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4731.3001, A.  

Protection Factors for Respiratorsa 

Operating mode Assigned 
Protection 
Factors 

I. Air Purifying Respirators 
[ParticulatelAb 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 
vaporslAf]: 
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 (9) 
2. Self-contained breathing 
Apparatus (SCBA): 
Facepiece, full Demand h100 

Facepiece, full Pressure Demand i10,000 
Facepiece, full Demand, Recirculating hl00 

Facepiece, full Positive Pressure Recirculating 10,000 
III. Combination Respirators: 
Any combination of air-purifying (1) Assigned protection factor for 
and atmosphere-supplying type and mode of operation as listed 
respirators above.  
a These assigned protection factors apply only in a respiratory protection program that 
meets the requirements of this Chapter. They are applicable only to airborne radiological 
hazards and may not be appropriate to circumstances when chemical or other respiratory 
hazards exist instead of, or in addition to, radioactive hazards. Selection and use of 
respirators for such circumstances must also comply with Department of Labor 
regulations.



Radioactive contaminants for which the concentration values in Table 1, Column 3 of 
Appendix B to Part 20 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 particulate filters that are at least 99 percent efficient. Air purifying 
respirators with APFs >100 must be equipped with particulate filters that are at least 
99.97 percent efficient.  

C The licensee may apply to the Commission for the use of an APF greater than 1 for 

sorbent cartridges as protection against airborne radioactive gases and vapors (e.g., 
radioiodine).  

d Licensees may permit individuals to use this type of respirator who have not been 

medically screened or fit tested on the device 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 §20.1703 apply. An assigned 
protection factor has not been assigned for these devices. However, an APF equal to 10 
may be used if the licensee can demonstrate a fit factor of at least 100 by use of a 
validated or evaluated, qualitative or quantitative fit test.  

' Under-chin type only. No distinction is made in this Appendix between elastomeric 

half-masks with replaceable cartridges and those designed with the filter medium as an 
integral part of the facepiece (e.g., 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 two or more suspension straps are 
adjustable, the filter medium is at least 95 percent efficient and all other requirements of 
this Part 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 atmosphere-supplying respirators are 
used to protect against tritium oxide. Exposure to radioactive noble gases is not 
considered a significant respiratory hazard, and protective actions for these contaminants 
should be based on external (submersion) dose considerations.  

g No NIOSH 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 (i.e., 
§20.1703).  

h The licensee should implement institutional controls to assure that these devices are not 

used in areas immediately dangerous to life or health (IDLH).



'This type of respirator may be used as an emergency device in unknown concentrations 
for protection against inhalation hazards. 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 individual who experiences 
perceptible outward leakage of breathing gas while wearing the device.  
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4731.3001, B.  
ANNUAL LIMITS ON INTAKE (ALIs) AND DERIVED AIR CONCENTRATIONS 

(DACs) OF RADIONUCLIDES FOR OCCUPATIONAL EXPOSURE; EFFLUENT 
CONCENTRATIONS; CONCENTRATIONS FOR RELEASE TO SEWERAGE 

Introduction 

For each radionuclide Table 1 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 pm and for three classes (D,W,Y) of radioactive material, which refer to their retention 
(approximately days, weeks or years) in the pulmonary region of the lung. This classification applies to a range of 
clearance halftimes for D of less than 10 days, for W from 10 to 100 days, and for Y greater than 100 days. The 
class (D, W or Y) given in the column headed "Class" applies only to the inhalation ALIs and DACs given in Table 
1, columns 2 and 3. Table 2 provides concentration limits for airborne and liquid effluents released to the general 
environment. Table 3 provides concentration limits for discharges to sanitary sewer systems.  

Notation 

The values in Tables 1,2, and 3 are presented in the computer "E" notation. In this notation a value of 6E-02 
represents a value of 6 x 10-2 or 0.06, 6E+2 represents 6 x 102 or 600, and 6E+O represents 
6x 100 or 6.  

Table 1 "Occupational" 

Note that the columns in Table 1 of this appendix captioned "Oral Ingestion ALI," "Inhalation ALI," and 
"DAC," are applicable to occupational exposure to radioactive material.  

The ALIs in this appendix are the annual intakes of given radionuclide by "Reference Man" which would 
result in either (1) a committed effective dose equivalent of 5 reins (stochastic ALI) or (2) a committed dose 
equivalent of 50 rems 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 5 reins. The derivation includes multiplying 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 Title 10, Part 20, Section 1003, 
Code of Federal Regulations, Standards for Protection Against Radiation. The non-stochastic ALIs were derived 
to avoid non-stochastic effects, such as prompt damage to tissue or reduction in organ function.  

A value ofwT = 0.06 is applicable to each of the five organs or tissues in the "remainder" category receiving 
the highest dose equivalents, and the dose equivalents of all other remaining tissues may be disregarded. The 
following parts of the GI tract -- stomach, small intestine, upper large intestine, and lower large intestine -- are to 
be treated as four separate organs.  

Note that the dose equivalents for extremities (hands and forearms, feet and lower legs), skin, and lens of 
the eye are not considered in computing the committed effective dose equivalent, but are subject to limits that must 
be met separately.

Appendix B - i



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 parentheses. (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 stochastic 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 50-rem dose equivalent limit for any organ or 
tissue is not exceeded by the sum of the external deep dose equivalent plus the internal committed dose 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 fractions of the nonstochastic ALIs (ALIJ) that contribute to the committed dose equivalent to the 
organ receiving the highest dose does not exceed unity (i.e., E (intake (in jiCi) of each radionuclide/ALIka) < 1.0).  
If there is an external deep dose equivalent contribution of Hd then this sum must be less than 1 - (H 50) instead 
of being < 1.0.  

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

DAC =ALI(in [tCi)/(2000 hours per working year x 60 minutes/hour x 2 x 104 ml per minute) 
=[ALI/2.4 x 109] p Ci/ml, 

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

The DAC values relate to one of two modes of exposure: either external submersion or the internal 
committed dose equivalents resulting from inhalation of radioactive materials. Derived air concentrations 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 relate to exposure to the single radionuclide named, but also include contributions from 
the in-growth of any daughter radionuclide produced in the body by the decay of the parent. However, intakes that 
include both the parent and daughter radionuclides should be treated by the general method appropriate for mixtures.  

The value of ALI and DAC do not apply directly when the individual both ingests and inhales a radionuclide, 
when the individual is exposed to a mixture of radionuclides by either inhalation or ingestion or both, or when the 
individual is exposed to both internal and external irradiation ( see § 20.1202). When an individual is exposed to 
radioactive materials which fall under several of the translocation classifications (i.e., Class D, Class W, or Class 
Y) of the same radionuclide, 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 different radioisotopes. For this reason, 
values are given for Class D, W, and Y compounds, even for very short-lived radionuclides.
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Table 2 
The columns in Table 2 of this appendix captioned "Effluents," "Air," and "Water," are applicable to the 

assessment and control of dose to the public, particularly in the implementation of the provisions of 
§ 20.1302. The concentration values given in Columns 1 and 2 of Table 2 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 0.05 rem (50 millirem or 0.5 millisieverts) 

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 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 2.  
For this reason, the DAC and airborne effluent limits are not always proportional as they were in the previous 
Appendix B to § 20.1-20.602.  

The air concentration values listed in Table 2, Column 1, were derived by one of two methods. For those 
radionuclides for which the stochastic limit is governing, the occupational stochastic inhalation ALI was divided 
by 2.4 x 109, 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 5-rem annual occupational dose limit 
to the 0.1-rem limit for members of the public, a factor of 3 to adjust for the difference in exposure time and the 
inhalation rate for a worker and that for members of the public; and a factor 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 (external dose) is limiting, the occupational DAC in Table 
1, 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 per year to full-time exposure (8,760 hours 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 dividing 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 sewerage) require demonstrating that the most limiting radionuclides in successive classes are 
absent. The limit for the unknown mixture is defined when the presence of the one of the listed radionuclides cannot 
be definitely excluded as being present either from knowledge of the radionuclide composition of the source or from 
actual measurements.  

Table 3 "Sewer Disposal" 

The monthly average concentrations for release to sanitary sewers are applicable to the provisions in § 
20.2003. The concentration values were derived by taking the most restrictive 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 10' (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 reference man during a year, would result in a committed 
effective dose equivalent of 0.5 rem.
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LIST OF ELEMENTS

Name 
Actinium 
Aluminum 
Americium 
Antimony 
Argon 
Arsenic 
Astatine 
Barium 
Berkelium 
Beryllium 
Bismuth 
Bromine 
Cadmium 
Calcium 
Californium 
Carbon 
Cerium 
Cesium 
Chlorine 
Chromium 
Cobalt 
Copper 
Curium 
Dysprosium 
Einsteinium 
Erbium 
Europium 
Fermium 
Fluorine 
Francium 
Gadolinium 
Gallium 
Germanium 
Gold 
Hafnium 
Holmium 
Hydrogen 
Indium 
Iodine 
Iridium 
Iron 
Krypton 
Lanthanum 
Lead 
Lutetium 
Magnesium 
Manganese 
Mendelevium

Symbol 
Ac 
Al 
Am 
Sb 
Ar 
As 

At 
Ba 
Bk 
Be 
Bi 
Br 
Cd 
Ca 
Cf 
C 
Ce 
Cs 

Cl 
Cr 
Co 
Cu 
Cm 
Dy 
Es 
Er 
Eu 
Fm 
F 
Fr 
Gd 
Ga 
Ge 
Au 
Hf 
Ho 
H 
In 

I 
Jr 

Fe 
Kr 
La 
Pb 
Lu 
Mg 
Mn 
Md

Atomic Number 
89 
13 
95 
51 
18 
33 
85 
56 
97 
4 
83 
35 
48 
20 
98 
6 

58 
55 
17 
24 
27 
29 
96 
66 
99 
68 
63 
100 
9 

87 
64 
31 
32 
79 
72 
67 
1 

49 
53 
77 
26 
36 
57 
82 
71 
12 
25 
101

Name 
Mercury 
Molybdenum 
Neodymium 
Neptunium 
Nickel 
Niobium 
Osmium 
Palladium 
Phosphorus 
Platinum 
Plutonium 
Polonium 
Potassium 
Praseodymium 
Promethium 
Protactinium 
Radium 
Radon 
Rhenium 
Rhodium 
Rubidium 
Ruthenium 
Samarium 
Scandium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulfur 
Tantalum 
Technetium 
Tellurium 
Terbium 
Thallium 
Thorium 
Thulium 
Tin 
Titanium 
Tungsten 
Uranium 
Vanadium 
Xenon 
Ytterbium 
Yttrium 
Zinc 
Zirconium

Symbol 
Hg 
Mo 
Nd 
Np 
Ni 
Nb 
Os 
Pd 
P 
Pt 
Pu 
Po 
K 
Pr 
Pm 
Pa 
Ra 
Rn 
Re 
Rh 
Rb 
Ru 
Sm 
Sc 
Se 
Si 
Ag 
Na 
Sr 
S 
Ta 
Tc 
Te 
Th 
T1 

Th 
Tm 
Sn 
Ti 
w 
U 
V 
Xe 
Yb 
Y 
Zn 
Zr

Atomic Number 
80 
42 
60 
93 
28 
41 
76 
46 
15 
78 
94 
84 
19 
59 
61 
91 
88 
86 
75 
45 
37 
44 
62 
21 
34 
14 
47 
11 
38 
16 
73 
43 
52 
65 
81 
90 
69 
50 
22 
74 
92 
23 
54 
70 
39 
30 
40
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AT 
No. Radionuclide

1 Hydrogen-3

4 Beryllium-7

4 Beryllium-10

Carbon- 1 2 

6 Carbon- 14 

9 Fluorine-182 

11 Sodium-22 

11 Sodium-24

Class

Water, DAC includes skin 
absorption 

Gas (HT or T2)Submersion': 
Use above values as HT and TI"2 

oxidize in air and in the body 
to HTO.  

W, all compounds except 
those given for Y 

Y, oxides, halides, and 
nitrates 

W, see 7Be

Y, see 7Be

Monoxide 
Dioxide 
Compounds 

Monoxide 
Dioxide 
Compounds 

D, fluorides of H, Li, 
Na, K, Rb, Cs, and Fr 

W, fluorides of Be, Mg, 
Ca, Sr, Ba, Ra, Al, Ga, 
In, TI, 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 
Y, lanthanum fluoride 

D, all compounds 

D, all compounds

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation
ALI 
(PCi)

8E+4 

4E+4 

1E+3 
LLI wall 
(1E+3) 

4E+5 

2E+3 

5E+4 
St wall 
(5E+4) 

4E+2 

4E+3

ALI DAC 
(pCi) (PCi/ml)

8E+4 2E-5 

2E+4 9E-6

2E+4 

2E+2

8E-6 

6E-8

IE+I 6E-9

1E+6 
6E+5 
4E+5

5E-4 
3E-4 
2E-4

2E+6 7E-4 
2E+5 9E-5 
2E+3 1E-6 

7E+4 3E-5 

9E+4 4E-5 
8E+4 3E-5 

6E+2 3E-7 

5E+3 2E-6

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/mi)

1E-7 

3E-8

1E-3 

6E-4

3E-8 

2E-10 

2E-5 2E-4 
2E-11 -

2E-6 
9E-7 
6E-7 

2E-6 
3E-7 
3E-9 

1E-7

6E-3 

3E-5

7E-4

1 E-7 
1 E-7

9E-10 

7E-9

6E-6 

5E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(Pci/ml)

1E-2 

6E-3 

6E-2 

3E-4 

7E-3 

6E-5 

5E-4



AT 
No. Radionuclide

12 Magnesium-28 

13 Aluminum-26

14 Silicon-31 

Silicon-32 

15 Phosphorus-32 

15 Phosphorus-33 

16 Sulfur-35

Class

D, all compounds except 
those given for W 
W, oxides, hydroxides, 
carbides, halides, and 
nitrates 

D, all compounds except 
those given for W 

W, oxides, hydroxides, 
carbides, halides, and 
nitrates 

D, all compounds except 
those given for W and Y 
W, oxides, hydroxides, 
carbides, and nitrates 
Y, aluminosilicate glass 

D, see 31Si 

W, see 31Si 
Y, see 3"Si 

D, all compounds except 
phosphates given for W 
W, phosphates of Zn2 , 
s3+, Mg 2+, Fe3+, Bi3+, 
and lanthanides 

D, see 32p 

W, see 32p 

Vapor 
D, sulfides and sulfates 
except those given for W 

W, elemental sulfur, 
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

Table 1 

Occupational Values

Col. 1 Col. 2 
Oral 
Ingestion Inhl

Col. 3

allation
ALl ALI DAC 
(PCi) (PCi) (PCi/ml)

7E+2

4E+2

9E+3

2E+3 
LLI wall 
(3E+3) 

6E+2 

6E+3 

1E+4 

1E+4 
LLI wall 
(8E+3) 
6E+3

2E+3 7E-7 

1E+3 5E-7 

6E+l 3E-8 

9E+l 4E-8 

3E+4 1E-5 

3E+4 1E-5 
3E+4 1E-5 

2E+2 1E-7

IE+2 
5E+O

5E-8 
2E-9

9E+2 4E-7 

4E+2 2E-7 

8E+3 4E-6 

3E+3 1E-6 

6E-6 2E-8 

2E+4 7E-6 

2E+3 9E-7

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

2E-9 9E-6

2E-9 

9E-11 6E-6 

IE-10 -

4E-8

5E-8 
4E-8 

3E-10 

2E-10 
7E-12 

1E-9 

5E-10

1E-8 
4E-9 

2E-8

1 E-4

4E-5 

9E-6

8E-5

1E-4

3E-9
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/mi)

9E-5 

6E-5 

1E-3 

4E-4 

9E-5 

8E-4 

1E-3



AT 
No. Radionuclide

17 Chlorine-36

17 Chlorine-38
2 

17 Chlorine-39
2 

18 Argon-37 

18 Argon-39 

18 Argon-41 

19 Potassium-40 

19 Potassium-42 

19 Potassium-43 

19 Potassium-44
2 

19 Potassium-45
2 

20 Calcium-41 

20 Calcium-45 

Calcium-47 

21 Scandium-43

Class

D, chlorides of H, Li, 
Na, K, Rb, Cs, and Fr 
W, chlorides of lantha
nides, Be, Mg, Ca, Sr, 
Ba, Ra, Al, Ga, In, TI, 
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 

D, see 36C1 

W, see 
36C1 

D, See 36CI 

W, see 
36C1 

Submersion' 

Submersion' 

Submersion' 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

Y, all compounds

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALl DAC 
(ACi) (PCi) (PCi/ml)

2E+3

2E+4 
St. wall 
(3E+4) 

2E+4 
St. wall 
(4E+4) 

3E+2 

5E+3 

6E+3 

2E+4 
St. wall 
(4E+4) 

3E+4 
St. wall 
(5E+4) 

3E+3 
Bone surf 
(4E+3) 

2E+3 

8E+2 

7E+3

2E+3 1E-6

2E+2 IE-7 

4E+4 2E-5

5E+4 

5E+4

2E-5 

2E-5

6E+4 2E-5 

11E+0 

12E-4 

3E-6 

4E+2 2E-7 

5E+3 2E-6 

9E+3 4E-6 

7E+4 3E-5 

lE+5 5E-5 

4E+3 2E-6 
Bone surf 
(4E+3) 

8E+2 4E-7 

9E+2 4E-7 

2E+4 9E-6

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

3E-9 2E-5

3E-10 

6E-8

6E-8 

7E-8 

8E-8 

6E-3 

8E-7 

I E-8 

6E-10 

7E-9 

1E-8 

9E-8 

5E-4 

2E-7 

5E-9 

1E-9 

lE-9 

3E-8

3E-4 

5E-4 

4E-6 

6E-5 

9E-5 

5E-3 

7E-4 

6E-5 

2E-5 

1E-5 

1E-4
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

2E-4 

3E-3 

5E-3 

4E-5 

6E-4 

9E-4 

7E-3 

6E-4 

2E-4 

1 E-4 

I E-3

I



AT 
No. Radionuclide

21 Scandium-44m 

21 Scandium-44 

21 Scandium-46 

21 Scandium-47 

21 Scandium-48 

21 Scandium-492 

22 Titanium-44 

22 Titanium-45 

23 Vanadium-47
2

23 Vanadium-48 

23 Vanadium-49 

24 Chromium-48

Class

Y, all compounds 

Y, all compounds 

Y, all compounds 

Y, all compounds 

Y, all compounds 

Y, all compounds 

D, all compounds except 
those given for W and Y 
W, oxides, hydroxides, 
carbides, halides, and 
nitrates 
Y, SrTiO3 

D, see "4Ti 
W, see 4"Ti 
Y, see 44Ti 

D, all compounds except 
those given for W 

W, oxides, hydroxides, 
carbides, and halides 

D, see 47V 
W, see 47v 

D, see 47V 

W, see 47V 

D, all compounds except 
those given for W and Y 
W, halides and nitrates 
Y, oxides and hydroxides

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (PaCi) (pCi/ml)

5E+2 

4E+3 

9E+2 

2E+3 
LLI wall 
(3E+3) 

8E+2 

2E+4 

3E+2 

9E+3 

3E+4 
St. wall 
(3E+4) 

6E+2 

7E+4 
LLI wall 
(9E+4) 

6E+3

7E+2 3E-7 

1E+4 5E-6 

2E+2 1E-7 

3E+3 1E-6 

1E+3 6E-7 

5E+4 2E-5 

IE+I 5E-9 

3E+l 1E-8 
6E+O 2E-9

3E+4 
4E+4 
3E+4

1 E-5 
1 E-5 
1E-5

8E+4 3E-5 

1E+5 4E-5 

lE+3 5E-7 
6E+2 3E-7

3E+4 
Bone surf 

(3E+4) 
2E+4 

I E+4 
7E+3 
7E+3

1 E-5 

8E-6 

5E-6 
3E-6 
3E-6

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(pCi/ml) (pCi/ml)

1E-9 

2E-8

7E-6 

5E-5

3E-10 IE-5 

4E-9

4E-5 

11•_•;2E-9 

8E-8 3E-4

2E-11 4E-6 

4E-11 
8E-12 -

3E-8 
5E-8 
4E-8

1E-4

1E-7 

14E-4 

1E-7 

2E-9 9E-6 
9E-10 -

5E-8 
2E-8 

2E-8 
1E-8 
lE-8

1E-3 

8E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

7E-5 

5E-4 

1 E-4 

4E-4 

1E-4 

3E-3 

4E-5 

1 E-3 

4E-3 

9E-5 

1E-2 

8E-4



AT 
No. Radionuclide

24 Chromium-492 

24 Chromium-51 

25 Manganese-51
2 

25 Manganese-52m2

"- '~ Manganese-52 

25 Manganese-53 

25 Manganese-54 

25 Manganese-56 

26 Iron-52 

26 Iron-55 

26 Iron-59 

26 Iron-60

Class

D, see 48Cr 
W, see 48Cr 
Y, see 48Cr 

D, see 48Cr 
W, see 4'Cr 
Y, see 48Cr 

D, all compounds except 
those given for W 
W, oxides, hydroxides, 
halides, and nitrates 

D, see 51Mn 

W, see 5"Mn 

D, see 51Mn 
W, see 51Mn 

D, see 51Mn 

W, see lMn 

D, see 5tMn 
W, see 5 tMn 

D, see 51Mn 
W, see 51Mn 

D, all compounds except 
those given for W 
W, oxides, hydroxides, 
and halides 

D, see 52Fe 
W, see 52Fe 

D, see 52Fe 
W, see 52Fe 

D, see 52Fe 
W, see 52Fe

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (PCi) (PCi/ml)

3E+4 

4E+4 

2E+4 

3E+4 
St. wall 
(4E+4) 

7E+2 

5E+4 

2E+3 

5E+3 

9E+2 

9E+3 

8E+2 

3E+l

8E+4 
1E+5 
9E+4 

5E+4 
2E+4 
2E+4

4E-5 
4E-5 
4E-5 

2E-5 
IE-5 
8E-6

5E+4 2E-5 

6E+4 3E-5 

9E+4 4E-5 

1E+5 4E-5 

1E+3 5E-7 
9E+2 4E-7 

1E+4 5E-6 
Bone surf 
(2E+4) 
1E+4 5E-6 

9E+2 4E-7 
8E+2 3E-7 

2E+4 6E-6 
2E+4 9E-6 

3E+3 1E-6 

2E+3 1E-6 

2E+3 8E-7 
4E+3 2E-6 

3E+2 1E-7 
5E+2 2E-7 

6E+O 3E-9 
2E+l 8E-9

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(ACi/ml) (pCi/ml)

1E-7 
1E-7 
IE-7 

6E-8 
3E-8 
3E-8 

7E-8 

8E-8 

1E-7 

1E-7 

2E-9 
lE-9 

3E-8 
2E-8 

1E-9 
IE-9 

2E-8 
3E-8 

4E-9 

3E-9 

3E-9 
6E-9

4E-4 

5E-4 

3E-4

5E-4 

1E-5 

7E-4

3E-5 

7E-5 

1E-5 

1E-4

5E-10 1E-5 
7E-10 

9E-12 4E-7 
3E-1 -

Appendix B - 5

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

4E-3 

5E-3 

3E-3 

5E-3 

1E-4 

7E-3 

3E-4 

7E-4 

1E-4 

1E-3 

1E-4 

4E-6



AT 
No. Radionuclide

27 Cobalt-55 

27 Cobalt-56 

27 Cobalt-57 

27 Cobalt-58m 

27 Cobalt-58 

27 Cobalt-60m2

27 Cobalt-60 

27 Cobalt-61 2 

27 Cobalt-62m2 

28 Nickel-56 

28 Nickel-57 

28 Nickel-59 

Nickel-63 

28 Nickel-65

Class

W, all compounds except 
hose given for Y 
Y, oxides, hydroxides, 
halides, and nitrates 

W, see 5"Co 
Y, see "Co 

W, see "Co 
Y, see 5"Co 

W, see "Co 
Y, see "Co 

W, see "Co 
Y, see 55Co 

W, see "Co 

Y, see 5"Co 

W, see 5"Co 
Y, see "Co 

W, see "Co 
Y, see "Co 

W, see 51Co 

Y, see 55Co 

D, all compounds except 
those given for W 
W, oxides, hydroxides, 
and carbides 
Vapor 

D, see 56Ni 
W, see 56Ni 
Vapor 

D, see 56Ni 
W, see 56Ni 
Vapor 

D, see "6Ni 
W, see 16Ni 

Vapor 
D, see 56Ni

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation
ALI 

("Ci)

1E+3

5E+2 
4E+2 

8E+3 
4E+3 

6E+4 

2E+3 
1E+3 

IE+6 
St. wall 
(IE+6) 

5E+2 
2E+2 

2E+4 
2E+4 

4E+4 
St. wall 
(5E+4) 

1E+3 

2E+3 

2E+4 

9E+3 

8E+3

ALI DAC 
(jiCi) (jiCi/mi)

3E+3 1E-6 

3E+3 1E-6 

3E+2 1E-7 
2E+2 8E-8 

3E+3 1E-6 
7E+2 3E-7 

9E+4 4E-5 
6E+4 3E-5 

lE+3 5E-7 
7E+2 3E-7 

4E+6 2E-3 

3E+6 1E-3 

2E+2 7E-8 
3E+l 1E-8 

6E+4 3E-5 
6E+4 2E-5 

2E+5 7E-5 

2E+5 6E-5 

2E+3 8E-7 

1E+3 5E-7 
IE+3 5E-7 

5E+3 2E-6 
3E+3 1E-6 
6E+3 3E-6

4E+3 
7E+3 
2E+3 

2E+3 
3E+3 
8E+2 
2E+4

2E-6 
3E-6 
8E-7 

7E-7 
1E-6 
3E-7 
1E-5

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

4E-9 

4E-9

4E-10 
3E-10

2E-5 

6E-6

4E-9 6E-5 
9E-10 -

1E-7 
9E-8 

2E-9 
I E-9 

6E-6 

4E-6 

2E-10 
5E-1 1 

9E-8 
8E-8 

2E-7 

2E-7 

3E-9 

2E-9 
2E-9 

7E-9 
4E-9 
9E-9 

5E-9 
1E-8 
3E-9 

2E-9 
4E-9 
1E-9 
3E-8

8E-4 

2E-5

2E-2 

3E-6 

3E-4 

7E-4 

2E-5

2E-5 

3E-4 

1E-4 

1E-4
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
("Ci/ml)

+ -- -

2E-4 

6E-5 

6E-4 

8E-3 

2E-4 

2E-1 

3E-5 

3E-3 

7E-3 

2E-4 

2E-4 

3E-3 

1E-3 

1E-3



AT 
No. Radionuclide

28 Nickel-66 

29 Copper-602 

29 Copper-61 

29 Copper-64 

29 Copper-67

30 

30 

30 

30 

30 

30 

30

Zinc-62 

Zinc-632 

Zinc-65 

Zinc-69m 

Zinc-692 

Zinc-71m 

Zinc-72

Class

W, see 56Ni 
Vapor 

D, see 56Ni 

W, see 56Ni 
Vapor 

D, all compounds except 
those given for W and Y 

W, sulfides, halides, 
and nitrates 
Y, oxides and hydroxides 

D, see 'Cu 
W, see 'Cu 
Y, see 'Cu 

D, see 6'Cu 
W, see 'Cu 
Y, see 'Cu 

D, see 'Cu 
W, see 'Cu 
Y, see 'Cu 

Y, all compounds 

Y, all compounds 

Y, all compounds 

Y, all compounds 

Y, all compounds 

Y, all compounds 

Y, all compounds

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (PJCi) (PCi/ml)

4E+2 
LLI wall 
(5E+2) 

3E+4 
St. wall 
(3E+4) 

1 E+4 

1E+4 

5E+3 

1E+3 

2E3+4 
St. wall 
(3E+4) 

4E+2 

4E+3 

6E+4 

6E+3 

1E+3

3E+4 
2E+4 

2E+3 

6E+2 
3E+3

1E-5 
7E-6 

7E-7 

3E-7 
1E-6

9E+4 4E-5

1E+5 
I E+5 

3E+4 
4E+4 
4E+4 

3E+4 
2E+4 
2E+4 

8E+3 
5E+3 
5E+3 

3E+3 

7E+4 

3E+2 

7E+3 

lE+5 

2E1+4 

1E+3

5E-5 
4E-5 

1E-5 
2E-5 
1E-5 

1E-5 
1E-5 
9E-6 

3E-6 
2E-6 
2E-6 

1E-6 

3E-5 

1E-7 

3E-6 

6E-5 

7E-6 

5E-7

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (pCi/ml)

4E-8 
2E-8 

2E-9

9E-10 
4E-9

6E-6

1E-7

4E-4

2E-7 
I E-7 

4E-8 
6E-8 
5E-8 

4E-8 
3E-8 
3E-8 

1E-8 
7E-9 
6E-9 

4E-9 

9E-8 

4E-10 

1E-8 

2E-7 

2E-8 

2E-9

2E-4 

2E-4 

6E-5 

2E-5 

3E-4 

5E-6 

6E-5 

8E-4 

8E-5 

1E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

6E-5 

4E-3 

2E-3 

2E-3 

6E-4 

2E-4 

3E-3 

5E-5 

6E-4 

8E-3 

8E-4 

1E-4



AT 
No. Radionuclide

31 Gallium-652

31 Gallium-66 

31 Gallium-67 

31 Gallium-682 

31 Gallium-702 

31 Gallium-72 

31 Gallium-73 

32 Germanium-66 

32 Germanium-67
2 

32 Germanium-68 

32 Germanium-69 

32 Germanium-71

Class

D, all compounds except 
those given for W 

W, oxides, hydroxides, 
carbides, halides, and 
nitrates 

D, see 6'Ga 
W, see 65Ga 

D, see 65Ga 
W, see 65Ga 

D, see 65Ga 
W, see 65Ga 

D, see 65Ga 

W, see 6'Ga 

D, see 65Ga 
W, see 65Ga 

D, see 65Ga 
W, see 65Ga 

D, all compounds except 
those given for W 
W, oxides, sulfides, 
and halides 

D, see 6Ge 

W, see 66Ge 

D, see 'Ge 
W, see 6Ge 

D, see 6Ge 
W, see 66Ge 

D, see 66Ge 
W, see 66Ge

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
("Ci) (RCi) (pCi/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(RCi/ml) ("Ci/mi)

* - 4. _____________ -

5E+4 
St. wall 
(6E+4)

1E+3 

7E+3 

2E1+4 

5E+4 
St. wall 
(7E+4) 

lE+3 

5E+3 

2E+4 

3E+4 
St. wall 
(4E+4) 

5E+3 

lE+4 

5E+5

2E+5 7E-5

2E+5 8E-5 

4E+3 1E-6 
3E+3 1E-6 

lE+4 6E-6 
1E+4 4E-6 

4E+4 2E-5 
5E+4 2E-5 

2E+5 7E-5 

2E+5 8E-5 

4E+3 1E-6 
3E+3 IE-6 

2E+4 6E-6 
2E+4 6E-6 

3E+4 1E-5 

2E+4 8E-6 

9E+4 4E-5 

lE+5 4E-5 

4E+3 2E-6 
1E+2 4E-8 

2E+4 6E-6 
8E+3 3E-6 

4E+5 2E-4 
4E+4 2E-5

2E-7

9E-4

3E-7 

5E-9 
4E-9 

2E-8 
IE-8 

6E-8 
7E-8 

2E-7 

3E-7 

5E-9 
4E-9 

2E-8 
2E-8 

4E-8 

3E-8 

1E-7 

6E-4 
1E-7

1E-5 

1E-4 

2E-4

1E-3 

2E-5 

7E-5 

3E-4

6E-3

5E-9 6E-5 
1E-10 -

2E-8 
lE-8 

6E-7 
6E-8

2E-4 

7E-3
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
("Ci/mi)

9E-3 

1E-4 

1E-3 

2E-3 

1E-2 

2E-4 

7E-4 

3E-3 

6E-4 

2E-3 

7E-2



AT 
No. Radionuclide

32 Germanium-752 

32 Germanium-77 

32 Germanium-782 

33 Arsenic-692 

33 Arsenic-702 

Arsenic-71 

33 Arsenic-72 

33 Arsenic-73 

33 Arsenic-74 

33 Arsenic-76 

33 Arsenic-77

33 

34

Arsenic-78
2 

Selenium-70 2

34 Selenium-73m2 

34 Selenium-73 

-24 Selenium-75 

34 Selenium-79

Class

D, see 'Ge 

W, see 66Ge 

D, see 6Ge 
W, see 'Ge 

D, see "Ge 

W, see 66Ge 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

D, all compounds except 
those given for W 
W, oxides, hydroxides, 
carbides, and 
elemental Se 

D, see 7°Se 
W, see 70Se 

D,see 70Se 
W, see 7'Se 

D, see 
70

Se 

W, see 70Se 

D, see 7'Se

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(uCi) (UCi) ("Ci/ml)

4E+4 
St. wall 
(7E+4) 

9E+3 

2E+4 
St. wall 
(2E+4) 

3E+4 
St. wall 
(4E+4) 

1 E+4 

4E+3 

9E+2 

8E+3 

1E+3 

1E+3 

4E+3 
LLI wall 
(5E+3) 

8E+3 

2E+4 

1E+4 

6E+4 
3E+4 

3E+3 

5E+2 

6E+2

8E+4 3E-5

8E+4 

I E+4 
6E+3 

2E+4 

2E+4 

1E+5 

5E+4 

5E+3 

IE+3 

2E+3 

8E+2 

1 E+3 

5E+3

4E-5 

4E-6 
2E-6 

9E-6 

9E-6 

5E-5 

2E-5 

2E-6 

6E-7 

7E-7 

3E-7 

6E-7 

2E-6

2E+4 9E-6 

4E+4 2E-5

4E+4 

2E+5 
1E+5 

lE+4 
2E+4 

7E+2 
6E+2 

8E+2

2E-5 

6E-5 
6E-5 

5E-6 
7E-6 

3E-7 
3E-7 

3E-7

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

4. - I

1E-7

1E-7 

IE-8 
8E-9 

3E-8 

3E-8 

2E-7 

7E-8 

6E-9 

2E-9 

2E-9 

1E-9 

2E-9 

7E-9 

3E-8 

5E-8 

6E-8 

2E-7 
2E-7 

2E-8 
2E-8 

1E-9 
8E-10 

1E-9

9E-4 

1E-4 

3E-4 

6E-4 

2E-4 

5E-5 

lE-5 

1E-4 

2E-5 

1E-5 

6E-5 

IE-4 

1E-4 

4E-4 

4E-5 

7E-6 

8E-6

Appendix B - 9

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

9E-3 

1 E-3 

3E-3 

6E-3 

2E-3 

5E-4 

1E-4 

1 E-3 

2E-4 

1E-4 

6E-4 

1E-3 

1E-3 

4E-3 

4E-4 

7E-5 

8E-5



AT 
No. Radionuclide Class

W, see 70Se

34 Selenium-8lm2 

34 Selenium-81
2 

34 Selenium-832 

35 Bromine-74m
2 

35 Bromine-74
2 

35 Bromine-75
2 

35 Bromine-76 

35 Bromine-77 

35 Bromine-80m

D, see70Se 
W, see70Se 

D, see 7'Se 

W, see 70Se 

D, see 7°Se 
W, see 70Se 

D, bromides of H, Li, 
Na, K, Rb, Cs, and Fr 

W, bromides of lantha
nides, Be, Mg, Ca, Sr, 
Ba, Ra, Al, Ga, In, TI, 
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 

D, see 74'Br 

W, see 74mBr 

D, see 74mBr 

W, see 74'Br 

D, see 74mBr 
W, see 74mBr 

D, see "'Br 
W, see 74mBr 

D, see 74mBr 
W, see 74mBr

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (PCi) (PCi/ml)

4E1+4 
2E+4 

6E+4 
St. wall 
(8E+4) 

4E+4 
3E+4 

1E+4 
St. wall 
(2E+4) 

2E+4 
St. wall 
(4E+4) 

3E+4 
St. wall 
(4E+4) 

4E+3 

2E+4 

2E+4

6E+2 2E-7 

7E+4 3E-5 
7E+4 3E-5 

2E+5 9E-5 

2E+5 1E-4 

1E+5 5E-5 
IE+5 5E-5 

4E+4 2E-5 

4E+4 2E-5 

7E+4 3E-5 

8E+4 4E-5 

5E+4 2E-5 

5E+4 2E-5 

5E+3 2E-6 
4E+3 2E-6 

2E+4 1E-5 
2E+4 8E-6 

2E1+4 7E-6 
1E3+4 6E-6

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

8E-10 

9E-8 
1E-7 

3E-7 

3E-7 

2E-7 
2E-7

3E-4 

IE-3 

4E-4

5E-8

3E-4

6E-8 

1E-7 

1E-7 

7E-8 

7E-8 

7E-9 
6E-9 

3E-8 
3E-8 

2E-8 
2E-8

5E-4 

5E-4 

5E-5 

2E-4 

3E-4
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(pCi/ml)

3E-3 

1E-2 

4E-3 

3E-3 

5E-3 

5E-3 

5E-4 

2E-3 

3E-3



AT 
No. Radionuclide

35 Bromine-802 

35 Bromine-82 

35 Bromine-83 

35 Bromine-84 2

36 

36 

36 

36 

36 

36 

36 

36 

36 

37

Krypton-74 2 

Krypton-76 

Krypton-77
2 

Krypton-79 

Krypton-81 

Krypton-83m 2 

Krypton-85m 

Krypton-85 

Krypton-87
2 

Krypton-88 

Rubidium-79
2

37 Rubidium-8lm 2 

37 Rubidium-81 

i Rubidium-82m 

37 Rubidium-83

Class

D, see 74"Br 

W, see 74mBr 

D, see 74mBr 
W, see 74mBr 

D, see 74mBr 

W, see 74mBr 

D, see 74rBr 

W, see 74mBr 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC
("Ci)

5E+4 
St. wall 
(9E+4) 

3E+3 

5E+4 
St. wall 
(7E+4) 

2E+4 
St. wall 
(3E+4) 

4E+4 
St. wall 
(6E+4) 

2E+5 
St. wall 
(3E+5) 

4E+4 

1E+4 

6E+2 
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2E+5 

2E+5 

4E1+3 
4E+3 

6E1+4 

6E+4 

6E+4

8E-5 

9E-5 

2E-6 
2E-6 

3E-5 

3E-5 

2E-5

6E+4 3E-5 

- 33E-6 

- 9E-6 

- 4E-6 

- 2E-5 

- 77E-4 

- 1E-2 

- 2E-5 

- 1E-4 

- 5E-6 

- 2E-6 

1E+5 5E-5 

3E+5 1E-4

5E+4 

2E+4 

1E+3

2E-5 

7E-6 

4E-7

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

610) 410/.

