−81 Rubidium (37) 2.0 5.4X101 8.0X10−1 2.2X101 3.1X105 8.4X106

Rb−83 (a) 2.0 5.4X101 2.0 5.4X101 6.8X102 1.8X104

Rb−84 1.0 2.7X101 1.0 2.7X101 1.8X103 4.7X104

Rb−86 5.0X10−1 1.4X101 5.0X10−1 1.4X101 3.0X103 8.1X104

Rb−87 Unlimited Unlimited Unlimited Unlimited 3.2X10−9 8.6X10−8

Rb(nat) Unlimited Unlimited Unlimited Unlimited 6.7X106 1.8X108

Re−184 Rhenium (75) 1.0 2.7X101 1.0 2.7X101 6.9X102 1.9X104

Re−184m 3.0 8.1X101 1.0 2.7X101 1.6X102 4.3X103

Re−186 2.0 5.4X101 6.0X10−1 1.6X101 6.9X103 1.9X105

Re−187 Unlimited Unlimited Unlimited Unlimited 1.4X10−9 3.8X10−8

Re−188 4.0X10−1 1.1X101 4.0X10−1 1.1X101 3.6X104 9.8X105
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TABLE  VI
 A1 AND A2 VALUES FOR RADIONUCLIDES (Continued)

Symbol of
Radionuclide

Specific Activity
(TBq/g)    (Ci/g)

A2
(Ci)

A2
(TBq)

A1
(Ci)

A1
(TBq)

Element and
Atomic No.

Re−189 (a) 3.0 8.1X101 6.0X10−1 1.6X101 2.5X104 6.8X105

Re(nat) Unlimited Unlimited Unlimited Unlimited 0.0 2.4X10−8

Rh−99 Rhodium (45) 2.0 5.4X101 2.0 5.4X101 3.0X103 8.2X104

Rh−101 4.0 1.1X102 3.0 8.1X101 4.1X101 1.1X103

Rh−102 5.0X10−1 1.4X101 5.0X10−1 1.4X101 4.5X101 1.2X103

Rh−102m 2.0 5.4X101 2.0 5.4X101 2.3X102 6.2X103

Rh−103m 4.0X101 1.1X103 4.0X101 1.1X103 1.2X106 3.3X107

Rh−105 1.0X101 2.7X102 8.0X10−1 2.2X101 3.1X104 8.4X105

Rn−222 (a) Radon (86) 3.0X10−1 8.1 4.0X10−3 1.1X10−1 5.7X103 1.5X105

Ru−97 Ruthenium (44) 5.0 1.4X102 5.0 1.4X102 1.7X104 4.6X105

Ru−103 (a) 2.0 5.4X101 2.0 5.4X101 1.2X103 3.2X104

Ru−105 1.0 2.7X101 6.0X10−1 1.6X101 2.5X105 6.7X106

Ru−106 (a) 2.0X10−1 5.4 2.0X10−1 5.4 1.2X102 3.3X103

S−35 Sulphur (16) 4.0X101 1.1X103 3.0 8.1X101 1.6X103 4.3X104

Sb−122 Antimony (51) 4.0X10−1 1.1X101 4.0X10−1 1.1X101 1.5X104 4.0X105

Sb−124 6.0X10−1 1.6X101 6.0X10−1 1.6X101 6.5X102 1.7X104

Sb−125 2.0 5.4X101 1.0 2.7X101 3.9X101 1.0X103

Sb−126 4.0X10−1 1.1X101 4.0X10−1 1.1X101 3.1X103 8.4X104

Sc−44 Scandium (21) 5.0X10−1 1.4X101 5.0X10−1 1.4X101 6.7X105 1.8X107

Sc−46 5.0X10−1 1.4X101 5.0X10−1 1.4X101 1.3X103 3.4X104

Sc−47 1.0X101 2.7X102 7.0X10−1 1.9X101 3.1X104 8.3X105

Sc−48 3.0X10−1 8.1 3.0X10−1 8.1 5.5X104 1.5X106

Se−75 Selenium (34) 3.0 8.1X101 3.0 8.1X101 5.4X102 1.5X104

Se−79 4.0X101 1.1X103 2.0 5.4X101 2.6X10−3 7.0X10−2

Si−31 Silicon (14) 6.0X10−1 1.6X101 6.0X10−1 1.6X101 1.4X106 3.9X107

Si−32 4.0X101 1.1X103 5.0X10−1 1.4X101 3.9 1.1X102

Sm−145 Samarium (62) 1.0X101 2.7X102 1.0X101 2.7X102 9.8X101 2.6X103

Sm−147 Unlimited Unlimited Unlimited Unlimited 8.5X10−1 2.3X10−8

Sm−151 4.0X101 1.1X103 1.0X101 2.7X102 9.7X10−1 2.6X101

Sm−153 9.0 2.4X102 6.0X10−1 1.6X101 1.6X104 4.4X105

Sn−113 (a) Tin (50) 4.0 1.1X102 2.0 5.4X101 3.7X102 1.0X104

Sn−117m 7.0 1.9X102 4.0X10−1 1.1X101 3.0X103 8.2X104

Sn−119m 4.0X101 1.1X103 3.0X101 8.1X102 1.4X102 3.7X103

Sn−121m (a) 4.0X101 1.1X103 9.0X10−1 2.4X101 2.0 5.4X101

Sn−123 8.0X10−1 2.2X101 6.0X10−1 1.6X101 3.0X102 8.2X103

Sn−125 4.0X10−1 1.1X101 4.0X10−1 1.1X101 4.0X103 1.1X105

Sn−126 (a) 6.0X10−1 1.6X101 4.0X10−1 1.1X101 1.0X10−3 2.8X10−2

Sr−82 (a) Strontium (38) 2.0X10−1 5.4 2.0X10−1 5.4 2.3X103 6.2X104

Sr−85 2.0 5.4X101 2.0 5.4X101 8.8X102 2.4X104

Sr−85m 5.0 1.4X102 5.0 1.4X102 1.2X106 3.3X107

Sr−87m 3.0 8.1X101 3.0 8.1X101 4.8X105 1.3X107

Sr−89 6.0X10−1 1.6X101 6.0X10−1 1.6X101 1.1X103 2.9X104
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TABLE  VI
 A1 AND A2 VALUES FOR RADIONUCLIDES (Continued)

Symbol of
Radionuclide

Specific Activity
(TBq/g)    (Ci/g)

A2
(Ci)

A2
(TBq)

A1
(Ci)

A1
(TBq)

Element and
Atomic No.

Sr−90 (a) 3.0X10−1 8.1 3.0X10−1 8.1 5.1 1.4X102

Sr−91 (a) 3.0X10−1 8.1 3.0X10−1 8.1 1.3X105 3.6X106

Sr−92 (a) 1.0 2.7X101 3.0X10−1 8.1 4.7X105 1.3X107

T(H−3) Tritium (1) 4.0X101 1.1X103 4.0X101 1.1X103 3.6X102 9.7X103

Ta−178
 (long−lived)