3E-7 

3E-7 

6E-9 
5E-9 

9E-8 

9E-8 

8E-8 

9E-8 

11E-8 

4E-8 

2E-8 

7E-8 

3E-6 

5E-5 

1E-7 

7E-7 

2E-8 

9E-9 

2E-7 

5E-7 

7E-8 

2E-8 

1E-9

1E-3 

4E-5 

9E-4 

4E-4 

8E-4 

4E-3 

5E-4 

2E-4 

9E-6

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
("Ci/ml)

1E-2 

4E-4 

9E-3 

4E-3 

8E-3 

4E-2 

5E-3 

2E-3 

9E-5

(•Ci) (•Ci/ml)



AT 
No. Radionuclide

37 

37 

37 

37

Rubidium-84 

Rubidium-86 

Rubidium-87 

Rubidium-88
2

37 Rubidium-89 2 

38 Strontium-80 2 

• Strontium-81
2 

38 Strontium-82 

38 Strontium-83 

38 Strontium-85m2 

38 Strontium-85 

38 Strontium-87m 

38 Strontium-89 

38 Strontium-90 

Strontium-91

Class

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all soluble compounds 
except SrTiO 
Y, all insoluble com
pounds and SrTiO 

D, see 80Sr 
Y, see 8°Sr 

D, see 80Sr 

Y, see 80Sr 

D, see 80Sr 
Y, see 80Sr 

D, see 8°Sr 
Y, see 8°Sr 

D, see '°Sr 
Y, see 8 0Sr 

D, see "0Sr 
Y, see 80Sr 

D, see 80Sr 

Y, see 80Sr 

D, see °Sr 

Y, see 8°Sr 

D, see 8°Sr 
Y, see '°Sr

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (PCi) (PCi/ml)

5E+2 

5E+2 

lE+3 

2E+4 
St. wall 
(3E+4) 

4E+4 
St. wall 
(6E+4) 

4E+3 

3E+4 
2E+4 

3E+2 
LLI wall 
(2E+2) 
2E+2 

3E+3 
2E+3 

2E+5 

3E+3 

5E+4 
4E+4 

6E+2 
LLI wall 
(6E+2) 
5E+2 

3E+l 
Bone surf 
(4E+l) 

2E+3

8E+2 

8E+2 

2E+3 

6E+4

3E-7 

3E-7 

6E-7 

3E-5

1E+5 6E-5 

1E+4 5E-6 

lE+4 5E-6 

8E+4 3E-5 
8E+4 3E-5 

4E+2 2E-7 

9E+l 4E-8 

7E+3 3E-6 
4E+3 IE-6 

6E+5 3E-4 
8E+5 4E-4 

3E+3 1E-6 
2E+3 6E-7 

lE+5 5E-5 
2E+5 6E-5 

8E+2 4E-7 

IE+2 6E-8 

2E+l 8E-9 
Bone surf 
(2E+l) 
4E+O 2E-9 

6E+3 2E-6 
4E+3 1E-6

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

1E-9 

1E-9 

2E-9 

9E-8 

2E-7 

2E-8 

2E-8 

1 E-7 
1 E-7 

6E-10 

1E-10 

1E-8 
5E-9 

9E-7 
1E-6 

4E-9 
2E-9 

2E-7 
2E-7 

1E-9

7E-6 

7E-6 

1E-5 

4E-4 

9E-4 

6E-5 

3E-4 

3E-6 

3E-5 

3E-3 

4E-5 

6E-4

8E-6 
2E-10 -

3E-11 
6E-12 

8E-9 
5E-9

5E-7 

2E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

7E-5 

7E-5 

1 E-4 

4E-3 

9E-3 

6E-4 

3E-3 

3E-5 

3E-4 

3E-2 

4E-4 

6E-3 

8E-5 

5E-6 

2E-4



AT 
No. Radionuclide

38 Strontium-92 

39 Yttrium-86m 2 

39 Yttrium-86 

39 Yttrium-87 

39 Yttrium-88 

39 Yttrium-90m 

Yttrium-90

39 Yttrium-91m 2 

39 Yttrium-91 

39 Yttrium-92 

39 Yttrium-93 

39 Yttrium-942

Class

D, see 80Sr 
Y, see 8°Sr 
W, all compounds except 
those given for Y 
Y, oxides and hydroxides 

W, see 86my 

Y, see 86my 

W, see 86my 
Y, see 86my 

W, see 86my 

Y, see 
86

my 

W, see 86my 

Y, see 86my 

W, see 86my 

Y, see 
86

.y

W, see 86
my 

Y, see 86my 

W, see 86
my 

y, see 86my 

W, see 86mY 
Y, see 86my 

W, see 86my 

Y, see 86
my 

W, see 86my 

Y, see 86y

Table 1 

Occupational Values 

Col. I Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
("Ci) (PCi) (PCi/mi)

3E+3 

2E+4 

1E+3 

2E+3 

1 E+3 

8E+3 

4E+2 
LLI wall 
(5E+2) 

I E+5 

5E+2 
LLI wall 
(6E+2) 

3E+3 

1 E+3 

2E+4 
St. wall 
(3E+4)

9E+3 4E-6 
7E+3 3E-6 

6E+4 2E-5 
5E+4 2E-5 

3E+3 1E-6 
3E+3 IE-6 

3E+3 IE-6 
3E+3 IE-6 

3E+2 1E-7 
2E+2 1E-7 

lE+4 5E-6 
1E+4 5E-6 

7E+2 3E-7 

6E+2 3E-7 

2E+5 1E-4 
2E+5 7E-5 

2E1+2 7E-8 

1E+2 5E-8 

9E+3 4E-6 
8E+3 3E-6 

3E+3 1E-6 
2E+3 1 E-6 

8E+4 3E-5 

8E+4 3E-5

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
0PCi/ml) (PaCi/ml)

1E-8 
9E-9 

8E-8 
8E-8 

5E-9 
5E-9 

5E-9 
5E-9

4E-5 

3E-4 

2E-5 

3E-5

3E-10 1E-5 
3E-10 -

2E-8 
2E-8

1E-4

9E-10 

7E-6 
9E-10 -

3E-7 
2E-7

2E-3

2E-10 

18E-6 
2E-10 -

1E-8 
IE-8 

4E-9 
3E-9 

1E-7 

1E-7

4E-5 

2E-5

4E-4

Appendix B - 13

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(JCi/ml)

4E-4 

3E-3 

2E-4 

3E-4 

IE-4 

1E-3 

7E-5 

2E-2 

8E-5 

4E-4 

2E-4 

4E-3



AT 
No. Radionuclide Class

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALT DAC 

(iiCi) 40Ci) ("Ci/mi)
___________________________________ - +

39 Yttrium-952

40 Zirconium-86 

40 Zirconium-88 

40 Zirconium-89 

i Zirconium-93 

40 Zirconium-95 

40 Zirconium-97 

41 Niobium-88 2 

41 Niobium-89
2 

(66 min) 

41 Niobium-89 
(122 min)

W, see 86my 

Y, see 86
my

D, all compounds except 
those given for W and Y 
W, oxides, hydroxides, 
halides, and nitrates 
Y, carbide 

D, see 86Zr 
W, see 

86
Zr 

Y, see 8 6Zr 

D, see 
86

Zr 

W, see 86Zr 
Y, see 8 6Zr 

D, see 86Zr 

W, see 86Zr 

Y, see 16Zr 

D, see 16Zr 

W, see 86Zr 
Y, see '6Zr 

D, see 86Zr 

W, see 86Zr 
Y, see '6Zr 

W, all compounds except 
those given for Y 

Y, oxides and hydroxides 

W, see 88M 

Y, see 88Nb 

W, see "Nb

4E+4 
St. wall 
(5E+4) 

1E+3 

4E+3 

2E+3 

1E+3 
Bone surf 
(3E+3) 

1E+3 

6E+2 

5E1+4 
St. wall 
(7E+4) 

1E1+4 

5E+3

2E+5 6E-5 

lE+5 6E-5 

4E+3 2E-6 

3E+3 lE-6 
2E+3 1E-6

2E+2 
5E+2 
.3E+2 

4E+3 
2E+3 
2E+3

9E-8 
2E-7 
1E-7 

1E-6 
1E-6 
IE-6

6E+0 3E-9 
Bone surf 
(2E+1) 
2E+l IE-8 
Bone surf 
(6E+l) 
6E+l 2E-8 
Bone surf 
(7E+I) -

1E+2 
Bone surf 
(3E+2) 
4E+2 
3E+2 

2E+3 
1E+3 
1E+3

5E-8 

2E-7 
1E-7 

8E-7 
6E-7 
5E-7

2E+5 9E-5 

2E+5 9E-5 

4E+4 2E-5 

4E+4 2E-5 

2E+4 8E-6

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

2E-7 

2E-7 

6E-9 

4E-9 
3E-9

3E-10 
7E-10 
4E-10 

5E-9 
3E-9 
3E-9

7E-4 

2E-5

5E-5 

2E-5

2E-1 1 4E-5 

9E-1 1 

9E-11

2E-5

4E-10 
5E-10 
4E-10 

3E-9 
2E-9 
2E-9 

3E-7 

3E-7 

6E-8 

5E-8 

3E-8

9E-6

1E-3 

1E-4 

7E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(aCi/ml)

7E-3 

2E-4 

5E-4 

2E-4 

4E-4 

2E-4 

9E-5 

1E-2 

IE-3 

7E-4



AT 
No. Radionuclide Class

Y, see "Nb

41 Niobium-90 

41 Niobium-93m 

41 Niobium-94 

41 Niobium-95m 

Niobium-95 

41 Niobium-96 

41 Niobium-972 

41 Niobium-98
2 

42 Molybdenum-90 

42 Molybdenum-93m 

42 Molybdenum-93 

42 Molybdenum-99 

I2 Molybdenum-1011

W, see 88b 

Y, see 88Nb 

W, see 88Nb 

Y, see 8 8Nb 

W, see 8 8Nb 
Y, see 88Nb 

W, see 88Nb 

Y, see "Nb 

W, see 88Nb 
Y, see 18 Nb 

W, see "Nb 
Y, see 88Nb 

W, see 88Nb 

Y, see 88Nb 

W, see 88Nb 
Y, see 88Nb 

D, all compounds except 
those given for Y 
Y, oxides, hydroxides, 
and MoS 

D, see 9°Mo 
Y, see 9°Mo 

D, see 9°Mo 
Y, seeg°Mo 

D, see 9°Mo 

Y, see 9Mo 

D, see °Mo 

Y, see 9Mo

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALl ALI DAC 
(PCi) (PCi) (PaCi/ml)

1E+3 

9E+3 
LLI wall 
(1E+4) 

9E+2 

2E+3 
LLI wall 
(2E+3) 

2E+3 

1E+3 

2E+4 

1E+4 

4E+3 

2E+3 

9E+3 
4E+3 

4E+3 
2E+4 

2E+3 
LLI wall 
(1E+3) 
1E+3 

4E+4 
St. wall 
(5E+4)

2E1+4 6E-6 

3E+3 1E-6 
2E+3 1E-6 

2E+3 8E-7 

2E+2 7E-8 

2E+2 8E-8 
2E+1 6E-9 

3E+3 1E-6 

2E+3 9E-7 

1E+3 5E-7 
1E+3 5E-7 

3E+3 1E-6 
2E+3 1E-6 

8E+4 3E-5 
7E+4 3E-5 

5E+4 2E-5 
5E+4 2E-5 

7E+3 3E-6 

5E+3 2E-6 

2E+4 7E-6 
1E+4 6E-6 

5E+3 2E-6 
2E+2 8E-8 

3E+3 1E-6 

1E+3 6E-7 

1E+5 6E-5 

1E+5 6E-5

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(pCi/ml) (PCi/ml)

2E-8 

4E-9 
3E-9

1E-5

3E-9 

- 2E-4 
2E-10 

3E-10 IE-5 
2E-11 

4E-9

3E-9 

2E-9 
2E-9 

4E-9 
3E-9 

1E-7 
IE-7 

8E-8 
7E-8 

lE-8 

6E-9 

2E-8 
2E-8

3E-5 

3E-5 

2E-5 

3E-4 

2E-4 

3E-5 

6E-5

8E-9 5E-5 
2E-10 

4E-9

2E-9 

2E-7 

2E-7

2E-5

7E-4
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

1E-4 

2E-3 

1E-4 

3E-4 

3E-4 

2E-4 

3E-3 

2E-3 

3E-4 

6E-4 

5E-4 

2E-4 

7E-3



AT 
No. Radionuclide

43 Technetium-93m2

Technetium-93 

Technetium-94m2 

Technetium-94 

Technetium-95m 

Technetium-95 

Technetium-96m2 

Technetium-96 

Technetium-97m 

Technetium-97 

Technetium-98 

Technetium-99m 

Technetium-99

43 Technetium-1012 

43 Technetium- 1042

Class

D, all compounds exce 
those given for W 
W, oxides, hydroxides 
halides, and nitrates 

D, see 93roTc 
W, see 93rTc 

D, see 93rTc 
W, see 93"'Tc 

D, see93'Tc 
W, see 93"Tc 

D, see 93roc 

W, see93rTc 

D, see 93nrrc 
W, see 

93
roTc 

D, see 93nTc 
W, see 

93rTc 

D, see 93ro 

W, see 
93

roTc 

D, see 
9 3

rTc 

W, see 93
mTc 

D, see 93
mTc 

W, see 93mTc 

D, see 93 r'c 
W, see 93mTc 

D, see 
93

mTc 

W, see 93mTc 

D, see 
93

mrTc 

W, see 
9 3

nTc 

D, see 
93

mTc 

W, see 93myc 

D, see 93ro

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
("lCi) ("tCi) ("aCi/mi)

7E+4 

3E+4 

2E+4 

9E+3 

4E+3 

1E+4 

2E+5 

2E+3 

5E+3

43 

43 

43 

43 

43 

-43 

43 

43 

43 

43 

43 

43

2E+5 

3E+5 

7E+4 
1E+5 

4E+4 
6E+4 

2E+4 
2E+4 

5E+3 
2E+3 

2E+4 
2E+4 

3E+5 
2E+5 

3E+3 
2E+3 

7E+3 
St. wall 
(7E+3) 
1E+3 

5E+4 
6E+3 

2E+3 
3E+2 

2E+5 
2E+5 

5E+3 
St. wall 
(6E+3) 
7E+2 

3E+5 

4E+5 

7E+4

6E-5 

1E-4 

3E-5 

4E-5 

2E-5 
2E-5 

8E-6 
1E-5 

2E-6 
8E-7 

9E-6 
8E-6 

1E-4 
1E-4 

1E-6 
9E-7 

3E-6 

5E-7 

2E-5 
2E-6 

7E-7 
IE-7 

6E-5 
1E-4 

2E-6 

3E-7 

IE-4 

2E-4 

3E-5

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(jACi/ml) (aCi/ml)

4. 4

2E-7 

4E-7 

1E-7 
1E-7 

6E-8 
8E-8 

3E-8 
3E-8 

8E-9 
3E-9 

3E-8 
3E-8 

4E-7 
3E-7 

5E-9 
3E-9 

1E-8 
2E-9 

7E-8 
8E-9 

2E-9 
4E-10 

2E-7 
3E-7 

8E-9 
9E-10 

5E-7 

5E-7 

1E-7

1E-3 

4E-4 

3E-4 

1E-4 

5E-5 

1E-4 

2E-3 

3E-5 

6E-5 

5E-4 

1E-5 

1E-3 

6E-5 

2E-3

4E+4 

1E+3 

8E+4 

4E+3 

9E+4 
St. wall 
(lE+5) 

2E+4 

Appendix B - 16

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/mi)

1E-2 

4E-3 

3E-3 

1E-3 

5E-4 

I E-3 

2E-2 

3E-4 

6E-4 

5E-3 

1E-4 

1E-2 

6E-4 

2E-2



AT 
No. Radionuclide Class

W, see 
93

nmlc

44 Ruthenium-942

44 Ruthenium-97

44 Ruthenium-103 

'I Ruthenium-105 

44 Ruthenium-106 

45 Rhodium-99m 

45 Rhodium-99 

45 Rhodium-100

D, all compounds except 
those given for W and Y 
W, halides 
Y, oxides and hydroxides

D, see 
94

Ru 

W, see 94Ru 

Y, see 94Ru

D, see 94
Ru 

W, see 94Ru 
Y, see 94

Ru 

D, see 94Ru 
W, see 94Ru 
Y, see 94Ru 

D, see 94Ru 

W, see 94Ru 
Y, see 94Ru 

D, all compounds except 
those given for W and Y 
W, halides 
Y, oxides and hydroxides 

D, see 99Rh 
W, see 99Rh 
Y, see 99Rh 

D, see 99mRh 
W, see 99mRh 
Y, see 99Rh

Table 1 

Occupational Values

Col. 1 Col. 2 
Oral
Ingestion 
ALI 
(PCi)

St. wall 
(3E+4) 

2E+4 

8E+3 

2E+3 

5E+3 

2E+2 
LLI wall 
(2E+2) 

2E+4 

2E+3 

2E+3

Col. 3

Inhallation 
ALI DAC 
(PCi) (PCi/ml)

9E+4 4E-5

4E+4 
6E+4 
6E+4

2E-5 
3E-5 
2E-5

2E+4 8E-6 
lE+4 5E-6 

lE+4 5E-6

2E+3 
I E+3 
6E+2 

1 E+4 
1 E+4 
1 E+4

7E-7 
4E-7 
3E-7 

6E-6 
6E-6 
5E-6

9E+1 4E-8 

5E+l 2E-8 
1E+1 5E-9

6E+4 
8E+4 
7E+4 

3E+3 
2E+3 
2E+3 

5E+3 
4E+3 
4E+3

2E-5 
3E-5 
3E-5 

1E-6 
9E-7 
8E-7 

2E-6 
2E-6 
2E-6

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/mi)

1E-7 

6E-8 
9E-8 
8E-8 

3E-8 
2E-8 

2E-8 

2E-9 
1E-9 
9E-10 

2E-8 
2E-8 
2E-8 

1E-10 

8E-1 1 
2E-11 

8E-8 
1E-7 
9E-8 

4E-9 
3E-9 
3E-9 

7E-9 
6E-9 
5E-9

4E-4 

2E-4 

1E-4

3E-5 

7E-5

3E-6 

2E-4 

3E-5 

2E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

4E-3 

2E-3 

1E-3 

3E-4 

7E-4 

3E-5 

2E-3 

3E-4 

2E-4



AT 
No. Radionuclide

45 Rhodium-101m 

45 Rhodium-101 

45 Rhodium-102m

45 Rhodium- 102 

45 Rhodium-103m2 

45 Rhodium-105 

45 Rhodium- 106m 

45 Rhodium-107
2 

46 Palladium-100 

46 Palladium-lO1

Class

D, see 99mRh 
W, see 99mRh 
Y, see 99'Rh 

D, see 99mRh 
W, see 99mRh 
Y, see 99mRh 

D, see "'Rh 

W, see 99Rh 
Y, see 99mRh

D, see 9Rh 
W, see 99'Rh 
Y, see 99Rh 

D, see 9Rh 
W, see 99mRh 
Y, see 99mRh 

D, see 99mRh 

W, see 99mRh 
Y, see 99mRh 

D, see 99Rh 
W, see 99mRh 
Y, see `Rh 

D, see 99mRh 

W, see 9 mRh 
Y, see 99mRh 

D, all compounds except 
those given for W and Y 
W, nitrates 
Y, oxides and hydroxides 

D, see 1°Pd 
W, see 1'0Pd 
Y, see 1°°Pd

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 

(jiCi) ("Ci) (pCi/m

6E+3 

2E+3 

1E+3 
LLI wall 
(IE+3) 

6E+2 

4E+5 

4E+3 
LLI wall 
(4E+3) 

8E+3 

7E+4 
St. wall 
(9E+4) 

1E+3 

1E3+4

1E+4 
8E+3 
8E+3 

5E+2 
8E+2 
2E+2

1)

5E-6 
4E-6 
3E-6 

2E-7 
3E-7 
6E-8

5E+2 2E-7

4E+2 
1E+2 

9E+1 
2E+2 
6E+1 

1E+6 
1E+6 
1E+6

2E-7 
5E-8 

4E-8 
7E-8 
2E-8 

5E-4 
5E-4 
5E-4

1E+4 5E-6 

6E+3 3E-6 
6E+3 2E-6

3E+4 
4E+4 
4E+4

1E-5 
2E-5 
1E-5

2E+5 1E-4

3E+5 
3E+5

1E-4 
1E-4

lE+3 6E-7 
lE+3 5E-7 
1E+3 6E-7

3E+4 
3E+4 
3E+4

IE-5 
1E-5 
1E-5

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PtCi/ml)

+ - 4.

2E-8 
1E-8 
IE-8 

7E-10 
1E-9 
2E-10 

7E-10 

5E-10 
2E-10 

IE-10 
2E-10 
8E-11 

2E-6 
2E-6 
2E-6 

2E-8 

9E-9 
8E-9 

4E-8 
5E-8 
5E-8 

3E-7 

4E-7 
3E-7 

2E-9 
2E-9 
2E-9 

5E-8 
5E-8 
4E-8

8E-5 

3E-5

2E-5 

8E-6 

6E-3

5E-5 

1E-4

1E-3 

2E-5 

2E-4
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

8E-4 

3E-4 

2E-4 

8E-5 

6E-2 

5E-4 

1E-3 

1E-2 

2E-4 

2E-3



AT 
No. Radionuclide Class

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
("Ci) ("Ci) (pCi/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PaCi/ml) (PCi/nd)

___________________________________ - - + *1.

46 Palladium-103

46 Palladium- 107

46 Palladium-109 

47 Silver-1022 

47 Silver-103
2 

47 Silver-104m2 

47 Silver-104
2 

47 Silver-105 

47 Silver-106m 

47 Silver- 1062 

..7 Silver-108m

D, see '0°Pd 

W, see '°Pd 
Y, see "Id 

D, see "IPd 

W, see 'O°Pd 
Y, see '0°Pd

D, see '0°Pd 
W, see t°°Pd 
Y, see '°Pd 

D, all compounds except 
those given for W and Y 

W, nitrates and sulfides 
Y, oxides and hydroxides 

D, see 1
02AG 

W, see "°AG 
Y, see 102AG 

D, see 102AG 
W, see "°AG 
Y, see 102AG 

D, see 102AG 

W, see 102AG 

Y, see "°AG 

D, see '°2AG 
W, see 102AG 
Y, see '0AG 

D, see 1•AG 
W, see '"AG 
Y, see '02AG 
D, see '2AG 

W, see 102AG 
Y, see 11

2AG 

D, see 102AG 
W, see 102AG

6E+3 
LLI wall 
(7E+3) 

3E+4 
LLI wall 
(4E+4) 

2E+3 

5E+4 
St. wall 
(6E+4) 

4E+4 

3E+4 

2E+4 

3E+3 

8E+2 

6E+4 
St. wall 
(6E+4)

6E+3 3E-6

2E+5 8E-5

1E+3 4E-7 
2E+3 7E-7 
2E+3 7E-7

2E+5 9E-5 
2E+5 8E-5 

2E+2 8E-8 
3E+2 1E-7

6E+2

9E-4 

3E-7 
3E-7 

3E-10 9E-6 
4E-10 -
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9E-9

4E+3 
4E+3 

2E+4 
Kidneys 
(2E+4) 
7E+3 
4E+2 

6E+3 
5E+3 
5E+3

2E-6 
1E-6 

9E-6 

3E-6 
2E-7 

3E-6 
2E-6 
2E-6

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
("Ci/ml)

IE-4 

5E-4 

3E-5

6E-9 
5E-9 

3E-8 
lE-8 
6E-10 

9E-9 
8E-9 
6E-9

9E-4 

5E-4 

4E-4 

3E-4 

4E-5 

1E-5

IE-3 

5E-3 

3E-4 

9E-3 

5E-3 

4E-3 

3E-3 

4E-4 

1E-4 

9E-3 

9E-5

2E-7 

3E-7 
3E-7 

I E-7 
2E-7 
2E-7 

1E-7 
2E-7 
2E-7 

IE-7 
2E-7 
2E-7 

IE-9 
2E-9 
2E-9 

1E-9 
1E-9 
1E-9 
3E-7

2E+5 
2E+5 

1E+5 
1E+5 
1E+5 

9E+4 
lE+5 
1E+5 

7E+4 
1E+5 
1E+5

9E-5 
8E-5 

4E-5 
5E-5 
5E-5 

4E-5 
5E-5 
5E-5 

3E-5 
6E-5 
6E-5

7E+2 
9E+2 
9E+2 
2E+5

3E-7 
4E-7 
4E-7 
8E-5



AT 
No. Radionuclide Class

Y, see "°2AG

47 Silver-1 10m 

47 Silver-111 

47 Silver-1 12 

47 Silver-1 152 

48 Cadmium-1042 

48 Cadmium-107 

48 Cadmium-109 

48 Cadmium-113m 

.8 Cadmium-113

D, see 'O°AG 
W, see "°AG 
Y, see "AG 
D, see "02AG 

W, see "°AG 
Y, see "°AG 

D, see `02AG 
W, see "°AG 
Y, see "°AG 

D, see t"2AG 

W, see "°AG 
Y, see "°AG 

D, all compounds except 
those given for W and Y 
W, sulfides, halides, 
and nitrates 
Y, oxides and hydroxides 

D, see '°Cd 
W, see '°Cd 
Y, see '°4Cd 

D, see 1 4Cd 

W, see `Cd 

Y, see °Cd 

D, see '°4Cd 

W, see 104Cd 

Y, see '°Cd 

D, see 'MCd

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation
ALI 
(PCi)

ALI DAC 
(PCi) (PCi/ml)

2E+1 1E-8

5E+2 

9E+2 
LLI wall 
(iE+3)

1E+2 
2E+2 
9E1+1 
2E+3 
Liver 
(2E+3)

5E-8 
8E-8 
4E-8 
6E-7

9E+2 4E-7 
9E+2 4E-7

3E+3 

3E+4 
St. wall 
(3E+4) 

2E+4 

2E+4 

3E+2 
Kidneys 
(4E+2) 

2E+l 
Kidneys 
(4E+l) 

2E+l 
Kidneys 
(3E+l)

8E+3 
lE+4 
9E+3

3E-6 
4E-6 
4E-6

9E+4 4E-5

9E+4 
8E+4

4E-5 
3E-5

7E+4 3E-5 

1E+5 5E-5 
1E+5 5E-5

5E+4 
6E+4 
5E+4 

4E+1 
Kidneys 
(5E+l) 
lE+2 
Kidneys 
(lE+2) 
1E+2 

2E+0 
Kidneys 
(4E+0) 
8E+0 
Kidneys 
(1E+I) 
1E+I 

2E+0 
Kidneys 
(3E+0)

2E-5 
2E-5 
2E-5 

lE-8 

5E-8 

5E-8 

1E-9 

4E-9 

5E-9 

9E-10

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PJCi/ml) (PCi/ml)

3E-11 

2E-10 
3E-10 
IE-10 

2E-9 

1E-9 
IE-9 

1E-8 
1E-8 
1E-8 

1E-7 

IE-7 
1E-7 

9E-8 

2E-7 
2E-7 

8E-8 
8E-8 
7E-8 

7E-11

6E-6 

2E-5

4E-5

4E-4 

3E-4

3E-4 

6E-6

2E-10 
2E-10 

5E-12 5E-7 

2E-11 
2E-11 

5E-12 4E-7
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

6E-5 

2E-4 

4E-4 

4E-3 

3E-3 

3E-3 

6E-5 

5E-6 

4E-6



AT 
No. Radionuclide

48 Cadmium- 115m

48 Cadmium- 115

48 Cadmium- 117m 

48 Cadmium- 117 

49 Indium- 109 

49 Indium-1 102 
(69.1 min) 

49 Indium-110 
(4.9 h) 

49 Indium-111 

49 Indium-112 2 

49 Indium-113m2

Class

W, see '°4Cd 

Y, see '04Cd 

D, see '°4Cd 

W, see l°4Cd 
Y, see 1°Cd 

D, see 04 Cd 

W, see '"Cd 
Y, see H°Cd

D, see l°Cd 
W, see 1°4Cd 
Y, see 1°4Cd 

D, see '°Cd 
W, see 1"Cd 
Y, see 104Cd 

D, all compounds except 
those given for W 
W, oxides, hydroxides, 
halides, and nitrates 

D, see 
1
°9In 

W, see 1°9In 

D, see 
1

9In 

W, see tO9In 

D, see 19In 
W, see 10°In 

D, see '°9In 
W, see 1 9In 

D, see 1°9In 
W, see 'W°in

Table 1 

Occupational Values

Col. I Col. 2 
Oral 
Ingestion Inh 
ALI AL] 
(PCi) (PC

3E+2 

9E+2 
LLI wall 
(1E+3) 

5E+3 

5E+3 

2E+4 

2E1+4 

5E+3 

4E+3 

2E+5 

5E+4

Col. 3

allation 
I DAC 
i) (UCi/ml)

8E+0 
Kidneys 
(1E+1) 
lE+1 

5E+1 
Kidneys 
(8E+1) 
lE+2 
1E+2

3E-9 

6E-9 

2E-8 

5E-8 
6E-8

1E+3 6E-7 

1E+3 5E-7 
1E+3 6E-7

1E+4 
2E+4 
1E+4 

1E+4 
2E+4 
1E3+4

5E-6 
7E-6 
6E-6 

5E-6 
7E-6 
6E-6

4E+4 2E-5 

6E+4 3E-5 

4E+4 2E-5 
6E+4 2E-5 

2E+4 7E-6 
2E+4 8E-6 

6E+3 3E-6 
6E+3 3E-6 

6E+5 3E-4 
7E+5 3E-4 

1E+5 6E-5 
2E+5 8E-5

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

2E-1 1 
2E-1 1 

1E-10 
2E-10 
2E-10 

2E-9 

2E-9 
2E-9 

2E-8 
2E-8 
2E-8 

2E-8 
2E-8 
2E-8 

6E-8 

9E-8 

6E-8 
8E-8 

2E-8 
3E-8 

9E-9 
9E-9 

9E-7 
1E-6 

2E-7 
3E-7

4E-6

1E-5 

6E-5 

6E-5 

3E-4 

2E-4 

7E-5 

6E-5 

2E-3 

7E-4
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

4E-5 

1E-4 

6E-4 

6E-4 

3E-3 

2E-3 

7E-4 

6E-4 

2E-2 

7E-3



AT 
No. Radionuclide

49 Indium-i 14m

49 Indium-115m 

49 Indium-115 

49 Indium- 116m2 

49 Indium-117m2 

49 Indium-117 2 

) Indium- 119m2 

50 Tin-110 

50 Tin-112 

50 Tin-i 13 

50 Tin-117m 

50 Tin-i 19m 

50 Tin-121m

Class

D, see 19In 

W, see 1'9In

D, see 1'gIn 
W, see '°9In 

D, see '09In 
W, see '°91n 

D, see '°9In 
W, see 1'9In 

D, see 1°9In 
W, see 1091n 

D, see "°In 
W, see '09In 

D, see 09In 

W, see '0°9n 

D, all compounds except 
those given for W 
W, sulfides, oxides, 
hydroxides, halides, 
nitrates, and stannic 
phosphate 

D, see 110Sn 
W, see 1l°Sn 

D, see "°Sn 

W, see U10Sn 

D, see "°Sn 

W, see U'°Sn 

D, see II°Sn 

W, see 110Sn 

D, see 1°Sn

Table 1 

Occupational Values

Col. 1 C 
Oral 
Ingestion 
ALI 
(uCi)

ol. 2 Col. 3

Inhallation 
ALI DAC 
(uCi) (uCi/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

I... - 4 __________________ -.

3E+2 
LLI wall 
(4E+2) 

1E+4 

4E+1 

2E+4 

lE+4 

6E+4 

4E+4 
St. wall 
(5E+4) 

4E+3 

7E+4 

2E+3 
LLI wall 
(2E+3)

2E+3

6E+l 3E-8 

1E+2 4E-8 

4E1+4 2E-5 
5E+4 2E-5 

1E+0 6E-10 
5E+0 2E-9 

8E1+4 3E-5 
1E+5 5E-5 

3E1+4 1E-5 
4E+4 2E-5 

2E+5 7E-5 
2E+5 9E-5 

1E+5 5E-5 

113+5 6E-5 

1E+4 5E-6 

IE+4 5E-6 

2E+5 9E-5 
3E+5 1E-4 

1E+3 5E-7 

5E+2 2E-7 

1E+3 5E-7
LLI wall Bone surf
(2E+3) 

3E+3 
LLI wall 
(4E+3) 

3E+3

(2E+3) 
1E+3 6E-7

2E+3 1E-6 

1E+3 4E-7 

9E+2 4E-7

9E-11 

- 5E-6 
1-10 -

2E-47E-8

2E-12 5E-7 
8E-12 -

1E-7 
2E-7 

5E-8 
6E-8 

2E-7 
3E-7 

2E-7 

2E-7 

2E-8 

2E-8 

3E-7 
4E-7

3E-4 

2E-4 

8E-4

7E-4 

5E-5

1E-3

2E-9 

- 33E-5 
8E-10 -

3E-9 
2E-9 

3E-9 

1E-9 

1E-9

3E-5

6E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
("Ci/ml)

5E-5 

2E-3 

5E-6 

3E-3 

2E-3 

8E-3 

7E-3 

5E-4 

1E-2 

3E-4 

3E-4 

6E-4



AT 
No. Radionuclide

50 Tin-121

50 Tin-123m2 

50 Tin-123 

50 Tin-125 

50 Tin-126 

50 Tin-127 

50 Tin-1282 

51 Antimony- 1152 

51 Antimony- 116m2 

51 Antimony- 116 2 

51 Antimony-1 17 

"1 Antimony- 118m

Class

W, see n'sn 

D, see 110Sn 

W, see i10Sn

D, see nosn 
W, see 11°Sn 

D, see n0sn 

W, see I °Sn 

D, see 1°Sn 

W, see H°Sn 

D, see ll°Sn 
W, see 110Sn 

D, see 1°Sn 
W, see 110Sn 

D, see t1°Sn 
W, see 110Sn 

D, all compounds except 
those given for W 
W, oxides, hydroxides, 
halides, sulfides, 
sulfates, and nitrates 

D, see nSb 
W, see 1t 5Sb 

D, see ..Sb 

W, see '15Sb 

D, see "'Sb 
W, see '15Sb 

D, see "lSb 
W, see t15Sb

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
("Ci) (uCi) (uCi/ml)

LLI wall 
(4E+3) 

6E+3 
LLI wall 
(6E+3) 

5E+4 

5E+2 
LLI wall 
(6E+2) 

4E+2 
LLI wall 
(5E+2) 

3E+2 

7E+3 

9E+3 

8E+4 

2E+4 

7E+4 
St. wall 
(9E+4) 

7E+4 

6E+3 
5E+3

5E+2 2E-7 

2E+4 6E-6 

1E+4 5E-6 

1E+5 5E-5 
1E+5 6E-5 

6E+2 3E-7 

2E+2 7E-8 

9E+2 4E-7 

4E+2 1E-7 

6E+l 2E-8 
7E+l 3E-8 

2E+4 8E-6 
2E+4 8E-6 

3E+4 1E-5 
4E+4 1E-5 

2E+5 1E-4 

3E+5 IE-4 

7E+4 3E-5 
1E+5 6E-5 

3E+5 1E-4 

3E+5 1E-4 

2E+5 9E-5 
3E+5 IE-4 

2E+4 8E-6 
2E1+4 9E-6

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(Pci/ml) (PCi/ml)

*1�-

- 5E-5 
8E-10 

2E-8

2E-8 

2E-7 
2E-7

8E-5 

7E-4

9E-10 

9E-6 
2E-10 

1E-9

5E-10
6E-6

8E-11 4E-6 
9E-11 -

3E-8 
3E-8 

4E-8 
5E-8 

3E-7 

4E-7 

1E-7 
2E-7 

4E-7 

5E-7 

3E-7 
4E-7 

3E-8 
3E-8

9E-5 

1E-4 

1E-3

3E-4

1E-3 

9E-4 

7E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

5E-4 

8E-4 

7E-3 

9E-5 

6E-5 

4E-5 

9E-4 

IE-3 

1E-2 

3E-3 

1E-2 

9E-3 

7E-4



AT 
No. Radionuclide

51 Antimony-119 

51 Antimony- 1202 
(16 min) 

51 Antimony- 120 
(5.76 d) 

51 Antimony-122 

51 Antimony-124m2 

"-I Antimony-124 

51 Antimony-125 

51 Antimony-126m2 

51 Antimony-126 

51 Antimony-127 

51 Ant'mony-1282 

(10.4 min) 

51 Antimony-128 
(9.01 h) 

51 Antimony- 129 

-A Antimony- 1302

Class

D, see "'1 Sb 
W, see "'1 Sb 

D, see "'1 Sb 

W, see "•5Sb 

D, see "1Sb 
W, see ...Sb 

D, see 15Sb 

W, see '"5Sb 

D, see 15Sb 

W, see n'Sb 

D, see 115Sb 
W, see '"5Sb 

D, see "'Sb 
W, see "'Sb 

D, see '"Sb 

W, see "'Sb 

D, see .. Sb 
W, see 15Sb 

D, see "'Sb 

W, see "'Sb 

D, see '15Sb 

W, see "'Sb 

D, see t'Sb 
W, see 1'5Sb 

D, see 1 "Sb 
W, see "'Sb 

D, see 1..Sb 
W, see 'l"Sb

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (l•Ci) (PCi/ml)

2E+4 
2E+4 

1E+5 
St. wall 
(2E+5) 

1E+3 
9E+2 

8E+2 
LLI wall 
(8E+2) 
7E+2 

3E+5 
2E+5 

6E+2 
5E+2 

2E+3 

5E+4 
St. wall 
(7E+4) 

6E+2 
5E+2 

8E+2 
LLI wall 
(8E+2) 
7E+2 

8E+4 
St. wall 
(IE+5) 

1E+3 

3E+3 

2E+4

5E+4 2E-5 
3E+4 1E-5 

4E+5 2E-4 

5E+5 2E-4 

2E+3 9E-7 
1E+3 5E-7 

2E+3 1E-6 

1E+3 4E-7 

8E+5 4E-4 
6E+5 2E-4 

9E+2 4E-7 
2E+2 IE-7 

2E+3 1E-6 
5E+2 2E-7 

2E+5 8E-5 

2E+5 8E-5 

1E+3 5E-7 
5E+2 2E-7 

2E+3 9E-7 

9E+2 4E-7 

4E+5 2E-4 

4E+5 2E-4 

4E+3 2E-6 
3E+3 1E-6 

9E+3 4E-6 
9E+3 4E-6 

6E+4 3E-5 
8E+4 3E-5

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(pCi/ml) (pCi/ml)

6E-8 
4E-8 

6E-7

7E-7 

3E-9 
2E-9

3E-9

2E-9 

1E-6 
8E-7 

1E-9 
3E-10

2E-4

2E-3 

1E-5 

1E-5 

3E-3 

7E-6

3E-9 3E-5 
7E-10 

3E-7

9E-4
3E-7

2E-9 7E-6 
7E-10 

3E-9

IE-9 

5E-7 

6E-7 

6E-9 
5E-9 

1E-8 
1E-8 

9E-8 
IE-7

1E-5

1E-3 

2E-5 

4E-5 

3E-4

Appendix B - 24

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

2E-3 

2E-2 

1E-4 

1E-4 

3E-2 

7E-5 

3E-4 

9E-3 

7E-5 

1E-4 

1E-2 

2E-4 

4E-4 

3E-3



AT 
No. Radionuclide

51 Antimony-131 2

52 Tellurium-116

52 Tellurium-121m

52 Tellurium-121 

2 Tellurium-123m 

52 Tellurium-123 

52 Tellurium-125m 

52 Tellurium-127m

Class

D, see "•Sb 

W, see .. Sb

D, all compounds except 
those given for W 

W, oxides, hydroxides, 
and nitrates

D, see 
116

Te 

W, see 1 16 Tre 

D, see 116Te 
W, see 116Te 

D, see "6Te 

W, see "Te 

D, see '16Te 

W, see " 6Te 

D, see "'e 

W, see l 16Te 

D, see 116Ie 

W, see 1I6Te

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(RCi) (ACi) (pCi/m]

1E+4 
Thyroid 
(2E+4) 

8E+3 

5E+2 
Bone surf 
(7E+2) 

3E+3 

6E+2 
Bone surf 
(0E+3) 

5E+2 
Bone surf 
(1E+3) 

1 E+3 
Bone surf 
(1E+3) 

6E+2

2E+4 
Thyroid 
(4E+4) 
2E+4 
Thyroid 
(4E+4)

I)

1E-5 

1E-5

2E1+4 9E-6 

3E1+4 1E-5 

2E+2 8E-8 
Bone surf 
(4E+2) 
4E+2 2E-7 

4E+3 2E-6 
3E+3 1E-6 

2E+2 9E-8 
Bone surf 
(5E+2) 
5E+2 2E-7 

2E+2 8E-8 
Bone surf 
(5E+2) 
4E+2 2E-7 
Bone surf 
(1E+3) -

4E+2 
Bone surf 
(1E+3) 
7E+2

2E-7 

3E-7

3E+2 1E-7 
Bone surf 
(4E+2) 
3E+2 1E-7

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(ACi/ml) (pCi/ml)

6E-8 

6E-8 

3E-8

2E-4

1E-4

4E-8 

5E-10 1E-5 
6E-10 -

6E-9 
4E-9

4E-5

8E-10 1E-5 
8E-10 -

7E-10 

2E-9 

1E-9 
1E-9 

6E-10 
4E-10

2E-5

2E-5 

9E-6

Appendix B - 25

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(pCi/ml)

2E-3 

1E-3 

1 E-4 

4E-4 

1E-4 

2E-4 

2E-4 

9E-5



AT 
No. Radionuclide

52 Tellurium- 127 

52 Tellurium-129m 

52 Tellurium- 129 2 

52 Tellurium- 13 1m

52 Tellurium-131
2

52 Tellurium-132

52 Tellurium-133m2

52 Tellurium-133 2

Class

D, see ll6re 
W, see 11 6Te 

D, see 116Te 
W, see "qe 

D, see 116e 
W, see " 6Te 

D, see "rTe 

W, see " 6Te 

D, see 116Te 

W, see 11
6"Te 

D, see 16"re 

W, see 116Te 

D, see 16ITe 

W, see 1
16Te 

D, see "16 Te 

W, see "qe

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PtCi) (tCi) (PCi/ml)

7E+3 

5E+2 

3E+4 

3E+2 
Thyroid 
(6E+2) 

3E+3 
Thyroid 
(6E+3) 

2E+2 
Thyroid 
(7E+2) 

3E+3 
Thyroid 
(6E+3) 

1E+4 
Thyroid 
(3E+4)

2E+4 9E-6 
2E+4 7E-6 

6E+2 3E-7 
2E+2 1E-7 

6E+4 3E-5 
7E+4 3E-5

4E+2 
Thyroid 
(1E+3) 
4E+2 
Thyroid 
(9E+2) 

5E+3 
Thyroid 
(1E+4) 
5E+3 
Thyroid 
(1E+4) 

2E+2 
Thyroid 
(8E+2) 
2E+2 
Thyroid 
(6E+2) 

5E+3 
Thyroid 
(1E+4) 
5E+3 
Thyroid 
(1E+4) 

2E+4 
Thyroid 
(6E+4) 
2E+4 
Thyroid 
(6E+4)

2E-7 

2E-7 

2E-6 

2E-6 

9E-8 

9E-8 

2E-6 

2E-6 

9E-6 

9E-6

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(ACi/ml) (PCi/ml)

3E-8 
2E-8

1 E-4

9E-10 7E-6 
3E-10 -

9E-8 
1E-7 

2E-9 

1E-9 

2E-8 

2E-8 

1E-9 

9E-10 

2E-8 

2E-8 

8E-8 

8E-8

4E-4 

8E-6

8E-5

9E-6

9E-5

4E-4

Appendix B - 26

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

1E-3 

7E-5 

4E-3 

8E-5 

8E-4 

9E-5 

9E-4 

4E-3



AT 
No. Radionuclide

52 Tellurium-1342

53 Iodine-120m2 

53 Iodine-1202 

53 Iodine-121 

<3 Iodine-123 

53 Iodine-124 

53 Iodine-125 

53 Iodine-126 

53 Iodine-128
2 

53 Iodine-129 

53 Iodine-130

Class

D, see 16Te 

W, see n1re

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds

Table 1 

Occupational Values

Col. 1 Col. 2 
Oral 
Ingestion Inh 
ALI ALI 
(RCi) (UC

Col. 3

allation 
I DAC 
'i) ("Ci/ml)

I. - - I

2E+4 
Thyroid 
(2E+4) 

lE+4 
Thyroid 
(1E+4) 

4E+3 
Thyroid 
(8E+3) 

1E+4 
Thyroid 
(3E+4) 

3E+3 
Thyroid 
(IE+4) 

5E+1 
Thyroid 
(2E+2) 

4E+l 
Thyroid 
(IE+2) 

2E+l 
Thyroid 
(7E+1) 

4E+4 
St. wall 
(6E+4) 

5E+O 
Thyroid 
(2E+l) 

4E+2 
Thyroid 
(lE+3)

2E+4 
Thyroid 
(5E+4) 
2E+4 
Thyroid 
(5E+4)

lE-5 

1E-5

2E+4 911-6

9E+3 
Thyroid 
(lE+4) 

2E+4 
Thyroid 
(5E+4) 

6E+3 
Thyroid 
(2E+4) 

8E+1 
Thyroid 
(3E+2) 

6E+l 
Thyroid 
(2E+2) 

4E+1 
Thyroid 
(1E+2)

4E-6 

8E-6 

3E-6 

3E-8 

3E-8 

1E-8

1E+5 5E-5

9E+O 
Thyroid 
(3B+1) 

7E+2 
Thyroid 
(2E+3)

4E-9 

3E-7

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2

AIR WATER
(pCi/ml) (pCi/ml)

7E-8 

7E-8 

3E-8

2E-8 

7E-8 

2E-8

3E-4

2E-4 

lE-4 

4E-4 

11E-4

4E-10 2E-6 

3E-10 2B-6 

2E-10 1E-6 

2E-7 

8E-4 

4E-1I 2E-7

3E-9 2B-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(pCi/ml)

3E-3 

2E-3 

1E-3 

4E-3 

1E-3 

2E-5 

2E-5 

lE-5 

8B-3 

2B-6 

2E-4



AT 
No. Radionuclide

53 Iodine-131 

53 Iodine-132m2 

53 Iodine-132 

53 Iodine-133 

53 Iodine-1342 

j Iodine-135

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

"-4 

55

Xenon- 120 2 

Xenon-121
2 

Xenon- 122 

Xenon- 123 

Xenon- 125 

Xenon- 127 

Xenon- 129m 

Xenon-131m 

Xenon- 133m 

Xenon-133 

Xenon- 135m2 

Xenon- 135 

Xenon-1382 

Cesium- 1252

Class

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

Submersion1 

Submersion1 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

Submersion' 

D, all compounds

Table 1 

Occupational Values

Col. 1 Col. 2 
Oral 
Ingestion Inh 
ALI AL] 
(PCi) (PC

3E+1 
Thyroid 
(9E+l) 

4E+3 
Thyroid 
(lE+4) 

4E+3 
Thyroid 
(9E+3) 

I E+2 
Thyroid 
(5E+2) 

2E+4 
Thyroid 
(3E+4) 

8E+2 
Thyroid 
(3E+3) 

5E+4 
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Col. 3

allation 
I DAC 
i) (ACi/ml)

5E+1 
Thyroid 
(2E+2) 

8E+3 
Thyroid 
(2E+4) 

8E+3 
Thyroid 
(1E+4) 

3E+2 
Thyroid 
(9E+2) 

5E+4 

2E+3 
Thyroid 
(AVC2I

2E-8 

4E-6 

3E-6 

1E-7 

2E-5 

7E-7

1E-5 

- 2E-6 

- 7E-5 

- 6E-6 

- 2E-5 

- 1E-5 

12E-4 

4E-4 

1E-4 

1E-4 

9E-6 

1E-5 

4E-6 

1E+5 6E-5

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(pCi/ml) (PuCi/mi)

2E-10 

3E-8 

2E-8 

1E-9 

6E-8 

6E-9 

4E-8 

1E-8 

3E-7 

3E-8 

7E-8 

6E-8 

9E-7 

2E-6 

6E-7 

5E-7 

4E-8 

7E-8 

2E-8 

2E-7

1E-6 

1E-4 

1E-4 

7E-6 

4E-4 

3E-5

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(0Ci/ml)

1E-5 

1E-3 

1E-3 

7E-5 

4E-3 

3E-4



55 

55 

55 

55 

55 

55 

:5 

55 

55 

55 

55 

56 

56 

56 

56 

56 

56 

5

Class

Cesium-127 

Cesium- 129 

Cesium- 1302 

Cesium- 131 

Cesium- 132 

Cesium- 134m 

Cesium-134 

Cesium-135m 2 

Cesium- 135 

Cesium- 136 

Cesium-137 

Cesium-138
2 

Barium- 1262 

Barium-128 

Barium-131m 2 

Barium-131 

Barium-133m 

Barium-133 

Barium-135m

Table 1

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALl DAC 

(PCi) (PCi) (PCi/ml)

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds

St. wall 
(9E+4) 

6E+4 

2E+4 

6E+4 
St. wall 
(lE+5) 

2E3+4 

3E+3 

1E+5 
St. wall 
(1E+5) 

7E+1 

1E+5 

7E+2 

4E+2 

1E+2 

2E+4 
St. wall 
(3E+4) 

6E+3 

5E+2 

4E+5 
St. wall 
(5E+5) 

3E+3 

2E+3 
LLI wall 
(3E+3) 

2E+3 

3E+3

9E+4 

3E+4 

2E+5 

3E+4 

4E+3 

1 E+5 

1E+2 

2E+5 

1E+3 

7E+2 

2E+2 

6E+4 

2E+4 

2E+3 

1E+6 

8E+3 

9E+3 

7E+2 

1E+4

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(laCi/ml) (ACi/ml)

4E-5 

1E-5 

8E-5 

1E-5 

2E-6 

6E-5 

4E-8 

8E-5 

5E-7 

3E-7 

6E-8 

2E-5 

6E-6 

7E-7 

6E-4 

3E-6 

4E-6 

3E-7 

5E-6

1E-7 

5E-8 

3E-7 

4E-8 

6E-9 

2E-7 

2E-10 

3E-7 

2E-9 

9E-10 

2E-10 

8E-8 

2E-8 

2E-9 

2E-6 

11E-8 

1E-8 

9E-10 

2E-8
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AT 
No. Radionuclide

lE-3 

9E-4 

3E-4 

1E-3 

3E-4 

4E-5 

2E-3 

9E-7 

lE-3 

1E-5 

6E-6 

1E-6 

4E-4 

8E-5 

7E-6 

7E-3 

4E-5 

4E-5 

2E-5 

4E-5

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(MCi/mi)

1E-2 

9E-3 

3E-3 

IE-2 

3E-3 

4E-4 

2E-2 

9E-6 

1E-2 

1E-4 

6E-5 

1E-5 

4E-3 

8E-4 

7E-5 

7E-2 

4E-4 

4E-4 

2E-4 

4E-4



AT 
No. Radionuclide

Barium-1392 

Barium-140 

Barium-141
2 

Barium-1422 

Lanthanum-1312

57 Lanthanum- 132 

57 Lanthanum-135 

Lanthanum- 137 

57 Lanthanum-138 

57 Lanthanum-140 

57 Lanthanum- 141 

57 Lanthanum-142
2 

57 Lanthanum-1432

Class

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds except 
those given for W 
W, oxides and hydroxides 

D, see t3'La 
W, see 13'La 

D, see t3'La 
W, see 13'La 

D, see "3'La 

W, see 13'La

D, see 13'La 
W, see 13 'La 

D, see 13'La 
W, see 3 'La 

D, see "3'La 
W, see 13'La 

D, see "3'La 
W, see 131La 

D, see 13 'La 

W, see 13'La

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (PCi) (PCi/ml)

56 

56 

56 

56 

57

1E+4 

5E+2 
LLI wall 
(6E+2) 

2E+4 

5E+4 

5E+4 

3E+3 

4E+4 

1 E+4 

9E+2 

6E+2 

4E+3 

8E+3 

4E+4 
St. wall 
(4E+4)

3E+4 

lE+3 

7E+4 

lE+5 

1E+5 
2E+5 

1 E+4 
1 E+4 

I E+5 
9E+4 

6E+l 
Liver 
(7E+l) 
3E+2 
Liver 
(3E+2) 

4E+0 
1E+I 

1E+3 
lE+3 

9E+3 
lE+4 

2E+4 
3E+4 

1E+5

9E+4 4E-5

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

1E-5 

6E-7 

3E-5 

6E-5 

5E-5 
7E-5 

4E-6 
5E-6 

4E-5 
4E-5 

3E-8 

1E-7 

1E-9 
6E-9 

6E-7 
5E-7 

4E-6 
5E-6 

9E-6 
1E-5 

4E-5

4E-8 

2E-9 

1E-7 

2E-7 

2E-7 
2E-7 

IE-8 
2E-8 

1E-7 
1E-7 

IE-10 

4E-10 

5E-12 
2E-11 

2E-9 
2E-9 

1E-8 
2E-8 

3E-8 
5E-8 

1E-7 

1E-7
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2E-4 

8E-6 

3E-4 

7E-4 

6E-4 

4E-5 

5E-4 

2E-4 

1E-5 

9E-6 

5E-5 

1E-4 

5E-4

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

2E-3 

8E-5 

3E-3 

7E-3 

6E-3 

4E-4 

5E-3 

2E-3 

IE-4 

9E-5 

5E-4 

1E-3 

5E-3

. °



AT 
No. Radionuclide

58 Cerium-134

58 Cerium-135 

58 Cerium-137m 

58 Cerium-137 

.S Cerium-139 

58 Cerium-141 

58 Cerium-143 

58 Cerium-144 

59 Praseodymium-136' 

59 Praseodymium-137 2 

59 Praseodymium-138m 

59 Praseodymium-139

Class

W, all compounds except 
those given for Y 

Y, oxides, hydroxides, 
and fluorides 

W, see 114CE 
Y, see 1

34CE 

W, see 114CE 

Y, see 134CE 

W, see 13'4CE 
Y, see 1

1
4CE 

W, see 1
34CE 

Y, see 134CE 

W, see 134CE 

Y, see 134CE 

W, see 134CE 

Y, see 1
34CE 

W, see 114CE 

Y, see 134CE 

W, all compounds except 
those given for Y 

Y, oxides, hydroxides, 
carbides, and fluorides 

W, see 136Pr 
Y, see 136 Pr 

W, see 1
36Pr 

Y, see 1
36

Pr 

W, see 1
36

pr 

Y, see 1
36Pr

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(UGi) (PCi) ("JCi/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/mi) (PCi/mi)

I. -.

5E+2 
LLI wall 
(6E+2)

2E+3 

2E+3 
LLI wall 
(2E+3) 

5E+4 

5E+3 

2E+3 
LLI wall 
(2E+3) 

1E+3 
LLI wall 
(lE+3) 

2E+2 
LLI wall 
(3E+2) 

5E+4 
St. wall 
(7E+4) 

4E+4 

1E+4 

4E+4

7E+2 3E-7 

7E+2 3E-7 

4E+3 2E-6 
4E+3 IE-6 

4E+3 2E-6 

4E+3 2E-6 

lE+5 6E-5 
1E+5 5E-5 

8E+2 3E-7 
7E+2 3E-7 

7E+2 3E-7 

6E+2 2E-7 

2E+3 8E-7 

2E+3 7E-7 

3E+1 1E-8 

lE+1 6E-9 

2E+5 1E-4 

2E+5 9E-5 

2E+5 6E-5 
1E+5 6E-5 

5E+4 2E-5 
4E+4 2E-5 

1E+5 5E-5 
1E+5 5E-5

lE-9

9E-10 

5E-9 
5E-9 

6E-9 

5E-9 

2E-7 
2E-7

8E-6 

2E-5

3E-5 

7E-4

IE-9 7E-5 
9E-10 

1E-9 

- 33E-5 
8E-10 

3E-9

2E-9

4E-1 I 

2E-1 1 

3E-7 

3E-7 

2E-7 
2E-7 

8E-8 
6E-8 

2E-7 
2E-7

2E-5 

3E-6

1E-3 

5E-4 

11E-4 

6E-4
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(jiCi/ml)

8E-5 

2E-4 

3E-4 

7E-3 

7E-4 

3E-4 

2E-4 

3E-5 

IE-2 

5E-3 

1E-3 

6E-3



AT 
No. Radionuclide Class

Praseodymium-142m 2 W, see 136pr 
Y, see 136Pr 

Praseodymium-142 W, see 136Pr 

Y, see 1'36Pr 

Praseodymium-143 W, see 136Pr 

Y, see 1'36Pr 

Praseodymium-144 2  W, see 136Pr 

Y, see 1
36Pr 

Praseodymium-145 W, see 1
36Pr 

Y, see 1
36

pr 

Praseodymium-147 2 W, see 11
6Pr

60 Neodymium- 1362 

60 Neodymium-138 

60 Neodymium-13 9m 

60 Neodymium-1392 

60 Neodymium-141 

60 Neodymium- 147 

9 Neodymium-1492 

60 Neodymium- 1512

Y, see 1
36Pr 

W, all compounds except 
those given for Y 
Y, oxides, hydroxides, 
carbides, and fluorides 

W, see 1
36

Nd 

Y, see 136Nd 

W, see 
136

Nd 
Y, see t36Nd 

W, see 136Nd 
Y, see 136Nd 

W, see 136Nd 
y, See 136Nd 

W, see 136Nd 

Y, see 136Nd 

W, see 136Nd 
Y, see 136Nd 

W, see 136Nd 

Al

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (RCi) (gCi/ml)

59 

59 

59

7E+4 

)pendix B - 32

2E+5 7E-58E+4 

1E+3 

9E+2 
LLI wall 
(1E+3) 

3E+4 
St. wall 
(4E+4) 

3E+3 

5E1+4 
St. wall 
(8E+4) 

IE+4 

2E+3 

5E+3 

9E+4 

2E+5 

1E+3 
LLI wall 
(lE+3) 

1E+4

1E+5 

2E+3 
2E+3 

8E+2 

7E+2 

1E+5 

1 E+5 

9E+3 
8E+3 

2E+5 

2E+5 

6E+4 

5E+4 

6E+3 
5E+3 

2E+4 
1E+4 

3E+5 
3E+5 

7E+5 
6E+5 

9E+2 

8E+2 

3E+4
2E+4 1E-5 

2E+5 8E-5

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(gCi/ml) (tCi/mi)

6E-5 

9E-7 
8E-7 

3E-7 

3E-7 

5E-5 

5E-5 

4E-6 
3E-6 

8E-5 

8E-5 

2E-5 

2E-5 

3E-6 
2E-6 

7E-6 
6E-6 

1E-4 
1E-4 

3E-4 
3E-4 

4E-7 

4E-7 

11-5

I 3E-7

2E-7 
2E-7 

3E-9 
3E-9 

1E-9 

9E-10 

2E-7 

2E-7 

1E-8 
1E-8 

3E-7 

3E-7 

8E-8 

8E-8 

9E-9 
7E-9 

2E-8 
2E-8 

5E-7 
4E-7 

1E-6 
9E-7 

1E-9 

1E-9 

4E-8 
3E-8

1E-3 

113-5 

2E-5 

6E-4 

4E-5 

1E-3 

2E-4 

3E-5 

7E-5 

1E-3 

2E-3 

2E-5 

1E-4 

9E-4

59

59

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(ACi/ml)

1E-2 

1E-4 

2E-4 

6E-3 

4E-4 

1E-2 

2E-3 

3E-4 

7E-4 

1E-2 

2E-2 

2E-4 

1E-3

9E-3



AT 
No. Radionuclide Class

Y, see 136Nd

61 Promethium-141 2 

61 Promethium-143 

61 Promethium-144 

61 Promethium-145 

61 Promethium-146 

61 Promethium-147 

61 Promethium- 148m 

61 Promethium-148 

61 Promethium-149 

61 Promethium-150

W, all compounds except 
those given for Y 

Y, oxides, hydroxides, 
carbides, and fluorides 

W, see 141Pm 
Y, see 14'pm 

W, see 141pm 
Y, see 141pm 

W, see 141pm 

Y, see 141Pm 

W, see 14tpm 
Y, see 141Pm 

W, see 141Pm 

Y, see 141pm 

W, see 141pm 

Y, see 141pm 

W, see 141pm 

Y, see 141Pm 

W, see 141pm 

Y, see 141pm 

W, see 141pm 
Y, see 141Pm

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
("Ci) (PCi) (pCi/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/mn)

t I I

5E+4 
St. wall 
(6E+4) 

5E+3 

1E+3 

1 E+4 

2E+3 

4E+3 
LLI wall 
(5E+3) 

7E+2 

4E+2 
LLI wall 
(5E+2) 

1E+3 
LLI wall 
(1E+3) 

5E+3

2E+5 8E-5 

2E+5 8E-5 

2E+5 7E-5 

6E+2 2E-7 
7E+2 3E-7 

1E+2 5E-8 
1E+2 5E-8

2E+2 
Bone surf 
(2E+2) 
2E+2

7E-8 

8E-8

5E+1 2E-8 
4E+l 2E-8 

1E+2 5E-8 
Bone surf 
(2E+2) 
1E+2 6E-8 

3E+2 IE-7 
3E+2 1E-7 

5E+2 2E-7 

5E+2 2E-7 

2E+3 8E-7 

2E+3 8E-7 

2E+4 8E-6 
2E+4 7E-6

3E-7 

3E-7 

- 88E-4 

2E-7 

8E-10 7E-5 
1E-9 

2E-10 2E-5 
2E-10 

- 1E-4 

3E-10 
3E-10 

7E-1 1 2E-5 
6E-1 1 -

3E-10 
2E-10

7E-5

4E-10 IE-5 
5E-10 

8E-10 

7E-6 
7E-10 

3E-9

2E-9 

3E-8 
2E-8

2E-5 

7E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(gCi/ml)

8E-3 

7E-4 

2E--4 

IE-3 

2E-4 

7E-4 

1E-4 

7E-5 

2E-4 

7E-4



AT 
No. Radionuclide

61 Promethium- 151

Samarium-141m 2 

Samarium-141
2 

Samarium-1422 

Samarium- 145 

Samarium- 146

62 Samarium-147 

62 Samarium-151 

62 Samarium-153 

62 Samarium-1552

Samarium-156 

Europium- 145 

Europium- 146 

Europium- 147 

Europium- 148 

Europium-149 

Europium- 150 
(12.62 h)

Class

W, see 141pm 

Y, see 141Pm 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (PCi) (PCi/ml)

62 

62 

62 

62 

62

4E+3 
3E+3 

1E+5 

2E+5

1E-6 
1E-6 

4E-5 

8E-5

2E+3 

3E+4 

5E+4 
St. wall 
(6E+4) 

8E+3 

6E+3 

lE+I 
Bone surf 
(3E+l) 

2E+l 
Bone surf 
(3E+l) 

1E+4 
LLI wall 
(lE+4) 

2E+3 
LLI wall 
(2E+3) 

6E+4 
St. wall 
(8E+4) 

5E+3 

2E+3 

1E+3 

3E+3 

11E+3 

1E+4 

3E+3 
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9E+3 

2E+3 

1E+3 

2E+3 

4E+2 

3E+3

4E-6 

8E-7 

5E-7 

7E-7 

1E-7 

1E-6

8E+3 4E-6

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

5E-9 
4E-9 

1E-7 

2E-7 

4E-8 

7E-10 

9E-14 

IE-13 

2E-10 

4E-9 

3E-7 

1E-8 

3E-9 

2E-9 

2E-9 

5E-10 

4E-9 

IE-8

2E-5 

4E-4 

8E-4 

1E-4 

8E-5 

3E-7 

4E-7 

2E-4 

3E-5 

lE-3 

7E-5 

2E-5 

IE-5 

4E-5 

1E-5 

2E-4 

4E-5

3E+4 1E-5 

5E+2 2E-7 

4E2 1E-11 
Bone surf 
(6E-2) 

4E2 2E- 11 
Bone surf 
(7E-2) 

1E+2 4E-8 
Bone surf 
(2E+2) 

3E+3 IE-6 

2E+5 9E-5

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

2E-4 

4E-3 

8E-3 

1E-3 

8E-4 

3E-6 

4E-6 

2E-3 

3E-4 

IE-2 

7E-4 

2E-4 

IE-4 

4E-4 

IE-4 

2E-3 

4E-4

62 

63 

63 

63 

63 

63 

63



AT 
No. Radionuclide Class

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALT DAC 
(uCi) (PCi) (uCi/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(jCi/ml) (gCi/ml)

___________________________________ - -.--. - 4. 4�* -

63 Europium-150 
(34.2 y) 

63 Europium-152m 

63 Europium-152 

63 Europium-154 

63 Europium-155

63 

63 

63 

t,

Europium-156 

Europium- 157 

Europium-1582 

Gadolinium- 1452

64 Gadolinium-146 

64 Gadolinium-147 

64 Gadolinium-148 

64 Gadolinium-149 

64 Gadolinium-151

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

D, all compounds except 
those given for W 

W, oxides, hydroxides, 
and fluorides 

D, see 145Gd 
W, see t45Gd 

D, see 145Gd 
W, see 145Gd 

D, see 145Gd 

W, see 145Gd

D, see 4'4 Gd 
W, see 145Gd 

D, see 145Gd 

W, see 14'Gd

8E+2 

3E+3 

8E+2 

5E+2 

4E+3 

6E+2 

2E+3 

2E+4 

5E+4 
St. wall 
(5E+4) 

1E+3 

2E+3 

lE+I 
Bone surf 
(2E+l) 

3E+3 

6E+3

2E+l 8E-9

6E+3 

2E+1 

2E+1 

9E+1 
Bone surf 
(1E+2) 

5E+2 

5E+3 

6E+4

3E-6 

IE-8 

8E-9 

4E-8 

2E-7 

2E-6 

2E-5

2E+5 6E-5

2E+5 

lE+2 
3E+2 

4E+3 
4E+3

7E-5 

5E-8 
1E-7 

2E-6 
1E-6

8E3 3E-12 
Bone surf 
(2E2) 
3E-2 E-11I 
Bone surf 
(6E-2) 

2E+3 9E-7 
2E+3 IE-6 

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

Appendix B - 35

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(mCi/ml)

3E-11 

9E-9 

3E-11 

3E-11 

2E-10 

6E-10 

7E-9 

8E-8

1E-5 

4E-5 

IE-5 

7E-6 

5E-5 

8E-6 

3E-5 

3E-4

2E-7

1E-4 

4E-4 

1E-4 

7E-5 

5E-4 

8E-5 

3E-4 

3E-3 

6E-3 

2E-4 

3E-4 

3E-6 

4E-4 

9E-4

6E-4 

2E-5 

3E-5 

3E-7 

4E-5 

9E-5

2E-7 

2E-10 
4E-10 

6E-9 
5E-9 

2E-14 

8E-14 

3E-9 
3E-9 

9E-10 
2E-9



AT 
No. Radionuclide Class

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALl DAC 
("Ci) (piCi) (piCi/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

___________________________________ - + 4�*

64 Gadolinium-152

64 Gadolinium-153 

64 Gadolinium-159 

65 Terbium- 1472 

65 Terbium-149 

5 Terbium-150 

65 Terbium-151 

65 Terbium-153 

65 Terbium-154 

65 Terbium-155 

65 Terbium-156m 
(5.0 h) 

65 Terbium-156m 
(24.4 h) 

65 Terbium-156 

65 Terbium-157

65 

65 

65

Terbium-158 

Terbium- 160 

Terbium- 161

66 Dysprosium-155

D, see 145Gd 

W, see 145Gd

D, see 145Gd 

W, see 14'Gd 

D, see '45Gd 
W, see 141Gd 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds

2E+1 
Bone surf 
(3E+1) 

5E+3 

3E+3 

9E+3 

5E+3 

5E+3 

4E+3 

5E+3 

2E+3 

6E+3 

2E+4 

7E+3 

1 E+3 

5E+4 
LLI wall 
(5E+4) 

1 E+3 

8E+2 

2E+3 
LLI wall 
(2E+3) 

9E+3

1E-2 4E-12 
Bone surf 
(2E-2) 
4E-2 2E- 11 
Bone surf 
(8E-2) 

1E+2 6E-8 
Bone surf 
(2E+2) 
6E+2 2E-7 

8E+3 3E-6 
6E+3 2E-6 

3E+4 1E-5 

7E+2 3E-7 

2E+4 9E-6 

9E+3 4E-6 

7E+3 3E-6 

4E+3 2E-6 

8E+3 3E-6 

3E+4 1E-5 

8E+3 3E-6 

1E+3 6E-7 

3E+2 IE-7 
Bone surf 
(6E+2) 

2E+1 8E-9 

2E+2 9E-8 

2E+3 7E-7 

3E+4 1E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
("Ci/ml)

3E-14 4E-7

IE-13 

3E-10 
8E-10 

1E-8 
8E-9 

5E-8 

lE-9 

3E-8 

1E-8 

1E-8 

6E-9 

1E-8 

4E-8 

1E-8 

2E-9 

8E-10 

3E-11 

3E-10 

2E-9 

4E-8

4E-6 

6E-4 

4E-4 

I E-3 

7E-4 

7E-4 

5E-4 

7E-4 

2E-4 

8E-4 

2E-3 

1E-3 

1E-4 

7E-3 

2E-4 

1E-4 

3E-4 

1E-3

6E-5

4E-5 

1E-4 

7E-5 

7E-5 

5E-5 

7E-5 

2E-5 

8E-5 

2E-4 

1E-4 

1E-5 

7E-4 

2E-5 

lE-5 

3E-5 

1E-4



AT 
No. Radionuclide

66 Dysprosium-157 

66 Dysprosium-159 

66 Dysprosium-165 

66 Dysprosium-166 

67 Holmium- 1552 

67 Holmium- 1572 

67 Holmium-159
2 

67 Holmium-161 

-7 Holmium-162m2 

67 Holmium-1622 

67 Holmium-164m2 

67 Holmium-164 2 

67 Holmium-166m 

67 Holmium-166 

67 Holmium-167 

68 Erbium-161 

68 Erbium-165 

68 Erbium-169 

68 Erbium-171 

I Erbium- 172

Class

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds

Table 1 

Occupational Values

Col. 1 Col. 2 
Oral 
Ingestion Inh 
ALI AL] 
(PCi) (PC

2E+4 

1E+4 

1E+4 

6E+2 
LLI wall 
(8E+2) 

4E+4 

3E+5 

2E+5 

1E+5 

5E+4 

5E+5 
St. wall 
(8E+5) 

1E+5 

2E+5 
St. wall 
(2E+5) 
6E+2 

9E+2 
LLI wall 
(9E+2) 

2E+4 

2E+4 

6E+4 

3E+3 
LLI wall 
(4E+3) 

4E+3 

1E+3 
LLI wall 
(E+3)

Col. 3

allation 
I DAC 
i) (PCi/ml)

6E+4 

2E+3 

5E+4 

7E+2 

2E+5 

1E+6 

lE+6 

4E+5 

3E+5 

2E+6 

3E+5 

6E+5 

7E+O 

2E+3 

6E+4 

6E+4 

2E+5 

3E+3 

1E+4 

1E+3

3E-5 

1E-6 

2E-5 

3E-7 

6E-5 

6E-4 

4E-4 

2E-4 

1E-4 

IE-3 

1E-4 

3E-4 

3E-9 

7E-7 

2E-5 

3E-5 

8E-5 

1E-6 

4E-6 

6E-7

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (pCi/ml)

9E-8 

3E-9 

6E-8 

1E-9 

2E-7 

2E-6 

IE-6 

6E-7 

4E-7 

3E-6 

4E-7 

9E-7 

9E-12 

2E-9 

8E-8 

9E-8 

3E-7 

4E-9 

1E-8 

2E-9

3E-4 

2E-4 

2E-4 

1E-5 

6E-4 

4E-3 

3E-3 

1E-3 

7E-4 

1E-2 

1E-3 

3E-3 
9E-6 

lE-5 

2E-4 

2E-4 

9E-4 

5E-5 

5E-5 

2E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

3E-3 

2E-3 

2E-3 

11E-4 

6E-3 

4E-2 

3E-2 

1E-2 

7E-3 

1E-1 

IE-2 

3E-2 
9E-5 

IE-4 

2E-3 

2E-3 

9E-3 

5E-4 

5E-4 

2E-4



AT 
No. Radionuclide

69 Thulium-162
2

69 

69

Thulium-166 

Thulium-167

69 Thulium-170 

69 Thulium-171 

"-9 Thulium-172

69 

69

Thulium- 173 

Thulium-175
2

70 Ytterbium- 1622 

70 Ytterbium-166 

70 Ytterbium-1672 

70 Ytterbium-169

Class

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds except 
those given for Y 
Y, oxides, hydroxides, 
and fluorides 

W, see '62Yb 
Y, see 162Yb 

W, see 161yb 
Y, see 162Yb 

W, see 162Yb 
Y, see 162Yb

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALl ALI DAC 

(PCi) (PCi) (PCi/mr

7E+4 
St. wall 
(7E+4) 

4E+3 

2E+3 
LLI wall 
(2E+3) 

8E+2 
LLI wall 
(lE+3) 

1E+4 
LLI wall 
(1E+4) 

7E+2 
LLI wall 
(8E+2) 

4E+3 

7E+4 
St. wall 
(9E+4) 

7E+4 

1E+3 

3E+5 

2E+3

1)

3E+5 1E-4

1E+4 

2E+3

6E-6 

8E-7

2E+2 9E-8 

3E+2 1E-7 
Bone surf 
(6E+2) 

lE+3 5E-7 

1E+4 5E-6 

3E+5 lE-4 

3E+5 1E-4 

3E+5 1E-4 

2E+3 8E-7 
2E+3 8E-7 

8E+5 3E-4 
7E+5 3E-4 

8E+2 4E-7 
7E+2 3E-7

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PtCi/ml) (PCi/ml)

4E-7 

2E-8 

3E-9

3E-10

8E-10 

2E-9 

2E-8 

4E-7 

4E-7 

4E-7 

3E-9 
3E-9 

1E-6 
1E-6 

1E-9 
1E-9

1E-3 

6E-5 

3E-5 

1E-5 

2E-4 

1E-5 

6E-5 

1E-3 

1E-3 

2E-5 

4E-3 

2E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

1E-2 

6E-4 

3E-4 

1E-4 

2E-3 

lE-4 

6E-4 

1E-2 

1E-2 

2E-4 

4E-2 

2E-4



AT 
No. Radionuclide Class

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation
ALI 
(0Ci)

ALI DAC 
(PCi) ("Ci/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PaCi/mi) (Pci/ml)

________________________________________________ - 4 4

70 Ytterbium- 175

70 Ytterbium- 1772 

70 Ytterbium-178
2 

71 Lutetium-169 

71 Lutetium-170 

71 Lutetium-171 

71 Lutetium-172 

71 Lutetium-173 

71 Lutetium-174m 

71 Lutetium- 174 

71 Lutetium-176m 

71 Lutetium-176 

71 Lutetium-177m

W, see 162Yb 

Y, see 162 yb

W, See 162yb 

Y, see 162Yb 

W, see 162Yb 
Y, see 161yb 

W, all compounds except 
those given for Y 

Y, oxides, hydroxides, 
and fluorides 

W, see 9Lu 
Y, see 1

69
Lu 

W, see '69Lu 

Y, see 1
69

Lu 

W, see 169Lu 
Y, see 169Lu 

W, see 
16 9

Lu 

Y, see '6Lu 

W, see 6Lu 

Y, see 169Lu 

W, see 1
69Lu 

Y, see 1
69

Lu 

W, see t69Lu 
Y, see 169Lu 

W, see 
169

Lu 

Y, see 169Lu 

W, see 1
69Lu

3E+3 
LLI wall 
(3E+3) 

2E+4 

1E1+4 

3E+3 

1 E+3 

2E+3 

1E+3 

5E+3 

2E+3 
LLI wall 
(3E+3) 

5E+3 

8E+3 

7E+2 

7E+2

4E+3 1E-6 

3E+3 1E-6 

5E+4 2E-5 
5E+4 2E-5 

4E+4 2E-5 
4E+4 2E-5 

4E+3 2E-6 

4E+3 2E-6 

2E+3 9E-7 
2E+3 8E-7 

2E+3 8E-7 
2E+3 8E-7 

1E+3 5E-7 
1E+3 5E-7

3E+2 
Bone surf 
(5E+2) 
3E+2 

2E+2 
Bone surf 
(3E+2) 
2E+2 

1E+2 
Bone surf 
(2E+2) 
2E+2

1E-7 

1E-7 

1E-7 

9E-8 

5E-8 

6E-8

3E+4 1E-5 
2E+4 9E-6 

5E+0 2E-9 
Bone surf 
(1E+I) 
8E+0 3E-9 

1E+2 5E-8 
Bone surf

5E-9 

5E-9 

7E-8 
6E-8 

6E-8 
5E-8 

6E-9 

6E-9 

3E-9 
3E-9 

3E-9 
3E-9 

2E-9 
2E-9

4E-5 

2E-4 

2E-4 

3E-5

2E-5 

3E-5 

IE-5

7E-5 

6E-10 
4E-10 

5E-10 4E-5 
3E-10 

17E-5

3E-10 
2E-10

3E-8 
3E-8

1E-4 

IE-5

2E-1 1 
1E-1I

1E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(UCi/ml)

4E-4 

2E-3 

2E-3 

3E-4 

2E-4 

3E-4 

1E-4 

7E-4 

4E-4 

7E-4 

1E-3 

1E-4 

IE-4



AT 
No. Radionuclide

71 Lutetium-177

71 Lutetium-178m2

71 Lutetium-178 2

-71 Lutetium-179 

72 Hafnium-170 

72 Hafnium-172 

72 Hafnium-173 

72 Hafnium-175 

72 Hafnium-177m 2

Class

Y, see 
169

Lu 

W, see 169LU 

Y, see ..9Lu 

W, see 
169

Lu 

Y., see 1
69LU 

W, see 1
69

Lu 

Y. see '69Lu

W, see 169
Lu 

Y, see 1
69Lu 

D, all compounds except 
those given for W 
W, oxides, hydroxides, 
carbides, and nitrates 

D, see N7OHf 

W, see 17°Hf 

D, see 1Hf 
W, see "0°Hf 

D, see 1Hf 

W, see "0Hf 

D, see 170Hf 
W, see "0Hf

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (PCi) (PCi/ml)

(1E+2) 
8E+l

2E+3 
LLI wall 
(3E+3) 

5E+4 
St. wall 
(6E+4) 

4E+4 
St. wall 
(4E+4) 

6E+3 

3E+3 

1E+3 

5E+3 

3E+3 

2E+4

3E-8

2E+3 9E-7 

2E+3 9E-7 

2E+5 8E-5 

2E+5 7E-5 

IE+5 5E-5 

1E+5 5E-5 

2E+4 8E-6 
2E+4 6E-6 

6E+3 2E-6 

5E+3 2E-6 

9E+0 4E-9 
Bone surf 
(2E+l) 
4E+l 2E-8 
Bone surf 
(6E+l) 

1E+4 5E-6 
1E+4 5E-6

9E+2 
Bone surf 
(1E+3) 
1E+3

4E-7 

5E-7

6E+4 2E-5 
9E+4 4E-5

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (pCi/ml)

2E-10 
1E-10 

3E-9 

3E-9 

3E-7 

2E-7 

2E-7 

2E-7 

3E-8 
3E-8 

8E-9 

6E-9 

3E-11 

8E-11

2E-8 
2E-8 

1E-9 
2E-9 

8E-8 
1E-7

4E-5

8E-4 

6E-4 

9E-5 

4E-5 

2E-5

7E-5 

4E-5

3E-4
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

4E-4 

8E-3 

6E-3 

9E-4 

4E-4 

2E-4 

7E-4 

4E-4 

3E-3



AT 
No. Radionuclide

72 Hafnium-178m

72 Hafnium-179m

72 Hafnium-180m 

72 Hafnium-181 

Hafnium- 182m 2 

72 Hafnium-182 

72 Hafnium-183
2 

72 Hafnium-184 

73 Tantalum-172
2 

73 Tantalum-173 

73 Tantalum- 1742

Class

D, see POW 

W, see "7'Hf 

D, see 170Hf 

W, see '70Hf

D, see 17'Hf 
W, see '70Hf 

D, see POW 

W, see 170Hf 

D, see 170Hf 
W, see '7°Hf 

D, see POW 

W, see '10Hf 

D, see 17°Hf 
W, see 17°Hf 

D, see 170Hf 
W, see 1Hf 

W, all compounds except 
those given for Y 
Y, elemental Ta, oxides, 
hydroxides, halides, 
carbides, nitrates, 
and nitrides 

W, see 172Ta 
Y, see 172Ta 

W, see 172Ta 
Y, see 1

7
2
Ta

Col. 1 Col. 2 
Oral 
Ingestion Inh 
ALI AL] 
(1Ci) ("C

3E+2 

1 E+3 

7E+3 

1E+3 

4E+4 

2E+2 
Bone surf 
(4E+2) 

2E+4 

2E+3 

4E+4 

7E+3 

3E+4

Col. 3

allation 
I DAC 
i) ("Ci/ml)

1E+0 5E-10 
Bone surf 
(2E+0) 
5E+0 2E-9 
Bone surf 
(9E+0) 
3E+2 1E-7 
Bone surf 
(6E+2) 
6E+2 3E-7 

2E+4 9E-6 
3E+4 1E-5 

2E+2 7E-8 
Bone surf 
(4E+2) 
4E+2 2E-7 

9E+4 4E-5 
1E+5 6E-5 

8E-1 3E-10 
Bone surf 
(2E+O) 
3E+O 1E-9 
Bone surf 
(7E+0) 

5E+4 2E-5 
6E+4 2E-5 

8E+3 3E-6 
6E+3 3E-6 

lE+5 5E-5 

1E+5 4E-5 

2E+4 8E-6 
2E+4 7E-6 

1E+5 4E-5 
9E+4 4E-5

Table I
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Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

Occupational Values

I I t

3E-6

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

3E-12 

IE-11 

8E-10 
8E-10 

3E-8 
4E-8 

6E-10 
6E-10 

1E-7 
2E-7 

2E-12 

IE-11

3E-5 

IE-4 

1E-3 

2E-4 

5E-3 

5E-5 

3E-3 

3E-4 

5E-3 

9E-4 

4E-3

6E-8 
8E-8 

lE-8 
9E-9 

2E-7 

1E-7 

3E-8 
2E-8 

1E-7 
lE-7

1E-5

1E-4 

2E-5

5E-4 

5E-6

3E-4 

3E-5 

5E-4

9E-5 

4E-4



AT 
No. Radionuclide

73 Tantalum-175 

73 Tantalum-176 

73 Tantalum-177 

73 Tantalum-178 

73 Tantalum-179 

73 Tantalum- 180m 

.'3 Tantalum-180 

73 Tantalum-182m 2 

73 Tantalum-182 

73 Tantalum- 183 

73 Tantalum- 184 

73 Tantalum- 1852 

73 Tantalum-186
2 

74 Tungsten-176 

Tungsten-177 

74 Tungsten-178

Class

W, see 1
72Ta 

Y, see 172Ta 

W, see t72Ta 
Y, see 172Ta 

W, see 1
72Ta 

Y, see 172Ta 

W, see t72Ta 
Y, see 1

72Ta 

W, see 172Ta 
Y, see 172Ta 

W, see 1
72Ta 

Y, see 1
72Ta 

W, see 1
72Ta 

Y, see 172Ta 

W, see 1
72Ta 

Y, see 1
72Ta 

W, see 172Ta 
Y, see tTETa 

W, see 172Ta 

Y, see 172Ta 

W, see r2Ta 
Y, see 172Ta 

W, see 1
72Ta 

Y, see 1r 2Ta 

W, see 172Ta 

Y, see 172Ta 

D, all compounds 

D, all compounds 

D, all compounds

Table 1 

Occupational Values

Col. 1 Col. 2 
Oral 
Ingestion Inh 
ALI AL] 
(pCi) (pC

Col. 3

allation 
I DAC 
i) (pCi/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (pCi/ml)

r t

6E+3 

4E+3 

1E+4 

2E+4 

2E+4 

2E+4 

1E+3 

2E+5 
St. wall 
(2E+5) 

8E+2 

9E+2 
LLI wall 
(IE+3) 

2E+3 

3E+4 

5E+4 
St. wall 
(7E+4) 

16+4 

2E+4 

5E+3

2E+4 
1E+4 

1E+4 
IE+4 

2E+4 
2E+4 

9E+4 
7E+4 

5E+3 
9E+2 

7E+4 
6E+4 

4E+2 
2E+l 

5E+5 

4E+5 

3E+2 
I E+2 

1E+3 

1E+3 

5E+3 
5E+3 

7E+4 
6E+4 

2E+5 

2E+5 

5E1+4 

9E+4 

2E+4

7E-6 
6E-6 

5E-6 
5E-6 

8E-6 
7E-6 

4E-5 
3E-5 

2E-6 
4E-7 

3E-5 
2E-5 

2E-7 
1E-8 

2E-4 

2E-4 

1E-7 
6E-8 

5E-7 

4E-7 

2E-6 
2E-6 

3E-5 
3E-5 

1E-4 

9E-5 

2E-5 

4E-5 

8E-6

2E-8 
2E-8 

2E-8 
2E-8 

3E-8 
2E-8 

1E-7 
1E-7 

8E-9 
1E-9 

9E-8 
8E-8 

6E-10 
3E-11 

8E-7 

6E-7 

5E-10 
2E-10 

2E-9 

1E-9 

8E-9 
7E-9 

1E-7 
9E-8

3E-7 

3E-7 

7E-8 

1E-7 

3E-8

8E-5 

5E-5 

2E-4 

2E-4 

3E-4 

3E-4 

2E-5 

3E-3 

1E-5 

2E-5 

3E-5 

4E-4 

1E-3 

1E-4 

3E-4 

7E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(pCi/ml)

8E-4 

5E-4 

2E-3 

2E-3 

3E-3 

3E-3 

2E-4 

3E-2 

1E-4 

2E-4 

3E-4 

4E-3 

1E-2 

1E-3 

3E-3 

7E-4



AT 
No. Radionuclide

74 

74 

74 

74 

74

Tungsten-179 2 

Tungsten- 181 

Tungsten- 185 

Tungsten- 187 

Tungsten- 188

75 Rhenium-177 2 

75 Rhenium-1782 

75 Rhenium- 181 

75 Rhenium-182 
(12.7 h) 

75 Rhenium-182 
(64.0 h) 

75 Rhenium-184m 

75 Rhenium-184 

75 Rhenium-186m

Class

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds except 
those given for W 

W, oxides, hydroxides, 
and nitrates 

D, see 177Re 

W, see '17Re 

D, see 177Re 

W, see "'Re 

D, see 177Re 

W, see t77Re 

D, see "'Re 
W, see 177Re 

D, see 117Re 

W, see 177Re 

D, see 177Re 

W, see 177Re 

D, see 177Re 

W, see '"Re

Table I 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PtCi) (PtCi) (PCi/ml)

5E+5 

2E+4 

2E+3 
LLI wall 
(3E+3) 

2E+3 

4E+2 
LLI wall 
(5E+2) 

9E+4 
St. wall 
(1E+5) 

7E+4 
St. wall 
(1E+5) 

5E+3 

7E+3 

I E+3 

2E+3 

2E+3 

1E+3 
St. wall 
(2E+3)

2E+6 

3E+4 

7E+3 

9E+3 

lE+3

7E-4 

1E-5 

3E-6 

4E-6 

5E-7

3E+5 1E-4

4E+5 

3E+5 

3E+5 

9E+3 
9E+3 

IE+4 
2E+4 

2E+3 
2E+3 

3E+3 
41+2 

4E+3 
1E+3 

2E+3 
St. wall 
(2E+3) 
2E+2

1E-4 

1E-4 

1E-4 

4E-6 
4E-6 

5E-6 
6E-6 

1E-6 
9E-7 

IE-6 
2E-7 

1E-6 
6E-7 

7E-7 

6E-8

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (pCi/ml)

2E-6 

5E-8 

9E-9 

1E-8 

2E-9

4E-7 

5E-7 

4E-7 

4E-7 

1E-8 
1E-8 

2E-8 
2E-8 

3E-9 
3E-9 

4E-9 
6E-10 

5E-9 
2E-9 

3E-9 
2E-10

7E-3 

2E-4 

4E-5 

3E-5 

7E-6

2E-3

1E-3 

7E-5 

9E-5 

2E-5 

3E-5 

3E-5 

2E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(pCi/ml)

7E-2 

2E-3 

4E-4 

3E-4 

7E-5 

2E-2 

1E-2 

7E-4 

9E-4 

2E-4 

3E-4 

3E-4 

2E-4



AT 
No. Radionuclide

75 Rhenium- 186 

75 Rhenium- 187

75 Rhenium-188m2 

75 Rhenium- 188 

75 Rhenium-189 

"6 Osmium- 1802 

76 Osmium-1812 

76 Osmium-182 

76 Osmium-185 

76 Osmium-189m 

76 Osmium-191m 

76 Osmium-191 

76 Osmium-193

Class

D, see "17Re 
W, see 177Re 

D, see 177Re 

W, see 177Re

D, see 177Re 
W, see '77Re 

D, see 177Re 

W, see 177Re 

D, see 177Re 

W, see t77Re 

D, all compounds except 
those given for W and Y 
W, halides and nitrates 
Y, oxides and hydroxides 

D, see 1800s 

W, see 1800S 
Y, see "80s 

D, see 1800s 

W, see "0°s 
Y, see 1800s 

D, see 1800s 

W, see 1800s 

Y, see 1800s 

D, see "'Os 
W, see 18°Os 

Y, see •80Os 

D, see 1800S 

W, see °Os 
Y, see 1800s 

D, see 1800s 

W, see 1800s 

Y, see "8OQs 

D, see "Os

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (PCi) (PCi/ml)