Tantalum (73) 1.0 2.7X101 8.0X10−1 2.2X101 4.2X106 1.1X108

Ta−179 3.0X101 8.1X102 3.0X101 8.1X102 4.1X101 1.1X103

Ta−182 9.0X10−1 2.4X101 5.0X10−1 1.4X101 2.3X102 6.2X103

Tb−157 Terbium (65) 4.0X101 1.1X103 4.0X101 1.1X103 5.6X10−1 1.5X101

Tb−158 1.0 2.7X101 1.0 2.7X101 5.6X10−1 1.5X101

Tb−160 1.0 2.7X101 6.0X10−1 1.6X101 4.2X102 1.1X104

Tc−95m (a) Technetium (43) 2.0 5.4X101 2.0 5.4X101 8.3X102 2.2X104

Tc−96 4.0X10−1 1.1X101 4.0X10−1 1.1X101 1.2X104 3.2X105

Tc−96m (a) 4.0X10−1 1.1X101 4.0X10−1 1.1X101 1.4X106 3.8X107

Tc−97 Unlimited Unlimited Unlimited Unlimited 5.2X10−5 1.4X10−3

Tc−97m 4.0X101 1.1X103 1.0 2.7X101 5.6X102 1.5X104

Tc−98 8.0X10−1 2.2X101 7.0X10−1 1.9X101 3.2X10−5 8.7X10−4

Tc−99 4.0X101 1.1X103 9.0X10−1 2.4X101 6.3X10−4 1.7X10−2

Tc−99m 1.0X101 2.7X102 4.0 1.1X102 1.9X105 5.3X106

Te−121 Tellurium (52) 2.0 5.4X101 2.0 5.4X101 2.4X103 6.4X104

Te−121m 5.0 1.4X102 3.0 8.1X101 2.6X102 7.0X103

Te−123m 8.0 2.2X102 1.0 2.7X101 3.3X102 8.9X103

Te−125m 2.0X101 5.4X102 9.0X10−1 2.4X101 6.7X102 1.8X104

Te−127 2.0X101 5.4X102 7.0X10−1 1.9X101 9.8X104 2.6X106

Te−127m (a) 2.0X101 5.4X102 5.0X10−1 1.4X101 3.5X102 9.4X103

Te−129 7.0X10−1 1.9X101 6.0X10−1 1.6X101 7.7X105 2.1X107

Te−129m (a) 8.0X10−1 2.2X101 4.0X10−1 1.1X101 1.1X103 3.0X104

Te−131m (a) 7.0X10−1 1.9X101 5.0X10−1 1.4X101 3.0X104 8.0X105

Te−132 (a) 5.0X10−1 1.4X101 4.0X10−1 1.1X101 1.1X104 3.0X105

Th−227 Thorium (90) 1.0X101 2.7X102 5.0X10−3 1.4X10−1 1.1X103 3.1X104

Th−228 (a) 5.0X10−1 1.4X101 1.0X10−3 2.7X10−2 3.0X101 8.2X102

Th−229 5.0 1.4X102 5.0X10−4 1.4X10−2 7.9X10−3 2.1X10−1

Th−230 1.0X101 2.7X102 1.0X10−3 2.7X10−2 7.6X10−4 2.1X10−2

Th−231 4.0X101 1.1X103 2.0X10−2 5.4X10−1 2.0X104 5.3X105

Th−232 Unlimited Unlimited Unlimited Unlimited 4.0X10−9 1.1X10−7

Th−234 (a) 3.0X10−1 8.1 3.0X10−1 8.1 8.6X102 2.3X104

Th(nat) Unlimited Unlimited Unlimited Unlimited 8.1X10−9 2.2X10−7

Ti−44 (a) Titanium (22) 5.0X10−1 1.4X101 4.0X10−1 1.1X101 6.4 1.7X102

Tl−200 Thallium (81) 9.0X10−1 2.4X101 9.0X10−1 2.4X101 2.2X104 6.0X105

Tl−201 1.0X101 2.7X102 4.0 1.1X102 7.9X103 2.1X105

Tl−202 2.0 5.4X101 2.0 5.4X101 2.0X103 5.3X104

Tl−204 1.0X101 2.7X102 7.0X10−1 1.9X101 1.7X101 4.6X102
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TABLE  VI
 A1 AND A2 VALUES FOR RADIONUCLIDES (Continued)

Symbol of
Radionuclide

Specific Activity
(TBq/g)    (Ci/g)

A2
(Ci)

A2
(TBq)

A1
(Ci)

A1
(TBq)

Element and
Atomic No.

Tm−167 Thulium (69) 7.0 1.9X102 8.0X10−1 2.2X101 3.1X103 8.5X104

Tm−170 3.0 8.1X101 6.0X10−1 1.6X101 2.2X102 6.0X103

Tm−171 4.0X101 1.1X103 4.0X101 1.1X103 4.0X101 1.1X103

U−230 (fast lung
absorption)
(a)(d)

Uranium (92) 4.0X101 1.1X103 1.0X10−1 2.7 1.0X103 2.7X104

U−230 (medium
lung absorption)
(a)(e)

4.0X101 1.1X103 4.0X10−3 1.1X10−1 1.0X103 2.7X104

U−230 (slow
lung absorption)
(a)(f)

3.0X101 8.1X102 3.0X10−3 8.1X10−2 1.0X103 2.7X104

U−232 (fast lung
absorption) (d)

4.0X101 1.1X103 1.0X10−2 2.7X10−1 8.3X10−1 2.2X101

U−232
(medium lung
absorption) (e)

4.0X101 1.1X103 7.0X10−3 1.9X10−1 8.3X10−1 2.2X101

U−232 (slow
lung absorption)
(f)

1.0X101 2.7X102 1.0X10−3 2.7X10−2 8.3X10−1 2.2X101

U−233 (fast lung
absorption) (d)

4.0X101 1.1X103 9.0X10−2 2.4 3.6X10−4 9.7X10−3

U−233
(medium lung
absorption) (e)

4.0X101 1.1X103 2.0X10−2 5.4X10−1 3.6X10−4 9.7X10−3

U−233 (slow
lung absorption)
(f)

4.0X101 1.1X103 6.0X10−3 1.6X10−1 3.6X10−4 9.7X10−3

U−234 (fast lung
absorption) (d)

4.0X101 1.1X103 9.0X10−2 2.4 2.3X10−4 6.2X10−3

U−234 (medium
lung absorption)
(e)

4.0X101 1.1X103 2.0X10−2 5.4X10−1 2.3X10−4 6.2X10−3

U−234
(slow lung
absorption) (f)

Uranium (92) 4.0X101 1.1X103 6.0X10−3 1.6X10−1 2.3X10−4 6.2X10−3

U−235 (all lung
absorption
types)
(a),(d),(e),(f)

Unlimited Unlimited Unlimited Unlimited 8.0X10−8 2.2X10−6

U−236
(fast lung
absorption) (d)

Unlimited Unlimited Unlimited Unlimited 2.4X10−6 6.5X10−5

U−236
(medium lung
absorption) (e)

4.0X101 1.1X103 2.0X10−2 5.4X10−1 2.4X10−6 6.5X10−5
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TABLE  VI
 A1 AND A2 VALUES FOR RADIONUCLIDES (Continued)

Symbol of
Radionuclide

Specific Activity
(TBq/g)    (Ci/g)

A2
(Ci)

A2
(TBq)

A1
(Ci)

A1
(TBq)

Element and
Atomic No.

U−236
(slow lung
absorption) (f)

4.0X101 1.1X103 6.0X10−3 1.6X10−1 2.4X10−6 6.5X10−5

U−238 (all lung
absorption
types) (d),(e),(f)

Unlimited Unlimited Unlimited Unlimited 1.2X10−8 3.4X10−7

U (nat) Unlimited Unlimited Unlimited Unlimited 2.6X10−8 7.1X10−7

U (enriched to
20% or less)(g)

Unlimited Unlimited Unlimited Unlimited N/A N/A

U (dep) Unlimited Unlimited Unlimited Unlimited 0.0 (See Table IX)