2E+3 

6E+5 
St. wall 

8E+4 

2E+3 

3E+3 

1E+5 

IE+4 

2E+3 

2E+3 

8E+4 

1E+4 

2E+3 
LLI wall 
(3E+3) 

2E+3 
LLI wall

3E+3 1E-6 
2E+3 7E-7 

8E+5 4E-4 

(9E+5) 
lE+5 4E-5 

1E+5 6E-5 
1E+5 6E-5 

3E+3 1E-6 
3E+3 IE-6 

5E+3 2E-6 
4E+3 2E-6

4E+5 
5E+5 
5E+5 

4E+4 
5E+4 
4E+4 

6E+3 
4E+3 
4E+3 

5E+2 
8E+2 
8E+2 

2E+5 
2E+5 
2E+5 

3E+4 
2E+4 
2E+4

2E-4 
2E-4 
2E-4 

2E-5 
2E-5 
2E-5 

2E-6 
2E-6 
2E-6 

2E-7 
3E-7 
3E-7 

1E-4 
9E-5 
7E-5 

1E-5 
8E-6 
7E-6

2E+3 9E-7

2E+3 
1E+3

7E-7 
6E-7

5E+3 2E-6

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (pCi/ml)

4E-9 
2E-9 

1E-6 
1E-7

2E-7 
2E-7 

4E-9 
4E-9 

7E-9 
6E-9 

5E-7 
7E-7 
6E-7 

6E-8 
6E-8 
6E-8 

8E-9 
6E-9 
6E-9 

7E-10 
1E-9 
1E-9 

3E-7 
3E-7 
2E-7 

4E-8 
3E-8 
2E-8

3E-9 

2E-9 
2E-9 

6E-9

3E-5 

8E-3

1E-3 

2E-5 

4E-5 

1 E-3 

2E-4 

3E-5 

3E-5 

1E-3 

2E-4

3E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

3E-4 

8E-2 

1E-2 

2E-4 

4E-4 

1E-2 

2E-3 

3E-4 

3E-4 

IE-2 

2E-3 

3E-4



AT 
No. Radionuclide

76 Osmium-194

77 Iridium-182 2

I Iridium-184 

77 Iridium-185 

77 Iridium-186 

77 Iridium-187 

77 Iridium-188 

77 Iridium- 189

Class

Table I 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation
ALI 
(uCi)

ALI DAC 
(UCi) (UCi/ml)

4�* . 4

W, see 1800s 
Y, see "0°s 

D, see l80s 

W, see 18 00s 

Y, see 180Os

D, all compounds except 
those given for W and Y 

W, halides, nitrates, 
and metallic iridium 
Y, oxides and hydroxides

D, see 1
82

Ir 

W, see 'S21r 
Y, see 1

82
Ir 

D, see 1
82Ir 

W, see 1
82

Ir 

Y, see 1
82Ir 

D, see 1
82Ir 

W, see 1
82Ir 

Y, see "Ir 

D, see 1'821r 
W, see 11

2lr 
Y, see 1821r 

D, see 182Ir 
W, see 182Ir 
Y, see 182Ir 

D, see 182Ir 

W, see 182Ir 
Y, see 182Ir

(2E+3) 

4E+2 
LLI wall 
(6E+2) 

4E1+4 
St. wall 
(4E+4) 

8E+3 

5E+3 

2E+3 

1E+4 

2E+3 

5E+3 
LLI wall 
(5E+3)

3E+3 
3E+3

1E-6 
1E-6

4E+1 2E-8

6E+1 
8E+O

2E-8 
3E-9

1E+5 6E-5 

2E+5 6E-5 
1E+5 5E-5

2E+4 
3E+4 
3E+4 

1E+4 
1E+4 
1E+4 

8E+3 
6E+3 
6E+3 

3E+4 
3E+4 
3E+4 

5E+3 
4E+3 
3E+3

1E-5 
1E-5 
1E-5 

5E-6 
5E-6 
4E-6 

3E-6 
3E-6 
2E-6 

lE-5 
1E-5 
1E-5 

2E-6 
IE-6 
1E-6

5E+3 2E-6

4E+3 
4E+3

2E-6 
1E-6

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

2E-5
4E-9 
4E-9 

6E-1 1 

8E-11 
IE-11 

2E-7 

2E-7 
2E-7 

3E-8 
5E-8 
4E-8 

2E-8 
2E-8 
IE-8 

1E-8 
9E-9 
8E-9 

5E-8 
4E-8 
4E-8 

6E-9 
5E-9 
5E-9 

7E-9 

5E-9 
5E-9

8E-6

6E-4

1E-4 

7E-5 

3E-5 

1E-4 

3E-5

7E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(RCi/ml)

2E-4 

8E-5 

6E-3 

1E-3 

7E-4 

3E-4 

1E-3 

3E-4 

7E-4



AT 
No. Radionuclide

77 Iridium-190m2 

77 Iridium-190 

77 Iridium-192m 

77 Iridium- 192 

77 Iridium- 194m 

-77 Iridium-194 

77 Iridium-195m 

77 Iridium- 195

78 

78 

78 

78

Platinum- 186 

Platinum-188 

Platinum-189 

Platinum- 191

78 Platinum-193m 

78 Platinum-193

Class

D, see 182Ir 

W, see 1
82Ir 

Y, see 1
82Ir 

D, see 182Ir 
W, see 182Ir 
Y, see 182Ir 

D, see '821r 
W, see 182Ir 
Y, see '82Ir 

D, see '821r 
W, see 1

82Ir 
Y, see 1

821r 

D, see 1
821r 

W, see 182Ir 
Y, see 182Ir 

D, see 1
821r 

W, see 1821r 
Y, see 1

821r 

D, see 182Ir 
W, see 1821r 
Y, see 182Ir 

D, see 1
82Ir 

W, see '821r 
Y, see 1

82
Ir 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(uCi) ("CiD ("Ci/ml)

2E+5 

1E+3 

3E+3 

9E+2 

6E+2 

1E+3 

8E+3 

lE+4 

1 E+4 

2E+3 

1E+4 

4E+3 

3E+3 
LLI wall 
(3E+4) 

4E+4 
LLI wall 
(5E+4)

2E+5 8E-5 
2E+5 9E-5 
2E+5 8E-5 

9E+2 4E-7 
1E+3 4E-7 
9E+2 4E-7 

9E+l 4E-8 
2E+2 9E-8 
2E+l 6E-9 

3E+2 1E-7 
4E+2 2E-7 
2E+2 9E-8 

9E+l 4E-8 
2E+2 7E-8 
1E+2 4E-8 

3E+3 IE-6 
2E+3 9E-7 
2E+3 8E-7 

2E+4 1E-5 
3E+4 1E-5 
2E+4 9E-6 

4E1+4 2E-5 
5E+4 2E-5 
4E1+4 2E-5 

4E+4 2E-5 

2E+3 7E-7 

3E+4 lE-5 

8E+3 4E-6 

6E+3 3E-6 

2E+4 1E-5

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/mI) (PCi/ml)

3E-7 
3E-7 
3E-7 

IE-9 
1E-9 
1E-9 

lE-10 
3E-10 
2E-11 

4E-10 
6E-10 
3E-10 

IE-10 
2E-10 
1E-10 

4E-9 
3E-9 
3E-9 

3E-8 
4E-8 
3E-8 

6E-8 
7E-8 
6E-8 

5E-8 

2E-9 

4E-8 

1E-8 

8E-9

3E-8

2E-3 

1E-5 

4E-5 

1E-5 

9E-6 

1E-5 

IE-4 

2E-4 

2E--4 

2E-5 

1E-4 

5E-5 

4E-5 

6E-4
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(tiCi/ml)

2E-2 

1E-4 

4E-4 

IE-4 

9E-5 

1E-4 

IE-3 

2E-3 

2E-3 

2E-4 

1E-3 

5E-4 

4E-4 

6E-3



AT 
No. Radionuclide Class

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(UCi) (uCi) (aCi/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(ACi/ml) (PCi/ml)

________________________________________________ - - 4 .1

78 Platinum-195m 

78 Platinum-197m0 

78 Platinum- 197 

78 Platinum- 1992 

78 Platinum-200 

79 Gold-193 

79 Gold-194 

79 Gold-195 

79 Gold-198m 

79 Gold-198 

79 Gold-199

79 Gold-200m 

79 Gold-2002

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds except 
those given for W and Y 
W, halides and nitrates 
Y, oxides and hydroxides 

D, see '93Au 
W, see '93Au 
Y, see tAu 

D, see '93Au 
W, see 193Au 
Y, see '93Au 

D, see 1
93

Au 

W, see '93Au 
Y, see 

193
Au 

D, see '9 3Au 
W, see 1

93Au 
Y, see 193Au 

D, see 193Au 

W, see 1
93Au 

Y, see 193Au

D, see 193Au 
W, see 1

93Au 
Y, see 193

Au 

D, see 193Au 

W, see 1
93Au 

Y, see 193
Au

2E+3 
LLI wall 
(2E+3) 

2E+4 

3E+3 

5E+4 

lE+3 

9E+3 

3E+3 

5E+3 

1 E+3 

1E+3 

3E+3 
LLI wall 
(3E+3) 

1E+3 

3E+4

4E+3 2E-6 

4E+4 2E-5 

lE+4 4E-6 

lE+5 6E-5 

3E+3 1E-6 

3E+4 1E-5 
2E+4 9E-6 
2E+4 8E-6 

8E+3 3E-6 
5E+3 2E-6 
5E+3 2E-6 

1E+4 5E-6 
1E+3 6E-7 
4E+2 2E-7 

3E+3 1E-6 
1E+3 5E-7 
1E+3 5E-7 

4E+3 2E-6 
2E+3 8E-7 
2E+3 7E-7 

9E+3 4E-6 

4E+3 2E-6 
4E+3 2E-6 

4E+3 1E-6 
3E+3 lE-6 
2E+4 IE-6 

6E+4 3E-5 
8E+4 3E-5 
7E+4 3E-5
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6E-9

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

3E-5 

2E-4 

4E-5 

7E-4 

2E-5 

1E-4 

4E-5 

7E-5 

1E-5 

2E-5

3E-4 

2E-3 

4E-4 

7E-3 

2E-4 

1 E-3 

4E-4 

7E-4 

IE-4 

2E-4 

4E-4 

2E-4 

4E-3

4E-5 

2E-5 

4E-4

6E-8 

1E-8 

2E-7 

5E-9 

4E-8 
3E-8 
3E-8 

1E-8 
8E-9 
7E-9 

2E-8 
2E-9 
6E-10 

4E-9 
2E-9 
2E-9 

5E-9 
3E-9 
2E-9

1E-8 

6E-9 
5E-9 

5E-9 
4E-9 
3E-9 

9E-8 
1E-7 
1E-7



AT 
No. Radionuclide

79 Gold-2012

80 Mercury-193m 

80 Mercury-193 

go Mercury-194 

80 Mercury-195m 

80 Mercury-195 

80 Mercury-197m 

80 Mercury-197 

80 Mercury-199m 2 

80 Mercury-203

Class

D, see 193Au 

W, see 1
93Au 

Y, see 1
93Au

Vapor 
Organic D 
D, sulfates 
W, oxides, hydroxides, 
halides, nitrates, and 
sulfides 

Vapor 
Organic D 
D, see 193mHg 
W, see t93mHg 

Vapor 
Organic D 
D, see 193mHg 
w. see I93mHg 

Vapor 
Organic D 
D, see 1

93mHg 
W, see 193mHg 

Vapor 
Organic D 
D, see 193mHg 
W, see 1

93
mHg 

Vapor 
Organic D 
D, see 193mHg 
W, see 1

93 mHg 

Vapor 
Organic D 
D, see "9mHg 
W, see 193mHg 

Vapor 
Organic D 

D, see 193
mHg 

W, see 19'mHg 

Vapor

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
0PCi) (aCi) (ptCi/ml)

7E+4 
St. wall 
(9E+4) 

4E+3 
3E+3 

2E+4 
2E+4 

2E+l 
8E+2 

3E+3 
2E+3 

2E+4 
1E+4 

4E+3 
3E+3 

7E+3 
6E+3 

6E+4 
St. wall 
(lE+5) 
6E+4

2E+5 9E-5 

2E+5 1E-4 
2E+5 9E-5 

8E+3 4E-6 
1E+4 5E-6 
9E+3 4E-6 
8E+3 3E-6 

3E+4 1E-5 
6E+4 3E-5 
4E+4 2E-5 
4E+4 2E-5 

3E+l 1E-8 
3E+l 1E-8 
4E+l 2E-8 
1E+2 5E-8 

4E+3 2E-6 
6E+3 3E-6 
5E+3 2E-6 
4E+3 2E-6 

3E1+4 1E-5 
5E1+4 2E-5 
4E+4 1E-5 
3E+4 IE-5 

5E+3 2E-6 
9E+3 4E-6 
7E+3 3E-6 
5E+3 2E-6 

8E+3 4E-6 
1E+4 6E-6 
1E+4 5E-6 
9E+3 4E-6 

8E+4 3E-5 
2E+5 7E-5 

1E+5 6E-5 
2E+5 7E-5 

8E+2 4E-7

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
0PCi/ml) (PCi/ml)

3E-7

3E-7 
3E-7 

1E-8 
2E-8 
1E-8 
1E-8 

4E-8 
9E-8 
6E-8 
6E-8 

4E-1 I 
4E-11 
6E-11 
2E-10 

6E-9 
8E-9 
7E-9 
5E-9 

4E-8 
6E-8 
5E-8 
5E-8 

7E-9 
11-8 
1E-8 
7E-9 

1E-8 
2E-8 
2E-8 
IE-8

1E-7 
2E-7 

2E-7 
2E-7 

IE-9

1E-3 

6E-5 
4E-5 

3E-4 
2E-4 

2E-7 
1E-5 

4E-5 
3E-5 

2E-4 
2E-4 

5E-5 
4E-5 

9E-5 
8E-5

1E-3 
8E-4
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

1E-2 

6E-4 
4E-4 

3E-3 
2E-3 

2E-6 
1E-4 

4E-4 
3E-4 

2E-3 
2E-3 

5E-4 
4E-4 

9E-4 
8E-4 

1E-2 
8E-3



AT 
No. Radionuclide

81 Thallium-194m 2 

81 Thallium-1942

81 Thallium-1952 

81 Thallium-197 

81 Thallium-198m 2 

01 Thallium-198 

-81 Thallium-199 

81 Thallium-200 

81 Thallium-201 

81 Thallium-202 

81 Thallium-204 

82 Lead-195m 2 

82 Lead-198 

82 Lead-199
2 

82 Lead-200 

82 Lead-201 

82 Lead-202m 

82 Lead-202 

82 Lead-203 

82 Lead-205 

- Lead-209 

82 Lead-210

Class

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
("Ci) (pCi) (pCi/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(pCi/ml) (pCi/ml)

1 1

Organic D 
D, see 193mHg 
W, see 193mHg 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds 

D, all compounds

5E+2 
2E+3 

5E+4 
St. wall 
(7E+4) 

3E+5 
St. wall 
(3E+5) 

6E+4 

7E+4 

3E+4 

2E+4 

6E1+4 

8E+3 

2E1+4 

4E+3 

2E+3 

6E+4 

3E1+4 

2E+4 

3E+3 

7E+3 

9E+3 

1E+2 

5E+3 

4E+3 

2E+4 

6El 
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8E+2 
lE+3 
1E+3 

2E+5

3E-7 
5E-7 
5E-7 

6E-5

6E+5 2E-4

1E+5 

1E+5 

5E+4 

3E1+4 

8E+4 

1E+4 

2E+4 

5E+3 

2E+3 

2E+5 

6E+4 

7E+4 

6E+3 

2E+4 

3E+4 

5E+1 

9E+3 

1E+3 

6E+4

5E-5 

5E-5 

2E-5 

1E-5 

4E-5 

5E-6 

9E-6 

2E-6 

9E-7 

8E-5 

3E-5 

3E-5 

3E-6 

8E-6 

1E-5 

2E-8 

4E-6 

6E-7 

2E-5

2El lE-10

1E-9 
2E-9 
2E-9 

2E-7 

8E-7 

2E-7 

2E-7 

8E-8 

5E-8 

1E-7 

2E-8 

3E-8 

7E-9 

3E-9 

3E-7 

9E-8 

1E-7 

9E-9 

3E-8 

4E-8 

7E-1 I 

1E-8 

2E-9 

8E-8

7E-6 
3E-5

1E-3 

4E-3 

9E-4 

1E-3 

4E-4 

3E-4 

9E-4 

1 E-4 

2E-4 

5E-5 

2E-5 

8E-4 

4E-4 

3E-4 

4E-5 

1E-4 

1E-4 

2E-6 

7E-5 

5E-5 

3E-4

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(pCi/ml)

7E-5 
3E-4 

1E-2 

4E-2 

9E-3 

1E-2 

4E-3 

3E-3 

9E-3 

1E-3 

2E-3 

5E-4 

2E-4 

8E-3 

4E-3 

3E-3 

4E-4 

1E-3 

1E-3 

2E-5 

7E-4 

5E-4 

3E-3



AT 
No. Radionuclide

82 

82 

82 

83

Lead-21 12 

Lead-212 

Lead-2142 

Bismuth-2002

83 Bismuth-201
2 

83 Bismuth-2022 

83 Bismuth-203 

83 Bismuth-205 

83 Bismuth-206 

83 Bismuth-207 

83 Bismuth-210m 

83 Bismuth-210 

83 Bismuth-212 2

Class

D, all compounds 

D, all compounds 

D, all compounds 

D, nitrates 
W, all other compounds 

D, see 2°°Bi 
W, see 2°°Bi 

D, see 2°°Bi 
W, See 20°Bi 

D, see 2°°Bi 
W, see 1°Bi 

D, see 2°Bi 
W, see 2°°Bi 

D, see 20°Bi 
W, see 20OBi 

D, see 2°°Bi 
W, see 20°Bi 

D, see 2°°Bi 

W, see 2'Bi 

D, see 2°°Bi 

W, see 2'°Bi 

D, see 20OBi 
W , see 2 °°Bi

Table 1 

Occupational Values 

Col. I Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(pCi) (PCi) (pCi/ml)

Bone surf Bone surf
(1E+O) 

lE+4 

8E+l 
Bone surf 
(IE+2) 

9E+3 

3E+4 

I E+4 

1E+4 

2E+3 

1E+3 

6E+2 

1E+3 

4E+I 
Kidneys 
(6E+1) 

8E+2 

5E+3

(4E-1) 

6E+2 

3E+1 

8E+2 

8E+4 
IE+5 

3E+4 
4E+4 

4E+4 
8E+4 

7E+3 
6E+3 

3E+3 
1E+3 

1E+3 
9E+2 

2E+3 
4E+2 

5E+O 
Kidneys 
(6E+O) 
7E- 1 

2E+2 
Kidneys 
(4E+2) 
3E+l 

2E+2 
3E+2

3E-7 

IE-8 

3E-7 

4E-5 
4E-5 

1 E-5 
2E-5 

2E-5 
3E-5 

3E-6 
3E-6 

1E-6 
5E-7 

6E-7 
4E-7 

7E-7 
1E-7 

2E-9 

3E-10 

1E-7 

1E-8 

1E-7 
1E-7

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(pCi/ml) (pCi/ml)

6E-13 

9E-10 

5E-11 

1E-9 

1E-7 
1E-7 

4E-8 
5E-8 

6E-8 
IE-7 

9E-9 
9E-9 

3E-9 
2E-9 

2E-9 
1E-9 

2E-9 
5E-10 

9E-12 
9E-13 

5E-10 
4E-1 I 

3E-10 
4E-10

1E-8 

2E-4 

2E-6 

1E-4 

4E-4 

2E-4 

2E-4 

3E-5 

2E-5 

9E-6 

IE-5 

8E-7 

1E-5 

7E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(pCi/ml)

1E-7 

2E-3 

2E-5 

1E-3 

4E-3 

2E-3 

2E-3 

3E-4 

2E-4 

9E-5 

1E-4 

8E-6 

1E-4 

7E-4



AT 
No. Radionuclide

83 Bismuth-213 2 

83 Bismuth-214 2

84 Polonium-203 2 

84 Polonium-205
2 

84 Polonium-207 

-884 Polonium-210 

85 Astatine-207
2 

85 Astatine-211 

86 Radon-220 

86 Radon-222 

87 Francium-2222 

87 Francium-223
2 

88 Radium-223

Class

D, see 2"Bi 
W, see 2°°Bi 

D, see 2°°Bi 

W, see 2°Bi

D, all compounds except 
those given for W 
W, oxides, hydroxides, 
and nitrates 

D, see 203Po 
W, see 2°3Po 

D, see 
2 03

Po 

W, see 203Po 

D, see 
2 03

Po 

W, see 
2 03

po 

D, halides 
W 

D, halides 
W 

With daughters removed 
With daughters present 

With daughters removed 
With daughters present 

D, all compounds 

D, all compounds 

W, all compounds

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 

(WOi WO~i (liCi/ml)

7E+3 

2E+4 
St. wall 
(2E+4) 

3E+4 

2E+4 

8E+3 

3E+0 

6E+3 

1E+2

3E+2 1E-7 
4E+2 1E-7 

8E+2 3E-7 

9E-2 4E-7 

6E+4 3E-5 

9E+4 4E-5 

4E+4 2E-5 
7E+4 3E-5 

3E+4 1E-5 
3E+4 1E-5 

6E-1 3E-10 
6E-1 3E-10 

3E+3 1E-6 
2E+3 9E-7 

8E+l 3E-8 
5E+l 2E-8

2E+4 
2E+1 
(or 12 
working 
level 
months) 

1E+4 
1E+2 
(or 4 
working 
level 
months)

2E+3 

6E+2 

5E+0 
Bone surf 
(9E+0)

7E-6 
9E-9 
(or 1.0 
working 
level) 

4E-6 
3E-8 
(or 0.33 
working 
level)

5E+2 2E-7 

8E+2 3E-7 

7E-1 3E-10

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

4E-10 
5E-10

1E-9 

IE-9 

9E-8 

1E-7 

5E-8 
1E-7 

3E-8 
4E-8

1E-4

3E-4 

3E-4 

3E-4 

1E-4

9E-13 4E-8 
9E-13 -

4E-9 
3E-9 

IE-10 
8E-1 1

8E-5 

2E-6

2E-8 
3E-11 

1E-8 
IE-10 

6E-10 3E-5

1E-9

9E-13

8E-6 

IE-7
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(ACi/ml)

1E-3 

3E-3 

3E-3 

3E-3 

1E-3 

4E-7 

8E-4 

2E-5 

3E-4 

8E-5 

1 E-6



AT 
No. Radionuclide

88 Radium-224 

88 Radium-225 

88 Radium-226 

88 Radium-227
2 

88 Radium-228 

•89 Actinium-224

89 Actinium-225

89 Actinium-226

89 Actinium-227

Class

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

D, all compounds except 
those given for W and Y 

W, halides and nitrates 
Y, oxides and hydroxides

D, see 224Ac 

W, see 224Ac 
Y, see 224Ac 

D, see 
224

Ac 

W, see 
224

Ac 

Y, see 224Ac 

D, see 
224

Ac 

W, see 224Ac 

Y, see 224Ac

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(jiCi) (gCi) (gCi/ml)

8E+O 
Bone surf 
(2E+l) 

8E+O 
Bone surf 
(2E+l) 

2E3+0 
Bone surf 
(5E+O) 

2E1+4 
Bone surf 
(2E+4) 

2E+O 
Bone surf 
(4E+O) 

2E+3 
LLI wall 
(2E+3) 

5E+1 
LLI wall 
(5E+I) 

1E+2 
LLI wall 
(1E+2) 

2E-1 
Bone surf 
(4E- 1)

2E+O 7E-10 

7E-1 3E-10 

6E-1 3E-10

1E+4 
Bone surf 
(2E+4)

6E-6

1E+O 5E-10 

3E+1 1E-8 
Bone surf 
(4E+l) 
5E+l 2E-8 
5E+l 2E-8 

3E-1 IE-10 
Bone surf 
(5E-1) 
6E-1 3E-10 
6E-1 3E-10 

3E+O IE-9 
Bone surf 
(4E+0) 
5E+O 2E-9 
5E+O 2E-9 

4E-4 2E- 13 
Bone surf 
(8E-4) 
2E-3 7E-13 
Bone surf 
(3E-3) 
4E-3 2E-12

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(pCi/ml) (PCi/ml)

2E-12 

9E-13 

9E-13

3E-8 

2E-12

5E-11 
7E-11 
6E-1 I 

7E-13 
9E-13 
9E-13 

5E-12 
7E-12 
6E-12 

1E-15 

4E-15 
6E-15

2E-7 

2E-7 

6E-8 

3E-4 

6E-8 

3E-5 

7E-7 

2E-6 

5E-9
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

2E-6 

2E-6 

6E-7 

3E-3 

6E-7 

3E-4 

7E-6 

2E-5 

5E-8



AT 
No. Radionuclide

89 Actinium-228

90 Thorium-226 2

90 Thorium-227 

90 Thorium-228 

90 Thorium-229 

90 Thorium-230 

90 Thorium-231 

90 Thorium-232 

90 Thorium-234 

91 Protactinium-227
2

Class

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(jiCi) (gCi) (gCi/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) 0PCi/ml)

1� 1* 1*

D, see ' 4Ac 

W, see 224Ac 

Y, see 2 4Ac

W, all compounds except 
those given for Y 

Y, oxides and hydroxides 

W, see 226&n 

Y, see 22&Th 

W, see 226Th 

Y, see 22&Mh 

W, see 226Th 

Y, see 226 Th 

W, see 226Th 

Y, see 226Th 

W, see 226Th 
Y, see 2&Th 

W, see 22&n 

Y, see 22&M 

W, see 226' 

Y, see 226lh 
W, all compounds except 
those given for Y

2E1+3 9E+0 4E-9 
Bone surf 
(2E+I) 
4E+1 2E-8 
Bone surf
(6E+l) 
4E+1

5E+3 
St. wall 
(5E+3) 

1E+2 

6E+0 
Bone surf 
(1E+l) 

6E-1 
Bone surf 
(1E+0) 

4E+0 
Bone surf 
(9E+0) 

4E+3 

7E-1 
Bone surf 
(2E+0) 

3E+2 
LLI wall 
(4E+2) 

4E+3

2E-8

2E+2 6E-8 

1E+2 6E-8 

3E-1 1E-10 
3E-1 lE-10

1E-2 
Bone surf 
(2E-2) 
2E-2

4E-12 

7E-12

9E-4 4E-1 3 
Bone surf 
(2E-3) 
2E-3 1E-12 
Bone surf 
(3E-3) 

6E-3 3E-12 
Bone surf 
(2E-2) 
2E-2 6E-12 
Bone surf 
(2E-2) 
6E+3 3E-6 
6E+3 3E-6 

1E-3 5E-13 
Bone surf 
(3E-3) 
3E-3 1E-12 
Bone surf 
(4E-3) 

2E+2 8E-8 

2E+2 6E-8 

IE+2 5E-8

- 3E-5 

2E-11 

8E-1 1 
6E-1 1 

2E-10 

- 7E-5 
2E-10 

5E-13 2E-6 
5E-13 

3E-14 2E-7 
2E-14 

3E-15 2E-8 

4E-15 

2E-14 1E-7

3E-14 
9E-9 
9E-9 

4E-15

5E-5 

3E-8

6E-15 

3E-10 

- 5E-6 
2E-10 

2E-10 5E-5

Appendix B - 53

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

3E-4 

7E-4 

2E-5 

2E-6 

2E-7 

1E-6 

5E-4 

31-7 

5E-5 

5E-4



AT 
No. Radionuclide Class

Y, oxides and hydroxides

91 Protactinium-228

91 Protactinium-230

91 Protactinium-231

91 Protactinium-232

91 Protactinium-233

91 Protactinium-234 

92 Uranium-230 

92 Uranium-231

W, see 227Pa 

Y, see 226Pa 

W, see 227Pa 

Y, see 227pa 

W, see 227Pa 

Y, see 227Pa 

W, see 227Pa 

Y, see '27Pa 

W, see 227Pa 

Y, see 227Pa

W, see 227
pa 

Y, see 227Pa 

D, UF, UOF, UO(NO) 

W, UO, UF, UCI 
Y, UO, UO 

D, see 13°U 

W, see 210U 
Y, see 210U

Table I 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (PtCi) (PaCi/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(pCi/ml) (PCi/ml)

1* 1�

1E+2 4E-8

I E+3

6E+2 
Bone surf 
(9E+2) 

2E-1 
Bone surf 
(5E-1) 

1E+3 

1E+3 
LLI wall 
(2E+3) 

2E+3 

4E+O

1E+1 
Bone surf 
(2E+l) 
1E+1

5E-9 

5E-9

5E+O 2E-9 

4E+0 1E-9 

2E-3 6E-13 
Bone surf 
(4E-3) 
4E-3 2E-12 
Bone surf 
(6E-3) 

2E+1 9E-9 
Bone surf 
(6E+I) 
6E+1 2E-8 
Bone surf 
(7E+1) 

7E+2 3E-7 

6E+2 2E-7 

8E+3 3E-6 
7E+3 3E-6 

4E-1 2E-10
Bone surf Bone surf
(6E+O) 

5E+3 
LLI wall 
(4E+3)

(6E-1) 
4E-1 
3E-1

IE-10 
IE-10

8E+3 3E-6

6E+3 
5E+3

2E-6 
2E-6

IE-10 

2E-5 

3E-11 
2E-11 

7E-12 

- 1E-5 
5E-12 

6E-15 6E-9 

8E-15 

2E-5 

8E-1 I 

1E-10 

1E-9 

2E-5 
8E-10 -

IE-8 
9E-9 

8E-13 
5E-13 
4E-13

1E-8 

8E-9 
6E-9

3E-5 

8E-8 

6E-5

Appendix B - 54

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(gCi/ml)

2E-4 

1E-4 

6E-8 

2E-4 

2E-4 

3E-4 

8E-7 

6E-4



AT 
No. Radionuclide

92 Uranium-232

92 Uranium-233

92 Uranium-234 3 

12 Uranium-235
3 

92 Uranium-236 

92 Uranium-237 

92 Uranium-238
3

92 Uranium-239 2 

92 Uranium-240 

92 Uranium-natural3

Class

D, see 230u 

W, see 23OU 

Y, see 211U 

D, see 230u 

W, see 23°U 

Y, see 23°U 

D, see 23°U 

D, see 230u 

W, see 230U 
Y, see 230u 

D, see 23°U 

W, see 23°U 
Y, see 230U 

D, see 23°U 

W, see 230U 

Y, see 23°U 

D, see 23°U 

W, see 23°U 
Y, see 23U 

D, see 230U 
W, see 23°U 
Y, see 23°U 

D, see 230u 

W, see 231U 
Y, see 20 U 

D, see 230U

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 

(GCi) (iiCi) ("Ci/ml)
4- - 4

2E+O 
Bone surf 
(4E+O) 

1E+1 
Bone surf 
(2E+l) 

1E+1 
Bone surf 
(2E+l) 

1E+1 
Bone surf 
(2E+1) 

1E+1 
Bone surf 
(2E+l) 

2E+3 
LLI wall 
(2E+3)

1E+I

2E-1 9E-l1 
Bone surf 
(4E-1) 
4E-1 2E-10 
8E-3 3E-12 

1E+0 5E-10 
Bone surf 
(2E+0) 
7E-1 3E-10 
4E-2 2E-1 1 

lE+0 5E-10 
Bone surf 
(2E+0) 
7E-1 3E-10 
4E-2 2E-11 

1E+O 6E-10 
Bone surf 
(2E+O) 
8E-1 3E-10 
4E-2 2E-11 

1E+0 5E-10 
Bone surf 
(2E+O) 
8E-1 3E-10 
4E-2 2E-11 

3E+3 1E-6 

2E+3 7E-7 
2E+3 6E-7 

1E+0 6E-10
Bone surf Bone surf
(2E+l) 

7E+4 

1E+3 

1E+1

(2E+0) 
8E-1 3E-10 
4E-2 2E-11 

2E+5 8E-5 
2E+5 7E-5 
2E+5 6E-5 

4E+3 2E-6 
3E+3 1E-6 
2E+3 1E-6 

1E+0 5E-10

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (jiCi/ml)

6E-13 
5E-13 
1E-14 

3E-12 
1E-12 
5E-14 

3E-12 
IE-12 
5E-14 

3E-12 
1E-12 
6E-14 

3E-12 
IE-12 
6E-14

6E-8 

3E-7 

3E-7 

3E-7 

3E-7

4E-9

2E-9 
2E-9 

3E-12 
1E-12 
6E-14 

3E-7 
2E-7 
2E-7 

5E-9 
4E-9 
3E-9

3E-5 

3E-7 

9E-4 

2E-5
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(UCi/ml)

6E-7 

3E-6 

3E-6 

3E-6 

3E-6 

3E-4 

3E-6 

9E-3 

2E-4



AT 
No. Radionuclide

93 Neptunium-232 2

Neptunium-2332 

Neptunium-234 

Neptunium-235

93 Neptunium-236 
(1.15E+5 y) 

93 Neptunium-236 
(22.5 h) 

93 Neptunium-237 

93 Neptunium-238 

93 Neptunium-239

Neptunium-2402 

Plutonium-234

94 Plutonium-2352

Class

W, see 30 U 
Y, see 23°U 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 
except PuO 
Y, PuO 

W, see 234pu 
Y, see 234pu

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PtCi) (PaCi) (PCi/ml)

Bone surf Bone surf
(2E+l)

IE+5 

8E+5 

2E+3 

2E+4 
LLI wall 
(2E+4) 

3E+O 
Bone surf 
6E+0) 

3E+3 
Bone surf 
(4E+3) 

5E-1 
Bone surf 
(0E+0) 

1E+3 

2E+3 
LLI wall 
(2E+3) 

2E+4 

8E+3 

9E+5

(2E+0) 
8E- 1 
5E-2 

2E+3 
Bone surf 
(5E+2) 

3E+6 

3E+3 

8E+2 
Bone surf 
(1E+3)

3E-10 
2E-11 

7E-7 

1E-3 

IE-6 

3E-7

2E-2 9E-12 
Bone sur( 
(5E-2) 

3E+l 1E-8 
Bone surf 
(7E+l) 

4E-3 2E-12 
Bone surf 
(1E-2) 

6E+l 3E-8 
Bone surf 
(2E+2) 

2E+3 9E-7 

8E+4 3E-5

2E+2 
2E+2 

3E+6 
3E+6

9E-8 
8E-8 

1E-3 
1E-3

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

3E-12 
9E-13 
9E-14 

6E-9 

4E-6 

4E-9 

2E-9 

8E-14

3E-7 

2E-3 

1E-2 

3E-5 

3E-4 

9E-8

IE-10 5E-5 

IE-14 2E-8 

2E-5

2E-10 

3E-9 

1E-7 

3E-10 
3E-10 

4E-6 
3E-6

2E-5 

3E-4 

1E-4 

1E-2
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93 

93 

93

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

3E-6 

2E-2 

1E-1 

3E-4 

3E-3 

9E-7 

5E-4 

2E-7 

2E-4 

2E-4 

3E-3 

1E-3 

1E-1

93 

94



AT 
No. Radionuclide Class

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(uCi) (uCi) ("Ci/ml)

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(pCi/ml) (pCi/ml)

_______________________________________________________ 4 4

94 Plutonium-236

94 Plutonium-237 

94 Plutonium-238 

94 Plutonium-239 

94 Plutonium-240 

94 Plutonium-241 

94 Plutonium-242

94 Plutonium-243

W, see 214pu 

Y, see 2MPu 

W, See 234pu 
Y, see 234Pu 

W, see 234pU 

Y, see 
234

pU 

W, see 234pu 

Y, see 234pu 

W, see 234pu 

Y, see 34pu 

W, see 234pU 

Y, see 234Pu 

W, see 
234

pu 

y, see 234pu 

W, see 
2 3 4

pu 

Y, see 234pu

2E+O 2E-2 
Bone surf Bone surf
(4E+O)

1E+4 

9E-1 
Bone surf 
(2E+O) 

8E- 1 
Bone surf 
(1E+0) 

8E- 1 
Bone surf 
(1E+O) 

4E+1 
Bone surf 
(7E+1) 

8E-1 
Bone surf 
(I E+O) 

2E+4

(4E-2) 
4E-2

8E-12 

2E-1 1

3E+3 1E-6 
3E+3 1E-6 

7E-3 3E-12 
Bone surf 
(1E-2) 
2E-2 8E-12 

6E-3 3E-12 
Bone surf 
(1E-2) 
2E-2 7E-12 
Bone surf 
(2E-2) 

6E-3 3E-12 
Bone surf 
(1E-2) 
2E-2 7E-12 
Bone surf 
(2E-2) 

3E-1 IE-10 
Bone surf 
(6E-1) 
8E-1 3E-10 
Bone surf 
(IE+O) 

7E-3 3E-12 
Bone surf 
(1E-2) 
2E-2 7E-12 
Bone surf 
(2E-2) 

4E+4 2E-5 
4E+4 2E-5

5E-14 6E-8 
6E-14 -

5E-9 
4E-9

2E-14 2E-8 
2E-14 -

2E-14

2E-14 

2E-14 2E-8 

2E-14 

8E-13 1E-6 

1E-12 

2E-14 2E-8 

2E-14

5E-8 
5E-8
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2E-4

2E-8

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

2E-4

6E-7 

2E-3 

2E-7 

2E-7 

2E-7 

1E-5 

2E-7 

2E-3



AT 
No. Radionuclide

94 Plutonium-244

94 Plutonium-245 

94 Plutonium-246

Americium-237 2 

Americium-238 2 

Americium-239 

Americium-240 

Americium-241

95 Americium-242m 

95 Americium-242 

95 Americium-243 

95 Americium-244m 2 

95 Americium-244 

Americium-245 

95 Americium-246m2

Class

W, see 
234

pu 

Y, see 234pu

W, see 
234

pu 

Y, see 234pu 

W, see 
234

pu 

Y, see 
234

pu 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds

Table 1 

Occupational Values

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (PCi) (PCi/ml)

8E-1 
Bone surf 
(2E+0)

2E+3 

4E+2 
LLI wall 
(4E+2) 

8E+4 

4E+4 

5E+3 

2E+3 

8E-1 
Bone surf 
(1E+0) 

8E-1 
Bone surf 
(1E+0) 

4E+3 

8E-1 
Bone surf 
(1E+0) 

6E+4 
St. wall 
(8E+4) 

3E+3 

3E+4 

5E+4 
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7E-3 3E-12 
Bone surf 
(IE-2) 
2E-2 7E-12 
Bone surf 
(2E-2) -

5E+3 
4E+3 

3E+2

2E-6 
2E-6 

1E-7

3E+2 1E-7 

3E+5 IE-4 

3E+3 lE-6 
Bone surf 
(6E+3) 
1E+4 5E-6 

3E+3 1E-6 

6E-3 3E-12 
Bone surf 
(1E-2) 

6E-3 3E-12 
Bone surf 
(1E-2) -

8E+1 
Bone surf 
(9E+1) 

6E-3 
Bone surf 
(1E-2) 

4E+3 
Bone surf 
(7E+3) 

2E+2 
Bone surf 
(3E+2) 

8E+4 

2E+5

4E-8 

3E-12 

2E-6 

8E-8 

3E-5 

8E-5

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(ACiml) (PCi/ml)

2E-14 

2E-14 

6E-9 
6E-9 

4E-10 

4E-10 

4E-7 

9E-9 
2E-8 

4E-9 

2E-14 

2E-14 

IE-10 

2E-14 

IE-8 

4E-10 

1E-7 

3E-7

2E-8 

3E-5 

6E-6 

1E-3 

5E-4 

7E-5 

3E-5 

2E-8 

2E-8 

5E-5 

2E-8 

1E-3 

4E-5 

4E-4

95 

95 

95 

95 

95

Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

2E-7 

3E-4 

6E-5 

1E-2 

5E-3 

7E-4 

3E-4 

2E-7 

2E-7 

5E-4 

2E-7 

1E-2 

4E-4 

4E-3



AT 
No. Radionuclide

95 Americium-2462 

96 Curium-238 

96 Curium-240 

96 Curium-241 

96 Curium-242 

Curium-243 

96 Curium-244 

96 Curium-245 

96 Curium-246 

96 Curium-247 

96 Curium-248 

96 Curium-249
2

Class

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(PCi) (PCi) (pCi/ml)

St. wall 
(6E+4)

3E+4 

2E+4 

6E+1 
Bone surf 
(8E+1) 

1E+3 

3E+1 
Bone surf 
(5E+1) 

1E+0 
Bone surf 
(2E+O) 

lE+0 
Bone surf 
(3E+O) 

7E-1 
Bone surf 
(1E+0) 

7E-1 
Bone surf 
(1E+O) 

8E-1 
Bone surf 
(lE+O) 

2E-1 
Bone surf 
(4E- 1) 

5E+4

1E+5 4E-5 

1E+3 5E-7 

6E-1 2E-10 
Bone surf 
(6E-l) 

3E+l 1E-8 
Bone surf 
(4E+l) 

3E-1 IE-10 
Bone surf 
(3E-1) 

9E-3 4E-12 
Bone surf 
(2E-2) 

IE-2 5E-12 
Bone surf 
(2E-2) 

6E-3 3E-12 
Bone surf 
(1E-2) 

6E-3 3E-12 
-Bone surf 
(1E-2) 

6E-3 3E-12 
Bone surf 
(1E-2) 

2E-3 7E-13 
Bone surf 
(3E-3) 

2E+4 7E-6 
Bone surf 
(3E+4) -

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

1E-7 

2E-9

8E-4 

4E-4 

2E-4

9E-13 1E-6 

- 2E-5

5E-11 

4E-13 7E-7

2E-14 3E-8 

3E-14 3E-8 

2E-14 2E-8 

2E-14 2E-8 

2E-14 2E-8 

4E-15 5E-9 

7E-4

4E-8
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(gCi/ml)

8E-3 

4E-3 

2E-3 

1E-5 

2E-4 

7E-6 

3E-7 

3E-7 

2E-7 

2E-7 

2E-7 

5E-8 

7E-3



AT 
No. Radionuclide

96 Curium-250 

97 Berkelium-245 

97 Berkelium-246 

97 Berkelium-247 

97 Berkelium-249 

97 Berkelium-250 

-98 Californium-244 2

98 Californium-246 

98 Califomium-248 

98 Califomium-249 

98 Californium-250

Class

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds except 
those given for Y 

Y, oxides and hydroxides

W, see 2 4Cf 
Y, see 2"Cf 

W, see 2"Cf 

Y, see 24Cf 

W, see 2 "Cf 

Y, see 24Cf 

W, see 2
14Cf 

Y, see 244Cf

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALT DAC 
(PCi) (aCi) (PtCi/ml)

4E-2 
Bone surf 
(6E-2) 

2E+3 

3E+3 

5E-1 
Bone surf 
(1E+O) 

2E+2 
Bone surf 
(5E+2) 

9E+3 

3E+4 
St. wall 
(3E+4) 

4E+2 

8E+O 
Bone surf 
(2E+1) 

5E- 1 
Bone surf 
(I E+O) 

1E+O 
Bone surf 
(2E+O)

3E-4 
Bone surf 
(5E-4)

lE-13

1E+3 5E-7 

3E+3 1E-6

4E-3 
Bone surf 
(9E-0) 

2E+O 
Bone surf 
(4E+O) 

3E+2 
Bone surf 
(7E+2)

2E-12 

7E-10 

1E-7

6E+2 2E-7 

6E+2 2E-7 

9E+O 4E-9 
9E+O 4E-9

6E-2 
Bone surf 
(1E-1) 
bE-1

3E-1 1 

4E-11

4E-3 2E-12 
Bone surf 
(9E-3) 
1E-2 4E-12 
Bone surf 
(1E-2) -

9E-3 
Bone surf 
(2E-2) 
3E-2

4E-12 

IE-11

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(pCi/ml) (pCi/ml)

8E-16 9E-10

2E-9 

4E-9

3E-5 

4E-5

1E-14 2E-8 

5E-12 6E-6 

1E-4 

1E-9 

8E-10 

4E-4 
8E-10 

1E-l 1 5E-6 
1E-11 

2E-13 2E-7 
1E-13 -

IE-14 2E-8

2E-14 

3E-14 3E-8 
4E-14 -
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

9E-9 

3E-4 

4E-4 

2E-7 

6E-5 

1E-3 

4E-3 

5E-5 

2E-6 

2E-7 

3E-7



AT 
No. Radionuclide

98 Californium-251

98 Californium-252 

98 Californium-253 

98 Californium-254 

-99 Einsteinium-250 

99 Einsteinium-251

99 

99

Einsteinium-253 

Einsteinium-254m

99 Einsteinium-254

100 

100 

100 

100 

100

Fermium-252 

Fermium-253 

Fermium-254 

Fermium-255 

Fermium-257

101 Mendelevium-257

Class

W, see 2 "Cf 

Y, see 244Cf

W, see 24Cf 

Y, see 244Cf 

W, see 2"Cf 

Y, see 2'Cf 

W, see 2"Cf 
Y, see 2 MCf 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds 

W, all compounds

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(41i) (PaCi) (PtCi/ml)

5E-1 
Bone surf 
(1E+0) 

2E+0 
Bone surf 
(5E+0) 

2E+2 
Bone surf 
(4E+2) 

2E+0 

4E+4 

7E+3 

2E+2 

3E+2 
LLI wall 
(3E+2) 

8E+O 
Bone surf 
(2E+l) 

5E+2 

1 E+3 

3E+3 

5E+2 

2E+l 
Bone surf 
(4E+1) 

7E+3

4E-3 2E-12 
Bone surf 
(9E-3) 
IE-2 4E-12 
Bone surf 
(1E-2) 

2E-2 8E-12 
Bone surf 
(4E-2) 
3E-2 1E-11 

2E+0 8E-10 

2E+0 7E-10 

2E-2 9E-12 
2E-2 7E-12 

5E+2 2E-7 
Bone surf 
(1E+3) 

9E+2 4E-7 
Bone surf 
(1E+3) 

1E+0 6E-10 

1E+1 4E-9

7E-2 
Bone surf 
(1E-1) 

1E+I 

IE+I 

9E+1 

2E+1 

2E-1 
Bone surf 
(2E-1)

3E-11 

5E-9 

4E-9 

4E-8 

9E-9 

7E-11

813+1 4E-8

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(pCi/mi) (PCi/ml)

1 I

IE-14 

2E-14 

5E-14 
5E-14 

3E-12 

2E-12 

3E-14 
2E-14 

2E-9 

2E-9 

2E-12 

1E-1I 

2E-13 

2E-1 1 

1E-11 

lE-10 

3E-11 

3E-13

2E-8 

7E-8 

5E-6 

3E-8 

6E-4 

1E-4 

2E-6 

4E-6 

2E-7 

6E-6 

1E-5 

4E-5 

7E-6 

5E-7 

Eo-4
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PiCi/ml)

2E-7 

7E-7 

5E-5 

3E-7 

6E-3 

1 E-3 

2E-5 

4E-5 

2E-6 

6E-5 

1E-4 

4E-4 

7E-5 

5E-6 

1E-3



AT 
No. Radionuclide

101 Mendelevium-258

Class

W, all compounds

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 Submersion' 

Any single radionuclide not listed 
above with decay mode other than 
alpha emission or spontaneous fission 
and with radioactive half
life greater than 2 hours 

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 radionuclide 
in the mixture is not 
known

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(pCi) (pCi) (pCi/ml)

3E+1 
Bone surf 
(5E+l)

Bone surf 
(9E+l) 

2E-1 
Bone surf 
(3E-1)

1E-10

2E+2 1E-7 

2E-l 1E-10 

4E-4 2E-13

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(pCi/ml) (pCi/ml)

IE-10 

5E-13 6E-7 

1E-9 

IE-12 1E8 

1E-15 2E-9
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(pCi/ml)

6E-6 

1E-7 

2E-8



FOOTNOTES: 
"Submersion" means that values given are for submersion in a hemispherical semi-infinite cloud of airborne 

material.  

These radionuclides have radiological half-lives of less than 2 hours. The total effective dose equivalent 
received during operations with these radionuclides might include a significant contribution from external expo sure. The DAC values for all 
radionuclides, 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 poten tially significant contributions to 
dose equivalent from external exposures. The licensee may substitute 1E-7 
pCi/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 compliance with 
the limits. (See § 20.1203.) 

3 For soluble mixtures of U-238, U-234, and U-235 in air, chemical toxicity may be the limiting factor (see 
§ 20.1201(e)). 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 shall not exceed 8E-3 (SA) pCi-hr/mi, 
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 (enrichment)2 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 mixture 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 ALl, 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
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AT 
No. Radionuclide Class

If it is known that Ac-227-D and Cm-250-W are 
not present 

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-25 I -W 
are not present 

If, in addition, it is known that Sm-146-W, 
Sm-147-W, Gd-148-D,W, Gd-152-DW, 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-25 1-Y, Cf-252-W,Y, 
qnd Cf-254-W,Y are not present 

-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-DW,Y, Th-227-W,Y, U-230-DW,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 

If, in addition, it is known that Si-32-Y, 
Ti-44-Y, Fe-60-D, Sr-90-Y, Zr-93-D, 
Cd-1 13m-D, Cd-1 13-D, In-1l15-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 

If it is known that Ac-227-D,W,Y, Th-229-W,Y, 
Th-232-W,Y, Pa-23 I-W,Y, Cm-248-W, and 
Cm-250-W are not present 

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, 
"m-247-W, Bk-247-W, Cf-249-W,Y, Cf-250-W,Y, 

-251-W,Y, Cf-252-W,Y, and Cf-254-W,Y 
are not present 
If, in addition, it is known that Sm-147-W,

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
(gtCi) (gaCi) (lgCi/ml)

7E-4 3E-13 

7E-3 3E-12 

7E-2 3E-11 

7E-1 3E-10 

7E+O 3E-9

Table 2 
Effluents 

Concentrations 

Col. 1 Col. 2 

AIR WATER 
(lAci/ml) (PCi/ml)

1E-14 

IE-13
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)



AT 
No. Radionuclide Class

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 

If, in addition it is known that Fe-60, 
Sr-90, Cd-113m, Cd-113, In-1 15, 1-129, 
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

Table 1 

Occupational Values 

Col. 1 Col. 2 Col. 3 
Oral 
Ingestion Inhallation 
ALI ALI DAC 
WDCi (Pci) (Pci/ml)

Table 2 
Effluents 

Concentrations 

Col. I Col. 2 

AIR WATER 
(PCi/ml) (PCi/ml)

1- 1*

1E-12

1E-6
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Table 3 
Release to 

Sewers 

Monthly 
Average 
Concen 
(PCi/ml)

1E-5



3. If a mixture of radionuclides consists of uranium and its daughters in ore dust (10 pm 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 pCi of gross alpha activity from uranium-238, uranium-234, thorium-230, 
and radium-226 per milliliter of air; 3E- 11 pCi 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 B to § 20.2402 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 "1I 
(i.e., "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: 

CA CB Cc 
- + + + - 1 

DACA DACB DACc

Appendix B - 66



4731.3001, subpart C.

Quantities 

(1) of Licensed Material Requiring Labeling 

Radionuclide Abbreviation Quantity 
(MCi) 

Hydrogen-3 H-3 1,000 
Beryllium-7 Be-7 1,000 
Beryllium-10 Be-10 1 
Carbon- 11 C-11 1,000 
Carbon-14 C-14 100 
Fluorine- 18 F- 18 1,000 
Sodium-22 Na-22 10 
Sodium-24 Na-24 100 
Magnesium-28 Mg-28 100 
Aluminum-26 A1-26 10 
Silicon-31 Si-31 1,000 
Silicon-32 Si-32 1 
Phosphorus-32 P-32 10 
Phosphorus-33 P-33 100 
Sulfur-35 S-35 100 
Chlorine-36 CI-36 10 
Chlorine-38 CI-38 1,000 
Chlorine-39 C1-39 1,000 
Argon-39 Ar-39 1,000 
Argon-41 Ar-41 1,000 
Potassium-40 K-40 100 
Potassium-42 K-42 1,000 
Potassium-43 K-43 1,000 
Potassium-44 K-44 1,000 
Potassium-45 K-45 1,000 
Calcium-41 Ca-41 100 
Calcium-45 Ca-45 100 
Calcium-47 Ca-47 100 
Scandium-43 Sc-43 1,000 
Scandium-44m Sc-44m 100 
Scandium-44 Sc-44 100 
Scandium-46 Sc-46 10 
Scandium-47 Sc-47 100 
Scandium-48 Sc-48 100



Scandium-49 Sc-49 1,000 
Titanium-44 Ti-44 1 
Titanium-45 Ti-45 1,000 
Vanadium-47 V-47 1,000 
Vanadium-48 V-48 100 
Vanadium-49 V-49 1,000 
Chromium-48 Cr-48 1,000 
Chromium-49 Cr-49 1,000 
Chromium-5 1 Cr-5 1 1,000 
Manganese-5 1 Mn-5 1 1,000 
Manganese-52m Mn-52m 1,000 
Manganese-52 Mn-52 100 
Manganese-53 Mn-53 1,000 
Manganese-54 Mn-54 100 
Manganese-56 Mn-56 1,000 
Iron-52 Fe-52 100 
Iron-55 Fe-55 100 
Iron-59 Fe-59 10 
Iron-60 Fe-60 1 
Cobalt-55 Co-55 100 
Cobalt-56 Co-56 10 
Cobalt-57 Co-57 100 
Cobalt-58m Co-58m 1,000 
Cobalt-58 Co-58 100 
Cobalt-60m Co-60m 1,000 
Cobalt-60 Co-60 1 
Cobalt-61 Co-61 1,000 
Cobalt-62m Co-62m 1,000 
Nickel-56 Ni-56 100 
Nickel-57 Ni-57 100 
Nickel-59 Ni-59 100 
Nickel-63 Ni-63 100 
Nickel-65 Ni-65 1,000 
Nickel-66 Ni-66 10 
Copper-60 Cu-60 1,000 
Copper-6 1 Cu-6 1 1,000 
Copper-64 Cu-64 1,000 
Copper-67 Cu-67 1,000 
Zinc-62 Zn-62 100 
Zinc-63 Zn-63 1,000 
Zinc-65 Zn-65 10 
Zinc-69m IZn-69m 100oo



Zinc-69 Zn-69 1,000 
Zinc-71m Zn-71m 1,000 
Zinc-72 Zn-72 100 
Gallium-65 Ga-65 1,000 
Gallium-66 Ga-66 100 
Gallium-67 Ga-67 1,000 
Gallium-68 Ga-68 1,000 
Gallium-70 Ga-70 1,000 
Gallium-72 Ga-72 100 
Gallium-73 Ga-73 1,000 
Germanium-66 Ge-66 1,000 
Germanium-67 Ge-67 1,000 
Germanium-68 Ge-68 10 
Germanium-69 Ge-69 1,000 
Germanium-71 Ge-71 1,000 
Gerinanium-75 Ge-75 1,000 
Germahium-77 Ge-77 1,000 
Germanium-78 Ge-78 1,000 
Arsenic-69 As-69 1,000 
Arsenic-70 As-70 1,000 
Arsenic-71 As-71 100 
Arsenic-72 As-72 100 
Arsenic-73 As-73 100 
Arsenic-74 As-74 100 
Arsenic-76 As-76 100 
Arsenic-77 As-77 100 
Arsenic-78 As-78 1,000 
Selenium-70 Se-70 1,000 
Selenium-73m Se-73m 1,000 
Selenium-73 Se-73 100 
Selenium-75 Se-75 100 
Selenium-79 Se-79 100 
Selenium-81m Se-81m 1,000 
Selenium-81 Se-81 1,000 
Selenium-83 Se-83 1,000 
Bromine-74m Br-74m 1,000 
Bromine-74 Br-74 1,000 
Brornine-75 Br-75 1,000 
Bromine-76 Br-76 100 
Bromine-77 Br-77 1,000 
Bromine-80m I Br-80 1,0001 
Bron-line-80 I Br-80 1 1,0001



Bromine-82 Br-82 100 
Bromine-83 Br-83 1,000 
Bromine-84 Br-84 1,000 
Krypton-74 Kr-74 1,000 
Krypton-76 Kr-76 1,000 
Krypton-77 Kr-77 1,000 
Krypton-79 Kr-79 1,000 
Krypton-81 Kr-81 1,000 
Krypton-83m Kr-83m 1,000 
Krypton-85m Kr-85m 1,000 
Krypton-85 Kr-85 1,000 
Krypton-87 Kr-87 1,000 
Krypton-88 Kr-88 1,000 
Rubidium-79 Rb-79 1,000 
Rubidium-81m Rb-81m 1,000 
Rubidium-81 Rb-81 1,000 
Rubidium-82m Rb-82m 1,000 
Rubidium-83 Rb-83 100 
Rubidium-84 Rb-84 100 
Rubidium-86 Rb-86 100 
Rubidium-87 Rb-87 100 
Rubidium-88 Rb-88 1,000 
Rubidium-89 Rb-89 1,000 
Strontium-80 Sr-80 100 
Strontium-81 Sr-81 1,000 
Strontium-83 Sr-83 100 
Strontium-85m Sr-85m 1,000 
Strontium-85 Sr-85 100 
Strontium-87m Sr-87m 1,000 
Strontium-89 Sr-89 10 
Strontium-90 Sr-90 0.1 
Strontium-91 Sr-91 100 
Strontium-92 Sr-92 100 
Yttrium-86m Y-86m 1,000 
Yttrium-86 Y-86 100 
Yttrium-87 Y-87 100 
Yttrium-88 Y-88 10 
Yttrium-90m Y-90M 1,000 
Yttrium-90 Y-90 10 
Yttrium-91m Y-91M 1,000 
Yttrium-91 I Y-91 101 
Yttrium-92 I Y-92 I lool



Yttrium-93 Y-93 100 
Yttrium-94 Y-94 1,000 
Yttrium-95 Y-95 1,000 
Zirconium-86 Zr-86 100 
Zirconium-88 Zr-88 10 
Zirconium-89 Zr-89 100 
Zirconium-93 Zr-93 1 
Zirconium-95 Zr-95 10 
Zirconium-97 Zr-97 100 
Niobium-88 Nb-88 1,000 
Niobium-89m (66 min) Nb-89m 1,000 
Niobium-89 (122 min) Nb-89 1,000 
Niobium-89 Nb-89 1,000 
Niobium-90 Nb-90 100 
Niobium-93m Nb-93m 10 
Niobium-94 Nb-94 1 
Niobium-9 m Nb-95m 100 
Niobium-95 Nb-95 100 
Niobium-96 Nb-96 100 
Niobium-97 Nb-97 1,000 
Niobium-98 Nb-98 1,000 
Molybdenum-90 Mo-90 100 
Molybdenum-93m Mo-93m 100 
Molybdenum-93 Mo-93 10 
Molybdenum-99 Mo-99 100 
Molybdenum-101 Mo-101 1,000 
Technetium-93m Tc-93m 1,000 
Technetium-93 Tc-93 1,000 
Technetium-94m Tc-94m 1,000 
Technetium-94 Tc-94 1,000
Technetium-96m Tc-96 1,000 
Technetium-96 Tc-96 100 
Technetium-97m Tc-97m 100 
Technetium-97 Tc-97 1,000 
Technetium-98 Tc-98 10 
Technetium-99m Tc-99m 1,000 
Technetium-99 Tc-99 100 
Technetium-101 Tc-101 1,000 
Technetium-.104 Tc-104 1,000 
Ruthenium-94 Ru-94 1,000 
Ruthenium-97 Ru-97 1 1,0001 
Ruthenium-103 Ru- 103 1 lool



Ruthenium-105 Ru-105 1,000 
Ruthenium- 106 Ru-106 1 
Rhodium-99m Rh-99m 1,000 
Rhodium-99 Rh-99 100 
Rhodium-100 Rh-100 100 
Rhodium-l0im Rh-l0lm 1,000 
Rhodium-l0l Rh-101 10 
Rhodium-102m Rh-102m 10 
Rhodium-102 Rh-102 10 
Rhodium-103m Rh-103m 1,000 
Rhodium-105 Rh-105 100 
Rhodium-i 06m Rh-i 06m 1,000 
Rhodium- 107 Rh- 107 1,000 
Palladium-iOO Pd-100 100 
Palladium-101 Pd-10i 1,000 
Palladium-103 Pd-i03 100 
Palladium-107 Pd-i07 10 
Palladium-109 Pd-109 100 
Silver-102 Ag-102 1,000 
Silver- 103 Ag-103 1,000 
Silver- 104m Ag-104m 1,000 
Silver- 104 Ag- 104 1,000 
Silver- 105 Ag-105 100 
Silver-i 06m Ag-106m 100 
Silver-106 Ag-106 1,000 
Silver-108rn Ag-1O8m I 
Silver-11rn Ag-11rn 10 
Silver-ill1 Ag-ill 100 
Silver- 112 Ag- 112 100 
Silver- 115 Ag-115 1,000 
Cadrnium-104 Cd-104 1,000 
Cadmium-107 Cd-i07 1,000 
Cadmiurn-109 Cd-109 1 
Cadmniumn- I13m Cd- I13m 0.1 
Cadmium- 113 Cd- 113 100 
Cadmnium- I15m C-d-Il15m 10 
Cadmnium- 115 Cd-1 15 100 
Cadmium- 1 7m Cd-l1i7mn 1,000 
Cadrnium-1 17 Cd- 117 1,000 
Indium-109 In-109 1,000 
Indium-hO1 (69.1 min.) In-hO0 1,000 
Indium-li10(4.9h) In-11 O00



Indium- 111 In- 11 100 
Indium- 112 In-I 12 1,000 
Indium-I 13m In-113m 1,000 

Indium- 114m In-114m 10 
Indium- I15m In-115m 1,000 
Indium- 115 In-115 100 

Indium- 116m In-116m 1,000 
Indium-I 17m In-117m 1,000 

Indium- 17 In-117 1,000 

Indium- 119m In- 119m 1,000 
Tin-110 Sn-110 100 
Tin-11l Sn-l 1l 1,000 

Tin-113 Sn-113 100 
Tin-117m Sn-117m 100 
Tin-119m Sn-119m 100 
Tin-121m Sn-121m 100 
Tin-121 Sn-121 1,000 
Tin- 123m Sn- 123m 1,000 
Tin-123 Sn- 123 10 
Tin-125 Sn-125 10 
Tin-126 Sn-126 10 
Tin-127 Sn-127 1,000 

Tin-128 Sn-128 1,000 
Antimony- 115 Sb- 115 1,000 

Antimony-I 16m Sb-I 16m 1,000 
Antimony- 116 Sb- 116 1,000 
Antimony- 117 Sb- 117 1,000 
Antimony-I 18m Ab- 1 18m 1,000 
Antimony- 119 Ab-119 1,000 
Antimony-120 (16 min.) Ab-120 1,000 
Antimony-120 (5.76d) Ab-120 100 
Antimony-122 Ab-122 100 
Antimony-1 24m Ab- 124m 1,000 
Antimony-124 Ab-124 10 

Antimony-125 Ab-125 100 
Antimony-126m Ab-126m 1,000 

Antimony-126 Ab-126 100 

Antimony-127 Ab-127 100 

Antimony-128 (10.4 Ab-128 1,000 
min.) 
Antimony-128 (9.01h) Ab-128 100 

Antimony- 129 Ab- 129 100



Antimony-130 Ab-130 1,000 

Antimony- 131 Ab- 131 1,000 
Tellurium- 116 Te- 116 1,000 
Tellurium-121m Te-121m 10 
Tellurium-121 Te-121 100 
Tellurium-123m Te-123m 10 
Tellurium-123 Te-123 100 
Tellurium-125m Te-125m 10 
Tellurium-127m Te-127m 10 
Tellurium-127 Te-127 1,000 
Tellurium-129m Te-129m 10 
Tellurium-129 Te-129 1,000 
Tellurium- 13 1m Te-131m 10 
Tellurium-131 Te-131 100 
Tellurium-132 Te-132 10 
Tellurium-133m Te-133m 100 
Tellurium- 133 Te- 133 1,000 
Tellurium-134 Te- 134 1,000 
Iodine- 120m I-120m 1,000 
Iodine-120 1-120 100 
Iodine-121 1-121 1,000 
Iodine-123 1-123 100 
Iodine-124 1-124 10 
Iodine-125 1-125 1 

Iodine- 126 1-126 1 
Iodine-128 1-128 1,000 
Iodine-129 1-129 1 
Iodine- 130 1-130 10 
Iodine-131 1-131 1 
Iodine-132m I-132m 100 
Iodine-132 1-132 100 

Iodine-133 1-133 10 
Iodine-134 1-134 1,000 
Iodine-135 1-135 100 
Xenon- 120 Xe-120 1,000 
Xenon-121 Xe-121 1,000 
Xenon-122 Xe-122 1,000 

Xenon-123 Xe-123 1,000 
Xenon-125 Xe-125 1,000 
Xenon- 127 Xe- 127 1,000 
Xenon-129m Xe-129m 1,000 
Xenon-131m Xe-131m 1,000



Xenon-133m Xe-133m 1,000 
Xenon-133 Xe-133 1,000 
Xenon-135m Xe-135m 1,000 
Xenon-135 Xe-135 1,000 
Xenon-138 Xe-138 1,000 
Cesium-125 Cs-125 1,000 
Cesium-127 Cs-127 1,000 
Cesium-129 Cs-129 1,000 
Cesium-130 Cs-130 1,000 
Cesium-131 Cs- 131 1,000 
Cesium-132 Cs- 132 100 
Cesium-134m Cs-134m 1,000 
Cesium-134 Cs- 134 10 
Cesium-135m Cs-135m 1,000 
Cesium-135 Cs-135 100 
Cesium-136 Cs-136 10 
Cesium-137 Cs-137 10 
Cesium-138 Cs-138 1,000 
Barium-126 Ba-126 1,000 
Barium-128 B-128 100 
Barium-131m Ba-131m 1,000 
Barium-131 Ba-131 100 
Barium-133m Ba-133m 100 
Barium-133 Ba-133 100 
Barium-13 m Ba-135m 100 
Barium-139 Ba-139 1,000 
Barium-140 Ba-140 100 
Barium-141 Ba-141 1,000 
Barium-142 Ba-142 1,000 
Lanthanum- 131 La-131 1,000 
Lanthanum-132 La- 132 100 
Lanthanum-135 La-135 1,000 
Lanthanum-137 La-137 10 
Lanthanum- 13 8 La-138 100 
Lanthanum-140 La-140 100 
Lanthanum-141 La-141 100 
Lanthanum-142 La-142 1,000 
Lanthanum-143 La-143 1,000 
Cerium-134 Ce- 134 100 
Cerium-135 Ce- 13 5 100 
Cerium-137m Ce-137m 100 
Cerium-137 Ce-137 1,0001



Cerium-139 Ce-139 100 
Cerium-141 Ce-141 100 
Cerium-143 Ce-143 100 
Cerium-144 Ce-144 I 
Praseodyniium-136 Pr-136 1,000 
Praseodymium-137 Pr-137 1,000 
Praseodymium-138m Pe-138m 1,000 
Praseodymium-139 Pe- 139 1,000 
Praseodymium-142m Pe-142m 1,000 
Praseodymium-142 Pe-142 100 
Praseodymium-143 Pe- 143 100 
Praseodymium-144 Pe-144 1,000 
Praseodymium-145 Pe-145 100 
Praseodyrnium-147 Pe-147 1,000 
Neodymium-136 Nd-136 1,000 
Neodyniium-138 Nd-138 100 
Neodymium-139m Nd-139m 1,000 
Neodymium-139 Nd-139 1,000 
Neodymium-141 Nd-141 1,000 
Neodyniium-147 Nd-147 100 
Neodyrnium-149 Nd-149 1,000 
Neodyrnium-151 Nd-151 1,000 
Promethium-141 Pm-141 1,000 
Promethium-143 Pm-143 100 
Promethium-144 Pm-144 10 
Promethium-145 Pm-145 10 
Promethium-146 Pm-146 I 
Promethium-147 Pm-147 10 
Promethium-148m Pm-148m 10 
Promethium-148 Pm-148 10 
Promethium-149 Pm-149 100 
Promethium-150 Pm-150 1,000 
Promethium-151 Pm-151 100 
Sairnarium-141m Sm-141m 1,000 
Samarium-141 Sm-141 1,000 
Samarium-142 Sm-142 1,000 
Samarium-145 Sm-145 100 
S ainarium- I Sm-146 1 
Samarium-147 Sm-147 100 
Samarium-151 Sm-151 10 
Samarium-153 Sm-153 100 
Samarium-155 Sm-155 1,0001



Samarium-156 Sm-156 1,000 
Europium-145 Eu-145 100 
Europium-146 Eu-146 100 
Europium-147 Eu-147 100 
Europium-148 Eu-148 10 
Europium-149 Eu-149 100 
Europium-150 (12.62h) Eu-150 100 
Europium-150 (34.2y) Eu-150 1 
Europium-152m Eu-152m 100 
Europium-152 Eu-152 1 
Europium-154 Eu-154 1 
Europium-155 Eu-155 io 
Europium-156 Eu-156 100 
Europium-157 Eu-157 100 
Europium-158 Eu-158 1,000 
Gadolinium-145 Gd-145 1,000 
Gadolinium-146 Gd-146 10 
Gadolinium-147 Gd-147 100 
Gadolinium-148 Gd-148 0.001 
Gadolinium-149 Gd-149 100 
Gadolinium-151 Gd-151 10 
Gadolinium-152 Gd-152 100 
Gadolinium-153 Gd-153 10 
Gadolinium-159 Gd-159 100 
Terbium-147 Th-147 1,000 
Terbium-149 Tb-149 100 
Terbium-150 Th-150 1,000 
Terbium-151 Th-151 100 
Terbium- 153 Th-153 1,000 
Terbium-154 Th-154 100 
Terbium- 155 Th-155 1,000 
Terbium-156m (5.0h) Th-156m 1,000 
Terbium-156m (24.4h) Th-156m 1,000 
Terbium-156 Th-156 100 
Terbium-157 Th-157 10 
Terbium-158 Tb-158 1 
Terbium-160 Th-160 10 
Terbium-161 Th-161 100 
Dysprosium-155 Dy-155 1,000 
Dysprosium- 157 Dy- 157 1,000 
Dysprosium- 159 Dy-159 120 
Dysprosium-165 Dy-165 1,0001



Dysprosium-166 Dy-166 100 
Holmium-155 Ho-155 1,000 
Holmium-157 Ho-157 1,000 
Holmium-159 Ho-159 1,000 
Holmium-161 Ho-161 1,000 
Holmium- 162m Ho- 162m 1,000 
Holmium- 162 Ho- 162 1,000 
Holmium- 164m Hp- 164m 1,000 
Holmium- 164 Ho-164 1,000 
Holmium- 166m Ho- 166m 1 
Holmium-166 Ho-166 100 
Holmium- 167 Ho- 167 1,000 
Erbium-161 Er-161 1,000 
Erbium- 165 Er- 165 1,000 
Erbium-169 Er- 169 100 
Erbium-171 Er-171 100 
Erbium-172 Er-172 100 
Thulium-162 Tm-162 1,000 
Thulium-166 Tm-166 100 
Thulium-167 Tm-167 100 
Thulium-170 Tm-170 10 
Thulium-171 Tm-171 10 
Thulium-172 Tm-172 100 
Thulium-173 Tm-173 100 
Thulium-175 Tm-175 1,000 
Ytterbium- 162 Yb- 162 1,000 
Ytterbium-166 Yb-166 100 
Ytterbium- 167 Yb- 167 1,000 
Ytterbium- 169 Yb-169 100 
Ytterbium- 175 Yb-175 100 
Ytterbium-177 Yb-177 1,000 
Ytterbium-178 Yb-178 1,000 
Lutetium- 169 Lu- 169 100 
Lutetium-170 Lu-170 100 
Lutetium- 171 Lu-171 100 
Lutetium- 172 Lu-172 100 
Lutetium- 173 Lu-173 10 
Lutetium-174m Lu-174m 10 
Lutetium- 174 Lu- 174 10 
Lutetium-176m Lu-176m 1,000 
Lutetium- 176 Lu-176 100 
Lutetium-177m Lu-177m 10



Lutetium- 177 Lu-177 100 
Lutetium-178m Lu-178m 1,000 
Lutetium- 17 8 Lu-178 1,000 
Lutetium- 179 Lu-179 1,000 
Hafnium-170 Hf-170 100 
Hafnium-172 Hf-172 1 
Hafnium-173 Hf-173 1,000 
Hafnium-175 Hf-175 100 
Hafnium-177m Hf-177m 1,000 
Hafnium-178m Hf-178m 0.1 
Hafnium-179m Hf-179m 10 
Hafnium-180m Hf-180m 1,000 
Hafnium-i81 Hf-181 10 
Hafnium-i 82m Hf-i 82m 1,000 
Hafnium- 182 Hf- 182 0.1 
Hafnium-i83 Hf- 183 1,000 
Hafnium-184 Hf- 184 100 
Tantalum-172 Ta-172 1,000 
Tantalum- 173 Ta- 173 1,000 
Tantalum-174 Ta-174 1,000 
Tantalum-175 Ta- 175 1,000 
Tantalum-176 Ta- 176 100 
Tantalum-177 Ta-177 1,ý000 
Tantalum-178 Ta-178 1,000 
Tantalum-179 Ta-179 100 
Tantalum-180m Ta-18Om 1,000 
Tantalum-180 Ta-180 100 
Tantalum-182m Ta-182m 1,000 
Tantalum-182 Ta-182 10 
Tantalum-183 Ta-183 100 
Tantalum-184 Ta- 184 100 
Tantalum-185 Ta- 185 1,000 
Tantalum-186 Ta-186 1,000 
Tungsten- 176 W-176 1,000 
Tungsten-177 W-177 1,000 
Tungsten-178 W-178 1,000 
Tungsten- 179 W-179 1,000 
Tungsten- 181 W-181 1,000 
Tungsten- 185 W-185 100 
Tungsten- 187 W- 187 100 
Tungsten-188 W-188 10 
Rhenium-177 Re-177100



Rlienium-178 Re-178 1,000 
Rhenium-181 Re-i81 1,000 
Rhenium-182 (12.7h) Re-182 1,000 
Rhenium-182 (64.0h) Re-182 100 
Rhenium-184m Re-184m 10 
Rhenium-184 Re- 184 100 
Rhenium-186m Re-186m 10 
Rhenium-186 Re-186 100 
Rhenium- 187 Re- 187 1,000 
Rhenium-188m Re-188m 1,000 
Rhenium-188 Re-188 100 
Rhenium-189 Re-189 100 
Osmium- 180 Os- 180 1,000 
Osmium-181 Os-181 1,000 
Osmium-182 Os-182 100 
Osmium-185 Os-185 100 
Osmium-189m Os-189m 1,000 
Osmium-191m Os-191m 1,000 
Osmium-191 os-191 100 
Osmium-193 Os-193 100 
Osmium-194 Os-194 1 
Iridium- 182 Ir-182 1,000 
Iridium- 184 Ir-184 1,000 
Iridium- 185 Ir-185 1,000 
Iridium-186 Ir-186 100 
Lridium-187 Lr-187 1,000 
Iridium-188 lr-188 100 
Iridium-189 Ir-189 100 
Iridium-i 90m ir-190m 1,000 
Iridium-190 Ir-190 100 
Iridium-192 (73.8d) Ir-192 1 
Iridium-192m (1.4 min.) lr- 192m 10 
Iridium-194m fr-194m 10 
Iridium-194 Ir-194 100 
Iridium-i 95m Ir- 195m 1,000 
Iridium-195 fr-95 1,000 
Platinum-186 Pt-186 1,000 
Platinum-188 Pt-188 100 
Platinum-189 Pt- 189 1,000 
Platinum-191 Pt-191 100 
Platinum-i 93m Pt-i 193m 100 
Platinum-193 Pt-193100



Platinum-195m Pt-195m 100 
Platinum-197m Pt-197m 1,000 
Platinum-197 Pt-197 100 
Platinum-199 Pt- 199 1,000 
Platinum-200 Pt-200 100 
Gold-193 Au-193 1,000 
Gold-194 Au-194 100 
Gold-195 Au-195 10 
Gold-198m Au-198m 100 
Gold-198 Au-198 100 
Gold-199 Au-199 100 
Gold-200m Au-200m 100 
Gold-200 Au-200 1,000 
Gold-201 Au-201 1,000 
Mercury-193m Hg-193m 100 
Mercury-193 Hg-193 1,000 
Mercury-194 Hg-194 1 
Mercury-195m Hg-195m 100 
Mercury- 195 Hg-195 1,000 
Mercury-197m Hg-197m 100 
Mercury-197 Hg-197 1,000 
Mercury-199m Hg-199m 1,000 
Mercury-203 Hg-203 100 
Thallium-194m TI-194m 1,000 
Thallium-194 TI-194 1,000 
Thallium-195 TI-195 1,000 
Thallium-197 TI-197 1,000 
Thallium-198m TI-198m 1,000 
Thallium-198 Ti-198 1,000 
Thallium-199 TI-199 1,000 
Thallium-200 TI-200 1,000 
Thallium-201 TI-201 1,000 
Thallium-202 TI-202 100 
Thallium-204 TI-204 100 
Lead-195m Pb-195m 1,000 
Lead-198 Pb-198 1,000 
Lead-199 Pb- 199 1,000 
Lead-200 Pb-200 100 
Lead-201 Pb-201 1,000 
Lead-202m Pb-202m 1,000 
Lead-202 Pb-202 10 
Lead-203 Pb-2023 1,000



Lead-205 Pb-205 100 
Lead-209 Pb-209 1,000 
Lead-210 Pb-210 0.01 
Lead-211 Pb-21 1 100 
Lead-212 Pb-212 I 
Lead-214 Pb-214 100 
Bismuth-200 Bi-200 1,000 
Bismuth-201 Bi-201 1,000 
Bismuth-202 Bi-202 1,000 
Bismuth-203 Bi-203 100 
Bismuth-205 Bi-205 100 
Bismuth-206 Bi-206 100 
Bismuth-207 Bi-207 10 
Bismuth-210m Bi-210m 0.1 
Bismuth-210 Bi-210 1 
Bismuth-212 Bi-212 10 
Bismuth-213 Bi-213 10 
Bismuth-214 Bi-214 100 
Polonium-203 Po-203 1,000 
Polonium-205 Po-205 1,000 
Polonium-207 Po-207 1,000 
Polonium-210 Po-210 0.1 
Astatine-207 At-207 100 
Astatine-21 I At-211 10 
Radon-220 Rn-220 I 
Radon-222 Rn-222 1 
Francium-222 Fr-222 100 
Francium-223 Fr-223 100 
Radium-223 Ra-223 0.1 
Radium-224 Ra-224 0.1 
Radium-225 Ra-225 0.1 
Radium-226 Ra-226 0.1 
Radium-227 Ra-227 1,000 
Radium-228 Ra-228 0.1 
Actinium-224 Ac-224 1 
Actinium-225 Ac-225 0.01 
Actinium-226 Ac-226 0.1 
Actinium-227 Ac-227 0.001 
Actinium-228 Ac-228 1 
Thorium-226 Th-226 10 
Thorium-227 I Th-227 1 0.011 
Thorium-228 I Th-228 1 0.0011



Thorium-229 Th-229 0.00 1 
Thorium-230 Th-230 0.00 1 
Thorium-231 Th-231 100 
Thorium-232 Th-232 100 
Thorium-234 Th-234 .10 
Thorium-natural ______ 100 
Protactinium-227 Pa-227 10 
Protactinium-228 Pa-228 1 
Protactinium-230 Pa-230 0.01 
Protactinium-23 1 Pa-23 1 0.001 
Protactinium-232 Pa-232 1 
Protactinium-233 Pa-233 100 
Protactinium-234 Pa-234 100 
Uranium-230 U-230 0.01 
Uranium-23 1 U-23 1 100 
Uranium-232 U-232 0.00 1 
Uranium-233 U-233 0.001 
Uranium-234 U-234 0.00 1 
Uranium-235 U-235 0.001 
Uranium-236 U-236 0.001 
Uranium-237 U-237 100 
Uranium-238 U-238 100 
Uranium-239 U-239 1,000 
Uranium-240 U-240 100 
Uranium-natural _______ 100 
Neptunium-232 NP-232 100 
Neptunium-233 Np-233 1,000 
Neptunium-234 Np-234 100 
Neptunium-235 Np-235 100 
Neptunium-236 Np-236 0.001 
(1. 15x10y)_______ 

Neptunium-236 (22.5h) Np-236 1 
Neptunium-237 Np-237 0.00 1 
Neptunium-238 Np-238 10 
Neptunium-2397 Np-239 100 
Neptunium-240 Np-240 1,000 
Plutonium-234 Pu-234 10 
Plutonium-235 Pu-235 1,000 
Plutonium-236 Pu-236 0.00 1 
Plutonium-237 Pu-237 100 
Plutonium-238 Pu-238 0.001 
Plutonium-239 Pu-239 0.001



Plutonium-240 Pu-240 0.001 
Plutonium-241 Pu-241 0.01 
Plutonium-242 Pu-242 0.001 
Plutonium-243 Pu-243 1,000 
Plutonium-244 Pu-244 0.001 
Plutonium-245 Pu-245 100 
Americium-237 Am-237 1,000 
Americium-238 Am-238 100 
Americium-239 Am-239 1,000 
Americium-240 Am-240 100 
Americium-241 Am-241 0.001 
Americium-242m Am-242m 0.001 
Americium-242 Am-242 10 
Americium- Am-243 0.001 
Americium-244m Am-244m 100 
Americium-244 Am-244 10 
Americium-245 Am-245 1,000 
Americium-246m Am-246 1,000 
Americium-246 Am-246 1,000 
Curium-238 Cm-238 100 
Curium-240 Cm-240 0.1 
Curium-241 Cm-241 1 
Curium-242 Cm-242 0.01 
Curium-243 Cm-243 0.001 
Curium-244 Cm-244 0.001 
Curium-245 Cm-245 0.001 
Curium-246 Cm-246 0.001 
Curium-247 Cm-247 0.001 
Curium-248 Cm-248 0.001 

AQ Curium-249 Cm-249 1,000 
Berkelium-245 Bk-245 100 
Berkelium-246 Bk-246 100 
Berkelium-247 Bk-247 0.001 
Berkelium-249 Bk-249 0.1 
Berkelium-250 Bk-250 10 
Califomium-244 Cf-244 100 
Califomium-246 Cf-246 I 
Califomium-248 Cf-248 0.01 
Califomium-249 Cf-249 0.001 
Califomium-250 Cf-250 0.001 
Californium-251 Cf-251 0.001 
Califomium-252 Cf-252 0.0011



Californium-253 Cf-253 0.1 
Californium-254 Cf-254 0.001 
Any alpha emitting 0.001 
radionuclide not listed 
above or mixtures or 
alpha emitters of 
unknown composition 
Einsteinium-250 Es-250 100 
Einsteinium-251 Es-251 100 
Einsteinium-253 Es-253 0.1 
Einsteinium-254m Es-254m 1 
Einsteinium-254 Es-254 0.01 
Fermium-252 Fm-252 1 
Fermium-253 Fm-253 1 
Fermium-254 Fm-254 10 
Fermium-255 Fm-255 1 
Fermium-257 Fm-257 0.01 
Mendelevium-257 Md-257 10 
Mendelevium-258 Md-258 0.01 
Any radionuclide other 0.01 
than alpha emitter 
radionuclides not listed 
above, or mixtures of 
beta emitters of 
unknown composition III 
'The quantities listed above were derived by taking /,loth of the most restrictive ALI listed 
in table 1, columns 1 and 2, of appendix B to §§20.1001-20.2401 of this part, rounding to 
the nearest factor of 10, and arbitrarily constraining the values listed between 0.001 and 
1,000 MCi. Values of 100 yCi have been assigned for radionuclides having a radioactive 
half-life in excess of 10' years (except rhenium, 1000 I.Ci) to take into account their low 
specific activity.  

NOTE: For purposes of §§20.1902(e), 20.1905(a), and 20.2201 (a) where there is 
involved a combination of radionuclides in known amounts, the limit for the combination 
should be derived as follows: determine, for each radionuclide in the combination, 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" (i.e., "unity").  

[56 FR 23465, May 21, 1991; 56 FR 61352, Dec. 3, 1991. Redesignated and amended at 
58 FR 67659, Dec. 22, 1993; 60 FR 20186, Apr. 25, 1995]



4731.3001, D EXEMPTIONS 
Subpart 1. Radioactive Material, including Source Material - Exemptions 

A. Persons Using Radioactive Material, including Source Material Under Certain 
U.S. Department of Energy and U.S. Nuclear Regulatory Commission Contracts.  

(1) except to the extent that U.S. Department of Energy facilities or activities of 
the types subject to licensing pursuant to section 202 of the Energy Reorganization Act of 1974 
or the Uranium Mill Tailings Radiation Control Act of 1978 are involved, any prime contractor 
of the U.S. Department of Energy is exempt from the requirements in 4731.0300-4731.0317 to 
the extent that such contractor, under his prime contact with the U.S. Department of Energy, 
manufactures, produces, receives, acquires, owns, possesses, uses, transfers or delivers 
radioactive material, including source material and special nuclear material, for: 

(a) the performance of work for the U.S. Department of Energy or a 
United States Government-owned or controlled site, including the transportation of radioactive 
material, including source material and special nuclear material, to or from such site and the 
performance of contract services during temporary interruptions of such transportation; 

(b) research in, or development, manufacture, storage, testing or 
transportation of atomic weapons or components thereof; or 

(c) the use or operation of nuclear reactors or other nuclear devices in 
United States-owned vehicle or vessel.  