V−48 Vanadium (23) 4.0X10−1 1.1X101 4.0X10−1 1.1X101 6.3X103 1.7X105

V−49 4.0X101 1.1X103 4.0X101 1.1X103 3.0X102 8.1X103

W−178 (a) Tungsten (74) 9.0 2.4X102 5.0 1.4X102 1.3X103 3.4X104

W−181 3.0X101 8.1X102 3.0X101 8.1X102 2.2X102 6.0X103

W−185 4.0X101 1.1X103 8.0X10−1 2.2X101 3.5X102 9.4X103

W−187 2.0 5.4X101 6.0X10−1 1.6X101 2.6X104 7.0X105

W−188 (a) 4.0X10−1 1.1X101 3.0X10−1 8.1 3.7X102 1.0X104

Xe−122 (a) Xenon (54) 4.0X10−1 1.1X101 4.0X10−1 1.1X101 4.8X104 1.3X106

Xe−123 2.0 5.4X101 7.0X10−1 1.9X101 4.4X105 1.2X107

Xe−127 4.0 1.1X102 2.0 5.4X101 1.0X103 2.8X104

Xe−131m 4.0X101 1.1X103 4.0X101 1.1X103 3.1X103 8.4X104

Xe−133 2.0X101 5.4X102 1.0X101 2.7X102 6.9X103 1.9X105

Xe−135 3.0 8.1X101 2.0 5.4X101 9.5X104 2.6X106

Y−87 (a) Yttrium (39) 1.0 2.7X101 1.0 2.7X101 1.7X104 4.5X105

Y−88 4.0X10−1 1.1X101 4.0X10−1 1.1X101 5.2X102 1.4X104

Y−90 3.0X10−1 8.1 3.0X10−1 8.1 2.0X104 5.4X105

Y−91 6.0X10−1 1.6X101 6.0X10−1 1.6X101 9.1X102 2.5X104

Y−91m 2.0 5.4X101 2.0 5.4X101 1.5X106 4.2X107

Y−92 2.0X10−1 5.4 2.0X10−1 5.4 3.6X105 9.6X106

Y−93 3.0X10−1 8.1 3.0X10−1 8.1 1.2X105 3.3X106

Yb−169 Ytterbium (79) 4.0 1.1X102 1.0 2.7X101 8.9X102 2.4X104

Yb−175 3.0X101 8.1X102 9.0X10−1 2.4X101 6.6X103 1.8X105

Zn−65 Zinc (30) 2.0 5.4X101 2.0 5.4X101 3.0X102 8.2X103

Zn−69 3.0 8.1X101 6.0X10−1 1.6X101 1.8X106 4.9X107

Zn−69m (a) 3.0 8.1X101 6.0X10−1 1.6X101 1.2X105 3.3X106

Zr−88 Zirconium (40) 3.0 8.1X101 3.0 8.1X101 6.6X102 1.8X104

Zr−93 Unlimited Unlimited Unlimited Unlimited 9.3X10−5 2.5X10−3

Zr−95 (a) 2.0 5.4X101 8.0X10−1 2.2X101 7.9X102 2.1X104

Zr−97 (a) 4.0X10−1 1.1X101 4.0X10−1 1.1X101 7.1X104 1.9X106
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NOTES

(a) A1 and/or A2 values include contributions from daughter nuclides with half−lives less than 10 days.

(b) The values of A1 and A2 in curies (Ci) are approximate and for information only; the regulatory standard units
are Terabecquerels (TBq).

(c) The quantity may be determined from a measurement of the rate of decay or a measurement of the radiation level
at a prescribed distance from the source.

(d) These values apply only to compounds of uranium that take the chemical form of UF6, UO2F2 and UO2(NO3)2
in both normal and accident conditions of transport.

(e) These values apply only to compounds of uranium that take the chemical form of UO3, UF4, UCl4, and hexavalent
compounds in both normal and accident conditions of transport.

(f) These values apply to all compounds of uranium other than those specified in (d) and (e), above.

(g) These values apply to unirradiated uranium only.

(h) A1 = 0.1 TBq (2.7 Ci) and A2 = 0.001 TBq (0.027 Ci) for Cf−252 for domestic use.

(i) A2 = 0.74 TBq (20 Ci) for Mo−99 for domestic use.
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TABLE  VII
EXEMPT  MATERIAL ACTIVITY CONCENTRA TIONS AND EXEMPT

 CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES  

Symbol of radio-
nuclide

Element and atomic
number

Activity
concentration for
exempt material

(Bq/g)

Activity
concentration for
exempt material

(Ci/g)

Activity limit
for exempt

consignment (Bq)

Activity limit
for exempt

consignment (Ci)

Ac−225 (a) Actinium (89) 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Ac−227 (a) 1.0X10−1 2.7X10−12 1.0X103 2.7X10−8

Ac−228 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Ag−105 Silver (47) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Ag−108m (a) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Ag−110m (a) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Ag−111 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Al−26 Aluminum (13) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Am−241 Americium (95) 1.0 2.7X10−11 1.0X104 2.7X10−7

Am−242m (a) 1.0 2.7X10−11 1.0X104 2.7X10−7

Am−243 (a) 1.0 2.7X10−11 1.0X103 2.7X10−8

Ar−37 Argon (18) 1.0X106 2.7X10−5 1.0X108 2.7X10−3

Ar−39 1.0X107 2.7X10−4 1.0X104 2.7X10−7

Ar−41 1.0X102 2.7X10−9 1.0X109 2.7X10−2

As−72 Arsenic (33) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

As−73 1.0X103 2.7X10−8 1.0X107 2.7X10−4

As−74 1.0X101 2.7X10−10 1.0X106 2.7X10−5

As−76 1.0X102 2.7X10−9 1.0X105 2.7X10−6

As−77 1.0X103 2.7X10−8 1.0X106 2.7X10−5

At−211 (a) Astatine (85) 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Au−193 Gold (79) 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Au−194 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Au−195 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Au−198 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Au−199 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Be−7 Beryllium (4) 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Be−10 1.0X104 2.7X10−7 1.0X106 2.7X10−5

Bi−205 Bismuth (83) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Bi−206 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Bi−207 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Bi−210 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Bi−210m 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Ba−131 (a) Barium (56) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Ba−133 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Ba−133m 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Ba−140 (a) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Bi−212 (a) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Bk−247 Berkelium (97) 1.0 2.7X10−11 1.0X104 2.7X10−7

Bk−249 (a) 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Br−76 Bromine (35) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Br−77 1.0X102 2.7X10−9 1.0X106 2.7X10−5
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Br−82 1.0X101 2.7X10−10 1.0X106 2.7X10−5

C−11 Carbon (6) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

C−14 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Ca−41 Calcium (20) 1.0X105 2.7X10−6 1.0X107 2.7X10−4

Ca−45 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Ca−47 (a) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Cd−109 Cadmium (48) 1.0X104 2.7X10−7 1.0X106 2.7X10−5

Cd−113m 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Cd−115 (a) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Cd−115m 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Ce−139 Cerium (58) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Ce−141 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Ce−143 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Ce−144 (a) 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Cf−248 Californium (98) 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Cf−249 1.0 2.7X10−11 1.0X103 2.7X10−8

Cf−250 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Cf−251 1.0 2.7X10−11 1.0X103 2.7X10−8

Cf−252 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Cf−253 (a) 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Cf−254 1.0 2.7X10−11 1.0X103 2.7X10−8

Cl−36 Chlorine (17) 1.0X104 2.7X10−7 1.0X106 2.7X10−5

Cl−38 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Cm−240 Curium (96) 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Cm−241 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Cm−242 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Cm−243 1.0 2.7X10−11 1.0X104 2.7X10−7

Cm−244 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Cm−245 1.0 2.7X10−11 1.0X103 2.7X10−8

Cm−246 1.0 2.7X10−11 1.0X103 2.7X10−8

Cm−247 (a) 1.0 2.7X10−11 1.0X104 2.7X10−7

Cm−248 1.0 2.7X10−11 1.0X103 2.7X10−8

Co−55 Cobalt (27) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Co−56 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Co−57 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Co−58 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Co−58m 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Co−60 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Cr−51 Chromium (24) 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Cs−129 Cesium (55) 1.0X102 2.7X10−9 1.0X105 2.7X10−6

http://docs.legis.wisconsin.gov/document/statutes/35.93
http://docs.legis.wisconsin.gov/document/statutes/35.93


536DHS 157 Appendix O WISCONSIN ADMINISTRATIVE CODE

Published under s. 35.93, Wis. Stats., by the Legislative Reference Bureau.

Published  under s. 35.93, Stats. Updated on the first day of each month.  Entire code is always current.  The Register date on each page

is the date the chapter was last  published.  Report  errors (608) 266−3151.Register April 2010 No. 652

TABLE  VII
EXEMPT  MATERIAL ACTIVITY CONCENTRA TIONS AND EXEMPT

 CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES (Continued)

Symbol of radio-
nuclide

Activity limit
for exempt

consignment (Ci)

Activity limit
for exempt

consignment (Bq)

Activity
concentration for
exempt material

(Ci/g)

Activity
concentration for
exempt material

(Bq/g)

Element and atomic
number

Cs−131 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Cs−132 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Cs−134 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Cs−134m 1.0X103 2.7X10−8 1.0X105 2.7X10−6

Cs−135 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Cs−136 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Cs−137 (a) 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Cu−64 Copper (29) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Cu−67 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Dy−159 Dysprosium (66) 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Dy−165 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Dy−166 (a) 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Er−169 Erbium (68) 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Er−171 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Eu−147 Europium (63) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Eu−148 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Eu−149 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Eu−150 
(short lived)

1.0X103 2.7X10−8 1.0X106 2.7X10−5

Eu−150 
(long lived)

1.0X103 2.7X10−8 1.0X106 2.7X10−5

Eu−152 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Eu−152 m 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Eu−154 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Eu−155 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Eu−156 1.0X101 2.7X10−10 1.0X106 2.7X10−5