(2) in addition to the exemption under the conditions and requirements in 
4731.3001, D, subp. 1, A, (1), above, the prime contractor is exempt from the regulations in 
4731.0300 - 4731.0320 to the extent: 

(a) that such prime contractor or subcontractor manufacturers, produces, 
transfers, receives, acquires, owns, possesses, or uses radioactive material, including source 
material and special nuclear material under his prime contract or subcontract; and 

(b) that the commissioner determines that: 
((1)) the exemption is authorized by law; and 
((2)) under the terms of the contract or subcontract, there is 

adequate assurance that the work thereunder can be accomplished without undue risk to the 
public health and safety.  

B. Carriers. Common and contract carriers, freight forwarders, warehousemen, and 
the U.S. Postal service are exempt from the regulations in 4731.0300-4731.0320, 4731.0500
4731.0522, 4731.0700-4731.0720,4731.0800-4731.0820, 4731.0900-4731.0920,4740.1000
4731.1020, 4731.1200-4731.1220, to the extent that they transport or store radioactive material, 
including source material and special nuclear material, in the regular course of the carriage for 
another or storage incident thereto.  

C. Unimportant quantities of source material.  
(1) any person is exempt from 4731.0300 -4731.0320 to the extent that such 

person receives, possesses, uses, or transfers or delivers source material in any chemical mixture, 
compound, solution, or alloy in which the source material is by weight less than 1/20 of 1% 
(0.05%) of the mixture, compound, solution or alloy. The exemption contained in 
4731.3001, D, subp. 1, C, (1), does not include radioactive material as defined in 4731.0100.
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(2) any person is exempt from 4731.3001, D, subp. 1, A, to the extent that 
such person receives, possesses, uses or transfers unrefined or unprocessed ore containing source 
material; provided that, except as authorized in a specific license, such person shall not refine or 
process such ore.  

(3) any person is exempt from 4731.3001, D, subp. 1, A, to the extent that 
such person, receives, possessed, uses or transfers: 

(a) any quantities of thorium contained in: 
((1)) incandescent gas mantles, 
((2)) vacuum tubes, 
((3)) welding rods, 
((4)) electric lamps for illuminating purposes: provided that each 

lamp does not contain more than 50 milligrams of thorium, 
((5)) germicidal lamps, sunlamps, and lamps for outdoor or industrial 

lighting: provided that each lamp does not contain more than two grams of thorium, 
((6)) rare earth metals and compounds, mixtures, and products 

containing not more than 0.25% by weight thorium, uranium, or any combination of these, or 
((7)) personnel neutron dosimeters: provided that each dosimeter 

does not contain more than 50 milligrams of thorium; 
(b) source material contained in the following products: 

((1)) glazed ceramic tableware, provided that the glaze contains not 
more than 20% by weight source material, 

((2)) piezoelectric ceramic containing not more than 2% by weight 
source material; 

((3)) glassware containing not more than 10% by weight source 
material; but not including commercially manufactured glass brick, pane glass, ceramic tile, or 
other glass or ceramic used in construction; 

((4)) glass enamel, or glass enamel frit containing not more than 10% 
by source material imported or ordered for importation into the United States, or initially 

distributed buy manufacturers in the United States, before July 25, 1983 or 
(c) photographic film, negatives, and prints containing uranium or 

thorium; 
(d) any finished product or part fabricated of, or containing, tungsten

thorium or magnesium-thorium alloys, provided that the thorium content of the alloy does not 
exceed 4% by weight and that this exemption in 4731.3001, D, subp.l,C,, shall not be deemed to 
authorize the chemical, physical, or metallurgical treatment of any such product or part; and 

(e) uranium contained in counterweights installed in aircraft, rockets, 
projectiles, and missiles, or stored or handled in connection with installation or removal of such 

counterweights, provided, that: 
((1)) the counterweights are manufactured in accordance with a 

specific license issued by the U.S. Nuclear Regulatory Commission, or the Atomic Energy 
Commission authorizing distribution by the licensee pursuant to 10 CFR 40.13.  

((2)) each counterweight has been impressed with the following 
legend clearly legible through any plating or other covering: "Depleted Uranium".
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The requirement specified in 4731.3001, D, subp. 1, C, (3), (e), ((2)) and ((3)), need not be met 
by counterweights manufactured prior to Dec 31, 1969; Provided, that such counterweights were 
manufactured under a specific license issued by the Atomic Energy Commission and were 
impressed with the legend required by 1OCFR40.13, (c), (5), (ii) in effect on June 30, 1969.  

((3)) each counterweight is durable and legibly labeled or marked with 
the identification of the manufacturer and the statement: "Unauthorized Alterations Prohibited ", 

the same condition as in 4731.3001, D, subp. 1, C, (3), (e), ((2)), applies, and 
((4)) the exemption contained in 4731.30001, d, subp.1, C, (3), (e), 

shall not be deemed to authorize the chemical, physical, or metallurgical treatment or 
processing of any such counterweights other than repair or restoration of any planting or other 
covering.  

(f) natural or depleted uranium metal used as shielding constituting part 
of shipping container: provided that: 

((1)) the shipping container is conspicuously and legibly impressed 
with the legend "CAUTION - RADIOACTIVE SHIELDING - URANIUM"; and, 

((2)) the uranium metal is encased in mild steel or equally fire 
resistant metal of minimum wall thickness of 1/8 inch(3.2 mm); 

(g) thorium contained in finished optical lenses, provided that each does 
not contain more than 30% by weight of thorium, and that this exemption contained in 
4731.3001, D, subp.1, C, (3), (e), shall not be deemed to authorize either: 

((1)) the shaping, grinding, or polishing of such lens or manufacturing 
processes other than the assembly of such lens into optical systems and devices without any 
alteration of the lens; or 

((2)) the receipt, possession, use, transfer, or of thorium contained in 
contact lenses or in spectacles, or in eyepieces of binoculars or other optical instruments; 

(h) thorium contained in any finished aircraft engine part containing 
nickel-thoria alloy, provided that: 

((1)) the thorium is dispersed in the nickel-thoria alloy in the form of 
finely divided thoria (thorium dioxide); and 

((2)) the thorium content in the nickel-thoria alloy does not exceed 4 
percent by weight.  

(i) the exemptions in 4731.3001, D subp. 1, C, do not authorize the 
manufacture of any of the products described.  

D. Any person is exempt from the regulations of 4731.3001, D, subp. 1, C, to 
the extent that such person receives, possesses, uses, or transfers uranium contained in detector 
heads for use in fire detection units, provided that each detector head contains not more than 
0.005 microcurie of uranium. The exemption in 4731.3001, D, subp. 1, C, does not authorize the 
manufacture of any detector head containing uranium.  

Subp. 2. Radioactive Material Other than Source Material - Exemptions 
A. Exempt Concentrations 

(1) except as provided in 4731.3001, D, subp. 2, A, (3), (4) and (5), below, any 
person is exempt from 4731.0300- 4731.0320 to the extent that such person receives, possesses,
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uses, transfers, owns or acquires products or materials containing radioactive material in 
concentrations not in excess of those listed in 4731.3003, A.  

(2) this section shall not be deemed to authorize the import of radioactive 
material or products containing radioactive materials.  

(3) a manufacturer, processor or producer of a product or material in 
Minnesota is exempt from the requirements in 4731.0300-4731.0320, 4731.0500-4731.0520, 
4731.0700-4731.0720,4731,0800-4731.0820, 4731.0900-4731.0920,4731.1000-4731.1020, 
and4731.1200-4731.1220, to the extent that: 

(a) the manufacturer, processor, or producer transfers radioactive material 
contained in a product or material in concentrations not in excess of those specified in 
4731.3003, A; and 

(b) the radioactive material is introduced into the product or material by a 
licensee holding a specific license issued by the commissioner, an agreement state, or the U.S.  
Nuclear Regulatory Commission, expressly authorizing such introduction.  
This exemption does not apply to the transfer of radioactive material in any food, beverage, 
cosmetic, drug, or other commodity or product designed for ingestion or inhalation by, or 
application to, a human being.  

(4) no person may introduce radioactive material into a product or 
material knowing or having reason to believe that it will be transferred to persons exempt under 

4731.3001, D, subp.2, A, (1), or equivalent regulations of the U.S. Nuclear Regulatory 
Commission, any agreement state or licensing state, except in accordance with a specific license 
issued pursuant to 4731.0311, subp. 1, or the general license provided in 4731.0316, subp. 2.  

(5) natural radioactive materials of an equivalent specific radioactivity not 
exceeding that of natural potassium.  

B. Exempt Quantities 
(1) except as provided in 4731.3001, D, subp. 2, B, (3) and (4), any person is 

exempt from 4731.0300 - 4731.0320 to the extent that such person receives, possesses, uses 
transfers, owns, or acquires radioactive material in individual quantities each of which does 
not exceed the applicable quantity set forth in 4731.3003, B.  

(2) any person who possesses radioactive material received or acquired prior 
to September 25, 1971 under the general license then provided in 10 CFR 32.4 is exempt from 
the requirements for a license required in 4631.0300 - 4731.0320 to the extent that such person 
possesses, uses, transfers, or owns such radioactive material.  

(3) 4731.3001, D, subp. 2, B,, does not authorize for purposes of commercial 
distribution the production, packaging, repackaging or transfer of radioactive material, or the 
incorporation of radioactive material into products intended for commercial distribution.  

(4) no person may, for purposes of commercial distribution, transfer 
radioactive in the individual quantities set forth in 4731.3003, B, knowing or having reason to 
believe that such quantities of radioactive material will be transferred to persons exempt under 
4731.3001, D, subp. 2, B, or equivalent regulations of the U.S. Nuclear Regulatory Commission, 
or an agreement state, except in accordance with a license by the U.S. Nuclear Regulatory 
Commission issued under 10 CFR 32.18 which states that the radioactive material may be 
transferred by the licensee to persons exempt under 4731.3001, D, subp.2, B or equivalent
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regulations of an agreement state.  
C. Exempt Items 

(1) certain items containing radioactive material .Except for persons who 
apply radioactive material to, or persons who incorporate radioactive material into, the following 
products, or persons who initially transfer for sale or distribution the following products 
containing byproduct material, any person is exempt from the regulations in 4731.0101
4731.0195, 4731.0300-470.0320, 4731.0500 - 4731.0520, 4731.0700-4731.0720, 4731.0800
4731.0820,4731.0900-4731.0920, 4731.1000- 4731.1020,4731.1200-4731.1220 to the extent 
that such person receives, possesses, uses, transfers, owns, or acquires the following products: 

(a) timepieces or hands or dials containing not more than the 
following specified quantities of radioactive material and not exceeding the following specified 
levels of radiation: 

((1)) 25 millicuries (925 MBq) of tritium per timepiece 
((2)) Five millicuries (185 MBq) of tritium per hand 
((3)) 15 millicuries (555 MBq) of tritium per dial (bezels when used 

shall considered as part of the dial).  
((4)) 100 microcuries (3.7 MBq) of promethium-147 per watch or 

200 microcuries (7.4 MBq) of promethium-147 per any other timepiece 
((5)) 20 microcuries (0.74 MBq) of promethium-147 per watch 

hand of 40 microcuries (1.48 MBq) of promethium-147 per other timepiece hand 
((6)) 60 microcuries (2.22 MBq) of promethium-147 per watch dial 

or 120 microcuries (4.44 MBq) of promethium-147 per any other timepiece dial (bezels when 
used shall be considered as part of the dial) 

((7)) the levels of radiation from hands and dials 
containing promethium-147 will not exceed, when measured through 50 milligrams per square 
centimeter of absorber: 

((a)) for wrist watches, 0.1 millirad (1 pGy) per hour at ten 
centimeters from any surface 

((b)) for pocket watches, 0.1 millirad (1 M Gy) per hour at one 
centimeter from any surface 

((c)) for any other timepiece, 0.2 millirad (2 jtGy) per hour at 
ten centimeters from any surface 

((8)) one microcurie ( 37 kBq) of radium-226 per timepiece in 
timepiece acquired prior to the effective date of Chapter 4731.  

(b) lock illuminators containing not more than 15 millicuries (555 
MBq) of tritium or not more than two millicuries (74 MBq) of promethium-147 installed on 
automobile locks. The radiation dose from each lock illuminator containing promethium-147 
will not exceed one millirad (10 jiGy) per hour at one centimeter from any surface when 
measured through 50 milligrams per square centimeter absorber.  

(c) balances of precision containing not more than one millicurie 
(37 MBq) of tritium per balance or not more than 0.5 millicurie (18.5 MBq) of tritium per 
balance part.
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(d) automobile shift quadrants containing not more than 25 millicuries 
(925 MBq) of tritium.  

(e) marine compasses containing not more than 750 millicuries 
(27.8 GBq) of tritium gas and other marine navigational instruments containing not more than 
250 millicuries (9.25 GBq) of tritium gas.  

(f) thermostat dials and pointers containing not more than 25 millicuries 
(925 MBq) of tritium per thermostat.  

(g) electron tubes; provided, that each tube does not contain more one of 
the following specified quantities of radioactive materials: 

((1)) 150 millicuries (5.55 GBq) of tritium per microwave receiver 
protector tube or 10 millicuries (370 MBq) of tritium per any other electron tube.  

((2)) 1 microcurie (37 kBq) of cobalt-60 
((3)) 5 microcuries (185 kBq) of nickel-63 
((4)) 30 microcuries (1.11 MBq) of krypton-85 
((5)) 5 microcuries (185 kBq) of cesium- 137 
((6)) 30 microcuries (1.11 MBq) of promethium- 147 

And provided further, that the radiation dose rate from each electron tube containing radioactive 
material do not exceed one millirad (ten piGy) per hour at one centimeter from any surface when 
measured through seven milligrams per square centimeter of absorber. For purposes of 
4731.3001, D, subp. 2, C, (1), (g), "electron tubes" include spark gap tubes, power tubes, 
indicator tubes, gas tubes including glow lamps, receiving tubes, microwave tubes, pick-up 
tubes, radiation detection tubes, and any other completely sealed tube that is designed to conduct 
or control electrical currents.  

(h) ionizing radiation measuring instruments containing, for purposes of 
internal calibration or standardization, one or more sources of byproduct material, provided that: 

((1)) each source contains no more than one exempt quantity set 
forth in 4731.3003, B; and, 

((2)) each instrument contains no more then ten exempt quantities.  
For purposes of 4731.3001, D, subp. 2, C, (1), (h), an instrument's source(s) may contain either 
one or different types of radionuclides and an individual exempt quantity may be composed of 
fractional parts of one or more of the exempt quantities in 4731.3003, B, provided that the sum 
of such fractions shall not exceed unity; 

((3)) for purposes of 4733.3001, D, subp. 2, C, (1), (h), 0.05 
microcurie ( 1.85 kBq) of americium-241 is considered an exempt quantity under 4731.3003, B.  

(i) spark gap irradiators containing not more than one microcurie 
(37 kBq) of cobalt-60 per spark gap irradiator for use in electrically ignited fuel oil burners 
having a firing rate of at least three gallons (11.4 liters) per hour.  

(j) any person who desires to apply radioactive material to, or to 
incorporate radioactive material into the products exempted in 4731.3001, D, subp. 2, C, (1), or 
who desires to initially transfer for sale or distribution such products containing radioactive 
material, should apply for a specific license pursuant to 4731.0308, which license 
states that the product may distributed by the licensee to persons exempt from the regulations in 
4731.3001, D, subp. 2, C, (1).
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(2) self-Luminous Products Containing Radioactive Material Containing 
Tritium, Krypton-85, or Promethium-147.  

(a) except for persons who manufacture, process, produce, or initially 
transfer for sale or distribution self-luminous products containing tritium, krypton-85, or 
promethium-147, and except as provided in 4731.3001, D., subp2, C, (2), (c), any person is 
exempt from the regulations in 4731.0100-4731.0195, 4731.0300- 4731.0320,4731.0500
4731.0520,4731.0700-4731.0720, 4731.0800-4731.0820,4731. 09000-4731. 0920, 4731.1000
4731.1020, 4731.1200-4731.1220, to the extent that such person receives, possesses, uses, 
transfers, owns, or acquires tritium, krypton-85, or promethium-147 in self-luminous products 
manufactured, processed, produced, or initially transferred in accordance with a specific license 
issued by the U.S. Nuclear Regulatory Commission pursuant to 10CFR 32.22 which license 
authorizes the initial transfer of the product for use under this section.  

(b) any person who desires to manufacture, process, or produce self
luminous products containing tritium, krypton-85 or promethium-147 or to transfer such products 
for use pursuant to 4731.3001, D, subp. 2, C, (2), (a), should apply for a license pursuant to 10 
CFR 32.22, which license states that the product may be transferred by the licensee to persons 
exempt from the regulations pursuant to 4731.3001, D, subp. 2, C, (2), (a), or equivalent 
regulations of an agreement state.  

(c) the exemption in 4731.3001, D, subp. 2, C, (2), (a),, does not apply to 
tritium, krypton-85, or promethium-147 used in products primarily for frivolous purposes or in 
toys or adornments.  

(d) any person is exempt from 4731.0300- 4731.0320 to the extent that 
suchperson receives, possesses, uses, transfers, or owns articles containing less than 0.1 
microcurie (3.7 kBq) of radium-226 which were acquired prior to the effective date of these 
rules.  

(3) gas and Aerosol Detectors Containing Radioactive Material 
(a) except for persons who manufacturer, process, or produce initially 

transfer for sale or distribution gas and aerosol detectors containing radioactive material, any 
person is exempt from the regulations in 4731.0101-4731.0195, 4731.0300- 4731.0320, 
4731.0500-4731.0520, 4731.0700-4731.0720, 4731.0800-4731.0820, 4731.0900-4731.0920, 
4731.1000-4731.1020, 4731.1200-4731.1220, to the extent that such person receives, possesses, 
uses, transfers, owns, or acquires radioactive material in gas or aerosol detectors designed to 
protect life or property from fires and airborne hazards, and manufactured, processed, 
produced, or initially transferred in accordance with a specific license issued pursuant to 10 CFR 
32.26; an agreement state or a licensing state which license authorizes the initial transfer 
of the product for use under this section.  

(b) any person who desires to manufacture, process, or produce gas 
and aerosol detectors containing radioactive material, or to initially transfer such products for use 
pursuant to 4731.3001, D, subp. 2, C, (3), (a), should apply for a license pursuant to 
1OCFR32.26, which license states that the product may be initially transferred by the licensee to 
persons exempt from 4731.3001, D, subp. 2, C, (3), (a).  

(c) gas and aerosol detectors containing NARM previously 
manufactured and distributed in accordance with a specific license issued by a licensing state
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shall be considered exempt under 4731.3001, D, subp. 2, C, (3), (a), provided that the device is 
labeled in accordance with the specific license authorizing distribution and provided further that 
they meet the requirements of 4731.0300, subp. 3.  

(4) resins containing Scandium-46 and designed for sand-consolidation in oil wells.  
Any person is exempt from regulations in 4731.0101-4731.0195, 4731.0300- 4731.20320, 
4731.0500- 4731.0520,4731.0700-4731.0720,4731.0800-4731.0820,4731.0900-4731.0920, 
4731.1000-4731.1020, 4731. 1200-4731.1220, to the extent that such person receives, possesses, 
uses, transfers, owns, or acquires synthetic plastic resins containing scandium-46 which are 
designed for sand- consolidation in oil wells, and which have manufactured or initially 
transferred for sale of distribution, in accordance with a specific license issued pursuant to 
10CFR32.17 or equivalent regulations of an agreement state. The exemption in this section does 
not authorize the manufacture or initial transfer for sale or distribution of any resins containing 
scandium-46.  

D. Radioactive drug: Capsules Containing Carbon-14 Urea for "in vivo" 
(1) except as provided in 4731.3001, D, subp. 2, D, (2) and (3),, below, 

any person is exempt from the regulations in this part and 4731.1200-4731.1220, provided that 
such person receives, possesses, uses, transfers, owns, or acquires capsules containing 1 OCi (37 
kBq) carbon-14 urea (allowing for nominal variation that may occur during the manufacturing 
process) each, for "in vivo" diagnostic use for humans.  

(2) any person who desires to use the capsules for research involving 
human subjects shall apply for and receive a specific license pursuant to 4731.1200- 4731.1220.  

(3) any person who desires to manufacture, prepare, process, produce, 
package, repackage, or transfer for commercial distribution of such capsules, must apply to the 
U.S. Nuclear Regulatory Commission for a license pursuant to !0 CFR 32.21.  

(4) nothing in this section relieves persons from complying with applicable 
U.S. Food and Drug Administration, other federal and state requirements governing receipt, 
administration, and use drugs.  

E. Exemptions for low-level materials 
(1) common and contract carriers, freight forwarders, and warehousemen 

who are subject to the requirements of the U.S. Department of Transportation in 49CFR Parts 
170 through 189 or the U.S. Postal Service in the Postal Service Manual(Domestic Mail 
Manual), section 124.3 incorporated by reference, 39CFR Part 111.1 (1974), are exempt from 
these regulations to the extent that they transport or store radioactive material in the regular 
course of their carriage for another or storage incident thereto. Common and contact carriers 
who are not subject to the requirements of the U.S. Department of Transportation or U.S. Postal 
Service are subject to 4731.1500 and other applicable sections of these regulations.  

(2) any physician licensed by a state to dispense drugs in the practice of 
medicine is exempt from 4731,1501, subp. 2, with respect to transport by the physician of 
licensed material for use in th practice of medicine. However, any physician operating under this 
exemption must be licensed under 4731.1200 - 14731.1220. or the equivalent U.S. Nuclear 
Regulatory Commission or agreement state regulations.  

F. A radiation machine not being used in a manner such that it produces
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radiation.  
G. Domestic television receivers, provided the dose rate at 5 cm from any outer 

surface of ten square cm is less than 0.5 mrem per hour.  
H. Radiation sources specifically designated by the commissioner as exempt by 

virtue of being known to be without hazard to health.
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4731.3001, E.

Appendix A to 10 CFR Part 34 Radiographer Certification 
I. Requirements for an Independent Certifying Organization 

An independent certifying organization shall: 
1. Be an organization such as a society or association, whose members participate 

in, or have an interest in, the fields of industrial radiography; 
2. Make its membership available to the general public nationwide that is not 

restricted because of race, color, religion, sex, age, national origin or disability; 
3. Have a certification program open to nonmembers, as well as members; 
4. Be an incorporated, nationally recognized organization, that is involved in 

setting national standards of practice within its fields of expertise; 
5. Have an adequate staff, a viable system for financing its operations, and a 

policy-and decision-making review board; 
6. Have a set of written organizational by-laws and policies that provide adequate 

assurance of lack of conflict of interest and a system for monitoring and enforcing those 
by-laws and policies; 

7. Have a committee, whose members can carry out their responsibilities 
impartially, to review and approve the certification guidelines and procedures, and to 
advise the organization's staff in implementing the certification program; 

8. Have a committee, whose members can carry out their responsibilities 
impartially, to review complaints against certified individuals and to determine 
appropriate sanctions; 

9. Have written procedures describing all aspects of its certification program, 
maintain records of the current status of each individual's certification and the 
administration of its certification program; 

10. Have procedures to ensure that certified individuals are provided due process 
with respect to the administration of its certification program, including the process of 
becoming certified and any sanctions imposed against certified individuals; 

11. Have procedures for proctoring examinations, including qualifications for 
proctors. These procedures must ensure that the individuals proctoring each examination 
are not employed by the same company or corporation (or a wholly-owned subsidiary of 
such company or corporation) as any of the examinees; 

12. Exchange information about certified individuals with the Commissioner and 
other •ndependent certifying organizations and/or Agreement States and a" tI1NRC 
ancoen4odic review of its certification program and related records; and 

13. Provide a description to the Commissioner of its procedures for choosing 
examination sites and for providing an appropriate examination environment.  

HI. Requirements for Certification Programs 
All certification programs must: 
1. Require applicants for certification to (a) receive training in the topics set forth 

in 4731.0152, subpart 1 or equivalent Agreement State or NRC regulations, and (b) 
satisfactorily complete a written examination covering these topics; 

2. Require applicants for certification to provide documentation that demonstrates



that the applicant has: (a) received training in the topics set forth in 4731.0152, subpart 1 
or equivalent Agreement State regulations; (b) satisfactorily completed a minimum period 
of on-the-job training; and (c) has received verification by an Agreement State or a NRC 
licensee that the applicant has demonstrated the capability of independently working as a 
radiographer; 

3. Include procedures to ensure that all examination questions are protected from 
disclosure; 

4. Include procedures for denying an application, revoking, suspending, and 
reinstating a certificate; 

5. Provide a certification period of not less than 3 years nor more than 5 years; 
6. Include procedures for renewing certifications and, if the procedures allow 

renewals without examination, require evidence of recent full-time employment and 
annual refresher training.  

7. Provide a timely response to inquiries, by telephone or letter, from members of 
the public, about an individual's certification status.  

III. Requirements for Written Examinations 
All examinations must be: 
1. Designed to test an individual's knowledge and understanding of the topics 

listed in 4731.0152, subpart 1 or equivalent Agreement State requirements; 
2. Written in a multiple-choice format; 
3. Have test items drawn from a question bank containing psychometrically valid 

questions based on the material in 4731.0152, subpart 1.



4731.3001, G.  

Requirements for Transfers of Low-Level Radioactive Waste Intended for Disposal at 
Licensed Land Disposal Facilities and Manifests 

I. Manifest 

A waste generator, collector, or processor who transports, or offers for transportation, 
low-level radioactive waste intended for ultimate disposal at a licensed low-level 
radioactive waste land disposal facility must prepare a Manifest (OMB Control Numbers 
3150 - 0164, - 0165, and - 0166) reflecting information requested on applicable NRC 
Forms 540 (Uniform Low-Level Radioactive Waste Manifest (Shipping Paper)) and 541 
(Uniform Low-Level Radioactive Waste Manifest (Container and Waste Description)) 
and, if necessary, on an applicable NRC Form 542 (Uniform Low-Level Radioactive 
Waste Manifest (Manifest Index and Regional Compact Tabulation)). NRC Forms 540 
and 540A must be completed and must physically accompany the pertinent low-level 
waste shipment. Upon agreement between shipper and consignee, NRC Forms 541 and 
541A and 542 and 542A may be completed, transmitted, and stored in electronic media 
with the capability for producing legible, accurate, and complete records on the respective 
forms. Licensees are not required by MDH to comply with the manifesting requirements 
of this part when they ship: 

(a) LLW for processing and expect its return (i.e., for storage under their license) prior to 
disposal at a licensed land disposal facility; 

(b) LLW that is being returned to the licensee who is the "waste generator" or 
"generator," as defined in this part; or 

(c) Radioactively contaminated material to a "waste processor" that becomes the 
processor's "residual waste." 

For guidance in completing these forms, refer to the instructions that accompany the 
forms. Copies of manifests required by this appendix may be legible carbon copies, 
photocopies, or computer printouts that reproduce the data in the format of the uniform 
manifest.  

NRC Forms 540, 540A, 541, 541A, 542 and 542A, and the accompanying instructions, in 
hard copy, may be obtained from the Information and Records Management Branch, 
Office of Information Resources Management, U.S. Nuclear Regulatory Commission, 
Washington, DC 20555, telephone (301) 415 - 7232.  

This appendix includes information requirements of the Department of Transportation, as 
codified in 49 CFR part 172. Information on hazardous, medical, or other waste, required 
to meet Environmental Protection Agency regulations, as codified in 40 CFR parts 259, 
261 or elsewhere, is not addressed in this section, and must be provided on the required 
EPA forms. However, the required EPA forms must accompany the Uniform Low-Level 
Radioactive Waste Manifest required by this chapter.



As used in this appendix, the following definitions apply:

Chelating agent has the same meaning as that given in §61.2 of this chapter.  

Chemical description means a description of the principal chemical characteristics of a 
low-level radioactive waste.  

Computer-readable medium means that the regulatory agency's computer can transfer the 
information from the medium into its memory.  

Consignee means the designated receiver of the shipment of low-level radioactive waste.  

Decontamination facility means a facility operating under a Commission or Agreement 
State license whose principal purpose is decontamination of equipment or materials to 
accomplish recycle, reuse, or other waste management objectives, and, for purposes of 
this part, is not considered to be a consignee for LLW shipments.  

Disposal container means a container principally used to confine low-level radioactive 
waste during disposal operations at a land disposal facility (also see "high integrity 
container"). Note that for some shipments, the disposal container may be the transport 
package.  

EPA identification number means the number received by a transporter following 
application to the Administrator of EPA as required by 40 CFR part 263.  

Generator means a licensee operating under a Commission or Agreement State license 
who (1) is a waste generator as defined in this part, or (2) is the licensee to whom waste 
can be attributed within the context of the Low-Level Radioactive Waste Policy 
Amendments Act of 1985 (e.g., waste generated as a result of decontamination or recycle 
activities).  

High integrity container (HIC) means a container commonly designed to meet the 
structural stability requirements of §61.56 of this chapter, and to meet Department of 
Transportation requirements for a Type A package.  

Land disposal facility has the same meaning as that given in §61.2 of this chapter.  

NRC Forms 540, 540A, 541, 541A, 542, and 542A are official NRC Forms referenced in 
this appendix. Licensees need not use originals of these NRC Forms as long as any 
substitute forms are equivalent to the original documentation in respect to content, clarity, 
size, and location of information. Upon agreement between the shipper and consignee, 
NRC Forms 541 (and 541A) and NRC Forms 542 (and 542A) may be completed, 
transmitted, and stored in electronic media. The electronic media must have the capability 
for producing legible, accurate, and complete records in the format of the uniform 
manifest.  

Package means the assembly of components necessary to ensure compliance with the 
packaging requirements of DOT regulations, together with its radioactive contents, as 
presented for transport.



Physical description means the items called for on NRC Form 541 to describe a low-level 
radioactive waste.  

Residual waste means low-level radioactive waste resulting from processing or 
decontamination activities that cannot be easily separated into distinct batches attributable 
to specific waste generators. This waste is attributable to the processor or 
decontamination facility, as applicable.  

Shipper means the licensed entity (i.e., the waste generator, waste collector, or waste 
processor) who offers low-level radioactive waste for transportation, typically consigning 
this type of waste to a licensed waste collector, waste processor, or land disposal facility 
operator.  

Shipping paper means NRC Form 540 and, if required, NRC Form 540A which includes 
the information required by DOT in 49 CFR part 172.  

Source material has the same meaning as that given in §40.4 of this chapter.  

Special nuclear material has the same meaning as that given in §70.4 of this chapter.  

Uniform Low-Level Radioactive Waste Manifest or 

uniform manifest means the combination of NRC Forms 540, 541, and, if necessary, 542, 
and their respective continuation sheets as needed, or equivalent.  

Waste collector means an entity, operating under a Commission or Agreement State 
license, whose principal purpose is to collect and consolidate waste generated by others, 
and to transfer this waste, without processing or repackaging the collected waste, to 
another licensed waste collector, licensed waste processor, or licensed land disposal 
facility.  

Waste description means the physical, chemical and radiological description of a low
level radioactive waste as called for on NRC Form 541.  

Waste generator means an entity, operating under a Commission or Agreement State 
license, who (1) possesses any material or component that contains radioactivity or is 
radioactively contaminated for which the licensee foresees no further use, and (2) 
transfers this material or component to a licensed land disposal facility or to a licensed 
waste collector or processor for handling or treatment prior to disposal. A licensee 
performing processing or decontamination services may be a "waste generator" if the 
transfer of low-level radioactive waste from its facility is defined as "residual waste." 

Waste processor means an entity, operating under a Commission or Agreement State 
license, whose principal purpose is to process, repackage, or otherwise treat low-level 
radioactive material or waste generated by others prior to eventual transfer of waste to a 
licensed low-level radioactive waste land disposal facility.  

Waste type means a waste within a disposal container having a unique physical 
description (i.e., a specific waste descriptor code or description; or a waste sorbed on or



solidified in a specifically defined media).  

Information Requirements 

A. General Information 

The shipper of the radioactive waste, shall provide the following information on the 
uniform manifest: 

1. The name, facility address, and telephone number of the licensee shipping the waste; 

2. An explicit declaration indicating whether the shipper is acting as a waste generator, 
collector, processor, or a combination of these identifiers for purposes of the manifested 
shipment; and 

3. The name, address, and telephone number, or the name and EPA identification number 
for the carrier transporting the waste.  

B. Shipment Information 

The shipper of the radioactive waste shall provide the following information regarding 
the waste shipment on the uniform manifest: 

1. The date of the waste shipment; 

2. The total number of packages/disposal containers; 

3. The total disposal volume and disposal weight in the shipment; 

4. The total radionuclide activity in the shipment; 

5. The activity of each of the radionuclides H - 3, C - 14, Tc-99, and I - 129 contained in 
the shipment; and 

6. The total masses of U - 233, U - 235, and plutonium in special nuclear material, and 
the total mass of uranium and thorium in source material.  

C. Disposal Container and Waste Information 

The shipper of the radioactive waste shall provide the following information on the 
uniform manifest regarding the waste and each disposal container of waste in the 
shipment: 

1. An alphabetic or numeric identification that uniquely identifies each disposal container 
in the shipment; 

2. A physical description of the disposal container, including the manufacturer and model 
of any high integrity container; 

3. The volume displaced by the disposal container;



4. The gross weight of the disposal container, including the waste;

5. For waste consigned to a disposal facility, the maximum radiation level at the surface 
of each disposal container; 

6. A physical and chemical description of the waste; 

7. The total weight percentage of chelating agent for any waste containing more than 
0.1% chelating agent by weight, plus the identity of the principal chelating agent; 

8. The approximate volume of waste within a container; 

9. The sorbing or solidification media, if any, and the identity of the solidification media 
vendor and brand name; 

10. The identities and activities of individual radionuclides contained in each container, 
the masses of U - 233, U - 235, and plutonium in special nuclear material, and the masses 
of uranium and thorium in source material. For discrete waste types (i.e., activated 
materials, contaminated equipment, mechanical filters, sealed source/devices, and wastes 
in solidification/stabilization media), the identities and activities of individual 
radionuclides associated with or contained on these waste types within a disposal 
container shall be reported; 

11. The total radioactivity within each container; and 

12. For wastes consigned to a disposal facility, the classification of the waste pursuant to 
§61.55 of this chapter. Waste not meeting the structural stability requirements of 
§61.56(b) of this chapter must be identified.  

D. Uncontainerized Waste Information 

The shipper of the radioactive waste shall provide the following information on the 
uniform manifest regarding a waste shipment delivered without a disposal container: 

1. The approximate volume and weight of the waste; 

2. A physical and chemical description of the waste; 

3. The total weight percentage of chelating agent if the chelating agent exceeds 0.1% by 
weight, plus the identity of the principal chelating agent; 

4. For waste consigned to a disposal facility, the classification of the waste pursuant to 
§61.55 of this chapter. Waste not meeting the structural stability requirements of 
§61.56(b) of this chapter must be identified; 

5. The identities and activities of individual radionuclides contained in the waste, the 
masses of U - 233, U - 235, and plutonium in special nuclear material, and the masses of 
uranium and thorium in source material; and 

6. For wastes consigned to a disposal facility, the maximum radiation levels at the surface



of the waste.

E. Multi-Generator Disposal Container Information 

This section applies to disposal containers enclosing mixtures of waste originating from 
different generators. (Note: The origin of the LLW resulting from a processor's activities 
may be attributable to one or more "generators" (including "waste generators") as defined 
in this part). It also applies to mixtures of wastes shipped in an uncontainerized form, for 
which portions of the mixture within the shipment originate from different generators.  

1. For homogeneous mixtures of waste, such as incinerator ash, provide the waste 
description applicable to the mixture and the volume of the waste attributed to each 
generator.  

2. For heterogeneous mixtures of waste, such as the combined products from a large 
compactor, identify each generator contributing waste to the disposal container, and, for 
discrete waste types (i.e., activated materials, contaminated equipment, mechanical filters, 
sealed source/devices, and wastes in solidification/stabilization media), the identities and 
activities of individual radionuclides contained on these waste types within the disposal 
container. For each generator, provide the following: 

(a) The volume of waste within the disposal container; 

(b) A physical and chemical description of the waste, including the solidification agent, if 
any; 

(c) The total weight percentage of chelating agents for any disposal container containing 
more than 0.1% chelating agent by weight, plus the identity of the principal chelating 
agent; 

(d) The sorbing or solidification media, if any, and the identity of the solidification media 
vendor and brand name if the media is claimed to meet stability requirements in 10 CFR 
61.56(b); and 

(e) Radionuclide identities and activities contained in the waste, the masses of U - 233, U 
- 235, and plutonium in special nuclear material, and the masses of uranium and thorium 
in source material if contained in the waste.  

II. Certification 

An authorized representative of the waste generator, processor, or collector shall certify 
by signing and dating the shipment manifest 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 Commission. A collector in signing the certification is certifying that nothing has 
been done to the collected waste which would invalidate the waste generator's 
certification.

III. Control and Tracking



A. Any licensee who transfers radioactive waste to a land disposal facility or a licensed 
waste collector shall comply with the requirements in paragraphs A. 1 through 9 of this 
section. Any licensee who transfers waste to a licensed waste processor for waste 
treatment or repackaging shall comply with the requirements of paragraphs A.4 through 9 
of this section. A licensee shall: 

1. Prepare all wastes so that the waste is classified according to §61.55 and meets the 
waste characteristics requirements in §61.56 of this chapter; 

2. Label each disposal container (or transport package if potential radiation hazards 
preclude labeling of the individual disposal container) of waste to identify whether it is 
Class A waste, Class B waste, Class C waste, or greater then Class C waste, in 
accordance with §61.55 of this chapter; 

3. Conduct a quality assurance program to assure compliance with §§61.55 and 61.56 of 
this chapter (the program must include management evaluation of audits); 

4. Prepare the NRC Uniform Low-Level Radioactive Waste Manifest as required by this 
appendix; 

5. Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste 
Manifest to the intended consignee so that either (i) receipt of the manifest precedes the 
LLW shipment or (ii) the manifest is delivered to the consignee with the waste at the time 
the waste is transferred to the consignee. Using both (i) and (ii) is also acceptable; 

6. Include NRC Form 540 (and NRC Form 540A, if required) with the shipment 
regardless of the option chosen in paragraph A.5 of this section; 

7. Receive acknowledgement of the receipt of the shipment in the form of a signed copy 
of NRC Form 540; 

8. Retain a copy of or electronically store the Uniform Low-Level Radioactive Waste 
Manifest and documentation of acknowledgement of receipt as the record of transfer of 
licensed material as required by 10 CFR Parts 30, 40, and 70 of this chapter; and 

9. For any shipments or any part of a shipment for which acknowledgement of receipt has 
not been received within the times set forth in this appendix, conduct an investigation in 
accordance with paragraph E of this appendix.  

B. Any waste collector licensee who handles only prepackaged waste shall: 

1. Acknowledge receipt of the waste from the shipper within one week of receipt by 
returning a signed copy of NRC Form 540; 

2. Prepare a new manifest to reflect consolidated shipments that meet the requirements of 
this appendix. The waste collector shall ensure that, for each container of waste in the 
shipment, the manifest identifies the generator of that container of waste; 

3. Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste



Manifest to the intended consignee so that either: (i) Receipt of the manifest precedes the 
LLW shipment or (ii) the manifest is delivered to the consignee with the waste at the time 
the waste is transferred to the consignee. Using both (i) and (ii) is also acceptable; 

4. Include NRC Form 540 (and NRC Form 540A, if required) with the shipment 
regardless of the option chosen in paragraph B.3 of this section; 

5. Receive acknowledgement of the receipt of the shipment in the form of a signed copy 
of NRC Form 540; 

6. Retain a copy of or electronically store the Uniform Low-Level Radioactive Waste 
Manifest and documentation of acknowledgement of receipt as the record of transfer of 
licensed material as required by 10 CFR parts 30, 40, and 70 of this chapter; 

7. For any shipments or any part of a shipment for which acknowledgement of receipt has 
not been received within the times set forth in this appendix, conduct an investigation in 
accordance with paragraph E of this appendix; and 

8. Notify the shipper and the Administrator of the nearest Commission Regional Office 
listed in appendix D of this part when any shipment, or part of a shipment, has not arrived 
within 60 days after receipt of an advance manifest, unless notified by the shipper that the 
shipment has been cancelled.  

C. Any licensed waste processor who treats or repackages waste shall: 

1. Acknowledge receipt of the waste from the shipper within one week of receipt by 
returning a signed copy of NRC Form 540; 

2. Prepare a new manifest that meets the requirements of this appendix. Preparation of the 
new manifest reflects that the processor is responsible for meeting these requirements.  
For each container of waste in the shipment, the manifest shall identify the waste 
generators, the preprocessed waste volume, and the other information as required in 
paragraph I.E. of this appendix; 

3. Prepare all wastes so that the waste is classified according to §61.55 of this chapter and 
meets the waste characteristics requirements in §61.56 of this chapter; 

4. Label each package of waste to identify whether it is Class A waste, Class B waste, or 
Class C waste, in accordance with §§61.55 and 61.57 of this chapter; 

5. Conduct a quality assurance program to assure compliance with §§61.55 and 61.56 of 
this chapter (the program shall include management evaluation of audits); 

6. Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste 
Manifest to the intended consignee so that either: (i) Receipt of the manifest precedes the 
LLW shipment or (ii) the manifest is delivered to the consignee with the waste at the time 
the waste is transferred to the consignee. Using both (i) and (ii) is also acceptable; 

7. Include NRC Form 540 (and NRC Form 540A, if required) with the shipment



regardless of the option chosen in paragraph C.6 of this section;

8. Receive acknowledgement of the receipt of the shipment in the form of a signed copy 
of NRC Form 540; 

9. Retain a copy of or electronically store the Uniform Low-Level Radioactive Waste 
Manifest and documentation of acknowledgement of receipt as the record of transfer of 
licensed material as required by 10 CFR parts 30, 40, and 70 of this chapter; 

10. For any shipment or any part of a shipment for which acknowledgement of receipt has 
not been received within the times set forth in this appendix, conduct an investigation in 
accordance with paragraph E of this appendix; and 

11. Notify the shipper and the Administrator of the nearest Commission Regional Office 
listed in appendix D of this part when any shipment, or part of a shipment, has not arrived 
within 60 days after receipt of an advance manifest, unless notified by the shipper that the 
shipment has been cancelled.  

D. The land disposal facility operator shall: 

1. Acknowledge receipt of the waste within one week of receipt by returning, as a 
minimum, a signed copy of NRC Form 540 to the shipper. The shipper to be notified is 
the licensee who last possessed the waste and transferred the waste to the operator. If any 
discrepancy exists between materials listed on the Uniform Low-Level Radioactive Waste 
Manifest and materials received, copies or electronic transfer of the affected forms must 
be returned indicating the discrepancy; 

2. Maintain copies of all completed manifests and electronically store the information 
required by 10 CFR 61.80(1) until the Commission terminates the license; and 

3. Notify the shipper and the Administrator of the nearest Commission Regional Office 
listed in appendix D of this part when any shipment, or part of a shipment, has not arrived 
within 60 days after receipt of an advance manifest, unless notified by the shipper that the 
shipment has been cancelled.  