F−18 Fluorine (9) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Fe−52 (a) Iron (26) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Fe−55 1.0X104 2.7X10−7 1.0X106 2.7X10−5

Fe−59 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Fe−60 (a) 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Ga−67 Gallium (31) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Ga−68 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Ga−72 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Gd−146 (a) Gadolinium (64) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Gd−148 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Gd−153 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Gd−159 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Ge−68 (a) Germanium (32) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Ge−71 1.0X104 2.7X10−7 1.0X108 2.7X10−3
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Ge−77 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Hf−172 (a) Hafnium (72) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Hf−175 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Hf−181 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Hf−182 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Hg−194 (a) Mercury (80) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Hg−195m (a) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Hg−197 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Hg−197m 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Hg−203 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Ho−166 Holmium (67) 1.0X103 2.7X10−8 1.0X105 2.7X10−6

Ho−166m 1.0X101 2.7X10−10 1.0X106 2.7X10−5

I−123 Iodine (53) 1.0X102 2.7X10−9 1.0X107 2.7X10−4

I−124 1.0X101 2.7X10−10 1.0X106 2.7X10−5

I−125 1.0X103 2.7X10−8 1.0X106 2.7X10−5

I−126 1.0X102 2.7X10−9 1.0X106 2.7X10−5

I−129 1.0X102 2.7X10−9 1.0X105 2.7X10−6

I−131 1.0X102 2.7X10−9 1.0X106 2.7X10−5

I−132 1.0X101 2.7X10−10 1.0X105 2.7X10−6

I−133 1.0X101 2.7X10−10 1.0X106 2.7X10−5

I−134 1.0X101 2.7X10−10 1.0X105 2.7X10−6

I−135 (a) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

In−111 Indium (49) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

In−113m 1.0X102 2.7X10−9 1.0X106 2.7X10−5

In−114m (a) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

In−115m 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Ir−189 (a) Iridium (77) 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Ir−190 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Ir−192 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Ir−194 1.0X102 2.7X10−9 1.0X105 2.7X10−6

K−40 Potassium (19) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

K−42 1.0X102 2.7X10−9 1.0X106 2.7X10−5

K−43 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Kr−81 Krypton (36) 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Kr−85 1.0X105 2.7X10−6 1.0X104 2.7X10−7

Kr−85m 1.0X103 2.7X10−8 1.0X1010 2.7X10−1

Kr−87 1.0X102 2.7X10−9 1.0X109 2.7X10−2

La−137 Lanthanum (57) 1.0X103 2.7X10−8 1.0X107 2.7X10−4

La−140 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Lu−172 Lutetium (71) 1.0X101 2.7X10−10 1.0X106 2.7X10−5
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Lu−173 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Lu−174 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Lu−174m 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Lu−177 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Mg−28 (a) Magnesium (12) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Mn−52 Manganese (25) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Mn−53 1.0X104 2.7X10−7 1.0X109 2.7X10−2

Mn−54 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Mn−56 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Mo−93 Molybdenum (42) 1.0X103 2.7X10−8 1.0X108 2.7X10−3

Mo−99 (a) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

N−13 Nitrogen (7) 1.0X102 2.7X10−9 1.0X109 2.7X10−2

Na−22 Sodium (11) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Na−24 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Nb−93m Niobium (41) 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Nb−94 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Nb−95 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Nb−97 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Nd−147 Neodymium (60) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Nd−149 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Ni−59 Nickel (28) 1.0X104 2.7X10−7 1.0X108 2.7X10−3

Ni−63 1.0X105 2.7X10−6 1.0X108 2.7X10−3

Ni−65 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Np−235 Neptunium (93) 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Np−236 (short−
lived)

1.0X103 2.7X10−8 1.0X107 2.7X10−4

Np−236
(long−lived)

1.0X103 2.7X10−8 1.0X107 2.7X10−4

Np−237 1.0 2.7X10−11 1.0X103 2.7X10−8

Np−239 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Os−185 Osmium (76) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Os−191 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Os−191m 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Os−193 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Os−194 (a) 1.0X102 2.7X10−9 1.0X105 2.7X10−6

P−32 Phosphorus (15) 1.0X103 2.7X10−8 1.0X105 2.7X10−6

P−33 1.0X105 2.7X10−6 1.0X108 2.7X10−3

Pa−230 (a) Protactinium (91) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Pa−231 1.0 2.7X10−11 1.0X103 2.7X10−8

Pa−233 1.0X102 2.7X10−9 1.0X107 2.7X10−4
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Pb−201 Lead (82) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Pb−202 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Pb−203 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Pb−205 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Pb−210 (a) 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Pb−212 (a) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Pd−103 (a) Palladium (46) 1.0X103 2.7X10−8 1.0X108 2.7X10−3

Pd−107 1.0X105 2.7X10−6 1.0X108 2.7X10−3

Pd−109 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Pm−143 Promethium (61) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Pm−144 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Pm−145 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Pm−147 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Pm−148m (a) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Pm−149 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Pm−151 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Po−210 Polonium (84) 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Pr−142 Praseodymium (59)1.0X102 2.7X10−9 1.0X105 2.7X10−6

Pr−143 1.0X104 2.7X10−7 1.0X106 2.7X10−5

Pt−188 (a) Platinum (78) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Pt−191 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Pt−193 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Pt−193m 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Pt−195m 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Pt−197 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Pt−197m 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Pu−236 Plutonium (94) 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Pu−237 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Pu−238 1.0 2.7X10−11 1.0X104 2.7X10−7

Pu−239 1.0 2.7X10−11 1.0X104 2.7X10−7

Pu−240 1.0 2.7X10−11 1.0X103 2.7X10−8

Pu−241 (a) 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Pu−242 1.0 2.7X10−11 1.0X104 2.7X10−7

Pu−244 (a) 1.0 2.7X10−11 1.0X104 2.7X10−7

Ra−223 (a) Radium (88) 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Ra−224 (a) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Ra−225 (a) 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Ra−226 (a) 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Ra−228 (a) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Rb−81 Rubidium (37) 1.0X101 2.7X10−10 1.0X106 2.7X10−5
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TABLE  VII
EXEMPT  MATERIAL ACTIVITY CONCENTRA TIONS AND EXEMPT

 CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES (Continued)

Symbol of radio-
nuclide

Activity limit
for exempt

consignment (Ci)

Activity limit
for exempt

consignment (Bq)

Activity
concentration for
exempt material

(Ci/g)

Activity
concentration for
exempt material

(Bq/g)

Element and atomic
number

Rb−83 (a) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Rb−84 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Rb−86 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Rb−87 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Rb(nat) 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Re−184 Rhenium (75) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Re−184m 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Re−186 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Re−187 1.0X106 2.7X10−5 1.0X109 2.7X10−2

Re−188 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Re−189 (a) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Re(nat) 1.0X106 2.7X10−5 1.0X109 2.7X10−2

Rh−99 Rhodium (45) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Rh−101 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Rh−102 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Rh−102m 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Rh−103m 1.0X104 2.7X10−7 1.0X108 2.7X10−3

Rh−105 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Rn−222 (a) Radon (86) 1.0X101 2.7X10−10 1.0X108 2.7X10−3

Ru−97 Ruthenium (44) 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Ru−103 (a) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Ru−105 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Ru−106 (a) 1.0X102 2.7X10−9 1.0X105 2.7X10−6

S−35 Sulphur (16) 1.0X105 2.7X10−6 1.0X108 2.7X10−3

Sb−122 Antimony (51) 1.0X102 2.7X10−9 1.0X104 2.7X10−7

Sb−124 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Sb−125 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Sb−126 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Sc−44 Scandium (21) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Sc−46 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Sc−47 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Sc−48 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Se−75 Selenium (34) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Se−79 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Si−31 Silicon (14) 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Si−32 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Sm−145 Samarium (62) 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Sm−147 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Sm−151 1.0X104 2.7X10−7 1.0X108 2.7X10−3

Sm−153 1.0X102 2.7X10−9 1.0X106 2.7X10−5
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TABLE  VII
EXEMPT  MATERIAL ACTIVITY CONCENTRA TIONS AND EXEMPT

 CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES (Continued)

Symbol of radio-
nuclide

Activity limit
for exempt

consignment (Ci)

Activity limit
for exempt

consignment (Bq)

Activity
concentration for
exempt material

(Ci/g)