E. Any shipment or part of a shipment for which acknowledgement is not received within 
the times set forth in this section must: 

1. Be investigated by the shipper if the shipper has not received notification or receipt 
within 20 days after transfer; and 

2. Be traced and reported. The investigation shall include tracing the shipment and filing 
a report with the nearest Commission Regional Office listed in Appendix D to this part.  
Each licensee who conducts a trace investigation shall file a written report with the 
appropriate NRC Regional Office within 2 weeks of completion of the investigation.  

[60 FR 15664, Mar. 27, 1995, as amended at 60 FR 25983, May 16, 1995] 

Effective Date Note: At 60 FR 15664, Mar. 27, 1995, appendix G to part 20 was added,



effective March 1, 1998, and at 60 FR 25983, May 16, 1995, lII E. was added to appendix 
G, effective March 1, 1998.



4731.3001, H.

Quantities 
_ of Licensed Material Requiring Labeling for Decommissioning 

Materials Microcuries 
Americium-241 .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 1001 
Dysprosium-165 101



Dysprosium- 166 100 

Erbium-169 100 
Erbium-171 100 
Europium-152 9.2h 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-71 100 
Gold-198 100 
Gold- 199 100 
Hafnium- 181 10 

Holmium- 166 100 
Hydrogen-3 1,000 
Indium-I 13m 100 
Indium-1 14m 10 
Indium-I 15m 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 
Krpton-87 10 
Lanthanum- 140 10 
Lutetium- 177 100 
Manganese-52 10 
Manganese-54 10 
Manganese-56 10 
Mercury- 197m 100 
Mercury- 197 100



Mercury-203 10 
Molbdenum-99 100 
Neodymium- 147 100 
Neodymium- 149 100 
Nickel-59 100 
Nickel-63 10 
Nickel-65 100 
Niobium-93m 10 
Niobium-95 10 
Niobium-97 10 
Osmium- 185 10 
Osmium-191m 100 
Osmium-191 100 
Osmium-193 100 
Palladium- 103 100 
Palladium- 109 100 
Phosphorus-32 10 
Platinum-191 100 
Platinum- 193m 100 
Platinum-193 100 
Platinum- 197m 100 
Platinum-197 100 
Plutonium-239 .01 
Polonium-210 0.1 
Potassium-42 10 
Praseodymium- 142 100 
Praseodymium- 143 100 
Promethium-147 10 
Promethium-149 10 
Radium-226 .01 
Rhenium- 186 100 
Rhenium- 188 100 
Rhodium-103m 100 
Rhodium-105 100 
Rubidium-86 10 
Rubidium-87 10 
Ruthenium-97 100 
Ruthenium- 103 10 
Ruthenium-105 10 
Ruthenium-106 1 
Samarium-151 10 
Samarium- 153 100



Scandium-46 10 
Scandium-47 100 
Scandium-48 10 
Seleium-75 10 
Silicon-31 100 
Silver- 105 10 
Silver-110m 1 
Silver- 111 100 
Sodium-24 10 
Strontium-85 10 
Strontium-89 1 
Strontium-90 0.12 
Strontium-91 10 
Strontium-92 10 
Sulphur-35 100 
Tantalum-182 10 
Technetium-96 10 
Technetium-97m 100 
Technetium-97 100 
Technetium-99m 100 
Technetium-99 10 
Tellurium-125m 10 
TelluriumI27m 10 
Tellurium-127 100 
Telluriuml29m 10 
Tellurium-129 100 
Tellurium-131m 10 
Tellurium-132 10 
Terbium-160 10 
Thallium-200 100 
Thallium-201 100 
Thallium-202 100 
Thallium-204 10 
Throium (naturalý 100 
Thulium-170 10 
Thulium-171 10 
Tin- 113 10 
Tin-125 10 
Tungsten-181 10 
Tungsten-185 10 

.Tungsten-187 100 
lUranium (naturaW 100



Uranium-233 .01 
Uranium-234 -- Uranium-235 .01 

Vandium-48 10 
Xenon- 131 m 1,000 
Xenon- 133 100 
Xenon-135 100 
FYtterbium- 175 100 
Yttrium-90 10C 
Yttrium-91 10C 
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 .01 
above or mixtures of alpha emitters of unknown 
composition 
Any radionuclide other than alpha emitting .1 
radio-nuclides, not listed above or mixtures of 
beta emitters of unknown composition

'Based on alpha disintegration rate of Th-232, Th-230 and their 
daughter products.  
2Based on alpha disintegration rate of U-238, U-234, and U-235.
Note: For purposes of §20.303, 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 such ratios for all the isotopes in the combination may not 
exceed "1" (i.e., "unity").  

[35 FR 6425, Apr. 22, 1970, as amended at 36 FR 16898, Aug. 26, 1971; 38 FR 29314, 
Oct. 24, 1973; 39 FR 23991, June 28, 1974; 45 FR 71763, Oct. 30, 1980. Redesignated at 
56 FR 23391, May 21, 1991, and further redesignated at 58 FR 67659, Dec. 22, 1993]



4731.3001,1.

Determination of A1 and A2 

I. Values of A, and A2 for individual radionuclides, which are the bases for many activity 
limits elsewhere in these regulations are given in Table A - 1. The curie (Ci) values 
specified are obtained by converting from the Terabecquerel (TBq) figure. The curie 
values are expressed to three significant figures to assure that the difference in the TBq 
and Ci quantities is one tenth of one percent or less. Where values of A, 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. For individual radionuclides whose identities are known, but which are not listed in 
Table A - 1, the determination of the values of A1 and A2 requires Commission approval, 
except that the values of A1 and A2 in Table A - 2 may be used without obtaining 
Commission approval.  

II. In the calculations of A1 and A2 for a radionuclide not in Table A - 1, 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: 

(b) For normal form radioactive material, the maximum quantity transported in a Type A 
package: 

Where B(i) is the activity of radionuclide I and A,(i) and A2(i) are the A, and A2 values 
for radionuclide I, respectively.  

Alternatively, an A1 value for mixtures of special form material may be determined as 
follows:



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.  

An A2 value for mixtures of normal form material may be determined as follows: 

Where f(i) is the fraction of activity of nuclide I in the mixture and A2(i) is the appropriate 
A2 value for nuclide 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 A, 
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



4731.3001, J.  

Criteria Relating to Use of Financial Tests and Parent Company Guarantees for Providing 
Reasonable Assurance of Funds for Decommissioning 

L Introduction 

An applicant or licensee may provide reasonable assurance of the availability of funds for 
decommissioning based on obtaining a parent company guarantee that funds will be available for 
decommissioning costs and on a demonstration that the parent company passes a financial test.  
This appendix establishes criteria for passing the financial test and for obtaining the parent 
company guarantee.  

I1. Financial Test 

A. To pass the financial test, the parent company must meet the criteria of either paragraph A. 1 
or A.2 of this section: 

1. The parent company must have: 

(i) Two of the following three ratios: A ratio of total liabilities to net worth less than 2.0; a ratio 
of the sum of net income plus depreciation, depletion, and amortization to total liabilities greater 
than 0.1; and a ratio of current assets to current liabilities greater than 1.5; and 

(ii) Net working capital and tangible net worth each at least six times the current 
decommissioning cost estimates for the total of all facilities or parts thereof (or prescribed 
amount if a certification is used), or, for a power reactor licensee, at least six times the amount of 
decommissioning funds being assured by a parent company guarantee for the total of all reactor 
units or parts thereof (Tangible net worth shall be calculated to exclude the net book value of the 
nuclear unit(s)); and 

(iii) Tangible net worth of at least $10 million; and 

(iv) Assets located in the United States amounting to at least 90 percent of the total assets or at 
least six times the current decommissioning cost estimates for the total of all facilities or parts 
thereof (or prescribed amount if a certification is used), or, for a power reactor licensee, at least 
six times the amount of decommissioning funds being assured by a parent company guarantee for 
the total of all reactor units or parts thereof.  

2. The parent company must have: 

(i) A current rating for its most recent bond issuance of AAA, AA, A, or BBB as issued by 
Standard and Poor's or AAA, AA, A, or BAA as issued by Moody's; and 

(ii) Tangible net worth each at least six times the current decommissioning cost estimates for the 
total of all facilities or parts thereof (or prescribed amount if a certification is used), or, for a 
power reactor licensee, at least six times the amount of decommissioning funds being assured by 
a parent company guarantee for the total of all reactor units or parts thereof (Tangible net worth 
shall be calculated to exclude the net book value of the nuclear unit(s)); and



(iii) Tangible net worth of at least $10 million; and

(iv) Assets located in the United States amounting to at least 90 percent of the total assets or at 
least six times the current decommissioning cost estimates for the total of all facilities or parts 
thereof (or prescribed amount if a certification is used), or, for a power reactor licensee, at least 
six times the amount of decommissioning funds being assured by a parent company guarantee for 
the total of all reactor units or parts thereof.  

B. The parent company's independent certified public accountant must have compared the data 
used by the parent company in the financial test, which is derived from the independently 
audited, year end financial statements for the latest fiscal year, with the amounts in such financial 
statement. In connection with that procedure the licensee shall inform MDH within 90 days of 
any matters coming to the auditor's attention which cause the auditor to believe that the data 
specified in the financial test should be adjusted and that the company no longer passes the test.  

C. 1. After the initial financial test, the parent company must repeat the passage of the test within 
90 days after the close of each succeeding fiscal year.  

2. If the parent company no longer meets the requirements of paragraph A of this section, the 
licensee must send notice to the Commissioner of intent to establish alternate financial assurance 
as specified in the Commissioner regulations. The notice must be sent by certified mail within 90 
days after the end of the fiscal year for which the year end financial data show that the parent 
company no longer meets the financial test requirements. The licensee must provide alternate 
financial assurance within 120 days after the end of such fiscal year.  

III. Parent Company Guarantee 

The terms of a parent company guarantee which an applicant or licensee obtains must provide 
that: 

A. The parent company guarantee will remain in force unless the guarantor sends notice of 
cancellation by certified mail to the licensee and the Commissioner. Cancellation may not occur, 
however, during the 120 days beginning on the date of receipt of the notice of cancellation by 
both the licensee and the Commissioner, as evidenced by the return receipts.  

B. If the licensee fails to provide alternate financial assurance as specified in the Commissioner's 
regulations within 90 days after receipt by the licensee and Commissioner of a notice of 
cancellation of the parent company guarantee from the guarantor, the guarantor will provide such 
alternative financial assurance in the name of the licensee.  

C. The parent company guarantee and financial test provisions must remain in effect until the 
Commissioner has terminated the license.  

D. If a trust is established for decommissioning costs, the trustee and trust must be acceptable to 
the Commissioner. An acceptable trustee includes an appropriate State or Federal Government 
agency or an entity which has the authority to act as a trustee and whose trust operations are 
regulated and examined by a Federal or State agency.

[53 FR 24046, June 27, 1988 as amended at 63 FR 50479, Sept. 22, 1998]



4731.3001, K.  

Appendix C to Part 30 -- Criteria Relating to Use of Financial Tests and Self 
Guarantees for Providing Reasonable Assurance of Funds for Decommissioning 

I. Introduction 

An applicant or licensee may provide reasonable assurance of the availability of funds for 
decommissioning based on furnishing its own guarantee that funds will be available for 
decommissioning costs and on a demonstration that the company passes the financial test 
of Section II of this appendix. The terms of the self-guarantee are in Section III of this 
appendix. This appendix establishes criteria for passing the financial test for the self 
guarantee and establishes the terms for a self-guarantee.  

II. Financial Test 

A. To pass the financial test, a company must meet all of the following criteria: 

(1) Tangible net worth at least 10 times the total current decommissioning cost estimate 
for the total of all facilities or parts thereof (or the current amount required if certification 
is used), or, for a power reactor licensee, at least 10 times the amount of 
decommissioning funds being assured by a self guarantee, for all decommissioning 
activities for which the company is responsible as self-guaranteeing licensee and as 
parent-guarantor for the total of all reactor units or parts thereof (Tangible net worth shall 
be calculated to exclude the net book value of the nuclear unit(s)).  

(2) Assets located in the United States amounting to at least 90 percent of total assets or 
at least 10 times the total current decommissioning cost estimate for the total of all 
facilities or parts thereof (or the current amount required if certification is used), or, for a 
power reactor licensee, at least 10 times the amount of decommissioning funds being 
assured by a self guarantee, for all decommissioning activities for which the company is 
responsible as self-guaranteeing licensee and as parent-guarantor for the total of all 
reactor units or parts thereof.  

(3) A current rating for its most recent bond issuance of AAA, AA, or A as issued by 
Standard and Poors (S&P), or Aaa, Aa, or A as issued by Moodys.  

B. To pass the financial test, a company must meet all of the following additional 
requirements: 

(1) The company must have at least one class of equity securities registered under the 
Securities Exchange Act of 1934.  

(2) The company's independent certified public accountant must have compared the data 
used by the company in the financial test which is derived from the independently 
audited, yearend financial statements for the latest fiscal year, with the amounts in such 
financial statement. In connection with that procedure, the licensee shall inform NRC 
within 90 days of any matters coming to the attention of the auditor that cause the auditor 
to believe that the data specified in the financial test should be adjusted and that the



company no longer passes the test.

(3) After the initial financial test, the company must repeat passage of the test within 90 
days after the close of each succeeding fiscal year.  

C. If the licensee no longer meets the requirements of Section II.A. of this appendix, the 
licensee must send immediate notice to the Commission of its intent to establish alternate 
financial assurance as specified in the Commission's regulations within 120 days of such 
notice.  

IlL. Company Self-Guarantee 

The terms of a self-guarantee which an applicant or licensee furnishes must provide that: 

A. The guarantee will remain in force unless the licensee sends notice of cancellation by 
certified mail to the Commission. Cancellation may not occur, however, during the 120 
days beginning on the date of receipt of the notice of cancellation by the Commission, as 
evidenced by the return receipt.  

B. The licensee shall provide alternative financial assurance as specified in the 
Commission's regulations within 90 days following receipt by the Commission of a notice 
of cancellation of the guarantee.  

C. The guarantee and financial test provisions must remain in effect until the Commission 
has terminated the license or until another financial assurance method acceptable to the 
Commission has been put in effect by the licensee.  

D. The licensee will promptly forward to the Commission and the licensee's independent 
auditor all reports covering the latest fiscal year filed by the licensee with the Securities 
and Exchange Commission pursuant to the requirements of section 13 of the Securities 
and Exchange Act of 1934.  

E. If, at any time, the licensee's most recent bond issuance ceases to be rated in any 
category of "A" or above by either Standard and Poors or Moodys, the licensee will 
provide notice in writing of such fact to the Commission within 20 days after publication 
of the change by the rating service. If the licensee's most recent bond issuance ceases to 
be rated in any category of A or above by both Standard and Poors and M6odys, the 
licensee no longer meets the requirements of Section II.A. of this appendix.  

F. The applicant or licensee must provide to the Commission a written guarantee (a 
written commitment by a corporate officer) which states that the licensee will fund and 
carry out the required decommissioning activities or, upon issuance of an order by the 
Commission, the licensee will set up and fund a trust in the amount of the current cost 
estimates for decommissioning.  

[58 FR 68730, Dec. 29, 1993; 59 FR 1618, Jan. 12, 1994; 63 FR 50479, Sept. 22, 1998]

[



4731.3001, L.

Criteria Relating To Use of Financial Tests and Self-Guarantee for Providing 
Reasonable Assurance of Funds for Decommissioning by Commercial Companies 
That Have no Outstanding Rated Bonds 

I. Introduction 

An applicant or licensee may provide reasonable assurance of the availability of funds for 
decommissioning based on furnishing its own guarantee that funds will be available for 
decommissioning costs and on a demonstration that the company passes the financial test 
of Section II of this appendix. The terms of the self-guarantee are in Section III of this 
appendix. This appendix establishes criteria for passing the financial test for the self
guarantee and establishes the terms for a self-guarantee.  

II. Financial Test 

A. To pass the financial test a company must meet the following criteria: 

(1) Tangible net worth greater than $10 million, or at least 10 times the total current 
decommissioning cost estimate (or the current amount required if certification is used), 
whichever is greater, for all decommissioning activities for which the company is 
responsible as self-guaranteeing licensee and as parent-guarantor.  

(2) Assets located in the United States amounting to at least 90 percent of total assets or 
at least 10 times the total current decommissioning cost estimate (or the current amount 
required if certification is used) for all decommissioning activities for which the company 
is responsible as self-guaranteeing licensee and as parent-guarantor.  

(3) A ratio of cash flow divided by total liabilities greater than 0.15 and a ratio of total 
liabilities divided by net worth less than 1.5.  

B. In addition, to pass the financial test, a company must meet all of the following 
requirements: 

(1) The company's independent certified public accountant must have compared the data 
used by the company in the financial test, which is required to be derived from the 
independently audited year end financial statement based on United States generally 
accepted accounting practices for the latest fiscal year, with the amounts in such financial 
statement. In connection with that procedure, the licensee shall inform MDH within 90 
days of any matters that may cause the auditor to believe that the data specified in the 
financial test should be adjusted and that the company no longer passes the test.  

(2) After the initial financial test, the company must repeat passage of the test within 90 
days after the close of each succeeding fiscal year.  

(3) If the licensee no longer meets the requirements of paragraph II.A of this appendix, 
the licensee must send notice to the MDH of intent to establish alternative financial



assurance as specified in MDH, Chapter 4731. The notice must be sent by certified mail, 
return receipt requested, within 90 days after the end of the fiscal year for which the year 
end financial data show that the licensee no longer meets the financial test requirements.  
The licensee must provide alternative financial assurance within 120 days after the end of 
such fiscal year.  

1EE. Company Self-Guarantee 

The terms of a self-guarantee which an applicant or licensee furnishes must provide that: 

A. The guarantee shall remain in force unless the licensee sends notice of cancellation by 
certified mail, return receipt requested, to the MDH. Cancellation may not occur until an 
alternative financial assurance mechanism is in place.  

B. The licensee shall provide alternative financial assurance as specified in the 
regulations within 90 days following receipt by the MDH of a notice of cancellation of 
the guarantee.  

C. The guarantee and financial test provisions must remain in effect until the 
Commissioner has terminated the license or until another financial assurance method 
acceptable to the Commissioner has been put in effect by the licensee.  

D. The applicant or licensee must provide to the Commissioner a written guarantee (a 
written commitment by a corporate officer) which states that the licensee will fund and 
carry out the required decommissioning activities or, upon issuance of an order by the 
Commission, the licensee will set up and fund a trust in the amount of the current cost 
estimates for decommissioning.

[



4731.3001, subpart M.

Criteria Relating to Use of Financial Tests and Self-Guarantee For Providing 
Reasonable Assurance of Funds For Decommissioning by Nonprofit Colleges, 
Universities, and Hospitals 

I. Introduction 

An applicant or licensee may provide reasonable assurance of the availability of funds for 
decommissioning based on furnishing its own guarantee that funds will be available for 
decommissioning costs and on a demonstration that the applicant or licensee passes the 
financial test of Section II of this appendix. The terms of the self-guarantee are in Section 
I1 of this appendix. This appendix establishes criteria for passing the financial test for the 
self-guarantee and establishes the terms for a self-guarantee.  

II. Financial Test 

A. For colleges and universities, to pass the financial test a college or university must 
meet either the criteria in Paragraph II.A.(l) or the criteria in Paragraph fl.A.(2) of this 
appendix.  

(1) For applicants or licensees that issue bonds, a current rating for its most recent 
uninsured, uncollateralized, and unencumbered bond issuance of AAA, AA, or A as 
issued by Standard and Poors (S&P) or Aaa, Aa, or A as issued by Moodys.  

(2) For applicants or licensees that do not issue bonds, unrestricted endowment consisting 
of assets located in the United States of at least $50 million, or at least 30 times the total 
current decommissioning cost estimate (or the current amount required if certification is 
used), whichever is greater, for all decommissioning activities for which the college or 
university is responsible as a self-guaranteeing licensee.  

B. For hospitals, to pass the financial test a hospital must meet either the criteria in 
Paragraph fl.B.(1) or the criteria in Paragraph II.B.(2) of this appendix: 

(1) For applicants or licensees that issue bonds, a current rating for its most recent 
uninsured, uncollateralized, and unencumbered bond issuance of AAA, AA, or A as 
issued by Standard and Poors (S&P) or Aaa, Aa, or A as issued by Moodys.  

(2) For applicants or licensees that do not issue bonds, all the following tests must be met: 

(a) (Total Revenues less total expenditures) divided by total revenues must be equal to or 
greater than 0.04.  

(b) Long term debt divided by net fixed assets must be less than or equal to 0.67.  

(c) (Current assets and depreciation fund) divided by current liabilities must be greater 
than or equal to 2.55.



(d) Operating revenues must be at least 100 times the total current decommissioning cost 
estimate (or the current amount required if certification is used) for all decommissioning 
activities for which the hospital is responsible as a self-guaranteeing license.  

C. In addition, to pass the financial test, a licensee must meet all the following 
requirements: 

(1) The licensee's independent certified public accountant must have compared the data 
used by the licensee in the financial test, which is required to be derived from the 
independently audited year end financial statements, based on United States generally 
accepted accounting practices, for the latest fiscal year, with the amounts in such financial 
statement. In connection with that procedure, the licensee shall inform MDH within 90 
days of any matters coming to the attention of the auditor that cause the auditor to believe 
that the data specified in the financial test should be adjusted and that the licensee no 
longer passes the test.  

(2) After the initial financial test, the licensee must repeat passage of the test within 90 
days after the close of each succeeding fiscal year.  

(3) If the licensee no longer meets the requirements of Section I of this appendix, the 
licensee must send notice to the MDH of its intent to establish alternative financial 
assurance as specified in MDH regulations. The notice must be sent by certified mail, 
return receipt requested, within 90 days after the end of the fiscal year for which the year 
end financial data show that the licensee no longer meets the financial test requirements.  
The licensee must provide alternate financial assurance within 120 days after the end of 
such fiscal year.  

III. Self-Guarantee 

The terms of a self-guarantee which an applicant or licensee furnishes must provide that-

A. The guarantee shall remain in force unless the licensee sends notice of cancellation by 
certified mail, and/or return receipt requested, to the Commissioner. Cancellation may not 
occur unless an alternative financial assurance mechanism is in place.  

B. The licensee shall provide alternative financial assurance as specified in the 
Commissioner regulations within 90 days following receipt by the Commissioner of a 
notice of cancellation of the guarantee.  

C. The guarantee and financial test provisions must remain in effect until the 
Commissioner has terminated the license or until another financial assurance method 
acceptable to the Commissioner has been put in effect by the licensee.  

D. The applicant or licensee must provide to the Commissioner a written guarantee (a 
written commitment by a corporate officer or officer of the institution) which states that 
the licensee will fund and carry out the required decommissioning activities or, upon 
issuance of an order by the Commissioner, the licensee will set up and fund a trust in the 
amount of the current cost estimates for decommissioning.



E. If, at any time, the licensee's most recent bond issuance ceases to be rated in any 
category of "A" or above by either Standard and Poors or Moodys, the licensee shall 
provide notice in writing of such fact to the Commission within 20 days after publication 
of the change by the rating service.
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4731.3002, A.  
Table A-1.-A, and A2 Values for Radionuclides 

Symbol of Element and A1 (TBq) A1 (Ci) A2 (TBq) A2 (CI) Specific activity 
radionuclide atomic 

number (Tbq/g) (Ci/g) 

Ac-225 Actinium 0.6 16.2 1x10 2  0.270 2.1x10 3  5.8x10 4 

Ac-227 (89) 40 1080 2x10 5  5.41x10 4  2.7 7.2x10' 

Ac-228 0.6 16.2 0.4 10.8 8.4x10 4  2.2x10 6 

Ag- 105 Silver (47) 2 54.1 2 54.1 1. 1x 103  3.0x10 4 

Ag-108m 0.6 16.2 0.6 16.2 9.7x10' 2.6x10' 

Ag-110m 0.4 10.8 0.4 10.8 1.8x10 2  4.7x 103 

Ag-111 0.6 16.2 0.5 13.5 5.8x10 3  1.6x105 

Al-26 Aluminium 0.4 10.8 0.4 10.8 7.Ox104 1.9x10 2 

(13) 

Am-241 Americium 2 54.1 2x10 4  5.41x10-3  1.3x101- 3.4 

Am-242m (95) 2 54.1 2x10 4  5.41x10 3  3.6x10"1  1.OxlO0 

Am-243 2 54.1 2x104 5.41x10"3  7.4x10-3  2.0x10' 

Ar-37 Argon (18) 40 1080 40 1080 3.7x10 3  9.9x104 

Ar-39 20 541 20 541 1.3 3.4x10' 

Ar-41 0.6 16.2 0.6 16.2 1.5x106  4.2x10 7 

Ar-42 0.2 5.41 0.2 5.41 9.6 2.6x102 

As-72 Arsenic (33) 0.2 5.41 0.2 5.41 6.2x10 4 1.7x106

(



As-73 40 1080 40 1080 8.2x 102 2.2x10 4 

As-74 1 27.0 0.5 13.5 3.7x10 3  9.9x10 4 

As-76 0.2 5.41 0.2 5.41 5.8x10 4  1.6x10 6 

As-77 20 541 0.5 13.5 3.9x10 4  1.0x10 6 

At-211 Astatine (85) 30 811 2 54.1 7.6x10 4  2.1x10 6 

Au-193 Gold (79) 6 162 6 162 3.4x10 4  9.2x10 5 

Au-194 1 27.0 1 27.0 1.5x10 4  4.lxl05 

Au-195 10 270 10 270 1.4x102  3.7x10 3 

Au-196 2 54.1 2 54.1 4.0x 103  1.1x10 5 

Au-198 3 81.1 0.5 13.5 9.0x 103  2.4x105 

Au-199 10 270 0.9 24.3 7.7x10 3  2.1x105 

Ba-131 Barium (56) 2 54.1 2 54.1 3.1x10 3  8.4 x10 4 

Ba-133m 10 270 0.9 24.3 2.2x104  6.1x105 

Ba-133 3 81.1 3 81.1 9.4 2.6x 102 

Ba-140 0.4 10.8 0.4 10.8 2.7x103  7.3x10 4 

Be-7 Beryllium (4) 20 541 20 541 1.3x10 4  3.5x 10 

Be-10 20 541 0.5 13.5 8.3x10 4  2.2x10 2 

Bi-205 Bismuth (83) 0.6 16.2 0.6 16.2 1.5x10-3  4.2x10 4 

Bi-206 0.3 8.11 0.3 8.11 3.8x10 3  1.0xl05 

Bi-207 0.7 18.9 0.7 18.9 1.9 5.2x10'

(



((.

Bi-210m 0.3 8.11 3x102  0.811 2.lx 105  5.7x 104 

Bi-210 0.6 16.2 0.5 13.5 4.6x10 3  1.2x10 5 

Bi-212 0.3 8.11 0.3 8.11 5.4x 105  1.5x10 7 

Bk-247 Berkelium 2 54.1 2x10 4  5.41x10 3  3.8x x 10-2 1.0 

Bk-249 (97) 40 1080 8x10-2  2.16 6.lxlO' 1.6x10 3 

Br-76 Bromine (35) 0.3 8.11 0.3 8.11 9.4x10 4  2.5x10 6 

Br-77 3 81.1 3 81.1 2.6x10 4  7.1x105 

Br-82 0.4 10.8 0.4 10.8 4.0x10 4  1.lxl0 6 

C-11 Carbon (6) 1 27 0.5 13.5 3.1x10 7  8.4x10 8 

C-14 40 1080 2 54.1 1.6x10 1  4.5 

Ca-41 Calcium (20) 40 1080 40 1080 3.1x10-3  8.5x10-2 

Ca-45 40 1080 0.9 24.3 6.6x102  1.8x10 4 

Ca-47 0.9 24.3 0.5 13.5 2.3x104  6.1x10 5 

Cd-109 Cadmium 40 1080 1 27.0 9.6x10 1  2.6x103 

Cd- 113m (48) 20 541 9x10 2.43 8.3 2.2x 102 

Cd-115m 0.3 8.11 0.3 8.11 9.4x10 2  2.5x10 4 

Cd-115 4 108 0.5 13.5 1.9x104  5.1x10 5 

Ce-139 Cerium (58) 6 162 6 162 2.5x10 2  6.8x10 3 

Ce-141 10 270 0.5 13.5 1.1xl03  2.8x104 

Ce-143 0.6 16.2 0.5 13.5 2.5x10 4 6.6x105



Ce-144 0.2 5.41 0.2 5.41 1.2x10 2  3.2x10 3 

Cf-248 Califormium 30 811 3x10"3  8.11 x10 2  5.8x101 1.6xlO3 

Cf-249 (98) 2 54.1 2xlO4 5.41x10-3  1.5x101- 4.1 

Cf-250 5 135 5x104 1.35x10 2  4.0 1.1x10 2 

Cf-251 2 54.1 2xlO-4 5.41x10-3  5.9x10-2  1.6 

Cf-252 0.1 2.70 lxlO3  2.70x10-2  2.0xlO1 5.4x10 2 

Cf-253 40 1080 6.x10 2  1.62 1.1xlO3  2.9x10 4 

Cf-254 3x10-3  8.1 Ix10-2  6xlO4  1.62x 10-2  3.1x10 2  8.5x10 3 

C1-36 Chlorine (17) 20 541 0.5 13.5 1.2x10 3  3.3x10 2 

C1-38 0.2 5.41 0.2 5.41 4.9x 106  1.3x10 8 

Cm-240 Curium (96) 40 1080 2x10 2  0.541 7.5x10 2  2.0xlO4 

Cm-241 2 54.1 0.9 24.3 6.lxlO2  1.7xlO4 

Cm-242 40 1080 1x10-2  0.270 1.2x 102  3.3x 103 

Cm-243 3 81.1 3x10-4 8.11xlO"3  1.9xlO3  5.2x101 

Cm-244 4 108 4x104 1.08xlO2  3.0 8.lxlO' 

Cm-245 2 54.1 2xlO-4 5.41x10 3  6.4x10 3  1.7xlO-1 

Cm-246 2 54.1 2xlO-4  5.41x10 3  1.1x10 2  3.1xlO-' 

Cm-247 2 54.1 2xl0 4  5.41x10-3  3.4x10 6  9.3x10-5 

Cm-248 4x10 2  1.08 5xlO5  1.35x10 3  1.6x10-5  4.2x10-3 

Co-55 Cobalt (27) 0.5 13.5 0.5 13.5 1.1x0l5 3.1x10 6



Co-56 0.3 8.11 0.3 8.11 1.1x10 3  3.0x 104 

Co-57 8 216 8 216 3. 1x10 2  8.4x10 3 

Co-58m 40 1080 40 1080 2.2x105  5.9x106 

Co-58 1 27.0 1 27.0 1.2x10 3  3.2x104 

Co-60 0.4 10.8 0.4 10.8 4.2x10' 1.1x10 3 

Cr-51 Chromium 30 811 30 811 3.4x10 3  9.2x 104 

(24) 

Cs-129 Cesium (55) 4 108 4 108 2.8x10 4  7.6x10 5 

Cs-131 40 1080 40 1080 3.8x 103  1.0x 10 

Cs-132 1 27.0 1 27.0 5.7x10 3  1.5x10 5 

Cs-134m 40 1080 9 243 3.0x105  8.0x106 

Cs-134 0.6 16.2 0.5 13.5 4.8x10 1  1.3x10 3 

Cs-135 40 1080 0.9 24.3 4.3x105  1.2x10 3 

Cs-136 0.5 13.5 0.5 13.5 2.7x10 3  7.3x10 4 

Cs-137 2 54.1 0.5 13.5 3.2 8.7x10' 

Cu-64 Copper (29) 5 135 0.9 24.3 1.4x 10' 3.9x 106 

Cu-67 9 243 0.9 24.3 2.8x10 4  7.6x105 

Dy-159 Dysprosium 20 541 20 541 2.1x10 2  5.7x10 3 

Dy-165 (66) 0.6 16.2 0.5 13.5 3.0x10 5  8.2x10 6 

Dy-166 [0.3 8.11 0.3 8.11 8.6x 103 2.3x 105

(



Er-169 Erbium (68) 40 1080 0.9 24.3 3.1x10 3  8.3x10 4 

Er-171 0.6 16.2 0.5 13.5 9.0x104  2.4x10 6 

Es-253 Einsteinium 200 5400 2x 10-2  5.41x 10l 
(99) 

Es-254 30 811 3x 10-3  8.11x10.2 

Es-254m 0.6 16.2 0.4 10.8 

Es-255 

Eu-147 Europium 2 54.1 2 54.1 1.4x10 3  3.7x10 4 

Eu-148 (63) 0.5 13.5 0.5 13.5 6.0x10 2  1.6x 104 

Eu-149 20 541 20 541 3.5x 102  9.4x 103 

Eu-150 0.7 18.9 0.7 18.9 6.1x10 4  1.6xlO6 

Eu-152m 0.6 16.2 0.5 13.5 8.2x104  2.2x10 6 

Eu-152 0.9 24.3 0.9 24.3 6.5 1.8x10 2 

Eu-154 0.8 21.6 0.5 13.5 9.8 2.6x10 2 

Eu-155 20 541 2 54.1 1.8x10 1  4.9x 10 

Eu-156 0.6 16.2 0.5 13.5 2.0x10 3  5.5x10 4 

F-18 Fluorine (9) 1 27.0 0.5 13.5 3.5x10 6  9.5x10 7 

Fe-52 Iron (26) 0.2 5.41 0.2 5.41 2.7x1O0 7.3x 106 

Fe-55 40 1080 40 1080 8.8x10' 2.4x10 3 

Fe-59 0.8 21.6 0.8 21.6 1.8x10 3 5.0x10 4

(



Fe-60 40 1080 0.2 5.41 7.4x10-4  2.0x10 2 

Fm-255 Fermium 40 1080 0.8 21.6 

Fm-257 (100) 10 270 8x 103  2.16x 10' 

Ga-67 Gallium (31) 6 162 6 162 2.2x104  6.0x10 5 

Ga-68 0.3 8.11 0.3 8.11 1.5x106  4.lxl07 

Ga-72 0.4 10.8 0.4 10.8 1.1xl05  3.1x10 6 

Gd-146 Gadolinium 0.4 10.8 0.4 10.8 6.9x10 2  1.9x10 4 

Gd-148 (64) 3 81.1 3x10-4 8.11x10-3  1.2 3.2x10l' 

Gd-153 10 270 5 135 1.3x102  3.5x10 3 

Gd-159 4 108 0.5 13.5 3.9x10 4  1.1x10 6 

Ge-68 Germanium 0.3 8.11 0.3 8.11 2.6x102  7.1x10 3 

Ge-71 (32) 40 1080 40 1080 5.8x 103  1.6x105 

Ge-77 0.3 8.11 0.3 8.11 1.3x10 5  3.6x 106 

H-3 Hydrogen (1) See 
T-Tritium 

Hf-172 Hafnium (72) 0.5 13.5 0.3 8.11 4.1x10 1  1.1xl0 3 

Hf-175 3 81.1 3 81.1 3.9x10z 1. 1x10 4 

Hf-181 2 54.1 0.9 24.3 6.3x10 2  1.7x10 4 

Hf-182 4 108 3x10 2  0.811 8.1x10"6  2.2x10 4 

Hg-194 Mercury (80) 1 27.0 1 27.0 1.3x101- 3.5

(



Hg-195m 5 135 5 135 1.5x104  4.0x105 

Hg-197m 10 270 0.9 24.3 2.5x104  6.7x10 5 

Hg-197 10 270 10 270 9.2x10 3  2.5x105 

Hg-203 4 108 0.9 24.3 5.1x10 2  1.4x 104 

Ho-163 Holmium 40 1080 40 1080 2.7 7.6x10 1 

Ho-166m (67) 0.6 16.2 0.3 8.11 6.6x10 2  1.8 

Ho-166 0.3 8.11 0.3 8.11 2.6x104  7.0x10 5 

1-123 Iodine (53) 6 162 6 162 7.1x104  1.9x10 6 

1-124 0.9 24.3 0.9 24.3 9.3x10 3  2.5x10 5 

1-125 20 541 2 54.1 6.4x 102  1.7x10 4 

1-126 2 54.1 0.9 24.3 2.9x10 3  8.0x10 4 

1-129 Unlimited Unlimited Unlimited Unlimited 6.5x 10-6  1.8x 104 

1-131 3 81.1 0.5 13.5 4.6x10 3  1.2x10 5 

1-132 0.4 10.8 0.4 10.8 3.8x10 5  1.0x10 7 

1-133 0.6 16.2 0.5 13.5 4.2x10 4  1.1x10 6 

1-134 0.3 8.11 0.3 8.11 9.9x105  2.7x107 

1-135 0.6 16.2 0.5 13.5 1.3x10 5  3.5x10 6 

In-111 Indium (49) 2 54.1 2 54.1 1.5x10 4  4.2x10 5 

In-i 13m 4 108 4 108 6.2x10 5  1.7x17 7 

In- 114m 0.3 8.11 0.3 8.11 8.6x 122 2.3x14 4



In-115m 6 162 0.9 24.3 2.2x10 5  6.1x10 6 

Ir-189 Iridium (77) 10 270 10 270 1.9x10 3  5.2x104 

Ir- 190 0.7 18.9 0.7 18.9 2.3x10 3  6.2x 104 

Ir- 192 1 27.0 0.5 13.5 3.4x 102  9.2x 103 

Ir- 193m 10 270 10 270 2.4x 103  6.4x 104 

Ir-194 0.2 5.41 0.2 5.41 3.1x10 4  8.4x10 5 

K-40 Potassium 0.6 16.2 0.6 16.2 2.4x107  6.4x10 6 

K-42 (19) 0.2 5.41 0.2 5.41 2.2x105  6.0x10 6 

K-43 1.0 27.0 0.5 13.5 1.2x10 5  3.3x10 6 

Kr-81 Krypton (36) 40 1080 40 1080 7.8xlO4 2.1x10 2 

Kr-85m 6 162 6 162 3.0x10 5  8.2x10 6 

Kr-85 20 541 10 270 1.5x10 1  3.9x10 2 

Kr-87 0.2 5.41 0.2 5.41 1.0x10 6  2.8x10 7 

La-137 Lanthanum 40 1080 2 54.1 1.6x 10-3  4.4x 102 

La-140 (57) 0.4 10.8 0.4 10.8 2.1x10 4  5.6x105 

Lu-172 Lutetium (71) 0.5 13.5 0.5 13.5 4.2x10 3  1.1x10 5 

Lu-173 8 216 8 216 5.6x10' 1.5x10 3 

Lu-174m 20 541 8 216 2.0x10 2  5.3x10 3 

Lu-174 8 216 4 108 2.3x10 1  6.2x10 2 

Lu- 177 30 811 0.9 24.3 4. x110 3 1. ix105

(



MFP For mixed fission products, use formula for mixtures or Table A-2 

Mg-28 Magnesium 0.2 5.41 0.2 5.41 2.0x105  5.4x106 

(12) 

Mn-52 Manganese 0.3 8.11 0.3 8.11 1.6x104  4.4x105 

Mn-53 (25) Unlimited Unlimited Unlimited Unlimited 6.8x10 5  1.8x10 3 

Mn-54 1 27.0 1 27.0 2.9x102  7.7x10 3 

Mn-56 0.2 5.41 0.2 5.41 8.0x10 5  2.2x10 7 

Mo-93 Molybdenum 40 1080 7 189 4.1x10-2  1.1 

Mo-99 (42) 0.6 16.2 0.5 13.5 1.8x10 4  4.8x 10 

N-13 Nitrogen(7) 0.6 16.2 0.5 13.5 5.4x107  1.5x10 9 

Na-22 Sodium(11) 0.5 13.5 0.5 13.5 2.3x10 2  6.3x10 3 

Na-24 0.2 5.41 0.2 5.41 3.2x10 5  8.7x10 6 

Nb-92m Niobium (41) 0.7 18.9 0.7 18.9 5.2x10 3  1.4x10 5 

Nb-93m 40 1080 6 162 8.8 2.4x10 2 

Nb-94 0.6 16.2 0.6 16.2 6.9x10-3  1.9x101 

Nb-95 1 27.0 1 27.0 1.5x10 3  3.9x10 4 

Nb-97 0.6 16.2 0.5 13.5 9.9x10 5  2.7x107 

Nd-147 Neodymium 4 108 0.5 13.5 3.0x10 3  8.1x10 4 

Nd-149 (60) 0.6 16.2 0.5 13.5 4.5x1010 5  1.2x10 7 

Ni-59 Nickel (28) 40 1080 40 1080 3.0x 10-3 8.0x 10-2



Ni-63 40 1080 30 811 2.1 5.7x10' 

Ni-65 0.3 8.11 0.3 8.11 7.1x10 5  1.9x10 7 

Np-235 Neptunium 40 1080 40 1080 5.2x101  1.4x103 

Np-236 (93) 7 189 lx10-3  2.70x10 2  4.710-44 1.3x10 2 

Np-237 2 54.1 2xlO4 5.41x10 3  2.6x10-5  7.1x104 

Np-239 6 162 0.5 13.5 8.6x10 3  2.3x10 5 

Os-185 Osmium (76) 1 27.0 1 27.0 2.8x 102 7.5x 103 

Os-191m 40 1080 40 1080 4.6x10 4  1.3x10 6 

Os-191 10 270 0.9 24.3 1.6x103  4.4x10 4 

Os-193 0.6 16.2 0.5 13.5 2.0x10 4  5.3x10 5 

Os-194 0.2 5.41 0.2 5.41 1.1xl01 3.1x10 2 

P-32 Phosphorus 0.3 8.11 0.3 8.11 1.1xl0 4  2.9x10 5 

P-33 (15) 40 1080 0.9 24.3 5.8x 103  1.6x10 5 

Pa-230 Protactinium 2 54.1 0.1 2.70 1.2x10 3  3.3x104 

Pa-231 (91) 0.6 16.2 6x 10-5  1.62x 10-3  1.7x10.3  4.7x10.2 

Pa-233 5 135 0.9 24.3 7.7x10 2  2.lx104 

Pb-201 Lead (82) 1 27.0 1 27.0 6.2x10 4  1.7xlO6 

Pb-202 40 1080 2 54.1 1.2x10 4  3.4x 10 3 

Pb-203 3 81.1 3 81.1 1. 1x10 4  3.0x105 

Pb-205 Unlimited Unlimited Unlimited Unlimited 4.5x10.6 1.2x 10

(



Pb-210 0.6 16.2 9x1O"3  0.243 2.8 7.6x10' 