Activity
concentration for
exempt material

(Bq/g)

Element and atomic
number

Sn−113 (a) Tin (50) 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Sn−117m 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Sn−119m 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Sn−121m (a) 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Sn−123 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Sn−125 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Sn−126 (a) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Sr−82 (a) Strontium (38) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Sr−85 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Sr−85m 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Sr−87m 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Sr−89 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Sr−90 (a) 1.0X102 2.7X10−9 1.0X104 2.7X10−7

Sr−91 (a) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Sr−92 (a) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

T(H−3) Tritium (1) 1.0X106 2.7X10−5 1.0X109 2.7X10−2

Ta−178 (long−
lived)

Tantalum (73) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Ta−179 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Ta−182 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Tb−157 Terbium (65) 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Tb−158 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Tb−160 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Tc−95m (a) Technetium (43) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Tc−96 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Tc−96m (a) 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Tc−97 1.0X103 2.7X10−8 1.0X108 2.7X10−3

Tc−97m 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Tc−98 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Tc−99 1.0X104 2.7X10−7 1.0X107 2.7X10−4

Tc−99m 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Te−121 Tellurium (52) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Te−121m 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Te−123m 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Te−125m 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Te−127 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Te−127m (a) 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Te−129 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Te−129m (a) 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Te−131m (a) 1.0X101 2.7X10−10 1.0X106 2.7X10−5
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TABLE  VII
EXEMPT  MATERIAL ACTIVITY CONCENTRA TIONS AND EXEMPT

 CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES (Continued)

Symbol of radio-
nuclide

Activity limit
for exempt

consignment (Ci)

Activity limit
for exempt

consignment (Bq)

Activity
concentration for
exempt material

(Ci/g)

Activity
concentration for
exempt material

(Bq/g)

Element and atomic
number

Te−132 (a) 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Th−227 Thorium (90) 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Th−228 (a) 1.0 2.7X10−11 1.0X104 2.7X10−7

Th−229 1.0 2.7X10−11 1.0X103 2.7X10−8

Th−230 1.0 2.7X10−11 1.0X104 2.7X10−7

Th−231 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Th−232 1.0X101 2.7X10−10 1.0X104 2.7X10−7

Th−234 (a) 1.0X103 2.7X10−8 1.0X105 2.7X10−6

Th (nat) 1.0 2.7X10−11 1.0X103 2.7X10−8

Ti−44 (a) Titanium (22) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

Tl−200 Thallium (81) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Tl−201 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Tl−202 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Tl−204 1.0X104 2.7X10−7 1.0X104 2.7X10−7

Tm−167 Thulium (69) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Tm−170 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Tm−171 1.0X104 2.7X10−7 1.0X108 2.7X10−3

U−230 (fast lung
absorption)
(a)(d)

Uranium (92) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

U−230 (medium
lung absorption)
(a)(e)

1.0X101 2.7X10−10 1.0X105 2.7X10−6

U−230
(slow lung
absorption) (a)(f)

1.0X101 2.7X10−10 1.0X105 2.7X10−6

U−232
(fast lung
absorption) (d)

1.0 2.7X10−11 1.0X103 2.7X10−8

U−232 (medium
lung absorption)
(e)

1.0 2.7X10−11 1.0X103 2.7X10−8

U−232 (slow
lung
absorption) (f)

1.0 2.7X10−11 1.0X103 2.7X10−8

U−233 (fast lung
absorption) (d)

1.0X101 2.7X10−10 1.0X104 2.7X10−7

U−233 (medium
lung absorption)
(e)

1.0X101 2.7X10−10 1.0X104 2.7X10−7

U−233 (slow
lung absorption)
(f)

1.0X101 2.7X10−10 1.0X104 2.7X10−7
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TABLE  VII
EXEMPT  MATERIAL ACTIVITY CONCENTRA TIONS AND EXEMPT

 CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES (Continued)

Symbol of radio-
nuclide

Activity limit
for exempt

consignment (Ci)

Activity limit
for exempt

consignment (Bq)

Activity
concentration for
exempt material

(Ci/g)

Activity
concentration for
exempt material

(Bq/g)

Element and atomic
number

U−234 (fast lung
absorption) (d)

Uranium (92) 1.0X101 2.7X10−10 1.0X104 2.7X10−7

U−234 (medium
lung absorption)
(e)

1.0X101 2.7X10−10 1.0X104 2.7X10−7

U−234 (slow
lung absorption)
(f)

1.0X101 2.7X10−10 1.0X104 2.7X10−7

U−235 (all lung
absorption types)
(a),(d),(e),(f)

1.0X101 2.7X10−10 1.0X104 2.7X10−7

U−236 (fast lung
absorption) (d)

1.0X101 2.7X10−10 1.0X104 2.7X10−7

U−236 (medium
lung absorption)
(e)

1.0X101 2.7X10−10 1.0X104 2.7X10−7

U−236 (slow
lung absorption)
(f)

1.0X101 2.7X10−10 1.0X104 2.7X10−7

U−238 (all lung
absorption types)
(d),(e),(f)

1.0X101 2.7X10−10 1.0X104 2.7X10−7

U (nat) 1.0 2.7X10−11 1.0X103 2.7X10−8

U (enriched to
20% or less)(g)

1.0 2.7X10−11 1.0X103 2.7X10−8

U (dep) 1.0 2.7X10−11 1.0X103 2.7X10−8

V−48 Vanadium (23) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

V−49 1.0X104 2.7X10−7 1.0X107 2.7X10−4

W−178 (a) Tungsten (74) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

W−181 1.0X103 2.7X10−8 1.0X107 2.7X10−4

W−185 1.0X104 2.7X10−7 1.0X107 2.7X10−4

W−187 1.0X102 2.7X10−9 1.0X106 2.7X10−5

W−188 (a) 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Xe−122 (a) Xenon (54) 1.0X102 2.7X10−9 1.0X109 2.7X10−2

Xe−123 1.0X102 2.7X10−9 1.0X109 2.7X10−2

Xe−127 1.0X103 2.7X10−8 1.0X105 2.7X10−6

Xe−131m 1.0X104 2.7X10−7 1.0X104 2.7X10−7

Xe−133 1.0X103 2.7X10−8 1.0X104 2.7X10−7

Xe−135 1.0X103 2.7X10−8 1.0X1010 2.7X10−1

Y−87 (a) Yttrium (39) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Y−88 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Y−90 1.0X103 2.7X10−8 1.0X105 2.7X10−6
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TABLE  VII
EXEMPT  MATERIAL ACTIVITY CONCENTRA TIONS AND EXEMPT

 CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES (Continued)

Symbol of radio-
nuclide

Activity limit
for exempt

consignment (Ci)

Activity limit
for exempt

consignment (Bq)

Activity
concentration for
exempt material

(Ci/g)

Activity
concentration for
exempt material

(Bq/g)

Element and atomic
number

Y−91 1.0X103 2.7X10−8 1.0X106 2.7X10−5

Y−91m 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Y−92 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Y−93 1.0X102 2.7X10−9 1.0X105 2.7X10−6

Yb−169 Ytterbium (79) 1.0X102 2.7X10−9 1.0X107 2.7X10−4

Yb−175 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Zn−65 Zinc (30) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Zn−69 1.0X104 2.7X10−7 1.0X106 2.7X10−5

Zn−69m (a) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Zr−88 Zirconium (40) 1.0X102 2.7X10−9 1.0X106 2.7X10−5

Zr−93 1.0X103 2.7X10−8 1.0X107 2.7X10−4

Zr−95 (a) 1.0X101 2.7X10−10 1.0X106 2.7X10−5

Zr−97 (a) 1.0X101 2.7X10−10 1.0X105 2.7X10−6

NOTES

(a)  A1 and/or A2 values include contributions from daughter nuclides w/half−lives less than 10 days.

(b)  Parent nuclides and their progeny included in secular equilibrium are listed in the following:

Sr−90 Y−90

Zr−93 Nb−93m

Zr−97 Nb−97

Ru−106 Rh−106

Cs−137 Ba−137m

Ce−134 La−134

Ce−144 Pr−144

Ba−140 La−140

Bi−212 Tl−208 (0.36), Po−212 (0.64)

Pb−210 Bi−210, Po−210

Pb−212 Bi−212, Tl−208 (0.36), Po−212 (0.64)

Rn−220 Po−216

Rn−222 Po−218, Pb−214, Bi−214, Po−214

Ra−223 Rn−219, Po−215, Pb−211, Bi−211, Tl−207

Ra−224 Rn−220, Po−216, Pb−212, Bi−212, Tl−208 (0.36), Po−212 (0.64)

Ra−226 Rn−222, Po−218, Pb−214, Bi−214, Po−214, Pb−210, Bi−210, Po−210

Ra−228 Ac−228

Th−226 Ra−222, Rn−218, Po−214

Th−228 Ra−224, Rn−220, Po−216, Pb212, Bi−212, Tl208 (0.36), Po−212 (0.64)

Th−229 Ra−225, Ac−225, Fr−221, At−217, Bi−213, Po−213, Pb−209
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Th−nat Ra−228, Ac−228, Th−228, Ra−224, Rn−220, Po−216, Pb−212, Bi−212, Tl−208 (0.36),
Po−212 (0.64)

Th−234 Pa−234m

U−230 Th−226, Ra−222, Rn−218, Po−214

U−232 Th−228, Ra−224, Rn−220, Po−216, Pb−212, Bi−212, Tl−208 (0.36), Po−212 (0.64)

U−235 Th−231

U−238 Th−234, Pa−234m

U−nat Th−234, Pa−234m, U−234, Th−230, Ra−226, Rn−222, Po−218, Pb−214, Bi−214, Po−214

U−240 Np−240m

Np−237 Pa−233

Am−242m Am−242

Am−243 Np−239

(c)  The quantity may be determined from a measurement of the rate of decay or a measurement of the radiation level
at a prescribed distance from the source.

(d)  These values apply only to compounds of uranium that take the chemical form of UF6, UO2F2, and UO2(NO3)2
in both normal and accident conditions of transport.

(e)  These values apply only to compounds of uranium that take the chemical form of UO3, UF4, UCl4, and
hexavalent compounds in both normal and accident conditions of transport.

(f)  These values apply to all compounds of uranium other than those specified in (d) and (e), above.

(g)  These values apply to unirradiated uranium only.
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TABLE  VIII
GENERAL VALUES FOR A1 AND A2

Contents A1 A2

Activity
concentra-

tion for
exempt
material

Activity
concentra-

tion for
exempt
material

Activity
limits for
exempt
consign-
ments

Activity
limits for
exempt
consign-
ments

(TBq)            (Ci) (TBq)        (Ci) (Bq/g) (Ci/g) (Bq) (Ci)

Only beta
or gamma
emitting
radionu-
clides are
known to
be present

1 x
10−1

2.7 x
100

2 x 10
−2

5.4 x
10−1

1 x 101 2.7 x10−10 1 x 104 2.7 x10−7

Only alpha
emitting
radionu-
clides are
known to
be present

2 x
10−1

5.4 x
100

9 x
10−5

2.4 x
10−3

1 x 10−1 2.7 x10−12 1 x 103 2.7 x10−8

No relevant
data are
available

1 x
10−3

2.7 x
10−2

9 x
10−5

2.4 x
10−3

1 x 10−1 2.7 x 10−12 1 x 103 2.7 x 10−8
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TABLE  IX
ACTIVITY−MASS RELA TIONSHIPS FOR URANIUM

Uranium Enrichment*  wt % U−235 present
Specific Activity

TBq/g Ci/g

0.45 1.9 x 10−8 5.0 x 10−7

0.72 2.6 x 10−8 7.1 x 10−7

1 2.8 x 10−8 7.6 x 10−7

1.5 3.7 x 10−8 1.0 x 10−6

5 1.0 x 10−7 2.7 x 10−6

10 1.8 x 10−7 4.8 x 10−6

20 3.7 x 10−7 1.0 x 10−5

35 7.4 x 10−7 2.0 x 10−5

50 9.3 x 10−7 2.5 x 10−5

90 2.1 x 10−6 5.8 x 10−5

93 2.6 x 10−6 7.0 x 10−5

95 3.4 x 10−6 9.1 x 10−5

Natural thorium 8.1 x 10−9 2.2 x 10−7

Note:  The figures for uranium include representative values for the activity of the uranium−234 that is concentrated
during the enrichment process.
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Chapter DHS 157

APPENDIX P

Quantities of Radioactive Materials Requiring Consideration of the
Need for a Contingency Plan for Responding to a Release

Radioactive Material1/ Release Fraction Quantity (GBq) Quantity (Ci)
Actinium−228 0.001 148,000 4,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Americium−241 0.001 74 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Americium−242 0.001 74 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Americium−243 0.001 74 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Antimony−124 0.01 148,000 4,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Antimony−126 0.01 222,000 6,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Barium−133 0.01 370,000 10,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Barium−140 0.01 1,110,000 30,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Bismuth−207 0.01 185,000 5,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Bismuth−210 0.01 22,200 600. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cadmium−109 0.01 37,000 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cadmium−113 0.01 2,960 80. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Calcium−45 0.01 740,000 20,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Californium−252 0.001 333 9 (20 mg). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Carbon−14 (Non−CO2) 0.01 1,850,000 50,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cerium−141 0.01 370,000 10,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cerium−144 0.01 11,100 300. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cesium−134 0.01 74,000 2,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cesium−137 0.01 111,000 3,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Chlorine−36 0.5 3,700 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Chromium−51 0.01 11,100,000 300,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cobalt−60 0.001 185,000 5,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Copper−64 0.01 7,400,000 200,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Curium−242 0.001 2,220 60. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Curium−243 0.001 110 3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Curium−244 0.001 148 4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Curium−245 0.001 74 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Europium−152 0.01 18,500 500. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Europium−154 0.01 14,800 400. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Europium−155 0.01 111,000 3,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gadolinium−153 0.01 185,000 5,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Germanium−68 0.01 74,000 2,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gold−198 0.01 1,110,000 30,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hafnium−172 0.01 14,800 400. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hafnium−181 0.01 259,000 7,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Holmium−166m 0.01 3,700 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hydrogen−3 0.5 740,000 20,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Indium−114m 0.01 37,000 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Iodine−125 0.5 370 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Iodine−131 0.5 370 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Iridium−192 0.001 1,480,000 40,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Iron−55 0.01 1,480,000 40,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Iron−59 0.01 259,000 7,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Krypton−85 1.0 222,000,000 6,000,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Lead−210 0.01 296 8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Manganese−56 0.01 2,220,000 60,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Radioactive Material1/ Release Fraction Quantity (GBq) Quantity (Ci)
Mercury−203 0.01 370,000 10,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Molybdenum−99 0.01 1,110,000 30,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Neptunium−237 0.001 74 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Nickel−63 0.01 740,000 20,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Niobium−94 0.01 11,100 300. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Phosphorus−32 0.5 3,700 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Phosphorus−33 0.5 37,000 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Polonium−210 0.01 370 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Potassium−42 0.01 333,000 9,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Promethium−145 0.01 148,000 4,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Promethium−147 0.01 148,000 4,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Radium−226 0.001 3,700 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Ruthenium−106 0.01 7,400 200. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Samarium−151 0.01 148,000 4,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Scandium−46 0.01 111,000 3,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Selenium−75 0.01 370,000 10,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Silver−110m 0.01 37,000 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sodium−22 0.01 333,000 9,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sodium−24 0.01 370,000 10,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Strontium−89 0.01 111,000 3,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Strontium−90 0.01 3,330 90. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sulfur−35 0.5 33,300 900. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Technetium−99 0.01 370,000 10,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Technetium−99m 0.01 14,800,000 400,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tellurium−127m 0.01 185,000 5,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tellurium−129m 0.01 185,000 5,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Terbium−160 0.01 148,000 4,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Thulium−170 0.01 148,000 4,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tin−113 0.01 370,000 10,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tin−123 0.01 111,000 3,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tin−126 0.01 37,000 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Titanium−44 0.01 3,700 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Vanadium−48 0.01 259,000 7,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Xenon−133 1.0 33,300,000 900,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Yttrium−91 0.01 74,000 2,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Zinc−65 0.01 185,000 5,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Zirconium−93 0.01 14,800 400. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Zirconium−95 0.01 185,000 5,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Any other beta−gamma emitter 0.01 370,000 10,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Mixed fission products 0.01 37,000 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Mixed corrosion products 0.01 370,000 10,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Contaminated equipment, beta−gamma 0.001 370,000 10,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Irradiated material, any form other 
    than solid noncombustible 0.01 37,000 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Irradiated material, solid noncombustible0.001 370,000 10,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Mixed radioactive waste, beta−gamma 0.01 37,000 1,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Packaged mixed waste,2/ beta−gamma 0.001 370,000 10,000. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Any other alpha emitter 0.001 74 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Contaminated equipment, alpha 0.0001 740 20. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Packaged waste, alpha2/ 0.0001 740 20. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
_________________________________________________________________________________________                               ________________________________________________________________________________________

1/  For combinations of radioactive materials, the licensee is required to consider whether an emergency plan is needed if the sum of the ratios
of the quantity of each radioactive material authorized to the quantity listed for that material above exceeds one.