Pb-212 0.3 8.11 0.3 8.11 5.1x10 4  1.4x10 6 

Pd-103 Palladium 40 1080 40 1080 2.8x10 3  7.5x10 4 

Pd-107 (46) Unlimited Unlimited Unlimited Unlimited 1.9x10.5  5.1x1O-4 

Pd-109 0.6 16.2 0.5 13.5 7.9x10 4  2.1x10 6 

Pm-143 Promethium 3 81.1 3 81.1 1.3x 102  3.4x103 

Pm-144 (61) 0.6 16.2 0.6 16.2 9.2x 101  2.5x103 

Pm-145 30 811 7 189 5.2 1.4x 102 

Pm-147 40 1080 0.9 24.3 3.4x101 9.3x102 

Pm-148m 0.5 13.5 0.5 13.5 7.9x102  2.1x10 4 

Pm-149 0.6 16.2 0.5 13.5 1.5x10 4  4.0xlO5 

Pm-151 3 81.1 0.5 13.5 2.7x104  7.3x10 5 

Po-208 Polonium 40 1080 2xlO-2  0.541 2.2x10' 5.9x10 2 

Po-209 (84) 40 1080 2x10-2  0.541 6.2x10l1  1.7x10 1 

Po-210 40 1080 2x10 2  0.541 1.7x10 2  4.5x10 3 

Pr-142 Praseodymiu 0.2 5.41 0.2 5.41 4.3x10 4  1.2x106 

Pr-143 (59) 108 0.5 13.5 2.5x10 3  6.7x10 4 

Pt-188 Platinum (78) 0.6 16.2 0.6 16.2 2.5x10 3  6.8x10 4 

Pt-191 3 81.1 3 81.1 8.7x 103  2.4x 105 

Pt- 193m 40 1080 9 243 5.8x 103 1.6x 105

/



Pt- 193 40 1080 40 1080 1.4 3.7x 10 

Pt- 195m 10 270 2 54.1 6.2x103  1.7x105 

Pt-197m 10 270 0.9 24.3 3.7x105  1.0x10 7 

Pt- 197 20 541 0.5 13.5 3.2x 104  8.7x105 

Pu-236 Plutonium 7 189 7x10 4  1.89x10 2  2.OxlO' 5.3x102 

Pu-237 (94) 20 541 20 541 4.5x10 2  1.2x10 4 

Pu-238 2 189 2x10 4  5.41x10 3  6.3x10 1  1.7x10' 

Pu-239 2 541 2x10-4  5.41x10-3  2.3x10 3  6.2x10-2 

Pu-240 2 54.1 2x10 4  5.41x103  8.4x10-3  2.3x10-1 

Pu-241 40 54.1 lx10-2  0.270 3.8 1.0x10 2 

Pu-242 2 54.1 2x104  5.41x10 3  1.5x10 4  3.9x10-3 

Pu-244 0.3 1080 2x10-4  5.41x10 3  6.7x10-7  1.8x10-5 

Ra-223 Radium(88) 0.6 54.1 3x10-2  0.811 1.9x10 3  5.1x10 4 

Ra-224 0.3 8.11 6x 102  1.62 5.9x 103  1.6x10 5 

Ra-225 0.6 16.2 2x10 2  0.541 1.5x10 3  3.9x10 4 

Ra-226 0.3 8.11 2x10-2  0.541 3.7x 10z 1.0 

Ra-228 0.6 16.2 4x10 2  1.08 1.Oxl0' 2.7x10 2 

Rb-81 Rubidium 2 54.1 0.9 24.3 3.1x10 5  8.4x10 6 

Rb-83 (37) 2 54.1 2 54.1 6.8x 10 1.8x10 4 

Rb-84 1 27.0 0.9 24.3 1.8x 103 4.7x10 4



Rb-86 0.3 8.11 0.3 8.11 3.0x 103  8.lxl04 

Rb-87 Unlimited Unlimited Unlimited Unlimited 3.2x 10-9  8.6x10-8 

Rb (natural) Unlimited Unlimited Unlimited Unlimited 6.7x 106 1.8x108 

Re-183 Rhenium (75) 5 135 5 135 3.8x10 2  1.0xl04 

Re-184m 3 81.1 3 81.1 1.6x10 2  4.3x103 

Re- 184 1 27.0 1 27.0 6.9x 102  1.9x 104 

Re-186 4 108 0.5 13.5 6.9x10 3  1.9x10 5 

Re- 187 Unlimited Unlimited Unlimited Unlimited 1.4x10.9  3.8x10.8 

Re-188 0.2 5.41 0.2 5.41 3.6x10 4  9.8x10 5 

Re-189 4 108 0.5 13.5 2.5x104  6.8 10' 

Re (natural) Unlimited Unlimited Unlimited Unlimited 2.4x10.8 

Rh-99 Rhodium (45) 2 54.1 2 54.1 3.0x10 3  8.2x10 4 

Rh-101 4 108 4 108 4.lxl01  1.1xl0 3 

Rh-102m 2 54.1 0.9 24.3 2.3x10 2  6.2x10 3 

Rh-102 0.5 13.5 0.5 13.5 4.5x10 1  1.2x10 3 

Rh-103m 40 1080 40 1080 1.2x10 6  3.3x10 7 

Rh-105 10 270 0.9 24.3 3.1x10 4  8.4x105 

Rn-222 Radon (86) 0.2 5.41 4x10 3  0.108 5.7x10 3  1.5x10 5 

Ru-97 Ruthenium 4 108 4 108 1.7x10 4  4.6x105 

(44) 2 5 10 3 Ru- 103 2T54.1 10.9 124.3 1.2x10 3.2x 104



Ru-105 0.6 16.2 0.5 13.5 2.5x105  6.7x10 6 

Ru-106 0.2 5.41 0.2 5.41 1.2x10 2  3.3x10 3 

S-35 Sulfur (16) 40 1080 2 54.1 1.6x10 3  4.3x10 4 

Sb-122 Antimony 0.3 8.11 0.3 8.11 1.5x10 4  4.0x10 5 

Sb-124 (51) 0.6 16.2 0.5 13.5 6.5x102  1.7x10 4 

Sb-125 2 54.1 0.9 24.3 3.9x10 1  1.0x10 3 

Sb-126 0.4 10.8 0.4 10.8 3.1x10 3  8.4x10 4 

Sc-44 Scandium 0.5 13.5 0.5 13.5 6.7x10 5  1.8x10 7 

Sc-46 (21) 0.5 13.5 0.5 13.5 1.3x10 3  3.4x10 4 

Sc-47 9 243 0.9 24.3 3.lxl04  8.3x10 5 

Sc-48 0.3 8.11 0.3 8.11 5.5x10 4  1.5x10 6 

Se-75 Selenium 3 81.1 3 81.1 5.4x 102  1.5x10 4 

Se-79 (34) 40 1080 2 54.1 2.6x10-3  7.0x10 2 

Si-31 Silicon (14) 0.6 16.2 0.5 13.5 1.4x10 6  3.9x10 7 

Si-32 40 1080 0.2 5.41 3.9 1.1x102 

Sm-145 Samarium 20 541 20 541 9.8x101  2.6x103 

Sm-147 (62) Unlimited Unlimited Unlimited Unlimited' 8.5x10'- 2.3x10 8 

Sm-151 40 1080 4 108 9.7x10 1  2.6x10' 

Sm-153 4 108 0.5 13.5 1.6x10 4  4.4x10 5 

Sn-113 Tin (50) 4 108 4 108 3.7x10 2 1.0x10 4

(



Sn- 117m 6 162 24 54.1 3.0x 103  8.2x 104 

Sn-119m 40 1080 40 1080 1.4x10 2  3.7x 103 

Sn-121m 40 1080 0.9 24.3 2.0 5.4x10 1 

Sn-123 0.6 16.2 0.5 13.5 3.0x10 2  8.2x10 3 

Sn-125 0.2 5.41 0.2 5.41 4.0x 103  1.1x105 

Sn-126 0.3 8.11 0.3 8.11 1.0x10-3  2.8x10-2 

Sr-82 Strontium 0.2 5.41 0.2 5.41 2.3x10 3  6.2x10 4 

Sr-85m (38) 5 135 5 135 1.2x10 6  3.3x10 7 

Sr-85 2 54.1 2 54.1 8.8x102  2.4x104 

Sr-87m 3 81.1 3 81.1 4.8x10 5  1.3x10 7 

Sr-89 0.6 16.2 0.5 13.5 1.1x10 3  2.9x10 4 

Sr-90 0.2 5.41 0.1 2.70 5.1 1.4x 102 

Sr-91 0.3 8.11 0.3 8.11 1.3x10 5  3.6x10 6 

Sr-92 0.8 21.6 0.5 13.5 4.7x105  1.3x 107 

T Tritium(l) 40 1080 40 1080 3.6x10 2  9.7x10 3 

Ta-178 Tantalum 1 27.0 1 27.0 4.2x10 6  1.1xl08 

Ta- 179 (73) 30 811 30 811 4.lxlO' 1.lxl03 

Ta-182 0.8 21.6 0.5 13.5 2.3x10 2  6.2x10 3 

Tb-157 Terbium (65) 40 1080 10 270 5.6x10' 1.5x10' 

Th-158 1 27.0 0.7 18.9 5.6x10"' 1.5x10'

(



Th-160 0.9 24.3 0.5 13.5 4.2x10z 1.1x10 4 

Tc-95m Technetium 2 54.1 2 54.1 8.3x 10 2.2x 104 

Tc-96m (43) 0.4 10.8 0.4 10.8 1.4x10 6  3.8x107 

Tc-96 0.4 10.8 0.4 10.8 1.2x10 4  3.2x10 5 

Tc-97m 40 1080 40 1080 5.6x10 2  1.5x10 4 

Tc-97 Unlimited Unlimited Unlimited Unlimited 5.2x10.5  1.4x 10-3 

Tc-98 0.7 18.9 0.7 18.9 3.2x10 5  8.7x10 4 

Tc-99m 8 216 8 216 1.9x10 5  5.3x10 6 

Tc-99 40 1080 0.9 24.3 6.3x10 4  1.7x10z 

Te-118 Tellurium 0.2 5.41 0.2 5.41 6.8x10 3  1.8x10 5 

Te-121m (52) 5 135 5 135 2.6x10 2  7.0x10 3 

Te-121 2 5.41 2 5.41 2.4x10 3  6.4x10 4 

Te-123m 7 189 7 189 3.3x10 2  8.9x10 3 

Te-125m 30 811 9 243 6.7x10 2  1.8x104 

Te-127m 20 541 0.5 13.5 3.5x10 2  9.4x10 3 

Te- 127 20 541 0.5 13.5 9.8x10 4  2.6x 106 

Te-129m 0.6 16.2 0.5 13.5 1.1x10 3  3.0x10 4 

Te-129 0.6 16.2 0.5 13.5 7.7x10 5  2.1x10 7 

Te-131m 0.7 18.9 0.5 13.5 3.0x10 4  8.0x10 5 

Te-132 0.4 10.8 0.4 10.8 1.1x10 4 8.0x10 5



Th-227 

Th-228 

Th-229 

Th-230 

Th-231 

Th-232 

Th-234 

Th (natural)

Thorium (90) 19 243 lxl 02 0.270 1.1x103 3.lxi04

0.3 8.11 4xlO4 1.08x10 2  3.OxlO' 8.2x102 

0.3 8.11 3x105  8.1lxl04 7.9x10 3  2.1x10'

2 54.1 2x10-4  5.41x10-3  7.6x10 4  2.1x10-2 

40 1080 0.9 24.3 2.0x104  5.3x10 5 

Unlimited Unlimited Unlimited Unlimited 4.0x10-9  1.1x10-7 

0.2 5.41 0.2 5.41 8.6x10 2 2.3x10 4

Unlimited Unlimited Unlimited Unlimited 8.lx1O-9 2.2x10-7

Ti-44 Titanium (22) 0.5 13.5 0.2 5.41 6.4 1.7x10 2 

TI-200 Thallium (81) 0.8 21.6 0.8 21.6 2.2x10 4  6.0x105 

TI-201 10 270 10 270 7.9x10 3  2.1x10 5 

TI-202 2 54.1 2 54.1 2.0x 103  5.3x 104 

Tl-204 4 108 0.5 13.5 1.7x101  4.6x102 

Tm-167 Thalium (69) 7 189 7 189 3.1x10 3  8.5x10 4 

Tm-168 0.8 21.6 0.8 21.6 3.1x10 2  8.5x10 3 

Tm-170 4 108 0.5 13.5 2.2x 102  6.0x 103 

Tm-171 40 1080 10 270 4.Ox 101 1.lx10 3 

U-230 Uranium (92) 40 1080 lxl0-z 0.270 1.Oxl03 2.7x 104 

U-232 3 81.1 3x104 8.11x10-3  8.3x10' 2.2x10' 

U-233 10 270 lxlO3 2.70x10 2- 3.6x104 9.7x10 3

(



U-234 

U-235 

U-236 

U-238 

"U (natural) 

"U (enriched 
5% or less).  

U (enriched 
more than 
5%).  

U (depleted)

10 270 lxl0-3 2.70x 10-2 2.3x1O-4 6.2x10-3

Unlimited Unlimited Unlimited Unlimited 8.0x 10-8  2.2x 106 

10 270 lx103  2.70x10 2  2.4x10 6  6.5x10 5 

Unlimited Unlimited Unlimited Unlimited 1.2x 108  3.4x 10-7 

Unlimited Unlimited Unlimited Unlimited 2.6x 10-8  7.lx10-7 

Unlimited Unlimited Unlimited Unlimited (See table 
A-3) 

10 270 1x 10-3  2.70x 10-2  (See Table 
A-3)

Unlimited Unlimited Unlimited Unlimited (See Table 
A-3)

V-48 Vanadium 0.3 8.11 0.3 8.11 6.3x 103  1.7x105 

V-49 40 1080 40 1080 3.0x 102  8.1x10 3 

W-178 Tungsten (74) 1 27.0 1 27.0 1.3x10 3  3.4x10 4 

W-181 30 811 30 811 2.2x 102  6.0x10 3 

W-185 40 1080 0.9 24.3 3.5x102  9.4x10 3 

W-187 2 54.1 0.5 13.5 2.6x104  7.0x105 

W-188 0.2 5.41 0.2 5.41 3.7x10 2  1.0xl04 

Xe-122 Xenon (54) 0.2 5.41 0.2 5.41 4.8x10 4  1.3x 106 

Xe-123 0.2 5.41 0.2 5.41 4.4x10 5 1.2x10 7



(

Xe-127 4 108 4 108 1.0x10 3  2.8x10 4 

Xe-131m 40 1080 40 1080 3. Ix10 3  8.4x10 4 

Xe-133 20 541 20 541 6.9x10 3  1.9xlO5 

Xe-135 4 108 4 108 9.5x10 4  2.6x10 6 

Y-87 Yttrium (39) 2 54.1 2 54.1 1.7x10 4  4.5x10 5 

Y-88 0.4 10.8 0.4 10.8 5.2x10 2  1.4x10 4 

Y-90 0.2 5.41 0.2 5.41 2.0x10 4  5.4x10 5 

Y-91m 2 54.1 2 54.1 1.5x10 6  4.2x 107 

YO-91 0.3 8.11 0.3 8.11 9.lxlO2  2.5x10 4 

Y-92 0.2 5.41 0.2 5.41 3.6x10 5  9.6x10 6 

Y-93 0.2 5.41 0.2 5.41 1.2x10 5  3.3x10 6 

Yb-169 Yterbium 3 81.1 3 81.1 8.9x10 2  2.4x10 4 

Yb-175 (70) 2 54.1 2 54.1 6.6x10 3  1.8x10 5 

Zn-65 Zinc (30) 2 54.1 2 54.1 3.0x10 2  8.2x10 3 

Zn-69m 2 54.1 0.5 13.5 1.2x10 5  3.3x 106 

Zn-69 4 108 0.5 13.5 1.8x10 6  4.9x10 7 

Zr-88 Zirconium 3 81.1 3 81.1 6.6x10 2  1.8x10 4 

Zr-93 (40) 40 1080 0.2 5.41 9.3x10 5  2.5x10-3 

Zr-95 1 27.0 0.9 24.3 7.9x 102  2.lx104 

Zr-97 0.3 8.11 0.3 8.11 7.1xlO4 1.9xl0 6



'Interational shipments of Einsteinium require multilateral approval of A, and A, values.  
'International shipments of Fermium require multilateral approval of A, and A 2 values.  
c20 Ci for Mo99 for domestic use.
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Table A-2. General Values for A, and A2 

Contents A, (Ci) 2A 

(Tbq) (Tbq) (Ci) 
Only beta- or gamma-emitting nuclides 0.2 5 0.02 0.5 
are known to be present 
Alpha-emitting nuclides are known to 0.10 2.70 2x10 5  5.4lx104 
be present, or no relevant data are 
available



Table A-3. Activity-Mass Relationships for Uranium 
Uranium Specific Activity 
Enrichment1 

wt % U-235 
present 

Tbq/g Ci/g 
0.45 1.8x10-8  5.Ox IO7 

0.72 2.6x10-8  7. lxl0-7 
1.0 2.8x10-8  7.6x10-7 
1.5 3.7x10 8  1.OxlO06 

5.0 1.0x10.7  2.7x 10-6 

10.0 1.8x10 7  4.8x10 6 

20.0 3.7x10-7  1.Ox1O-5 

35.0 7.4x10-7  2.OxlO5 

50.0 9.3x10-7  2.5x10 5 

90.0 2.2x16-6 5.8x10-5 
93.0 2.6x10-6  7.0x10 5 

95.0 3.4x 10-6 9. lxl1-5

4731.3002, subpart C
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32.24 Same: Table of organ doses

Part of Body Column I Column II Column III Column IV 
(rem) (rem) (rem) (rem) 

Whole body; head 
and trunk; active 
blood-forming 
organs; gonads: or 
lens of eyes 

0.001 0.01 0.5 15 

Hands and forearms; 
feet and ankles; 
localized areas of 
skin averaged over 
areas no larger than 1 
square centimeter 0.015 0.15 7.5 200 

Other organs 0.003 0.03 1.5 50
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32.28 Same: Table of organ doses

Part of Body Column I Column II Column IH 
(rem) (rem) (rem) 

Whole body; head 
and trunk; active 
blood-forming 
organs; gonads: or 
lens of eyes 

0.005 0.5 15 

Hands and forearms; 
feet and ankles; 
localized areas of 
skin averaged over 
areas no larger than 1 
square centimeter 0.075 7.5 200 

Other organs 0.015 1.5 50
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Units of radiation dose.  

(a) Definitions. As used in this part, the units of radiation dose are: 

Gray (Gy) is the SI unit of absorbed dose. One gray is equal to an absorbed dose of 1 
Joule/kilogram (100 rads).  

Rad is the special unit of absorbed dose. One rad is equal to an absorbed dose of 100 
ergs/gram or 0.01 joule/kilogram (0.01 gray).  

Rem is the special unit of any of the quantities expressed as dose equivalent. The dose 
equivalent in rems is equal to the absorbed dose in rads multiplied by the quality factor (1 
rem=0.01 sievert).  

Sievert is the SI unit of any of the quantities expressed as dose equivalent. The dose 
equivalent in sieverts is equal to the absorbed dose in grays multiplied by the quality 
factor (1 Sv= 100 rems).  

(b) As used in this part, the quality factors for converting 

Table 1004(b). 1-Quality Factors and Absorbed Dose Equivalencies 

Type of radiation Quality factor Absorbed dose equal to a 
unit dose equivalenta 

(Q) 
X-, gamma, or beta radiation 1 1 
Alpha particles, multiple-charged particles, 20 0.05 
fission fragments and heavy particles of 
unknown charge 
Neutrons of unknown energy 10 0.1 
High-energy protons 10 0.1 
a absorbed dose in rad equal to 1 rem or the absorbed dose in gray equal.  

(c) If it is more convenient to measure the neutron fluence rate than to determine the 
neutron dose equivalent rate in rems per hour or sieverts per hour, as provided in 
paragraph (b) of this section, 1 rem (0.01 Sv) of neutron radiation of unknown energies 
may, for purposes of the regulations in this part, be assumed to result from a total fluence 
of 25 million neutrons per square centimeter incident upon the body. If sufficient 
information exists to estimate the approximate energy distribution of the neutrons, the 
licensee may use the fluence rate per unit dose equivalent or the appropriate Q value from 
table 1004(b).2 to convert a measured tissue dose



Neutron energy (MeV) Quality factor_(Q) Fluence per unit dose 
equivalent' (neutrons 

cnf2 rem -1) 
(thermal) ..... 2.5x 10-8  2 980x10 6 

lxl0-7 2 980x10 6 

lx10-6  2 810x10 6 

lx10-5 2 810x10 6 

lx104 2 840x106 

1x10-3  2 980x106 

lx10i2 2.5 101Ox10 6 

_lx10- 7.5 170x106 

5x10-1 11 39x106 

1 11 27x 10 

2.5 9 29x 10' 

5 8 23x10 6 

7 7 24x 106 

10 6.5 24x10 6 

14 7.5 17xlO6 

20 8 16x10 6 

40 7 14x10 6 

60 5.5 16x10 6 

lx102 4 20x10 6 

_2xlO2 
3.5 19x10 6



14xlO 2 3.51 14x 
a Value of quality factor (Q) at the point where the dose equivalent is maximum in a 30

cm diameter cylinder tissue-equivalent phantom.

b Monoenergetic neutrons incident normally on a 30-cm diameter cylinder tissue
equivalent phantom.
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Neutron Flux Dose Equivalence

Neutron energy (million Number of neutrons per square Average flux to deliver 100 
electron volts [Mev]) centimeter equivalent to a dose of millirem in 40 hours 

1 rem (neutrons/cm\2\) (neutrons/cm\2\ per sec.) 

Thermal 970 x 106 670 

0.0001 720 x 106 500 

0.005 820 x 106 570 

0.02 400 x 106 280 

0.1 120 x 106 80 

0.5 43 x 106 30 

1.0 26 x 106 18 

2.5 29 x 106 20 

5.0 26 x 106 18 

7.5 24 x 106 17 

10 24 x 106 17 

10 to 30 14 x 106  10 

(h) For determining exposures to X-or gamma rays up to 3 Mev., the dose limits specified in this 
part may be as-sumed to be equivalent to the "air dose". For the purpose of this subpart 
"air dose" means that the dose is measured by a properly calibrated ap-propriate instrument in 
air at or near the body-surface in the region of the highest dosage rate.
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Weighting factor WT, for an organ or tissue (T) is the proportion of the risk of stochastic 
effects resulting from irradiation of that organ or tissue to the total risk of stochastic 
effects when the whole body is irradiated uniformly. For calculating the effective dose 
equivalent,

Organ Dose Weighting Factors 
Organ or tissue WT 

Gonads 0.25 
Breast 0.15 
Red bone marrow 0.12 
Lung 0.12 
Thyroid 0.03 
Bone surface 0.03 
Remainder LO.30 
Whole Body 41.00
1 0.30 results from 0.06 for each of 5 "remainder" organs (excluding the skin and the lens 
of the eye) that receive the highest doses.  

2 For the purpose of weighting the external whole body dose (for adding it to the internal 

dose), a single weighting factor, wT=I.0, has been specified. The use of other weighting 
factors for external exposure will be approved on a case-by-case basis until such time as 
specific guidance is issued.



SCHEDULES



4731.3003, A.  
Schedule A. Exempt concentrations.  

Col. I Col. II 

Liquid and Solid 

Element (atomic number) Isotope Gas Concentration ttCi/ml1  Concentration MCi/mi 2 

Antimony (51) Sb 122 3 x 104 

Sb 124 2 x 10' 

Sb 125 1 x 10-3 

Argon (18) A 37 1 x 10-3 

A41 4x 10 7 

Arsenic (33) As 73 5 x 10-3 

As 74 5 x 104 

As 76 2x 10' 

As 77 8 x 10-4 

Barium (56) Ba 131 2 x 10.3 

Ba 140 3 x 10-4 

Beryllium (4) Be 7 2 x 10.2 

Bismuth (83) Bi 206 4x 10.' 

Bromine (35) Br 82 4 x 10.7 3 x 10-3 

Cadmium (48) Cd 109 2 x 10-3 

Cd 115M 3 x 10-4 

Cd 115 3 x 10-4 

Calcium (20) Ca 45 9 x 10-5 

Ca 47 5 x 10-4 

Carbon (6) C 14 1 x 10 -6 8 x 10-3 

Cerium (58) Ce 141 9x 10"' 

Ce 143 4 x 10"4 

Ce 144 1 x 10"' 

Cesium (55) Cs 131 2 x 10-2 

Cs 134m 6 x 10-2 

Cs 134 9 x 10-i 

Chlorine (17) CI 38 9 x 10-7 4,x 10 -1 

Chromium (24) Cr 51 2 x 10-2



Cobalt (27) Co 57 5 x 10

Co 58 1 x 10-' 

Co 60 5 x 104 

Copper (29) Cu 64 3 x 1W 

Dysprosium (66) Dy 165 4 x 10.3 

Dy 166 4x 10' 

Erbium (68) Er 169 9x 104 

Er 171 1 x 10i3 

Europium (63) Eu 152 (T/2=9.2 hrs) 6 x 10 ' 

Eu 155 2x 10

Fluorine (9) F 18 2 x 10' 8 x 103 

Gadolinium (64) Gd 153 2 x 10-3 

Gd 159 8 x T0O4 

Gallium (31) Ga 72 4x 10 .  

Germanium (32) Ge 71 2 x 10-2 

Gold (79) Au 196 2 x 10 -i 

Au 198 5 x 10'4 

Au 199 2x 101 

Hafnium (72) Hf 181 7 x 10' 

Hydrogen (1) H 3 5 x 10-6 3 x 10

Indium (49) In 113M I x 10-2 

In 114M 2 x 104 

Iodine (53) 1126 3 x 10-9  2 x 10-5 

1131 3 x 109  2 x 10s 

1132 8 x 10-8  6x 104 

1133 1 x 10s 7 x 10-5 

1134 2x 107  1 x 10.3 

Iridium (77) Ir 190 2x 10' 

Ir 192 4 x 10' 

Ir 194 3 x 10' 

Iron (26) Fe 55 8 x 10-3 

Fe 59 6 x 10-4



Krypton (36) Kr 85M I X 10-6 

Kr85 3x106 

Lanthanum (57) La 140 2 x 10.' 

Lead (82) Pb 203 4x 10-' 

Lutetium (71) Lu 177 1 x 10-3 

Manganese (25) Mn 52 3 x 1074 

Mn 54 1 x 10-3 

Mn 56 1 x 10"' 

Mercury (80) Hg 197M 2 x 10"3 

Hg 197 3 x 10-' 

Hg 203 2 x 10.' 

Molybdenum (42) Mo 99 2 x 10-' 

Neodymium (60) Nd 147 6 x 10-4 

Nd 149 3 x 10-3 

Nickel (28) Ni 65 1 x 10-3 

Niobium (Columbium) (41) Nb 95 1 x 10., 

Nb 97 9 x 10-3 

Osmium (76) Os 185 7 x 10.4 

Os 191M 3 x 10-2 

Os 191 2 x 10-' 

Os 193 6x 10.' 

Palladium (46) Pd 103 3 x 10-3 

Pd 109 9x 10"' 

Phosphorus (15) P32 2 x 10-4 

Platinum (78) Pt 191 1 x 10-" 

Pt 193M I x 10.2 

Pt 197M 1 x 10-2 

Pt 197 1 x 10"' 

Potassium (19) K 42 3 x 10-3 

Praseodymium (59) Pr 142 3 x 10-4 

Pr 143 5 x 10"' 

Promethium (61) Pm 147 2 x 10-3



Pm 149 4x 10' 

Rhenium (75) Re 183 6 x 10.T 

Re 186 9 x 10-4 

Re 188 6 x 104 

Rhodium (45) Rh 103M 1 x 10-' 

Rh 105 1 x 10.  

Rubidium (37) Rb 86 7 x 104 

Ruthenium (44) Ru 97 4 x 10-4 

Ru 103 8 x 10-4 

Ru 105 1 x 1O03 

Ru 106 1 x 10-4 

Samarium (62) Sm 153 8 x 10"4 

Scandium (21) Sc 46 4 x 10' 

Sc 47 9 x 10-' 

Sc 48 3 x 10-' 

Selenium (34) Se 75 3 x 10' 

Silicon (14) Si 31 9 x 10.O 

Silver (47) Ag 105 1 x 10ý3 

Ag 11OM 3 x 10-4 

Ag 111 4x 10-4 

Sodium (11) Na24 2 x 10-1 

Strontium (38) Sr 85 1 x 10"4 

Sr 89 1 x 10-4 

Sr 91 7 x 10-4 

Sr 92 7 x 104 

Sulfur (16) S35 9 x 10 -8 6 x 10" 

Tantalum (73) Ta 182 4 x 10"4 

Technetium (43) Tc 96M 1 x 101 
Tc 96 1 x 10.3 

Tellurium (52) Te 125M 2 x 10-3 

Te 125M 6x 10.' 

Te 127 3 x 10-3



Te 129M 3 x 104 

Te 131M 6x 10' 

Te 132 3 x 10

Terbium (65) Tb 160 4 x 104 

Thallium (81) TI 200 4 x 10-3 

TI 201 3 x 10-3 
TI 202 1 x 10-' 
TI 204 1 x 10-3 

Thulium (69) Tm 170 5 x 10-4 
Tm 171 5 x 10' 

Tin (50) Sn 113 9x 104 
Sn 125 2x 10' 

Tungsten (Wolfram) (74) W 181 4 x 10.3 
W 187 7 x 10-4 

Vanadium (23) V 48 3 x 1074 

Xenon (54) Xe 131M 4 x 10-6 

Xe 133 3 x 10-6 

Xe 135 1 x 1 6 

Ytterbium (70) Yb 175 1 x 10-1 

Yttrium (39) Y 90 2 x 10-4 

Y 91M 3 x 10.2 

Y 91 3 x 10-4 

Y 92 6x 10-4 

Y 93 3 x 10' 

Zinc (30) Zn 65 1 x 10-1 

Zn 69M 7 x 10' 

Zn 69 2x 102 

Zirconium (40) Zr 95 6x 10' 

Zr 97 2 x 104 

Beta and/or gamma emitting I x 1010 1 x 10-6 

byproduct not listed above with 
half-life less than three years

Footnotes to Schedule A 
[30 FR 8185, June 26, 1965, as amended at 35 FR 3982, Mar. 3, 1970; 38 FR 29314, Oct. 24, 1973; 59 FR 5520, Feb. 7, 
1994]



Footnotes to Schedule A 
1.Values are given only for those materials normally used as gases.  
2.1iCi/gm for solids.  
NOTE 1: Many radioisotopes disintegrate into isotopes which are also radioactive. In expressing 
the concentrations in Schedule A, the activity stated is that of the parent isotope and takes into 
account the daughters.  
NOTE 2: For purposes of 30.14 where there is involved a combination of isotopes, the limit for 
the combination should be derived as follows: Determine for each isotope in the product the ratio 
between the concentration present in the product and the exempt concentration established in 
Schedule A for the specific isotope when not in combination. The sum of such ratios may not 
exceed "1" (i.e., unity).Example:



4731.3003, B.

Exempt Quantities 

30.71 Schedule B.  

Byproduct 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 © 14) 100 
Cerium 141 (Ce 141) 100 
Cerium 143 (Ce 143) 100 
Cerium 144 (Ce 144) 1 
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 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 9.2 h (Eu 152 9.2 h) 100 
Europium 152 13 yr (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 
Gallium 72 (Ga 72) 10 
Germanium 71 (Ga 71) 100 
Gold 198 (Au 198) 100 
Gold 199 (Au 199) 100 
Hafnium 181 (Hf 181) 10 
Holmium 166 (Ho 166) 100 
Hydrogen 3 (H3) 1,000 
Indium 113m (In 113m) 100 
Indium 114m (In 114m) 10 
Indium 115m (In 115m) 100 
Indium 115 (In 115) 10 
Iodine 125 (1125) 1 
Iodine 126 (1126) 1 
Iodine 129 (1129) 0,1 
Iodine 131 (1131) 1 
Iodine 132 (1132) 10 
Iodine 133 (1133) 1 
Iodine 134 (1134) 10 
Iodine 135 (1135) 10 
Iridium 192 (Ir 192) 10 
Iridium 194 (Ir 194) 100 
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



Molbdenum 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 
Osmium 185 (Os 185) 10 
Osmium 191m (Os 191) 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 
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 86 (R86) 10 
Rubidium 87 (Rb87) 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 
Soldium 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 
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 125 m (Te 125 m) 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 (Th 160) 10 
Thallium 200 (TI 200) 100 
Thallium 201 (T1 201) 100 
Thallium 202 (TI 202) 100 
Thallium 204 (TI 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 13 lm (Xe 13 1m) 1,000 
Xenon 133 (Xe 133) 100 
Xenon 135 (Xe 135) 100 
Ytterbium 175 (Yb 175) 100



Yttrium 90 (Y 90) 10 
Yttrium 91 (Y91) 10 
Yttrium 92 (Y92) 100 
Yttrium 93 (Y93) 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 byproduct material not listed above other 0.1 
than alpha emitting byrproduct materials
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Schedule A. Limits for Broadscope licenses 

Byproduct material Col. I Col. II 
curies curies 

Antimony-122 1 0.01 
Antimony-124 1 .01 
Antimony-125 1 .01 
Arsenic-73 10 .1 
Arsenic-74 1 .01 

Arsenic-76 1 .01 
Arsenic-77 10 .1 

Barium-131 10 .1 
Barium-140 1 .01 
Bismuth-210 .1 .001 

Bromine-82 10 .1 

Cadmium-109 1 .01 
Cadmium-I 15m 1 .01 
Cadmium-115 10 .1 
Calcium-45 1 .01 
Calcium-47 10 .1 
Carbon-14 100 1.  
Cerium-141 10 .1 

Cerium-143 10 .1 
Cerium-144 .1 .001 
Cesium-131 100 1.  

Cesium-134m 100 1.  
Cesium-134 .1 .001 

Cesium-135 1 .01 
Cesium-136 10 .1 
Cesium- 137 .1 .001 
Chlorine-36 1 .01 

Chlorine-38 100 1.  

Chromium-51 100 1.  
Cobalt-58m 100 1.  
Cobalt-58 1 .01 

Cobalt-60 .1 .001 

Copper-64 10 .1 

Dysprosium-165 100 1.  

Dysprosium-166 10 .1 
Erbium-169 10 .1 
Erbium-171 10 .1



Europium-152 9.2 h 10 .1 
Europium-152 13 y .1 .001 
Europium-154 .1 .001 
Europium-155 1 .01 
Fluorine-18 100 1.  
Gadolinium-153 1 .01 
Gadolinium- 159 10 .1 
Gallium-72 10 .1 
Germanium-71 100 1 
Gold-198 10 .1 
Gold-199 10 .1 
Hafnium-181 1 .01 
Holmium-166 10 .1 
Hydrogen-3 100 1 
Indium-I 13m 100 1 
Indium-I 14m 1 .01 
Indium- 115m 100 1 
Indium- 115 1 .01 
Iodine- 125 .1 .001 
Iodine- 126 .1 .001 
Iodine- 129 .1 .01 
Iodine-131 .1 .001 
Iodine-132 10 .1 
iodine-133 1 .01 
Iodine-134 10 .1 
Iodine-135 1 .01 
Iridium- 192 1 .01 
Iridium- 194 10 .1 
Iron-55 10 .1 
Irion-59 1 .01 
Krypton-85 100 1 
Krypton-87 10 .1 
Lanthanum-140 1 .01 
Lutelium-177 10 .1 
Manganese-52 1 .01 
Manganese-54 1 .01 
Manganese-56 10 .1 
Mercury- 197m 10 .1 
Mercury- 197 10 .1 
Mercury-203 1 .01 
Molybdenum-99 10 .1 
Neodymium-147 10 .1



Neodymium-149 10 - .1 
Nickel-59 10 .1 
Nickel-63 1 .01 
Nickel-65 10 .1 
Niobium-93m 1 1.01 
Niobium-95 1 .01 
Niobium-97 100 1.  
Osmium-185 1 .01 
Osmium-191M 100 1.  
Osmium-191 10 1.1 
Osmium-193 10 .1 
Palladium-103 10 .1 
Palladium-109 10 .1 
Phosphorus-32 1 .01 
Platinum-191 10 .1 
Platinum-193m 100 1.  
Platinum-193 10 .1 
Platinum-197m 100 1 
Platinum-197 10 .1 
Polonium-210 .01 .0001 
Potassium-42 1 .01 
Praseodymium-142 10 .1 
Praseodyrinium- 143 10 .I 
Promethium-147 1 .01 
Promethium-149 10 
Rhenium-186 10 
Rhenium-188 10 1 
Rhodium-103m 1,000 10.  
Rhodium-105 10 .1 
Rubidium-86 1 .01 
Rubidium-87 1 .01 
Ruthenium-97 100 1 .  
Ruthenium-103 1 .01 
Ruthenium-105 10 .1 
Ruthenium- 106 .1 .001 
Saxnarium-151 1 .01 
Samarium-153 10 .I 
Scandium-46 1 .01 
Scandium-47 10 .I 
Scandium-48 1 1.01 
Selenium-75 1 1.01 
Silicon-31 10 1.1



Silver-105 1 .01 
Silver-11rn .1 .001 
Silver-ill1 10 .1 
Sodium-24 1 .01 
Strontium-85m 1,000 10.  
Strontium-85 1 .01 
Strontium-89 1 .01 
Strontium-90 .01 .0001 
Strontium-9 1 10 .1 
Strontium-92 10 .1 
Sulphur-35 10 .1 
Tantalum- 182 1 .01 
Technetium-96 10 .1 
Technetium-97m 10 .1 
Technetium-97 10 .1 
Technetium-99m 100 1 .  
Technetium,9 1 .01 
Tellurium-125m 1 .01 
Tellurium-127m 1 .01 
Tellurium-127 10 .1I 
Tellurium-129m 1 1.01 
Tellkurijm- 192 100 1 
Tellurium- 13 1m 10 .1I 
Tellurium-132 1 .01 
Terbium-160 1 .01 
Thallium-200 10 .1 
Thallium-201 10 .1 
Thallium-202 10 .1 
thallium-204 1 .01 
Thulium-170 1 .01 
Thulium-171 1 .01 
Tin- 113 1 .01 
Tin-125 1 .01 
Tungsten-181 1 .01 
Tungsten-185 1 .01 
Tungsten-187 10 .1 
Vandadium-48 1 .01 
Xenon-131m 1,000 10.  
Xenon-133 100 1 .  
Xenon-135 100 1 .  
Ytterbium-175 110 .1I 
Yttrium-90 I1 1.01



Yttrium-91 1 .01 
Yttrium-92 10 .1 
Yttrium-93 1 .01 
Zinc-65 1 .01 
Zinc-69m 10 .1 
Zinc-69 100 1.  
Zirconium-93 1 .01 
Zirconium-95 1 .01 
Zirconium-97 1 .01 
Any byproduct material .1 .001 
other than alpha 
emitting byproduct 
material not listed 
above



4731.3003, D.

Schedule C -- Quantities of radioactive materials requiring consideration of the 
need for an emergency plan for responding to a release.  

Radioactive material' Release Quantity 
fraction (curies) 

Actinium-228 0.001 4,000 
Americium 241 .001 2 
Americium-242 .001 2 
Americium-243 .001 2 
Antimony-124 .01 4,000 
Antimony- 126 .01 6,000 
Barium- 133 .01 10,000 
Barium- 140 .01 30,000 
Bismuth-207 .01 5,000 
Bismuth-210 .01 600 
Cadmium-109 .01 1,000 
Cadmium-1 13 .01 80 
Calcium-45 .01 20,000 
Californium-252 .001 g (20 mg) 
Carbon-14 (non-carbon dioxide) .01 50,000 
Cerium-141 .01 10,000 
Cerium-144 .01 300 
Cesium-134 .01 2,000 
Cesium-137 .01 3,000 
Chlorine-36 .5 100 
Chromium-51 .01 300,000 
Cobalt-60 .001 5,000 
Copper-64 .01 200,000 
Curium-242 .001 60 
Curium-243 .001 3 
Curium-244 .001 4 
Curium-245 .001 2 
Europium-152 .01 500 
Europium- 154 .01 400 
Europium- 155 .01 3,000 
Germanium-68 .01 2,000 
Gadolinium-153 .01 5,000 
Gold- 198 .01 30,000 
Hafnium- 172 .01 400 
Hafnium- 181 .01 7,000 
Holmium- 166m .01 100



Hydrogen-3 .5 20,000 
Iodine-125 .5 1 
Iodine- 131 .5 10 
Indium-I 14m .01 1,000 
Iridium-192 .001 40,000 
Iron-55 .01 40,000 
Iron-59 .01 7,000 
Krypton-85 1.0 6,000,000 
Lead-210 .01 8 
Manganese-56 .01 60,000 
Mercury-203 .01 10,000 
Molybdenum-99 .01 30,000 
Neptunium-237 .001 2 
Nickel-63 .01 20,000 
Niobium-94 .01 300 
Phosphorus-32 .5 100 
Phosphorus-33 .5 1,000 
Polonium-210 .01 10 
Potassium-42 .01 9,000 
Promethium- 145 .01 4,000 
Promethium- 147 .01 4,000 
Ruthenium- 106 .01 200 
Samarium-151 .01 4,000 
Scandium-46 .01 3,000 
Selenium-75 .01 10,000 
Silver- 110m .01 1,000 
Sodium-22 .01 9,000 
Sodium-24 .01 10,000 
Strontium-89 .01 3,000 
Strontium-90 .01 90 
Sulfur-35 .5 900 
Technitium-99 .01 10,000 
Technitium-99m .01 400,000 
Tellurium- 127m .01 5,000 
Tellurium- 129m .01 5,000 
Terbium-160 .01 4,000 
Thulium-170 .01 4,000 
Tin-113 .01 10,00 
Tin-123 .01 3,000 
Tin-126 .01 1,000 
Titanium-44 .01 100 
Vanadium-48 .01 7,000



Xenon-133 1.0 900,000 
Yttrium-91 .01 2,000 
Zinc-65 .01 5,000 
Zirconium-93 .01 400 
Zirconium-95 .01 5,000 
Any other beta-gamma emitter .01 10,000 
Mixed fission products .01 1,000 
Mixed corrosion products .01 10,000 
Contaminated equipment beta- .001 10,000 
gamma 
Irradiated material, any form other .01 1,000 
than solid noncombustible 
Irradiated material, solid .001 10,000 
noncombustible 
Mixed radioactive waste, beta- .01 1,000 
gamma 
Packaged mixed waste, beta- .001 10,000 
gamma4 

Any other alpha emitter .001 2 
Contaminated equipment, alpha .0001 20 
Packaged waste, alpha4  .0001 20 
Combinations of radioactive 
materials listed above'
'For combinations of radioactive materials, consideration of the need 
for an emergency plan is required if the sum of the ratios of the 
quantity of each radioactive material authorized to the quantity listed 
for that material in Schedule C exceeds one.  
2 Waste packaged in Type B containers does not require an 

emergency plan.



FORMS 
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TRANSBOUNDARY 
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draft 

4.2.2 Transboundary Requirements 

Consistency with NRC and other Agreement State programs is a paramount requirement for the 

Minnesota program. This is reflected in the exact matching of certain NRC rules (compatibility 

code A) and the nearly exact matching of compatibility code B rules.



4.2.3 
ORDERLY PATTERN OF 
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SIGNIFICANCE



draft 

4.2.3 Orderly Pattern of Regulation 

To provide a reasonable harmony of Minnesota Radiation Rules Chapter 4731, with NRC rules, 

all compatibility code C rules were included in Chapter 4731 with only minor variations in 

wording. This is also true for D-Health and Safety compatibilities. Additionally, most D 

compatibilities are also included in Minnesota rule, even though they are not required.