2/  Waste packaged in Type B containers does not require an emergency plan.
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Chapter DHS 157

APPENDIX Q

Contents of an Emergency Plan

An emergency plan for responding to an event in which radioactive material could be released from the site shall
include the following information:

a. Facility description.  A brief description of the licensee or applicant’s facility and surroundings.

b. Types of accidents.  An identification of each type of radioactive materials accident for which actions by
licensee staff or offsite response organizations will be needed to protect members of the public.

c. Classification of accidents.  A method for classifying and declaring an accident as alert or site area emergency.

d. Detection of accidents.  Identification of the means for detecting each type of alert or site area emergency in
a timely manner.

e. Mitigation of consequences.  A brief description of the means and equipment that are available for mitigating
the consequences of each type of accident, including those provided to protect workers onsite, and a descrip-
tion of the program for maintaining the equipment.

f. Assessment of releases.  A brief description of the methods and equipment available to assess releases of ra-
dioactive material.

g. Responsibilities.  A brief description of the responsibilities of the licensee or applicant’s personnel who will
respond if an accident occurs, including identification of personnel responsible for promptly notifying offsite
response organizations, including the department.

h. Plan maintenance.  A brief description of the positions assigned and methods to develop, maintain and update
the plan.

i. A list of offsite response organizations, description of their responsibilities and anticipated actions, and copy
of formal commitments, if any.

j. Notification and coordination.  A brief description of the means to promptly notify the offsite response orga-
nizations and request offsite assistance including medical assistance for the treatment of contaminated injured
onsite workers.  The notification and coordination must include alternate provisions in case key personnel,
parts of the facility, or some equipment are unavailable.  The licensee shall also commit to notify the depart-
ment immediately after notification of the appropriate offsite response organizations and not later than one
hour after the licensee declares an emergency.

k. Information to be communicated.  A brief description of the types of information on facility status, radioac-
tive releases and recommended protective actions, if necessary, to be given to offsite response organizations
and the department.  A licensee shall allow the offsite response organizations expected to respond in case of
an accident 60 days to comment on the licensees emergency plan before submitting it to the department.  A
licensee shall provide any comments received within the 60 days to the department with the emergency plan.

L. Training.  A brief description of the frequency, performance objectives and plan for training that the licensee
or applicant will provide workers on how to respond to an emergency, including any special instructions and
orientation tours that the licensee or applicant will offer to fire, police, medical and other emergency person-
nel.  The training shall familiarize personnel with site−specific hazards and emergency procedures.  The train-
ing shall also prepare site personnel for their responsibilities in the event of accident scenarios postulated as
most probable for the specific site, including the use of drills, exercises and team training for such scenarios.

http://docs.legis.wisconsin.gov/document/statutes/35.93
http://docs.legis.wisconsin.gov/document/statutes/35.93
http://docs.legis.wisconsin.gov/document/administrativecode/ch.%20DHS%20157


552DHS 157 Appendix Q WISCONSIN ADMINISTRATIVE CODE

Published under s. 35.93, Wis. Stats., by the Legislative Reference Bureau.

Published  under s. 35.93, Stats. Updated on the first day of each month.  Entire code is always current.  The Register date on each

page is the date the chapter was last  published.  Report  errors (608) 266−3151.Register January 2009 No. 637

m. Drills and exercises.  Provisions for conducting quarterly communications checks with offsite response orga-
nizations and biennial onsite exercises to test response to simulated emergencies.  The licensee or applicant
shall invite offsite response organizations to participate in biennial exercises.  The exercises shall use accident
scenarios postulated as the most probable for the specific site and the scenarios may not be known to most
exercise participants.  Critiques of exercises must evaluate the appropriateness of the plan, emergency proce-
dures, facilities, equipment, training of personnel and overall effectiveness of the response.  Deficiencies
found by the critiques must be corrected.

n. Safe condition.  A brief description of the means of restoring the facility and surroundings to a safe condition
after an accident.

o. Hazardous chemicals.  A certification that the applicant has met its responsibilities under the Emergency
Planning and Community Right−To−Know Act of 1986, Title III, Pub.L.99−499, if applicable to the appli-
cant’s activities at the proposed place of use of the radioactive material.
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Chapter DHS 157

APPENDIX R

Examples of Severity Levels

The following examples of severity levels apply to licensees or registrants and are neither exhaustive nor controlling.
They reflect only the seriousness of the violation and not the intent of the violator, the history of the violator, the
amount necessary to deter future violations, or efforts to correct the violation.

A.  Severity Level 1 — Most Significant Violations.

1. Exposure of a worker in excess of 250 mSv (25 rems) of radiation to the whole body, or 1.50 Sv (150 rems) to
the skin of the whole body, or 3.75 Sv (375 rems) to the feet, ankles, hands, or forearms.

2. Annual whole body exposure in excess of 25 mSv (2.5 rems) of radiation to a non−radiation worker or a radiation
worker who is a minor.

3. Release of radioactive material to an unrestricted area in excess of 10 times the limits specified in this chapter.

4. Radiation levels, contamination levels, or releases that exceed 10 times the limits specified in this chapter or the
license.

5. Disposal of licensed material into a sanitary sewerage system in quantities or concentrations which exceed 10
times the limits of s. DHS 157.30 (3).

6. Exposure of a worker in a restricted area to 10 times the limits of s. DHS 157.22 (1).

7. A required system or equipment designed to prevent or mitigate a serious safety event not being operable when
actually required to perform its designed function.

8. A material false statement in which the statement made is deliberately false.

9. Action by management to discriminate against an employee for attempting to communicate or for actually
communicating with the department to report a real or suspected violation of this chapter or license condition.

10. Deliberate exposure of an individual except by or under the supervision of an individual licensed to engage in
the healing arts.

11. Refusing authorized department personnel access to facilities, equipment or records necessary to conduct
inspections or investigations.

12. Possession of licensable quantities of radioactive material without a license or loss of control of a source of
radiation.

13. Falsification of records required by this chapter in which the records were deliberately falsified by or with the
knowledge of the licensee or registrant.

14. Licensee or registrant failure to promptly respond to an emergency that has actual or potential offsite
consequences.

15. Operating a mammography facility without proper certification.

B.  Severity Level 2 — Very Significant Violations.

1. Single exposure of a worker in excess of 50 mSv of radiation to the whole body, 300 mSv to the skin of the whole
body, or 750 mSv to the feet, ankles, hands or forearms.

2. Annual whole body exposure in excess of 50 mSv of radiation to a non−radiation worker or radiation worker who
is a minor.

3. Release of radioactive material to an unrestricted area in excess of 5 times the limits of s. DHS 157.23 (2).

4. Radiation levels, contamination levels, or releases that exceed 5 times the limits specified in this chapter.
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5. Failure to immediately notify the department as required by s. DHS 157.32 (1) and s. DHS 157.32 (2) (a) and
(b).

6. Unauthorized disposal of licensed material in quantities or concentrations in excess of 5 times the limits of s. DHS
157.30 (3).

7. Exposure of a worker in a restricted area in excess of 5 times the limits specified in s. DHS 157.22.

8. A required system designed to prevent or mitigate a serious safety event or unnecessary exposure is absent or
inoperable.

9. Failure to obtain appropriate department approval before moving to a new use or storage location.

10. A material false statement or a reporting failure involving information which, had it been available to the
department and accurate at the time the information should have been submitted, would have resulted in
regulatory action or would likely have resulted in the department seeking further information.

11. Radiation output on fluoroscopic devices which exceed 200 mGy per minute in high rate mode.

12. Failure to register sources of radiation as required by this chapter.

13. Operating a mammography facility without qualified personnel, under 21 CFR Part 900.

C.  Severity Level 3 — Significant Violations.

1. Single exposure of a worker in excess of 30 mSv (3 rem) of radiation to the whole body, or 75 mSv (7.5 rem)
to the skin of the whole body, or 187.5 mSv (18.75 rem) to the feet, ankles, hands or forearms.

2. A radiation level in an unrestricted area such that an individual could receive greater than 1.0 mSv (100 millirem)
in a one−hour period or 5.0 mSv (500 millirem) in any 7 consecutive days.

3. Failure to notify the department immediately as required by s. DHS 157.32 (2) (a) or failure to notify the
department within 24 hours as required by s. DHS 157.32 (2) (b).

4. Substantial potential for an exposure or release in excess of the limits of this chapter, such as entry into high
radiation areas without performing an adequate survey or operation of a radiation device with a nonfunctioning
interlock system, if one is required.

5. Release of radioactive material to an unrestricted area in excess of the limits of s. DHS 157.23 (2).

6. Unauthorized disposal of licensed material not covered in severity levels I or II.

7. Exposure of a worker in restricted areas in excess of the limits of s. DHS 157.22 (1).

8. Release for unrestricted use of radioactive material or contaminated equipment which poses a potential for
significant exposure to members of the public, or which reflects a programmatic rather than isolated weakness
in the radiation safety program.

9. Cumulative worker exposure in excess of the regulatory limits in this chapter when such exposure reflects a
programmatic rather than an isolated weakness in radiation protection.

10. Any noncompliance with posting, labeling, placarding, shipping papers, packaging, loading, or other
transportation requirements that could result in the following:

a. Improper identification of the type, quantity, or form of material.
b. Failure of the carrier or recipient to exercise adequate controls.
c. Substantial potential for personnel exposure or contamination.
d. Improper transfer of material.

11. Failure to control access to licensed materials as specified by this chapter.

12. Possession or use by a licensee or registrant of a unauthorized radiation machine or radioactive material in
conducting registrant or licensee activities.

13. Radiation levels, contamination levels or releases that exceed the limits specified in the license.

14. Failure to use exposure reduction devices properly, such as collimators, filtration or patient shielding.
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15. Failure to hospitalize patients who have sealed source implants or therapeutic quantities of radioactive material
in accordance with the license or license conditions.

D.  Severity Level 4 — Violations.

1. Exposure in excess of the limits of s. DHS 157.22 (1) not constituting severity I, II, or III violations.

2. A radiation level in an unrestricted area such that an individual could receive greater than 0.02 mSv (2 millirems)
in any one hour period or 1.0 mSv (100 millirems) in any 7 consecutive days.

3. Failure to notify the department within 30 days as required by s. DHS 157.32 (3).

4. Failure to make a follow−up written report to the department as required by s. DHS 157.32 (1) (b) or s. DHS
157.32 (6).

5. Failure to conduct required leakage or contamination tests or to use properly calibrated equipment.

6. Unless specified in a more severe category, changes in procedures or other conditions of a license or certificate
of registration of which the department was not informed, such as change of address, change of person in control
or changes in the use of registered or licensed devices.

7. Failure to maintain complete records and forms required by this chapter.

8. Failure to report medical events as required in s. DHS 157.72.

9. Failure to report a dose to a embryo, fetus or nursing child as required by s. DHS 157.72 (2).

10. Fluoroscopic systems where the maximum table top skin entrance exposure rate is 100 mGy (11.5 R) per minute
having test values greater than 140 mGy (16.1 R) per minute but less than 200 mGy (23 R) per minute.

11. Radiographic systems in which it is possible to produce x−rays with the timer in the zero or off position.

12. Radiation therapy systems in which the registrant fails to maintain proper surveys, calibrations, spot checks or
operating procedures.

E.  Severity Level 5 — Minor Violations.

1. Failure to maintain a current copy of this chapter and current copies of active licenses or certificates of
registration.

2. Failure to post notices required by this chapter.

3. Failure to report leaking sources as required by s. DHS 157.72 (3).

4. Other violations that have minor safety or environmental significance.
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Chapter DHS 157

APPENDIX S

Course Outline for Portable Gauge and XRF Device
Radiation Safety Training Program

The following are areas in which the department considers it important that an individual have expertise for the
competent operation of portable gauges and XRF devices using sealed sources of radioactive material.  The course
shall be at least 8 hours in length.

I.  PRINCIPLES AND FUNDAMENTALS OF RADIATION SAFETY

A.  Types and Characteristics of Radiation

1. Alpha, Beta, Gamma, X−ray and Neutron Radiation
2. Exposure: Natural versus Man−made Radiation
3. Irradiation versus Contamination/Internal vs. External
4. Radioactive Material Used in Portable Gauges and XRF Devices

B.  Units of Radiation Dose and Quantities of Radioactivity

1. Curie, Rad, Rem and Roentgen
2. Prefixes
3. SI Units

C.  Basic Math and Calculations Related to Radioactivity

1. Radioactive Decay
2. Dose Rates from the sources commonly used
3. Inverse Square Law

D.  Biological Effects of Radiation

1. Acute, Chronic and Genetic Effects of Exposure
2. Radiation Protection Standards
3. The ALARA Philosophy

E.  Radiation Levels From Radioactive Sealed Sources

1. Survey Meter Use for Portable Gauge Users, not including XRF devices

F.  Methods of Controlling Radiation Dose

1. Time
2. Distance
3. Shielding

II.  STATE AND FEDERAL REGULATIONS

A.  Chapter DHS 157, Wisconsin Administrative Code

B.  Title 10, Code of Federal Regulations, US Nuclear Regulatory Commission

C.  Title 49, Code of Federal Regulations, Transportation
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III.   LICENSING AND INSPECTION

A.  License Items and Conditions

B.  Notices, Instructions and Reports to Workers

C.  Inspections by the Department

IV.  OPERATING AND EMERGENCY PROCEDURES

A.  Operating Procedures

1. Training and Supervision
2. Personnel Monitoring
3. Availability of Procedures
4. Security of the Gauges or Devices When Stored and At The Work Location.
5. ALARA Philosophy
6. Transportation of the Gauges or Devices and Security
7. General Rules of Use
8. Posting Requirements
9. Routine Maintenance
10. Radiation Surveys Using Survey Meters at the Work Site for Portable Gauges

B.  Emergency Procedures

1. Preventive Measures
2. Emergency Response
3. Notification Requirements
4. Case Histories

V.  TRANSFER/DISPOSAL REQUIREMENTS

A.  State and NRC Regulations

B.  Transportation Requirements

VI.  PRACTICAL TRAINING

A.  Transport/Storage Containers

B.  Hands−on Training Specific to the Gauge or Device

1. Proper Use
2. Safe Handling
3. Calibration of XRF Device Including Substrate Corrections
4. Demonstration of Measurements of Various Materials
5. Use of Survey Meters by Portable Gauge Users.

VII.  Q&A SESSION
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Chapter DHS 157

APPENDIX T

NATIONALLY TRACKED SOURCE THRESHOLDS

The Terabecquerel (TBq) values are the regulatory standard.  The curie (Ci) values specified are obtained by
converting from the TBq value.  The curie values are provided for practical usefulness only and are rounded after
conversion.

Radioactive material Category 1
(TBq)

Category 1
(Ci)

Category 2
(TBq)

Category 2
(Ci)

Actinium−227 20 540 0.2 5.4

Americium−241 60 1,600 0.6 16

Ameri-
cium−241/Be

60 1,600 0.6 16

Californium−252 20 540 0.2 5.4

Cobalt−60 30 810 0.3 8.1

Curium−244 50 1,400 0.5 14

Cesium−137 100 2,700 1 27

Gadolinium−153 1,000 27,000 10 270

Iridium−192 80 2,200 0.8 22

Plutonium−238 60 1,600 0.6 16

Plutonium−239/Be 60 1,600 0.6 16

Polonium−210 60 1,600 0.6 16

Promethium−147 40,000 1,100,000 400 11,000

Radium−226 40 1,100 0.4 11

Selenium−75 200 5,400 2 54

Strontium−90 1,000 27,000 10 270

Thorium−228 20 540 0.2 5.4

Thorium−229 20 540 0.2 5.4

Thulium−170 20,000 540,000 200 5,400

Ytterbium−169 300 8.100 3 81
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